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" I t  i s  i m p o r t a n t  t o  d i s c r i m i n a t e  th e  b o d i l y  

p a t t e r n ,  w hich  e n d u r e s ,  from th e  b o d i l y  e v e n t ,  which 

i s  p e rv a d ed  by th e  e n d u r i n g  p a t t e r n ,  and from t h e  

p a r t s  o f  th e  b o d i l y  e v e n t .  The p a r t s  o f  th e  b o d i l y  

e v e n t  a r e  t h e m s e lv e s  p e rv a d e d  by t h e i r  own e n d u r in g  

p a t t e r n s ,  w h ich  form e le m e n t s  i n  t h e  b o d i l y  p a t t e r n .

The p a r t s  of  t h e  body a r e  r e a l l y  p o r t i o n s  of  t h e  

e n v iro n m en t  o f  t h e  t o t a l  b o d i l y  e v e n t ,  b u t  so r e l a t e d  

t h a t  t h e i r  m u tu a l  a s p e c t s ,  e a c h  i n  t h e  o t h e r ,  a r e  

p e c u l i a r l y  e f f e c t i v e  I n  m o d i f y in g  th e  p a t t e r n  o f  e i t h e r .  

T h i s  a r i s e s  from th e  i n t i m a t e  c h a r a c t e r  o f  the  r e l a t i o n  

o f  w hole  t o  p a r t .  Thus th e  body i s  a p o r t i o n  o f  t h e  

en v i ro n m en t  f o r  the  p a r t ,  and th e  p a r t  i s  a p o r t i o n  o f  

th e  e n v i ro n m e n t  f o r  th e  body; o n ly  t h e y  a re  p e c u l i a r l y  

s e n s i t i v e ,  e a c h  t o  t h e  m o d i f i c a t i o n s  o f  the  o t h e r .

T h i s  s e n s i t i v e n e s s  i s  so a r r a n g e d  t h a t  t h e  p a r t  a d j u s t s  

i t s e l f  t o  p r e s e r v e  th e  s t a b i l i t y  o f  t h e  p a t t e r n  o f  th e  

body • "

A.N. W h i teh e ad .  S c ie n c e  and th e  Modern World, 1926.
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INTRODUCTION

In  t h e  l a s t  two o r  t h r e e  d e ca d es  s t u d i e s  o f  

t h e  g r o s s  o r  end p r o d u c t ,  m e tab o l i sm  o f  mammals u n d e r  

norm al  p h y s i o l o g i c a l  c o n d i t i o n s  have been c o n s p ic u o u s  

o n ly  by t h e i r  i n f r e q u e n c y .  The c a r e f u l  and p r e c i s e  

methods and t e c h n i q u e s  d e v e lo p ed  by th e  g i a n t s  o f  t h e  

p h y s i o l o g y  o f  m e t a b o l i c  p r o c e s s e s ,  such as V o i t ,  Rubner 

and A tw a te r ,  have become, to  a g r e a t  e x t e n t ,  swamped by 

h a l f  a c e n t u r y  o f  p o s s i b l y  more s o p h i s t i c a t e d  b u t  

f r e q u e n t l y  l e s s  p r e c i s e  t e c h n i q u e s .  The t r a d i t i o n  

o f  t h i s  t y p e  of  work h a s  been  c o n t i n u e d  by p a r t i c u l a r  

s c h o o l s  o f  i n v e s t i g a t o r s ,  such as t h o s e  o f  B e n e d ic t  and 

o f  Brody, b u t  o t h e r w i s e  o n ly  o c c a s i o n a l  i n v e s t i g a t i o n s  

o f  t h i s  ty p e  have been done on a n im a ls  and th e n ,  u s u a l l y  

w i t h  some p h a r m a c o l o g i c a l  end i n  v iew .

Much i n f o r m a t i o n  can s t i l l  be o b t a i n e d  by 

t h e s e  m ethods;  much which h a s  e i t h e r  n o t  b e f o r e  been  

examined or  examined o n l y  c u r s o r i l y ,  o r ,  f u r t h e r ,  ha s  

b een  examined und e r  c o n d i t i o n s  which a l l o w  l i t t l e  

I n f o r m a t i o n  t o  be g l e a n e d  as t o  t h e  normal p r o c e s s e s  

o f  l i f e .  F o r  th e  e s t a b l i s h m e n t  o f  t h e  s o - c a l l e d  

b a s a l  c o n d i t i o n  as a s i n e  qua non o f  r e l i a b i l i t y  o f  

m e t a b o l i c  d a t a ,  l a r g e l y  u n d e r  t h e  i n s i s t e n c e  o f  B e n e d ic t  

has  p r e v e n t e d  any bu t  a few o f  t h e  modern i n v e s t i g a t i o n s  

from p r e s e n t i n g  an a d e q u a te  and r e a l i s t i c  p i c t u r e  o f  

m e t a b o l i c  p r o c e s s e s .  I t  i s  n o t  d e n ie d  t h a t  a b a s a l



s t a n d a r d  i s  o f  g r e a t  v a lu e ,  and h a s  been  o f  g r e a t  v a lu e  

i n  s i m p l i f y i n g  many o f  the  m e t a b o l i c  p rob lem s  which  

r e q u i r e  c o n s i d e r a t i o n .  I t  c an no t  be e x p e c t e d ,  however ,  

t h a t  t h e  r e s u l t s  found  und e r  such  " b a s a l ” c o n d i t i o n s  w i l l  

have a n y th in g  more t h a n  an academic  a p p l i c a t i o n  t o  normal 

p h y s i o l o g i c a l  p r o c e s s e s .  Such s t a n d a r d  or  b a s a l  

c o n d i t i o n s  a re  i d e a l  f o r  t h e  a n a l y t i c  I n v e s t i g a t i o n  o f  

t h e  components  o f  m e t a b o l i c  e x c h a n g e s .  They a re  q u i t e  

i n a p p l i c a b l e  t o  i n v e s t i g a t i o n s  i n v o l v i n g  t h e  s y n t h e s i s  

o f  a n o rm al  b o d i l y  a c t i v i t y .  A p p l i c a t i o n  o f  such  s t a n d a r d  

c o n d i t i o n s  t o  i n v e s t i g a t i o n s  o f  th e  l a t t e r  type  may g iv e  

t h e  a p p e a ra n c e  o f  s i m p l i f y i n g  t h e  p rob lem  b u t ,  i n  t h e  

e v e n t ,  c o m p l i c a te  t h e  i n t e r p r e t a t i o n  o f  t h e  f i n d i n g s .

One o f  t h e  a s p e c t s  o f  e n e r g e t i c  and g e n e r a l  

m e t a b o l i c  exchange which  r e c e i v e d  o n ly  b r i e f  s t u d y  from 

th e  e a r l y  w o rk e r s ,  and l i t t l e  s i n c e ,  i s  th e  e v e n t  o f  

p r e g n a n c y .  Such work as  has been  done on t h e  g r o s s  

p a t t e r n  o f  p r e g n a n c y  and t h e  s t u d i e s  o f  p a r t i c u l a r  d e t a i l s  

o f  t h e  changes  d u r i n g  p re g n a n c y  p r e s e n t  a number o f  

c u r i o u s  a n o m a l ie s  which,  i t  seemed, might  be e l u c i d a t e d  

by a s t u d y  o f  t h e  t o t a l  m e t a b o l i c  e xchang es  d u r i n g  

p r e g n a n c y .  Such,  f o r  exam ple ,  a r e  t h e  s l i g h t  i n c r e s e  

which h a s  been  o b se rv e d  i n  food i n t a k e  on t h e  one hand,  

and, on th e  o t h e r ,  t h e  i n c r e a s e  i n  t h e  b a s a l  m e ta b o l i c  

r a t e  w i t h  s im u l t a n e o u s  f o r m a t i o n  o f  a c o n s i d e r a b l e  mass 

o f  new t i s s u e .  There  a r e  s e v e r a l  t h e o r e t i c a l l y
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p o s s i b l e  ways o f  r e c o n c i l i n g  t h e s e  o b s e r v a t i o n s ,  bu t  a 

f i r s t ,  n e c e s s a r y  s t e p  to w a rd s  d e f i n i n g  th e  most l i k e l y  

m e t a b o l i c  p a t t e r n  i s  th e  measurement  o f  th e  t o t a l  e n e rg y  

m e tab o l i sm  as d i s t i n c t  from th e  b a s a l  m e ta b o l i s m .  A 

p a r a l l e l  p rob lem  e x i s t s  i n  th e  n i t r o g e n  r e t e n t i o n  known 

t o  o c c u r  i n  p re g n a n c y  and w h e th e r  i t  can  be h e l d  e n t i r e l y  

a c c o u n ta b l e  t o  su ch  i n c r e a s e  i n  food i n t a k e  as  o c c u r s .

Less  d i r e c t l y  a s s o c i a t e d  w i t h  th e  g r o s s  m e t a b o l i c  

changes  i s  t h e  h e t e r o g o n a l  growth r e l a t i o n  o f  f o e t u s  and 

p l a c e n t a ,  and t h e  d e c l i n i n g  c u rv e  of  r e p r o d u c t i v e  e f f i c i e n c y  

w i th  age and p a r i t y .  S in c e ,  however ,  such  changes must 

n e c e s s a r i l y  be a consequence  o f  a l t e r a t i o n  i n  t h e  m e t a b o l i c  

p a t t e r n  of  th e  m a t e r n a l  o rg an ism ,  i t  seemed p o s s i b l e  t h a t  

t h e i r  r e f l e c t i o n s  might  be o b s e r v a b l e  i n  t h a t  p a t t e r n .

The f o l l o w i n g  pag es  r e p r e s e n t  t h e  p r e l i m i n a r y  

s t a g e s  o f  an a t t e m p t  t o  f i n d  what a s s o c i a t i o n s  e x i s t  

be tw een  t h e s e  and o t h e r  phenomena o f  p re g n a n c y  i n  t h e  r a t ,  

m a in ly  by a s t u d y  o f  th e  t o t a l  e n e r g y ,  n i t r o g e n  and w a t e r  

exchanges*  The e x p e r i m e n t a l  work h a s  been  l a r g e l y  

c o n f i n e d  t o  t h e  e s t a b l i s h m e n t  of  a b a s e - l i n e  which can 

be t a k e n  as th e  n o rm al  p a t t e r n  of p reg n a n cy  and much work 

must y e t  be done b e fo r e  a g e n e r a l l y  r e p r e s e n t a t i v e  p i c t u r e  

even  o f  t h i s  can be o b t a i n e d .  The e x t e n s i o n  o f  t h e  

component f e a t u r e s  o f  th e  norm al  i n t o  a u n i f i e d  p a t t e r n ,  

i n  which  t h e  g row th  and m e ta b o l i sm  o f  t h e  c o n c e p tu s  and 

o f  t h e  m a t e r n a l  o rgan ism  a re  m u t u a l l y  l i n k e d  and f i t t e d
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i n t o  t h e  b ro ad  g r a d i e n t s  o f  p a r i t y  and age ,  i s  i n d i c a t e d  

by o n l y  t h e  most  shadowy o f  p o i n t e r s .

To do t h i s  work i t  has  been  n e c e s s a r y  t o  d e v i s e  

and c o n s t r u c t  an i n s t r u m e n t  c a p a b le  o f  m e a s u r in g  t h e  t o t a l  

m e tab o l i sm  o f  an an im al  o v e r  long p e r i o d s .  The i n s t r u m e n t  

which  I  c o n s t r u c t e d  was b a se d ,  i n  g e n e r a l  c o n c e p t i o n ,  on 

an i n s t r u m e n t  d e v i s e d  f o r  work on mice bu t  had t o  be g r e a t l y  

m o d i f i e d  f o r  my p u r p o s e s .  The i n s t r u m e n t  had  t o  be 

c o n s t r u c t e d  ab i n i t i o , and s u b s e q u e n t l y  much t im e  and work 

had t o  be d e v o te d  t o  t e s t s ,  m o d i f i c a t i o n s  and th e  

deve lopm ent  o f  working t e c h n i q u e s .  C o n se q u e n t ly ,  a l a r g e  

p a r t  o f  t h e  f o l l o w i n g  r e p o r t  i s  d e v o te d  t o  c o n s t r u c t i o n a l  

and m e t h o d o l o g i c a l  d e t a i l .
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RBVIBW OF THE LITERATURE

As t h e  work i n  t h i s  t h e s i s  f a l l s  u n d e r  th e  t h r e e  

g e n e r a l  heads  o f  e n e rg y  of n i t r o g e n  and o f  w a t e r  m e tab o l i sm ,  

t h e  l i t e r a t u r e  o f  t h e s e  t h r e e  a s p e c t s  i s ,  f o r  c o n v e n ie n c e ,  

t r e a t e d  s e p a r a t e l y  i n  t h e  f o l l o w i n g  r e v i e w .  To av o id  the  

d i s c o n t i n u i t y  i n t r o d u c e d  by th e  c i t a t i o n  o f  t e d i o u s  l i s t s  

o f  o r i g i n a l  p a p e r s  r e f e r e n c e  has  been made, w h e re v e r  t h e  

p o i n t  a t  i s s u e  i s  a d e q u a t e l y  s e rv e d  by  t h i s  p r o c e d u r e ,  t o  

r e v i e w s  or  r e p r e s e n t a t i v e  p a p e r s .

The s m a l l  amount o f  p r e v i o u s  work on th e  g ro w th  

o f  t h e  r a t  f o e t u s  and p l a c e n t a  i s  c o n s i d e r e d  a t  t h e  

b e g in n i n g  o f  t h a t  s e c t i o n  of  th e  t h e s i s ,  p. ( 244) • Work 

on methods and t e c h n i q u e ,  s p e c i a l i s e d  a s p e c t s  o f  th e  t h e o r y  

o f  i n t e r p r e t a t i o n  o f  m e t a b o l i c  s t u d i e s ,  and s i n g u l a r  

p ro b lem s  a r i s i n g  ou t  o f  my e x p e r i m e n t a l  work b u t  w i t h o u t  

g e n e r a l  a p p l i c a t i o n  t o  t h e  theme o f  t h i s  i n v e s t i g a t i o n  a re  

b r i e f l y  d i s c u s s e d  a t  a p p r o p r i a t e  p o i n t s  i n  th e  t e x t  and a re  

n o t  i n c l u d e d  i n  t h i s  g e n e r a l  r e v i e w .

Bnergy  M e ta b o l i s m .

By f a r  t h e  g r e a t e s t  body of d a t a  on e n e rg y  

m e ta b o l i sm  i n  p reg n a n cy  i s  t h a t  f rom c l i n i c a l  i n v e s t i g a t i o n s  

o f  th e  b a s a l  m e t a b o l i c  r a t e  i n  women ( Magnus-Levy, I 90I1; 

C a r p e n t e r  end M u r l in ,  1911; Root  and Root ,  1923 ;
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S a n d i f o r d  and W heeler ,  192l|.; S a n d i f o r d  e*t eil, 1931*

Rowe e t  a l ,  1929; Rowe and Boyd 1932,  J o h n s to n  e t  a l ,

1938 . )  Most o f  t h e s e  i n v e s t i g a t i o n s  have been  made on 

a few women a t  i r r e g u l a r  i n t e r v a l s  t h r o u g h o u t  p re g n a n c y ,  

and,  w i th  v e r y  few e x c e p t i o n s ,  have been  made u s i n g  one o f  

t h e  s t a n d a r d  c l i n i c a l  t y p e s  of  r e c o r d i n g  r e s p i r o m e t e r , such  

a s  t h e  B e n e d i c t - R o t h  i n s t r u m e n t ,  f o r  10 o r  15 min .  p e r i o d s *  

The d i f f i c u l t i e s  o f  a c h i e v i n g  b a s a l  c o n d i t i o n s  i n  u n t r a i n e d  

s u b j e c t s  ( c f  R o b e r t so n  and R e id ,  1952) ,  the  p a t e n t  

in a d e q u a c y  o f  one 15 min* p e r i o d  a s  r e p r e s e n t a t i v e  o f  a 

one -  o r  t h r e e - m o n t h  p e r i o d  of p r e g n a n c y ,  l e t  a lo n e  t h e  

i n h e r e n t  weakness  o f  t h e  a p p a r a t u s  u sed  ( W i l l a r d  and Wolf, 

1951 ) 9  make much o f  t h i s  work s u s p e c t  and th e  f i n d i n g s  

e r r a t i c *  The g r e a t  w e ig h t  o f  t h e  e v id e n c e  from t h e s e  

f i n d i n g s  ( p a r t i c u l a r l y  t h o s e  c o n t r i b u t e d  b y  Rowe e t  a l )  

d o e s ,  however ,  i n d i c a t e  a p ronounced  r i s e  i n  th e  t o t a l  b a s a l  

r a t e  t o  an ave rag e  maximum v a lu e  o f  about  +15 p e r  cen t*  

on any o f  t h e  a c c e p te d  s t a n d a r d s ,  t h e  maximum o c c u r r i n g  

j u s t  p r i o r  t o  p a r t u r i t i o n .

The s i g n i f i c a n c e  o f  t h i s  work h a s  r e s o l v e d  i t s e l f  

i n t o  a c o n t r o v e r s y  be tween two views* The one view, 

c r y s t a l l i s e d  by th e  a rgum ents  o f  S a n d i f o r d  and h e r  c o l l e a g u e s  

i s  t h a t  t h e  r i s e  i n  t h e  t o t a l  b a s a l  m e ta b o l i sm  can be 

e n t i r e l y  acc o u n te d  f o r  by t h e  m etab o l i sm  of  th e  i n c r e a s e d  

m e t a b o l i s i n g  mass formed by t h e  c o n c e p tu s  and t h e  i n c r e a s e  

i n  m a t e r n a l  t i s s u e .  Rowe and h i s  c o l l e a g u e s ,  on t h e
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o t h e r  h an d ,  c la im  a t r u e  r i s e  i n  m a t e r n a l  B.M.R. (The 

b a s i c  p rob lem  was posed by e a r l i e r  w o r k e r s ,  n o t a b l y  Rubner,  

b u t  r e c e i v e d  i t s  b e s t  e x p r e s s i o n  i n  th e  above i n v e s t i g a t i o n s .  

The fo rm er  w o rk e rs  d e m o n s t r a t e d  t h a t  when t h e i r  own r e s u l t s  

were e x p r e s s e d  i n  t e r m s  o f  th e  sum o f  t h e  f o e t a l  and m a t e r n a l  

s u r f a c e s  t h e  m e t a b o l i c  r a t e  p e r  u n i t  s u r f a c e  a r e a  was w i t h i n  

t h e  norm al  range*  Rowe found a f a l l  i n  B.M.R* t o  

sub -n o rm al  l e v e l s  d u r i n g  th e  t h i r d  o r  f o u r t h  month o f  

p re g n a n c y ,  fo l lo w e d  by a r i s e  a t  a r a t e  13 p e r  c e n t  g r e a t e r  

t h a n  c o u ld  be a c c o u n te d  f o r  by t h e  i n c r e a s e d  t i s s u e  m ass .  

Also ,  a l l  w o rk e r s  have  found t h a t  th e  B.M.R. r i s e s  a t  a 

t im e  when th e  w e igh t  o f  t h e  c o n c e p tu s  i s  n e g l i g i b l e .

I t  i s  d i f f i c u l t  t o  a c c e p t  t h e  v a l i d i t y  o f  t h e  

d e v ic e  o f  e x p r e s s i o n  o f  t h e  B.M.R. as ci f u n c t i o n  o f  th e  

combined s u r f a c e  a r e a .  N e v e r t h e l e s s ,  a l t h o u g h  th e  

n s u r f a c e  law’1 as  a t h e o r e t i c a l  concep t  i s  s u s c e p t i b l e  o f  

much c r i t i c i s m  ( K l e i b e r ,  l j l f l ) , and i n  any case does  n o t  

p e rm i t  d i r e c t  compar ison  be tw een  i n f a n t  and a d u l t ,  i t  i s  

q u i t e  p r o b a b l e  t h a t  th e  embryo m e t a b o l i s e s  e n e rg y  a t  a 

h i g h e r  r a t e  t h a n  th e  m a t e r n a l  t i s s u e .  G ra n t in g  t h i s

on C a r p e n t e r  and M u r l i n f s ( 19H )  e v id e n c e  o f  th e  smooth 

t r a n s i t i o n  i n  t o t a l  b a s a l  r a t e  f rom  t h e  a n t e -  t o  th e  

p o s t - p a r t u r i e n t  s t a t e ,  i t  c an n o t  f u r t h e r  be assumed t h a t  

t h e  e x c e s s  r a t e  o f  t h e  embryo i s  i n  even  approx im a te  

c o r r e s p o n d e n c e  w i t h  t h e  r e l a t i o n  be tw een  m a t e r n a l  and 

f o e t a l  s u r f a c e .  Nor can  i t  be assumed t h a t  t h e  embryonic
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r e l a t i o n  o f  s u r f a c e ,  o r ,  i f  i t  be p r e f e r r e d ,  m e t a b o l i c  s i z e ,  

t o  h e a t  p r o d u c t i o n  i s  l i n e a r ;  t h a t  i s ,  t h e  exp on en t  o f  

w e ig h t  from which  the  e s t i m a t e  of  m e t a b o l i c  s i z e  i s  d e r i v e d ,  

i s  n o t  n e c e s s a r i l y  c o n s t a n t *  T h is  l a s t  s u g g e s t i o n  i s

s u p p o r t e d  by the  f a c t  t h a t  t h e  o f f s p r i n g  does  n o t  r e a c h  i t s  

p eak  m e ta b o l i sm  p e r  u n i t  s u r f a c e  a r e a  u n t i l  some t im e  a f t e r  

b i r t h ,  i n  man about  one y e a r ,  and i t  i s  r e a s o n a b l e  t o  

suppose  t h a t  a c o n t i n u e d  d e c e l e r a t i o n  i n  h e a t  p r o d u c t i o n  

would be o b se rv ed  by e x t r a p o l a t i n g  back  i n t o  i n t r a - u t e r i n e  

l i f e .

I n  a r e v ie w  o f  t h e  e a r l i e r  work on th e  m e tab o l i sm  

o f  p re g n a n c y ,  H a rd in g  ( 1925 ) a c c e p t e d  t h i s  p rob lem  as  s t i l l  

open and u n s o l v e d .  J o h n s to n  e t  a l  (193$)> on th e  b a s i s  o f  

one case  s t u d i e d  more i n t e n s i v e l y  t h ro u g h  th e  l a s t  s i x  

months of  p reg nancy  a lo n g  w i t h  p r e v i o u s  work,  c o n s i d e r  t h a t  

t h e r e  i s  a f r a c t i o n  o f  th e  r i s e  i n  B.M.R. t r u l y  a c c o u n ta b le  

t o  i n c r e a s e  i n  m a t e r n a l  e n e r g y  p r o d u c t i o n  a s i d e  from th e  

i n c r e a s e  due t o  t h e  in c rem en t  o f  p r o t o p l a s m i c  m ass .  Newton 

( 1952 ) p r e s e n t s  the  p rob lem  as  s t i l l  u n s o lv e d  b u t  

p r o v i s i o n a l l y  a c c e p t s  t h e  e v id e n c e  o f  Rowe and h i s  

p r o t a g o n i s t s  a s  s t r o n g  i n d i c a t i o n  t h a t  t h e  changes  i n  '. e a t  

p r o d u c t i o n  c a r r y  an e le m e n t  o f  t r u e  e n e rg y  change 

i n d e p e n d e n t  o f  p r o t o p l a s m i c  m ass .

I n d i r e c t  e v id e n c e  f o r  a t r u e  i n c r e a s e  i n  m a te r n a l

B.M.R. i s  g iv e n  by t h e  pronounced h y p e r t r o p h y  o f  t h e  

a n t e r i o r  p i t u i t a r y  w i t h ,  p re su m ab ly ,  an i n c r e a s e  i n



t h y r o t r o p i n  p r o d u c t i o n ,  by th e  l e s s  pronounced h y p e r t r o p h y  

o f  th e  t h y r o i d  i t s e l f  and by t h e  i n c r e a s e  i n  b lood  i o d i n e  

d u r i n g  p reg n a n cy  (Schwarz  and D ra b k in ,  1931)* E v id en ce  

on t h e  r e s p o n s e  t o  t h y r o i d  a d m i n i s t r a t i o n  d u r i n g  p re g n a n c y  

i s  c o n t r a d i c t o r y  and i n c o n c l u s i v e  (W ilh e lm j  £ t  <a l ,  1933? 

D a n f o r th  and Loumos, 193^? P h a t e k  _et _al, I 9I4-O), bu t  t h e r e  

a p p e a r s  t o  be l i t t l e  doubt  t h a t  t h e r e  i s  some d e g re e  o f  

p h y s i o l o g i c a l  h y p e r t h y r o i d i s m  i n  no rm al  p re g n a n cy  (Anselm ino  

and Hoffmann,  1935? N e u w e i l e r ,  1935)* S i m i l a r l y  t h e r e  

i s  dou b t  a s  t o  t h e  e x t e n t  o f  th e  e f f e c t s  on B.M.R* of  

o v a r i a n  hormones;  c l a im s  have been made t h a t  t h e y  p ro du ce  

a r i s e  i n  t h e  m e t a b o l i c  r a t e  o f  t h e  r e p r o d u c t i v e  t i s s u e s  

o n ly ,  V e rz a r  and Arvay (193^)  t h a t  a g e n e r a l  i n c r e a s e  i s  

a p p a r e n t  o r  t h a t  no e f f e c t  i s  found ,  Eaufmann e t  a J ,  ( 1932 ) 

and Brouha and C h e v i l l a r d ,  ( 1932 ) .  T h is  work i s  

d i s t r i b u t e d  u n s y s t e m a t i c a l l y  over  many s p e c i e s  i n c l u d i n g  

man and many o f  t h e  d i s c r e p a n c i e s  o b se rv ed  must c e r t a i n l y  

be due t o  t h i s .  The d i s c r e p a n c i e s  a r e  a l s o ,  p r o b a b l y ,  

due i n  p a r t  t o  t h e  v a r i a b i l i t y  o f  th e  p r e p a r a t i o n s  u s e d .

V a l id  d i r e c t  e v id e n c e  on b a s a l  r a t e s  i n  the  r a t  

and o t h e r  l a b o r a t o r y  a n im a ls  has  the  ad v an tage  t h a t  

a b s o l u t e l y  lo n g e r  p e r i o d s  o f  s t u d y  a re  more e a s i l y  p o s s i b l e ,  

and t h a t  t h e s e  p e r i o d s  a re  v e ry  much l o n g e r  r e l a t i v e  t o  t h e  

t o t a l  d u r a t i o n  o f  p r e g n a n c y .  Such e s t i m a t i o n s  s u f f e r  

from t h e  d i s a d v a n t a g e  t h a t  a b a s a l  s t a t e  i s  much more 

d i f f i c u l t  t o  a c h i e v e ,  t h e  b e s t  a p p ro x im a t io n  b e in g  a
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r e s t i n g ,  p o s t - a b s o r p t i v e  s t a t e  i n  which t h e  s t a t e  o f  r e s t  

i s  v e r y  u n r e l i a b l e  and t h e  p o s t  a b s o r p t i v e  s t a t e  may 

r e a d i l y  b o r d e r  on s t a r v a t i o n .  The main body o f  d a t a  on 

t h e  r e s t i n g  m e tab o l i sm  o f  t h e  p r e g n a n t  r a t ,  u n c o m p l i c a te d  

by hormone a d m i n i s t r a t i o n  or  o t h e r  t r e a t m e n t ,  comes f rom 

Brody and h i s  c o -w o rk e r s  (Brody,  19^-5) • They have fo u n d ,  

i n  g e n e r a l ,  t h a t  t h e  a b s o l u t e  t o t a l  r e s t i n g  m e tabo l i sm  

i n c r e a s e s  d u r i n g  p re g n a n c y  b u t ,  e x p r e s s e d  p e r  u n i t  b o d yw e ig h t ,  

t h e r e  i s  no pronounced  i n c r e a s e .  Pommerenke e_t a l  ( 1930 ) 

found a 15 -  20 p e r  c e n t ,  i n c r e a s e  i n  t h e  m e tab o l i sm  o f  

p r e g n a n t  r a b b i t s  but  no i n c r e a s e  when the  r e s u l t s  were

e x p r e s s e d  p e r  u n i t  of summed f o e t a l  and m a t e r n a l  s u r f a c e .

Brody has  e s t a b l i s h e d  a r e l a t i o n  between the  

b i r t h w e i g h t  o f  th e  young and the  51 e n e r g y  in c re m e n t  o f  

g e s t a t i o n ” , t h a t  i s ,  t h e  a d d i t i o n a l  r e s t i n g  e n e rg y  used  

a p a r t  from t h a t  s t o r e d ,  r e p r e s e n t a b l e  by t h e  e q u a t i o n :  -

T o t a l  Cal.used-l4J4.OO ( B i r t h w e i g h t  in  kg . )

Since  t h e  e n e r g y  c o s t  o f  g e s t a t i o n  a c c o rd in g  t o  t h i s  e q u a t i o n  

i n c r e a s e ^  w i t h  i n c r e a s i n g  b i r t h w e i g h u  ( e x p o n e n t  1 . 2 ) , i n s t e a d  

o f  d e c r e a s i n g  as „ould  be e x p e c te d  from th e  m e t a b o l i c  s i z e  

r e l a t i o n  (ex p o n e n t  0*75)> th e  e x i s t e n c e  o f  ’’m a t e r n a l  

o v e r h e a d s ” can be i n f e r r e d  (Newton, 1952)•  I t  i s  p o s s i b l e  

t h a t  t h e  c o s t  o f  g e n e r a t i o n  of  embryonic  t i s s u e ,  a p a r t  from 

th e  c o s t  o f  i t s  m a in te n a n c e ,  may go some way towards  

e x p l a i n i n g  t h i s  t h e o r e t i c a l  d i s c r e p a n c y .  I n  view, however, 

o f  t h e  h ig h  e n e r g e t i c  e f f i c i e n c i e s  o b se rv ed  i n  t i s s u e



-  11 -

f o r m a t io n  (Needham, 193^) ^  u n l i k e l y  t h a t  t h i s  a c c o u n ts  

f o r  much e n e r g y  i n  a b s o l u t e  terms*

In  s u p p o r t  o f  t h e  p r o p o s i t i o n  s u g g e s t e d  above,  t h a t  

i n  t h e  embryo t h e  w e ig h t  exponen t  d e f i n i n g  m e t a b o l i c  s i z e  may 

n o t  be c o n s t a n t ,  t h e  work o f  K l e i b e r  ejb jal (19^-p) on th e  

r e s p i r a t i o n  o f  r a t  f o e t u s e s  i n  v i t r o  may be c i t e d .  The 

naked  13 -da.y r a t  f o e t u s ,  when s l i t  t o  a l lo w  a d e q u a te  oxygen 

p e n e t r a t i o n ,  had a m e t a b o l i c  r a t e  o n ly  one t e n t h  t h a t  

e x p e c te d  i f  i t  behaved as an  i n d e p e n d e n t  homeotherm 

(e x p o n e n t  0 *7 9 ) anh one t w e n t i e t h  t h a t  e x p e c t e d  from t h e  

s u r f a c e  law (ex po n en t  0 . 6 7 )* S ince  the  m e t a b o l i c  r a t e  o f  

t h e  newborn i s  2*3 t im e s  t h a t  o f  t h e  norm al  a d u l t  r a t  on a 

s u r f a c e  b a s i s ,  t h e  bodyweight  exponent  f o r  m e t a b o l i c  s i z e  

must i n c r e a s e  i n  t h e  i n t e r i m .  On t h e  o t h e r  hand,  t h e  work

o f  Bohr and H a s s e l b a l c h  and of  H a s s e l b a l e h  ( 1 9 0 0 ) ,  on th e  

c a rb o n  d i o x id e  p r o d u c t i o n  o f  t h e  embryo c h i c k ,  i n d i c a t e d  

t h a t  e n e rg y  p r o d u c t i o n  p e r  u n i t  w e ig h t  i s  a maximum when 

t i s s u e  d i f f e r e n t i a t i o n  i s  most a c t i v e .  I f  t h e  r a t  i s  

comparable  i n  t h i s  r e s p e c t ,  maximum m e t a b o l i c  r a t e  o f  t h e  

embryo sh o u ld  o c c u r  a t  a bou t  10-13  days  g e s t a t i o n .

The m e t a b o l i c  r a t e  of  t h e  f e o t a l  membranes as  

m easured  i n  v i t r o  i s  s m a l l  r e l a t i v e  t o  t h a t  o f  th e  embryo, 

K l e i b e r  found  i t  t o  be one t h i r d  o f  t h e  f o e t a l  r a t e  a t  

13 d a y s  g e s t a t i o n  i n  th e  r a t .  The growth r a t e  o f  t h e  mass

o f  t h e  membranes i.s v e ry  much lower t h a n  t h a t  o f  t h e  embryo, 

and e v en  assuming an a p p ro x im a te  c o r r e s p o n d e n c e  between 

m e t a b o l i c  r a t e  and a f u n c t i o n  o f  w e ig h t ,  t h e  m a in te n a n c e
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e n e r g e t i c  c o s t  o f  the  membranes sh o u ld  n o t  g r e a t l y  a f f e c t  

t h e  p i c t u r e .  S ince  t h e  m e t a b o l i c  r a t e  o f  t h e  membranes i s  

so much lower t h a n  t h a t  o f  t h e  f o e t u s ,  such e f f e c t  as  t h i s  

would have on t h e  t o t a l  m e tab o l i sm  would be t o  red u c e  t h e  

a p p a r e n t  t o t a l  r a t e  p e r  u n i t  w e ig h t  o f  t h e  p r e g n a n t  o r g a n i s m .

To t h i s  b a s a l  r a t e  o f  t h e  membranes i n  v i t r o  m ust ,  

o f  c o u r s e ,  be added th e  c o s t  of  t r a n s p o r t  o f  m a t e r i a l s  from th e  

m a t e r n a l  t o  t h e  f o e t a l  b l o o d s t r e a m s ,  t h i s  b e in g  a d d i t i o n a l  

t o  t h e  c o s t  o f  o r g a n i s a t i o n  of  t h e  f o e t a l  t i s s u e s .  The 

g a se o u s  ex ch an ges  o f  t h e  embryo a p p ea r  t o  be e x p l i c a b l e  by 

s im p le  d i f f u s i o n  mechanisms a c r o s s  t h e  p l a c e n t a l  b a r r i e r  

( B a r c r o f t ,  1 9 ^ 6 ) .  There  a re  o b j e c t i o n s  t o  a c c e p t i n g  a 

s im p le  d i f f u s i o n  p r o c e s s  f o r  oxygen t r a n s f e r ,  b u t  th e  

r e v e r s i b i l i t y  o f  carbon  d i o x i d e  t r a n s f e r  ( H u g g e t t ,  19^7) 

i n d i c a t e s  a d i f f u s i o n  p r o c e s s  f o r  t h a t  a t  l e a s t .

The i m p o r t a n t  s e r i e s  o f  r e s e a r c h e s  by F l e x n e r  and 

h i s  c o l l e a g u e s  ( F l e x n e r  and G e l lh o r n ,  19̂ 4-2 a , b ;  F l e x n e r  and 

P o h l ,  I 9I1I  a , b , c ;  F l e x n e r  e t  a l ,  IjbQ;  G e l lh o r n  and F l e x n e r ,  

19li2; G e l lh o r n  ejb a_l, 19^1; Poh l  and F l e x n e r ,  19^4-1; Pohl  

e t  a l ,  19^ 1 ) u s i n g  i s o t o p e  t e c h n i q u e s  t o  s t u d y  th e  t r a n s p o r t  

o f  sodium, pho sph o ru s  and w a te r  a c r o s s  th e  p l a c e n t a  have 

e s t a b l i s h e d  t h e  m ajor  v a r i a b l e s  a s s o c i a t e d  w i t h  t r a n s f e r  

r a t e .  T h is  work g i v e s  no d i r e c t  e v id e n c e  on t h e  e n e rg y

c o s t  o f  t r a n s f e r  bu t  t h e  form o f  v a r i a t i o n  shown, n o t a b l y  

w i t h  p l a c e n t a l  ty p e  (Mossman, 1937 ) 9  t h e  t r a n s f e r  r a t e  r i s i n g  

w i th  t h e  r e d u c t i o n  i n  t h e  number o f  p l a c e n t a l  l a y e r s ,  i m p l i e s



-  13 -

s. s im p le  d i f f u s i o n  mechanism f o r  t h e s e  s im ple  s u b s t a n c e s .

The d i f f i c u l t y  o f  e x p e r i m e n t a l l y  e s t a b l i s h i n g  a g r a d i e n t  

fo e tu s -w & rd s  f o r  some s u b s t a n c e s ,  n o t a b l y  w a t e r  ( B a r c r o f t ,  

I 9I4-6 ) might  s u g g e s t  t h a t  a measure o f  l o c a l  p l a c e n t a l  work 

i s  r e q u i r e d  f o r  t r a n s f e r ,  t h a t  i s  t h a t  t h e r e  i s  s e c r e t i o n .  

F l e x n e r ,  r a t h e r  m i s l e a d i n g l y ,  has  d e f i n e d  t h e  r a t i o  o f  

t r a n s f e r  r a t e  t o  r e t e n t i o n  r a t e  as  a 11 s a f e t y  f a c t o r " .  T h is  

f a c t o r ,  i n  t h e  c a se  o f  w a t e r ,  i s  o f  th e  o r d e r  o f  5 00 : 1 , b u t  

t h i s  means t h a t  th e  r e l a t i v e  f o e t u s - w a r d s  f lo w  o f  w a t e r ,  o r  

t r u e  s a f e t y  f a c t o r ,  i s  5 00 : 1̂ 99 which would be e x t r e m e ly  

d i f f i c u l t  t o  d e m o n s t r a t e . e x p e r i m e n t a l l y .

I t  i s  p o s s i b l e  t h a t  more complex m o le c u le s  do n o t  

c r o s s  th e  p l a c e n t a  by s im p le  d i f f u s i o n .  I t  i s  u n l i k e l y  t h a t  

m o le c u le s  o f  th e  o r d e r  o f  m agn i tude  o f  p r o t e i n s  c r o s s  t h e  

p l a c e n t a  as  p r o t e i n s ,  and t h e  t r a n s f e r  o f  hormones and 

a n t i b o d i e s  (Needham, 193 19̂ 1-5) c o u ld  p o s s i b l e  be e x p l a i n e d

by t h e  t r a n s f e r  o f  component a m in o -a c id s  and p r o s t h e t i c  g roups  

w i t h  r e - a s s e m b l y  on t h e  f o e t a l  s i d e ,  a s  a p p e a r s  t o  o c c u r  i n  

t h e  mechanism o f  l i p i d  t r a n s f e r  ( P o p ja k ,  19^ 7 ) • I 'ha t  

r e l a t i v e l y  s m a l l  m o le c u le s  s u f f e r  t r a n s f o r m a t i o n s  i n  t h e  

p l a c e n t a ,  as  i n  t h e  f o r m a t io n  of  p l a c e n t a l  g lycog en  ( t h e  

p o s s i b i l i t y  t h a t  t h i s  may be e n t i r e l y  a d e c i d u a l  f u n c t i o n  

i s  i r r e l e v a n t  to  the  p r e s e n t  p o i n t ) ,  and t h e  c o n v e r s i o n  

o f  g lu c o s e  t o  f r u c t o s e  (H u g g e t t  e t  _al, 1951) i s  p re s u m p t iv e  

e v id e n c e  t h a t  any m o lecu le  above t h e  s im p le  io n  may n o t  

p a s s  by s im ple  d i f f u s i o n .  The d e t a i l e d  k i n e t i c s  of
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c a r b o h y d r a t e  t r a n s f e r  has  r e c e n t l y  been  I n v e s t i g a t e d  by 

Widdas (1952)*  D i f f u s i o n  h a s ,  however ,  been c la im e d  

t o  e x p l a i n  a l l  t r a n s f e r  phenomena i n  t h e  p l a c e n t a  

( Sch lossm ann,  1932 ) ,  and t h i s  may be t r u e  o f  the  end 

-products  a f t e r  t h e  breakdown and r e o r g a n i s a t i o n  a c t i v i t i e s  

o f  t h e  p l a c e n t a  have been c o m p le te d .  A l l  t r a n s f o r m a t i o n s ,

breakdowns and r e a s s e m b l i e s  which may be a cc o m p l i sh e d  by  

t h e  p l a c e n t a  i n  v iv o  w i l l  have a c e r t a i n  e n e r g y  c o s t  which  

may n o t  be a d e q u a t e l y  r e p r e s e n t e d  i n  i n  v i t r o  exper im ents®

The d e c l i n e  o f  t h e  m e t a b o l i c  r a t e  o f  t h e  human p l a c e n t a  

w i th  s t a g e  o f  g e s t a t i o n  found  by Wang and b e l lm a n  (19^-3)* 

and t h e  i n t e r p r e t a t i o n  o f  p l a c e n t a l  f u n c t i o n  as  a l t e r i n g  

from an a n a b o l i c  t o  a p u r e l y  membrane f u n c t i o n  (R e yn o lds ,  

1949 ) m&T n o t  g iv e  a t r u e  i n d i c a t i o n  o f  the  c o n t r i b u t i o n  

o f  t h i s  s t r u c t u r e  to  t h e  t o t a l  e n e r g y  r e l e a s e  o f  the  

p r e g n a n t  o rg a n i s m .

E a r l i e r  a t t e m p t s  t o  examine t h e  m e t a b o l i c  r a t e  

o f  t h e  mammalian embryo were f u n d a m e n ta l ly  q u a l i t a t i v e .  

C o h n s te in  and Zuntz  ( l 88lf) e s t i m a t e d  t h e  oxygen and ca rb o n  

d i o x i d e  c o n t e n t s  o f  th e  b loo d  i n  t h e  u m b i l i c a l  a r t e r y  

and v e in  i n  th e  sheep embryo, and a l s o  t h e  b lood f low  r a t e s  

i n  t h e s e  v e s s e l s .  From t h e i r  f i g u r e s  an e s t i m a t e  o f  

oxygen consum ption  o f  1 .5  t o  b*5 ^ e r  m ^ n * **o r  a

f o e t u s  of abou t  I 3OO g .  can be o b t a i n e d ,  o r  about 80 t o  

250 m l .  O2 kg .  f o e t a l  w e ig h t  p e r  h r .  Comparison

o f  the  d i f f e r e n c e  i n  b lo o d  gas  c o n c e n t r a t i o n s  be tw een
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a r t e r y  and v e in  i n d i c a t e  a r e s p i r a t o r y  q u o t i e n t  g r e a t e r  

t h a n  1 ( 1 . 0 1  and 1 . 6 ) .  Bohr  (1900) i n v e s t i g a t e d  th e  

s u b j e c t  by m ea su r in g  t h e  t o t a l  m e tab o l i sm  o f  t h e  l a p a r o to m i s e d  

a n a e s t h e t i s e d  g u i n e a - p i g  b e f o r e  and a f t e r  c lamping  t h e  

cord  o f  one f o e t u s ;  from t h e  two s e t s  o f  o b s e r v a t i o n s  a 

measure  o f  the  m e ta b o l i sm  o f  the  embryo cou ld  be found*

Again t h e  f o e t a l  R.Q. was a lways i n  t h e  n e ig h b o u rh o o d  o f  

u n i t y .  These e x p e r i m e n t a l  f i n d i n g s  a re  u n l i k e l y  t o

p r e s e n t  a no rm al  p i c t u r e  o f  the  f o e t a l  m e t a b o l i c  p r o c e s s ,  

as t h e  o p e r a t i v e  p r o c e d u r e s  must c e r t a i n l y  have a g r e a t  

e f f e c t  ( B a r c r o f t ,  19W K  The oxygen consum ption  

o f  the  c o n c e p tu s  a p p e a r s  low, but  a s i m i l a r  c a l c u l a t i o n  

from t h e  d a t a  o f  B a r c r o f t  e t  a l , (3.939) g iv e s  a commensurate  

v a lu e  o f  228 m l.  p e r  kg .  f o e t a l  w e ig h t  p e r  h r .  f o r  a sheep  

f o e t u s  o f  1200 g .  The n ig h  R .g , . ! s o b se rv e d ,  even i f  t r u e  

f o r  t h e  s p e c i e s  s t u d i e d ,  a r e  n o t  n e c e s s a r i l y  t r u e  f o r  the  

r a t ,  which l a y s  down v e ry  l i t t l e  f a t  i n  t h e  i n t r a u t e r i n e  

p e r i o d  (Widdowson, 1950)* U n n a tu ra l  f a t s  a re  known 

t o  c r o s s  th e  r a t f s p l a c e n t a  ( S i n c l a i r ,  19335 McConnell 

and S i n c l a i r ,  1937) so i t  i s  p r o b a b le  t h a t  such  f a t  as i s  

l a i d  down i n  t h e  f o e t a l  r a t  i s  d e r i v e d  from m a t e r n a l  f a t .

The f i n d i n g s  do i n d i c a t e ,  however,  t h a t  c a r b o h y d r a t e  i s  

p r o b a b l y  th e  main e n e rg y  s o u rc e  f o r  t h e  f o e t u s .  S t u d i e s  

on t h e  su g a r  and l a c t i c  a c i d  c o n c e n t r a t i o n s  i n  u t e r i n e  

venous ,  a r t e r i a l  and i n t e r v i l l o u s  b lo o d s  i n d i c a t e  t h a t  

a l s o  t h e  p l a c e n t a  m e t a b o l i s e s  c a r b o h y d r a t e  p r e d o m i n a n t l y



- l6 -

( L o e s e r ,  1932, a , b ;  F ra n k en  and K reb s ,  1933) ,  a l t h o u g h  

t h e  p a r a l l e l  f i n d i n g  t h a t  t h e  m e ta b o l i s m  i s  p r e d o m i n a n t l y  

a n a e r o b i c  i s  n o t  n e c e s s a r i l y  t r u e  ijn v iv o  (H u g g e t t  and 

Hammond, 19 5 2 ) .

The o n l y  s tu d y  t h a t  h a s  been  found  o f  t h e  t o t a l  

p h y s i o l o g i c a l  e n e r g y  r e q u i r e m e n t  i n  p r e g n a n c y ,  as  d i s t i n c t  

from t h e  b a s a l  m e tab o l i sm ,  i s  t h a t  o f  M ur l in  (1910a)  on two 

s u c c e s s i v e  p r e g n a n c i e s  i n  a b i t c h .  The e n e rg y  p r o d u c t i o n  

i n  t h i s  work was c a l c u l a t e d  from the  c a rb o n  d i o x i d e  and 

u r i n a r y  n i t r o g e n  p r o d u c t i o n  u s i n g  t h e  P e t t e n k o f f e r - V o i t  

a p p a r a t u s .  A l though  2l|_ h r .  p e r i o d s  were s t u d i e d ,  o n ly

two days  s t u d y  p e r  week were made. N0 a l t e r a t i o n  i n  

m e t a b o l i c  r a t e  was found u n t i l  t h e  s i x t h  week o f  g e s t a t i o n ,  

b u t  be tw een  th e  s i x t h  and e i g h t h  weeks th e  M.R. r o s e  by 

9 p e r  c e n t .  Assuming Rubner*s  s u r f a c e  r e l a t i o n  and 

Meeh*s fo rm u la  f o r  s u r f a c e  a r e a  M url in  c a l c u l a t e d  t h a t  t h e  

e x c e s s  e n e rg y  usage  a t  3 days an t e  p a r tu m  was a lm o s t  e x a c t l y  

t h a t  a t t r i b u t a b l e  t o  t h e  p u p s ,  The s l i g h t  a d d i t i o n a l  

e x c e s s  ( l e s s  t h a n  5 Pei> c e n t ,  o f  th e  t o t a l  e x c e s s )  he 

a t t r i b u t e d  t o  t h e  r a i s e d  m e t a b o l i s i n g  mass o f  t h e  u t e r u s .

A measure o f  t h e  n o n - b a s a l  e n e r g y  p r o d u c t i o n  i n  

p re g n a n c y  i n  t h e  r a t  was made by D a n f o r th  and Loumos ( 1936 ) 

i n  a s t u d y  o f  t h e  e f f e c t  o f  t h y r o i d  a d m i n i s t r a t i o n ,  but  

t h e  l e n g t h  o f  th e  e s t i m a t i o n  p e r i o d s  i s  no t  s t a t e d .  These 

a u t h o r s  found t h a t  d e s i c c a t e d  t h y r o i d  g iv e n  o r a l l y  had a 

much low er  c a l o r i g e n i c  e f f e c t  i n  th e  p r e g n a n t  t h a n  i n  t h e
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n o n - p r e g n a n t  r a t ,  b u t  t h e y  a l s o  found  no a p p r e c i a b l e  

i n c r e a s e  i n  t h e  m e tab o l i sm  o f  u n t r e a t e d  p r e g n a n t  co n t ro l s®

For a measure  o f  t h e  p h y s i o l o g i c a l  e n e r g y  

r e q u i r e m e n t  i n  p re g n a n c y ,  t h e r e f o r e ,  we must depend l a r g e l y  

on t h e  l e s s  d i r e c t  methods o f  measurement o f  foo d  i n t a k e .

A few s t u d i e s  o f  t h i s  s o r t  have been made b o t h  on man and 

on a n i m a l s .  The human s t u d i e s ,  which have been  re v ie w e d  

and r e l u c t a n t l y  a c c e p te d  by Garry and S t i v e n  (1935)  end 

Garry  and Wood (19l{-5) have i n d i c a t e d  t h a t  t h e r e  i s  l i t t l e  

e x t r a  e n e r g y  r e q u i r e m e n t  d u r i n g  p r e g n a n c y .  A l though  t h e

b a s a l  e n e r g y  e x p e n d i t u r e  r i s e s  to w a rd s  t h e  end o f  p re g n a n c y  

t h e  i n c r e a s e  a p p e a r s  t o  be o f f s e t ,  a t  l e a s t  i n  p a r t ,  by 

a r e d u c t i o n  i n  m u s c u la r  a c t i v i t y .  I t  i s  i n t e r e s t i n g  t o  

o b se rv e  t h a t  th e  U .S .  N a t i o n a l  R e s e a r c h  C ou n c i l  t a b l e s  o f  

d i e t a r y  s t a n d a r d s  (19^4-5) make an a l low ance  o f  i|.00 C a l .  

f o r  t h e  l a t t e r  h a l f  o f  p re g n a n c y ,  but  t h e  League o f  N a t io n s  

T e c h n i c a l  Commission (1935) t a b l e s  make no a l l o w a n c e .  The 

fo rm er  s t a n d a r d s  a r e ,  however ,  u n i f o r m l y  more gen e ro u s  t h a n  

o t h e r s •

Food i n t a k e  s t u d i e s  on e x p e r i m e n t a l  a n im a ls  d u r i n g  

p reg n a n cy  have been  made by Wang ( 1925 ) ,  S lo n a k e r  ( 1927 ) ,  

Cole and H a r t  (1938)  and Murray ( l 9 ^ l ) «  Wang c la im ed  

an i n c r e a s e  i n  food i n t a k e  of  t h e  p r e g n a n t  r a t  o f  O-llj. 

p e r  c e n t . ,  w i t h  a mean r e d u c t i o n  i n  a c t i v i t y ,  as  measured  

by r e v o l v i n g  c a g e s ,  o f  up t o  9 6 p e r  c e n t .  S l o n a k e r ,  

i n  a t e c h n i c a l l y  more s a t i s f a c t o r y  i n v e s t i g a t i o n ,  found
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an a lm o s t  immedia te  i n c r e a s e  i n  food consum ption  of  a bou t  

10 p e r  cen t*  which  rem ained  s u b s t a n t i a l l y  c o n s t a n t  u n t i l  

t h e  e i g h t e e n t h  day o f  g e s t a t i o n  when t h e r e  was a r a p i d  f a l l  

i n  i n t a k e  t o  about  60 p e r  c e n t ,  of  t h e  n o n - p r e g n a n t  l e v e l .  

A c t i v i t y ,  a g a in  m easured  by  r e v o l v i n g  c a g e s ,  was found t o  

d rop  im m e d ia te ly  a f t e r  c o i t u s  t o  17 p e r  c e n t . ,  r i s i n g  l a t e r  

t o  21 p e r  c e n t ,  o f  t h e  n o n - p r e g n a n t  l e v e l .  T h is  f a l l  i n  

a c t i v i t y ,  S lo n a k e r  c l a im s ,  i s  one o f  t h e  most r e l i a b l e  

c r i t e r i a  o f  s u c c e s s f u l  m a t i n g .  O e s t r u s ,  a l t h o u g h  i n  

g e n e r a l  s u p p r e s s e d  d u r i n g  p re g n a n c y  and l a c t a t i o n ,  te n d e d  

t o  r e c u r  a t  v a r i o u s  s t a g e s  o f  th e  g r a v i d  p e r i o d .  The most 

c r i t i c a l  p o i n t  was a t  a b ou t  Xlg days g e s t a t i o n  and a b o r t i o n  

and r e s o r p t i o n  were most l i a b l e  t o  o c c u r  a t  t h i s  t im e .

The f i n d i n g s  o f  Cole and H a r t  ( 1938 ) a r e  s u b s t a n t i a l l y  t h e  

same as t h o s e  o f  S l o n a k e r ,  b u t  t h e y  found  an i n c r e a s e  i n  

food i n t a k e  o f  abou t  30 p e r  c e n t ,  w i t h i n  lj-8 h r .  o f  c o i t u s .  

Murray (19^4-1) found a t o t a l  i n c r e a s e  i n  food  consum ption  

i n  r a t s  o f  about  3 °  Pe r  c e n t ,  b u t  i n  t h i s  case  t h e  i n c r e a s e  

was g r a d u a l  and p r o g r e s s i v e  th r o u g h o u t  a lm ost  t h e  whole 

o f  p r e g n a n c y .  Murray a l s o  r e c o r d e d  t h e  r a p i d  d e c l i n e  

i n  food  consumption  i n  t h e  l a s t  f o u r  days  of p re g n a n c y .  

A lthough  t h e s e  i n v e s t i g a t i o n s  show g r e a t  v a r i a t i o n s  i n  

th e  e x t e n t  o f  the  changes  o b se rv e d  t h e r e  i s  g e n e r a l  

agreem ent  as  t o  t h e  form, namely an a p p r e c i a b l e  i n c r e a s e  

i n  food  i n t a k e  ( b u t  sm a l l  compared t o  t h a t  o b se rv e d  i n  

l a c t a t i o n )  and a g r e a t  r e d u c t i o n  i n  a c t i v i t y .
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S l o n a k e r ,  i n  th e  same s t u d y ,  and more r e c e n t l y  

Brobeck o t - j a l  (19^7)^  o b se rv e d  a p ronounced  c y c l i c a l  

v a r i a t i o n  i n  fo o d  i n t a k e  and a c t i v i t y  w i th  t h e  o e s t r o u s  

cycle® Both, i n v e s t i g a t i o n s  showed a f a l l  i n  fo o d  i n t a k e

and bodyweight  w ith  a r i s e  i n  a c t i v i t y  d u r i n g  o e s t r u s  w i th  

t h e  r e v e r s e  t e n d e n c i e s  d u r in g  d i o e s t r u s .  Brobeck  et_ a l  

found a h y p e r -  and h y p o th e rm ia  d u r in g  d i o e s t r u s  and o e s t r u s  

r e s p e c t i v e l y ,  which i s  In  agreement  w i t h  Tompkins* (l9d-5) 

f i n d i n g s  f o r  t h e  c o r r e s p o n d in g  s t a g e s  o f  t h e  m e n s t r u a l  

c y c l e .  Brobeck*s r e s u l t s  show t h e s e  c y c l i c a l  chan ges

t o  be v e ry  p ronounced  n o t  o n l y  f o r  th e  g ro u p  b u t  f o r  

I n d i v i d u a l  an im a ls  a l s o .  They a l s o  found  t h a t  I n  p s e u d o 

p reg n a n cy  th e  p a t t e r n  i s  s i m i l a r  t o  t h a t  i n  p re g n a n c y  up 

t o  l l i - l 6  days  ( t h e  norm al  p e r i o d  o f  t e r m i n a t i o n  o f  p s e u d o 

p reg n a n cy  i n  t h e  r a t )  w i th  i n c r e a s e d  a p p e t i t e  and r e d u c ed  

a c t i v i t y .

I f  we t a k e  S l o n a k e r * s  ave rag e  v a lu e  of  2 g .  

a d d i t i o n a l  food p e r  day d u r i n g  p re g n a n c y  t h i s  g i v e s  a t o t a l  

e x c e s s  i n t a k e  o f  t h e  o r d e r  o f  lj.0 g .  d u r i n g  p re g n a n c y .

Even w i th  a w e igh t  i n c r e a s e  o f  a b o u t  60-70  S» -̂n t h i s  

t i m e ,  c o r r e s p o n d in g  t o  a l i t t e r  o f  about  10 pups ,  t h e  

t i s s u e  d e p o s i t i o n  as d ry  m a t t e r  would not  be  e x p e c te d  t o  

amount t o  more t h a n  about  20 g .  which would sugges t  an 

i n c r e a s e d  e n e rg y  usage  of  about  b  C a l .  o r  10 pe r  c e n t ,  

p e r  diem® There  i s ,  however,  no e v id e n c e  t o  show how

much of  t h i s  a d d i t i o n a l  i n g e s t e d  food i s  a b so rb e d ,  and
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i t  would r e q u i r e  o n ly  a sm a l l  r e d u c t i o n  i n  a b s o r p t i o n  

e f f i c i e n c y ,  5 P©1* c e n t . ,  c o m p l e t e ly  t o  o f f s e t  th e  i n c r e a s e d  

i n t a k e *

By and l a r g e ,  t h e n ,  th e  s t u d i e s  on the  r a t  

g iv e  much more d e f i n i t e  e v id e n c e  o f  i n c r e a s e d  food  

consum ption  and i n f e r e n t i a l l y  o f  h i g h e r  e n e r g y  usage  

d u r i n g  p re g n a n c y  t h a n  do th e  c o r r e s p o n d i n g  human s t u d i e s *  

The i n c r e a s e  i s ,  n e v e r t h e l e s s ,  s m a l l e r  t h a n  might be 

e x p e c te d  and r e l a t i v e l y  v e ry  much s m a l l e r  t h a n  i s  found  

t o  o c c u r  i n  l a c t a t i o n *  I t  must be r e c a l l e d ,  however ,  

t h a t  t h e s e  s t u d i e s  a r e  n e c e s s a r i l y  c o n f in e d  t o  a n im a l s ,  

and t o  some degree  t o  women, i n  a r e s t r i c t e d  and l a r g e l y  

a r t i f i c i a l  e n v i r o n m e n t .  I t  may be t h a t ,  under  l e s s

s y n t h e t i c  c o n d i t i o n s ,  t h e  s t r u g g l e  f o r  s u r v i v a l  and q u e s t  

f o r  food would no t  p e rm i t  such  a g r e a t  r e d u c t i o n  i n  

a c t i v i t y *  When such  i n c r e a s e  i n  fo od  i n t a k e  as does  

e x i s t  i s  c o n s i d e r e d  a lo n g  w i th  t h e  v e ry  g r e a t  r e d u c t i o n  

i n  a c t i v i t y  i t  would ap p ea r  t h a t  t h e  i n c r e a s e  i n  th e  

p h y s i o l o g i c a l  n o n - a c t i v e  e n e r g y  e x p e n d i t u r e  may be a t  

t h e  u p p e r  l i m i t  o f  or r a t h e r  g r e a t e r  t h a n  t h e  i n c r e a s e s  

r e c o r d e d  i n  t h e  n o n - p h y s i o l o g i c a l  " b a s a l ” e n e rg y  

e x p e n d i t u r e •

Very l i t t l e  work h a s  been  done t o  g iv e  any 

i n d i c a t i o n  o f  the  e x i s t e n c e  o r  d i r e c t i o n  o f  any 

p r e f e r e n t i a l  com bus t ion  o f  f a t  o r  c a r b o h y d r a t e  d u r i n g  

p r e g n a n c y .  Reprew, (1889)> found a d e c l i n e  i n  th e
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r e s p i r a t o r y  q u o t i e n t  as  p re g n a n c y  advanced  i n  a dog, a 

g u i n e a - p i g  and t h r e e  r a b b i t s ;  he a l s o  fou n d ,  however ,  

a f a l l  i n  t h e  t o t a l  m e ta b o l i sm  o f  t h e s e  a n im a l s  which i s  

n o t  i n  ag reem ent  w i t h  th e  e i g h t  o f  t h e  e v i d e n c e .  Oddi 

and V i c a r e l l i  (1891) found an i n c r e a s e  i n  t h e  R.Q. o f  

p r e g n a n t  m ic e .  Most o f  uhe l a t e r  work m easu res  o n ly  

oxygen o r  ca rbo n  d i o x i d e  p r o d u c t i o n  which g i v e s  no 

p a r t i t i o n  o f  e n e r g y  s o u r c e ,  b u t  S p i g a - C l e r i c i  (1937)  

found no change i n  R.Q. d u r i n g  human p re g n a n c y  w h i le  

Jo h n s to n  e t  a l  ( 1938 ) found a s t e a d y  r i s e  i n  t h e  f r a c t i o n  

o f  t h e  e n e r g y  d e r i v e d  from f a t  i n  human p regn an cy  w i th o u t  

any e x p l a n a t o r y  f a l l  i n  food i n t a k e .  As C a t h c a r t  and

Markowitz  ( 1927 ) have p o i n t e d  o u t  th e  s im u l t a n e o u s  

o p e r a t i o n  o f  p r o c e s s e s  o f  com bus t ion  and i n t e r c o n v e r s i o n  

o f  p ro x im a te  p r i n c i p l e s  and com bus t ion  t o  and of  

i n t e r m e d i a r y  m e t a b o l i c  p r o d u c t s  make i t  d o u b t f u l  i f  the  

R.Q. d e r i v e d  from s h o r t  p e r i o d  s t u d i e s  h a s  any 

i n t e r p r e t a b l e  s i g n i f i c a n c e .

N i t r o g e n  M e tab o l i sm .

There  have been  many s t u d i e s  o f  t h e  n i t r o g e n  

m e tab o l i sm  i n  p re g n a n c y ,  b u t  most o f  t h e s e  have been  on 

th e  n i t r o g e n  b a la n c e  d u r i n g  r e l a t i v e l y  s m a l l  p e r i o d s



o f  t im e  to w a rd s  t h e  end o f  human p r e g n a n c i e s .  Such 

c l i n i c a l  o r  p a r a - c l i n i c a l  i n v e s t i g a t i o n s  a r e  o f  i n t e r e s t  

but  o f  v e ry  r e s t r i c t e d  u t i l i t y  as  t h e  p e r i o d  o f  s t u d y  

f r e q u e n t l y  forms such  a sm a l l  f r a c t i o n  o f  t h e  t o t a l  

g e s t a t i o n ,  many o f  t h e  s u b j e c t s  c o n s i d e r e d  a r e  a v a i l a b l e  

for. s t u d y  b e c a u se  o f  some c o i n c i d e n t  p a t h o l o g i c a l  

c o n d i t i o n  and t h e  metnod o f  a s se s sm e n t  o f  t h e  d i e t a r y  

i n t a k e  o f  n i t r o g e n  i s  o f t e n  u n r e l i a b l e *

i i a r l y  work on n i t r o g e n  b a la n c e ,  by Hagemann 

( 189 1 ) &nd J a g e r o o s  (I9O3) on t h e  b i t c h  and Ver Eecke 

(1901) on th e  r a b b i t ,  was unanimous i n  i t s  e v id e n c e  t h a t ,  

f i n a l l y ;  p re g n a n cy  i s  a p e r i o d  of  m a t e r n a l  s a c r i f i c e .  

A l though  n i t r o g e n  i s  g a in e d  d u r in g  g e s t a t i o n  t h e  e v e n t  

o f  p a r t u r i t i o n ,  w i t h  i t s  a s s o c i a t e d  l o s s e s ,  and the  h i g h  

u r i n a r y  n i t r o g e n  l o s s  o c c u r r i n g  f o r  the  f i r s t  few days  

p o s t  parturn e n t a i l e d  a n e t t  n i t r o g e n  l o s s  f o r  t h e  m o th e r .  

Bar (1907)  i n  a c r i t i c a l  e x a m in a t io n  o f  t h i s  work 

c o r r e c t e d  some o f  t h e  v a l u e s  assumed by t h e s e  a u t h o r s  

f o r  Lhe n i t r o g e n  c o n te n t  o f  f o e t u s  and membranes and 

showed t h a t  some of  t h e  a p p a r e n t  n i t r o g e n  l o s s e s  r e c o r d e d  

w ere ,  i n  f a c t ,  e i t h e r  n o n - e x i s t e n t  or  were o v e r - e s t i m a t e d .  

Even w i t h  B a r ' s  m o d i f i c a t i o n s  a number o f  t h e  g e s t a t i o n s  

d id  show v e ry  l a r g e  n i t r o g e n  l o s s e s .  Ver Eecke,  

w ork ing  on r a b b i t s ,  „ l s o  found  t h i s  n e t t  n i t r o g e n  l o s s ,  

and i n  t h i s  work sane o f  t h e  l o s s e s  were e x t r e m e l y  h ig h



amounting t o  as  muoh as  one s i x t h  o f  th e  t o t a l  non

p r e g n a n t  m a t e r n a l  n i t r o g e n .

Bar h a s  su g g e s t e d  t h a t  t h e  d i e t  o f  t h e  b i t c h e s  

i n  t h e  fo rm er  s t u d i e s  was i n a d e q u a t e .  as a r u l e  t h e  

n i t r o g e n  i n t a k e  was abou t  0 . 8  g .  p e r  kg .  bodyweight  

p e r  d iem .  In  one o f  J&geroos* b i t c h e s ,  when t h e  

n i t r o g e n  i n t a k e  was about  1*3 g», t h e  e n e rg y  i n t a k e  was 

p r o b a b l y  low, w h i l e  i n  a n o th e r  th e  n i t r o g e n  i n t a k e  was 

o n ly  0 . 2  g .  p e r  k g .  and the  an im al  a b o r t e d  th e  e i g h t h  

week o f  g e s t a t i o n .  Also t h e  a n im a l s  i n  t h e s e  s t u d i e s  

showed p ronounced  a n o r e x i a  from t im e  t o  t im e  which may 

have  been o f  d i e t a r y  o r i g i n  a l t h o u g h  i t  was r e g a r d e d  as  

a n a lo g o u s  t o  t h e  "normal"  morning s i c k n e s s  o f  human 

p r e g n a n c y .  Ver Eecke*s  r a b b i t s  were a l lo w ed  c a r r o t s  

ad l i b i t u m  b u t  t h e i r  food  u t i l i s a t i o n  d e c r e a s e d  

p r o g r e s s i v e l y  w i t h  t h e  c o u r s e  o f  p re g n a n c y .

Bar and Daunay (1905) and Bar ( 1907 ) r e c o r d  

e x te n d e d  and b e a u t i f u l l y  th o r o u g h  work on b i t c h e s  and 

women. T h e i r  i n v e s t i g a t i o n s  on b i t c h e s  co ve red  a 

t o t a l  o f  8 p r e g n a n c i e s  i n  s i x  a n im a l s ,  bu t  i n  on ly  

t h r e e  o f  t h e s e  was t h e  t o t a l  e x c r e t e d  N m ea su re d .

I n  a l l  c a s e s  t h e y  found a p o s i t i v e  n i t r o g e n  b a la n c e  

t h r o u g h  a lm ost  t h e  whole of  g e s t a t i o n ,  and when a 

n e g a t i v e  b a l a n c e  o c c u r r e d  i t  was c o n f i n e d  t o  a few 

days  a t  about  th e  f o u r t h  o r  f i f t h  week.  The t o t a l  

m a t e r n a l  n i t r o g e n  b a la n c e  over  t h e  whole o f  p r e g n a n c y ,
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t a k i n g  i n t o  a cc o u n t  t h e  p a r t u r i e n t  and p o s t  parturn l o s s e s ,  

was e i t h e r  p o s i t i v e  o r  v e ry  s l i g h t l y  n e g a t i v e  i n  each  

animal*

In  t h e  s t u d i e s  b o t h  o f  J&geroos and of  Bar t h e  

d a i l y  u r i n a r y  n i t r o g e n  e i t h e r  f e l l  u n i f o r m l y  th r o u g h o u t  

g e s t a t i o n ,  o r  r o s e  t o  abou t  m i d - g e s t a t i o n  and t h e n  f e l l  

more r a p i d l y *  The r e s u l t  o f  t h i s  was an i n c r e a s i n g

d a i l y  r e t e n t i o n  o f  n i t r o g e n  a t  l e a s t  i n  the  second h a l f  

o f  g e s t a t i o n .  N e i t h e r  Ver E e c k e f s n o r  uhe two r a b b i t s

s t u d i e d  by Bar and Daunay showed t h i s  t e n d e n c y  v e ry  

d e f i n i t e l y .

M ur l in  ( 1 9 1 0 b ) ,  a l s o  w ork ing  w i th  b i t c h e s ,  

fo u n d ,  i n  g e n e r a l ,  a n e g a t i v e  n i t r o g e n  b a la n c e  d u r i n g  

th e  f i r s t  h a l f  o f  g e s t a t i o n .  He fo l lo w e d  two an im a ls  

t h r o u g h  th e  whole o f  g e s t a t i o n  and i n  one t h e  t o t a l  

e x c r e t e d  n i t r o g e n  ( s e p a r a t e  f i g u r e s  f o r  u r i n e  and f a e c e s  

a re  n o t  r e c o r d e d )  f e l l  i n  t h e  n i n t h  week, and i n  th e  

o t h e r  f e l l  p r o g r e s s i v e l y  f rom t h e  f i f t h  week. He a l s o  

found n i t r o g e n  r e t e n t i o n  o c c u r r i n g  d u r i n g  t h e  p e r i o d  o f  

h e a t  and o v u l a t i o n .

M ur l in  h a s  g a t h e r e d  h i s  own f i n d i n g s  and t h o s e  

o f  t h e  work d i s c u s s e d  above i n t o  a t a b l e  a c c o r d i n g  t o  t h e  

o c c u r r e n c e  o f  p o s i t i v e  o r  n e g a t i v e  n i t r o g e n  b a l a n c e s  

a t  e ach  week o f  g e s t a t i o n .  I n  t h e  f o l l o w i n g  t a b l e  

I  have e x p r e s s e d  th e  number o f  p o s i t i v e  b a l a n c e s  f o r  

e a c h  week as  a p e r c e n t a g e  o f  th e  t o t a l  number
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r e c o r d e d  f o r  t h a t  w e e k : -  

week of
G e s t a t i o n  1 2 3 l|. 5 6 7 8 9

P e r  c e n t .
+ve 62 5U 33 29 75 90 100  100

T h is  d e m o n s t r a t e s ,  i n  a r a t h e r  c rud e  f a s h i o n ,  

a f u r t h e r  b a s i s  f o r  t h e  s u g g e s t i o n  made above t h a t  

n e g a t i v e  b a l a n c e s  t e n d  t o  occu r  about  t h e  middle  o f  

g e s t a t i o n *  T h is  t e n d e n c y  h a s  n o t ,  however,  r e c e i v e d

any s e r i o u s  comment from any o f  t h e  above workers*

Prom a c o n s i d e r a t i o n  o f  th e  e x te n d e d  form o f  

t h e  above t a b l e  which he c o n s t r u c t e d  M url in  c o n c lu ded  

t h a t ,  i n  t h e  b i t c h ,  m a t e r n a l  n i t r o g e n  l o s s  i s  a 

c h a r a c t e r i s t i c  o f  th e  f i r s t  h a l f  o f  p re g n a n c y  and 

m a t e r n a l  n i t r o g e n  g a in  a c h a r a c t e r i s t i c  o f  t h e  second 

h a l f *  S ince  t h e  embryo has  n o t  r e a c h e d  any a p p r e c i a b l e  

s i z e  by t h e  f o u r t h  o r  f i f t h  week t h i s  s t a t e m e n t  

e f f e c t i v e l y  i m p l i e s  t h a t  th e  f i r s t  h a l f  of  p regn a n cy  

i s  c h a r a c t e r i s e d  by a g r o s s  m a t e r n a l  n i t r o g e n  l o s s ,  a 

c o n c l u s i o n  which  B a r ’ s work a t  l e a s t  does  n o t  s u p p o r t .

Of t h e  human s t u d i e s ,  a c o n s i d e r a b l e  number,  

Slemons ( 19Oil.), Hshl  ( 1905 ) ,  Bar ( 1907 ) ,  Rowe e t  a l  

(193^4-)* Thompson and Pommerenke ( 1939)# show a p ronounced  

f a l l  i n  t h e  u r i n a r y  n i t r o g e n  i n  t h e  l a s t  days o f  

p re g n a n cy ,  w h i le  B a r ’ s work shows a c o n s i s t e n t  d e c l i n e
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i n  u r i n a r y  n i t r o g e n  f o r  some weeks a n t e  p a r tu m .  This  

f a l l  a p p e a r s  l a r g e l y  t o  occu r  i n  u r e a  n i t r o g e n .  Other  

work, however ,  does  n o t  show t h i s  f a l l  so p r o n o u n c e d ly ,  

and t h e n  o n ly  i n  t h e  l a s t  two o r  t h r e e  d a y s ,  - H o f f s t r 6m 

(1 9 1 0 ) ,  Wilson  ( 1916 ) ,  Coons and B lun t  ( 1930 ) ,  S a n d i f o r d  

e t  a l  (1931)# Coons and M a r s h a l l  ( 193I1-), O b e rs t  and P l a s s  

U 9 h > ) .  R°we found t h a t  th e  d i m i n u t i o n  i n  u r i n a r y

n i t r o g e n  was a c c e n t u a t e d  i n  to xae m ic  p r e g n a n c i e s  and t h a t  

t h e  t im e  t a k e n  by th e  m o t h e r ’ s u r i n e  t o  r e t u r n  t o  norm al  

l e v e l s  p o s t  pa r tum  was l e n g t h e n e d  i n  t h e s e  c a s e s .  These 

w o rke rs  a l s o  found t h a t ,  i n  normal  p re g n a n c y ,  t h e  t o t a l  

b loo d  N .P .N .  was low b u t  u r i c  a c id  was h ig h ,  w h i le  

to xaem ia  te n d e d  t o  r e v e r s e  t h i s  r e l a t i o n .

Morr is  ( 1923 ) ,  work ing  on g o a t s ,  found  a r i s e  

i n  the  t o t a l  u r i n e  n i t r o g e n  i n  t h e  l a s t  days o f  p r e g n a n c y .

The e a r l y  t e n e t  t h a t  th e  f i r s t  h a l f  o f  

p re g n a n cy  i s  a p e r i o d  o f  n i t r o g e n  l o s s  has found mixed 

su p p o r t  from w orke rs  who have  i n v e s t i g a t e d  t h e  n i t r o g e n  

b a la n c e  i n  the  e a r l y  weeks o f  human p r e g n a n c y .  Wilson

( l9 1 o )  and Coons and B lun t  ( 1930 ) found  a p o s i t i v e  

b a la n c e  from th e  t e n t h  o r  t w e l f t h  week onwards,  w hi le  

S a n d i f o r d  e t  a l  (193^-) and Thompson and Pommerenke (1939) 

found a n e g a t i v e  b a la n c e  i n  t h e  e a r l y  m onths .  Brtihl 

( 1932 ) conc luded  from a r e v i e w  o f  the  e v id e n c e  t h a t  

n i t r o g e n  b a la n c e  i s  n e g a t i v e  a b o u t  m i d - g e s t a t i o n .
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In  a l l  s t u d i e s  c o v e r i n g  t h e  p u e r p e r a l  p e r i o d  

i n  women and o t h e r  a n im a l s ,  a p e r i o d  of  n e g a t i v e  n i t r o g e n  

b a la n c e  i s  found l a s t i n g  f o r  f o u r  o r  f i v e  d a y s .

G ram m at ika t i  ( I 88I4.) su g g e s te d  t h a t  t h i s  was due t o  n i t r o g e n  

l o s s  e n t a i l e d  i n  th e  p r o c e s s  o f  i n i t i a t i o n  o f  l a c t a t i o n ;  

Zachar  jew sk i  (189^4-)* however, s u g g e s t e d  t h a t  i t  was due  

t o  t h e  n i t r o g e n  l o s s  i n  i n v o l u t i o n  o f  uhe u t e r u s *  The 

l a t t e r  view was g e n e r a l l y  h e ld  u n t i l  t h e  work o f  M ellanby

(1911) and H ard ing  and Montgomery ( 1927 ) ,  ex am in ing  the  

n i t r o g e n  p a r t i t i o n  i n  t h e  u r i n e ,  renewed t h e  b e l i e f  t h a t  

th e  n i t r o g e n  l o s s  and c r e a t i n u r i a  were r e f e r a b l e  t o  t h e  

o n s e t  o f  l a c t a t i o n .  H ard ing  and Montgomery, however,  

s t a t e d  t h a t  u t e r i n e  i n v o l u t i o n  as  a c o n t r i b u t o r y  f a c t o r  

was "no t  n e c e s s a r i l y  e x c l u d e d " .

The mechanism o f  n i t r o g e n  r e t e n t i o n  i n  p re g n a n c y  

i s  not . a t  a l l  c l e a r .  Bokelmann and S c h e r i n g e r  ( 1933) 

found no e v id e n c e  f o r  i n c r e a s e d  n i t r o g e n  a b s o r p t i o n  i n  

p re g n a n c y  and Coons and M a r s h a l l  (193^4-) found t h a t  

d i g e s t i v e  d i s t u r b a n c e s  may a c t i v e l y  r e d u c e  a b s o r p t i o n .

There i s  n o t  n o r m a l ly  any e v id e n c e  o f  h i g h  b lood  N.P*N.

The h y p e r t r o p h y  o f  t h e  a n t e r i o r  p i t u i t a r y  and th e  

i n c r e a s e  i n  numbers o f  a c i d o p h i l s  d u r i n g  p reg nancy  

( S e v e r in g h a u s ,  1937 )* which a c i d o p h i l s  have b een  

a s s o c i a t e d  w i th  t h e  p r o d u c t i o n  o f  g row th  hormone,  and 

t h e  n i t r o g e n  r e t e n t i o n  which o c c u r s  a f t e r  a d m i n i s t r a t i o n  

o f  growth  hormone (L i  and Tvans ,  19̂ 4-7) s u g g e s t  t h a t
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t h i s  may be i n v o lv e d  i n  the  n i t r o g e n  r e t e n t i o n  of  

p r e g n a n c y .  T h is  i s ,  t o  some e x t e n t ,  s u p p o r t e d  by

t h e  s i m i l a r i t y  o f  t h e  form of  t i s s u e  d e p o s i t i o n  i n  

p re g n a n c y  (Poo e t  a l ,  1939> 19̂ 4-0) t o  t h a t  sometimes 

found  a f t e r  a d m i n i s t r a t i o n  o f  growth  hormone (Lee and 

S c h a f f e r ,  1933* 193k-) • Also th e  a c r o m e g a l i c  t e n d e n c i e s  

o f t e n  o b se rv ed  d u r in g  human p re g n a n c y ,  w i th  c o a r s e n i n g  

o f  t h e  f e a t u r e s ,  have been  a t t r i b u t e d  t o  a n t e r i o r  

p i t u i t a r y  a c t i v i t y ,  D re y fu s s  ( 1922 ) .  There  a r e ,  

however ,  many o b j e c t i o n s  t o  s t e p p i n g  from a s t a t e m e n t  

o f  such  s i m i l a r i t i e s  t o  she p o s t u l a t e  t h a t  t h e  a n t e r i o r  

p i t u i t a r y  a c t i v i t y  i s  r e s p o n s i b l e  f o r  th e  n i t r o g e n  

r e t e n t i o n  i n  p re g n a n c y .  Although bo th  th e  a c i d o p h i l s

and t h e  b a s o p h i l s  o f  she adenoh y po p hy s is  a p p ea r  t o  be 

i n c r e a s e d  i n  human p r e g n a n c y  t h e r e  i s  e v id e n c e  t h a t ,  

i n  r a t s  ( H e r r i n g ,  1920) a t  l e a s t ,  t h e  e o s i n o p h i l  count  

may f a l l .  H e r r in g  a l s o  f a i l e d  t o  f i n d  any h y p e r t r o p h y  

o f  t h e  a n t e r i o r  p i t u i t a r y  o f  the  r a t  d u r i n g  p r e g n a n c y .  

K l e i b e r  and Cole ( 1939 ) found no s i g n i f i c a n t  change i n  

body c o m p o s i t io n  aue t o  t h e  a d m i n i s t r a t i o n  o f  growth 

hormone, b u t  v a r i a t i o n s  i n  t h e  f i n d i n g s  i n  t h i s  r e s p e c t  

a re  t o  be e x p e c te d  due t o  th e  d i f f e r e n t  i n i t i a l  s t a g e s  

o f  g row th  o f  th e  an im als  u se d ,  which may t a k e  t h e  form 

o f  p r e d o m i n a n t l y  f a t  o r  p r o t e i n  s y n t h e s i s  (Mayer, 19)4.9)0  

I t  can  p r o b a b l y  be a c c e p t e d  t h a t  t h e  in d u ce d  growth
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t a k e s  t h e  form o f  a c o n t i n u a t i o n  o f  t h e  m otion  o f  growth  

o p e r a t i v e  a t  th e  b e g in n i n g  of  t r e a t m e n t  w i th  s o m a to t r o p h in  

(Lea and S c h a f f e r ,  1933> • Dur ing  t h e  l a t t e r  p a r t

o f  p reg nancy  i n  th e  r a t  «nd some o t h e r  s p e c i e s  a b l a t i o n  

o f  th e  p i t u i t a r y  does  n o t  t e r m i n a t e  p re g n a n c y  ( A l l e n  eji a l  

1939 ) a l t h o u g h  i t  p r e v e n t s  t h e  i n i t i a t i o n  o f  l a c t a t i o n ;  

t h i s  i s  n o t  to  say ,  o f  c o u r s e ,  t h a t  i t s  absence  does  n o t  

a f f e c t  t h e  n o rm a l  c o u rse  o f  p re g n a n c y ,  bu t  i t  does  s u g g e s t  

t h a t  i f  t h e  c o n t r o l  o f  n i t r o g e n  b a l a n c e  i n  p re g n a n c y  i s  

horm onal  t h e  s o u rc e  o f  t h e  c o n t r o l  may be some o rgan  o t h e r  

t h a n  t h e  p i t u i t a r y .  A f u r t h e r  c o m p l i c a t i o n  o f  t h e

p rob lem  must be n o te d  i n  t h e  r i s e  i n  u r i n a r y  c o r t i c o i d s  

d u r i n g  th e  p e r i o d  of maximum n i t r o g e n  r e t e n t i o n  (V enn ing ,  

19W )  w hi le  a d r e n a l  c o r t e x  a c t i v i t y  p rom otes  p r o t e i n  

c a t a b o l i s m  and n i t r o g e n  l o s s  ( Tepperman et_ a l , 19^ 3 ) 0 

Chalmers and Munro ( l 9 5 2 ) h a v e  shown t h a t  t h e  

n i t r o g e n  r e t e n t i o n  p roduced  by t h e  growth hormone o c c u r s  

even w i th  a d i e t a r y  p r o t e i n  o f  i n a d e q u a t e  amino a c id  

c o m p o s i t i o n .  This  i n d i c a t e s  t h a t  t h e  r e t a i n e d  n i t r o g e n

i s  n o t  n e c e s s a r i l y  a ssem bled  as t r u e  t i s s u e  p r o t e i n .

I f  t h e  n i t r o g e n  r e t e n t i o n  i n  p re g n a n c y  i s  m ed ia te d  by 

t h e  same o r  a s i m i l a r  hormonal  mechanism, t h e n  i t  i s  

p o s s i b l e  t h a t  h e r e  a l s o  t h e  m a t e r n a l  d e p o s i t s  may n o t  

be p r e s e n t  as t r u e  p r o t e i n  and may be l o s t  i n  th e  same 

way. Poo e t  £1  have shown t h a t  t h e  g r e a t e r  p e r t  o f
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t h e  n i t r o g e n  g a in e d  d u r in g  p re g n a n c y  goes  t o  t h e  m a te r n a l  

t i s s u e s  and c a r c a s s ,  so i t  i s  no t  u n r e a s o n a b l e  t o  suppose 

t h a t  th e  n i t r o g e n  l o s t  i n  t h e  p u e rp e r iu m  may a r i s e  

p r e d o m in a n t ly  from t h e s e  g e n e r a l  d e p o s i t s  r a t h e r  t h a n  

from t h e  r e p r o d u c t i v e  t i s s u e s .

The im p o r tan c e  o f  t h e  p l a c e n t a  i n  m a i n t a i n i n g  

t h e  phenomena o f  p reg n a n cy  (Newton, 1935# P r i t c h a r d  and 

H u g g e t t ,  19)+7) s u g g e s t  t h a t  t h i s  s t r u c t u r e  may be 

i n s t r u m e n t a l  i n  c o n t r o l l i n g  n i t r o g e n  r e t e n t i o n .  I t  has 

been shown t h a t  many s t e r o i d  hormones ,  i n c l u d i n g  o e s t r o g e n  

and a n d ro g e n s ,  b u t  e x c l u d in g  p r o g e s t e r o n e ,  a r e  c a p a b le  

o f  s t i m u l a t i n g  n i t r o g e n  r e t e n t i o n  (K och ak ian ,  19)16) and 

t h e s e  hormones a r e  found i n  t h e  p l a c e n t a  a l t h o u g h  t h e r e  

i s  l i t t l e  i n c o n t r o v e r t i b l e  e v id e n c e  t h a t  t h e y  a re  

p roduced  t h e r e  (Hammond and H u g g e t t ,  1952)*

F u r t h e r ,  t h e  f e e d i n g  o f  d r i e d  p l a c e n t a  (Hammett 

and M cN ei l l ,  1917) o f  a p r o t e i n - f r e e  p l a c e n t a l

e x t r a c t  ( A r t h u s ,  V)3b)  t 0 n u r s i n g  m o th e rs  has  b een  shown 

t o  i n c r e a s e  t h e  growth  r a t e  o f  th e  o f f s p r i n g .  T h is  

e f f e c t  i s  p ro b a b ly  due t o  s t i m u l a t i o n  o f  th e  m i lk  y i e l d ,  

bu t  may a l s o  e n t a i l  an i n c r e a s e d  n i t r o g e n  r e t e n t i o n  t o  

a l lo w  o f  t h e  i n c r e a s e d  m i lk  y i e l d .  The f i n d i n g s  o f  

Cambell and K o s t e r l i t z  ( 19)19) ° f  a r i s e  i n  th e  

r i b o n u c l e i c  a c id  of  th e  l i v e r  d u r in g  p re g n a n cy ,  

i n d e p e n d e n t  o f  any change i n  t h e  p r o t e i n  o r  p h o s p h o l i p id
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c o n t e n t ,  even on a p r o t e i n - f r e e  d i e t ,  may, e v e n t u a l l y ,  

th row  some l i g h t  on t h i s  m a t t e r .

Water M etabo l ism

No r e c o r d  h a s  been  found o f  a s a t i s f a c t o r y  

d i r e c t  s t u d y  of  w a t e r  b a l a n c e  i n  p r e g n a n c y .  A t tem pts  

have been  made t o  examine t h e  w a t e r  b a l a n c e  o f  p r e g n a n t  

women by Pommerenke and Thompson ( l jk-1)  and F r e y b e r g  

e t  a l  ( 1 9 3 8 ) ,  b u t  o n ly  the  f l u i d  w a te r  i n t a k e  and uhe 

u r i n a r y  and f a e c a l  w a t e r  o u t p u t  were d i r e c t l y  m easu red ,  

t h e  o t h e r  w a te r  s o u r c e s  and l o s s e s  b e in g  r e p r e s e n t e d  by 

dub ious  e s t i m a t e s .  Also t h e  p e r i o d s  of  s t u d y  were s h o r t .  

These f i n d i n g s  a re  4u i t e  i r r e g u l a r ,  and im p o s s i b l e  t o  

i n t e r p r e t  w i t h  any d eg ree  o f  c o n f i d e n c e .

I t  i s  common a s s u m p t io n ,  on th e  b a s i s  o f  

i n d i r e c t  e v id e n c e ,  t h a t  w a te r  r e t e n t i o n  i s  h ig h  d u r i n g  

p re g n a n c y ,  and e x c e s s i v e l y  h i g h  i n  i n c i p i e n t  p r e - e c l a m p s i a  

and p re g n a n c y  t o x a e m ia .  The number o f  s t u d i e s  on 

p r e g n a n t  ’ women which i n d i c a t e  a w e igh t  g a in  d u r i n g  

p re g n a n c y  g r e a t l y  i n  e x c e s s  o f  th e  mass of  th e  c o n c e p tu s  

i s  l e g i o n .  These s t u d i e s  have been made t o  e s t a b l i s h

t h e  no rm als  ( C h e s l e y ,  I 9W1) , t o  a t t e m p t  t o  e s t a b l i s h  

c r i t e r i a  f o r  t,he p r e d i c t i o n  o f  e c l a m p t i c  t e n d e n c i e s
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( M c l l r o y  and Rodway, 1937) and f o r  a m u l t i t u d e  of  

a s s o c i a t e d  r e a s o n s .  S i m i l a r  work h a s  been  done on r a t s ,  

mice and g u i n e a - p i g s  ( C hes ley ,  19Wl) snd on cows (Morgan 

and D a v is ,  1936 )* The im m edia te  i n f e r e n c e  from t h i s  

e x c e s s i v e  w e ig h t  g a i n ,  amounting i n  women t o  abou t  l o  

p e r  cento  and i n  r a t s  t o  a b o u t  12 p e r  c e n t ,  o f  th e  

n o n - p r e g n a n t  b o dy w e igh t ,  i s  t h a t  i t  i s  l a r g e l y  composed 

o f  w a t e r .  T h is  i n f e r e n c e  i s  supported,  by t h e  common

o c c u r r e n c e  o f  oedema i n  human p re g n a n c y ,  a c c e n t u a t e d  i n  

p r e - e c l a m p s i a ,  and p a r a l l e l  d r o p s i c a l  c o n d i t i o n s  i n  

o t h e r  a n im a l s .  The o c c u r r e n c e  a l s o  o f  t h e  20-25 p e r  

c e n t ,  hydraem ic  i n c r e a s e  i n  b lo o d  volume i n  human p re g n a n c y  

( K e i t h  e t  a l ,  1915? and, more r e c e n t l y ,  Dieckmann and 

Wagner, 193b,  and a l s o  i n  r a t s ,  Bond, ( I 9I18) , s u g g e s t s  

a h i g h  w a t e r  r e t e n t i o n  d u r i n g  p r e g n a n c y .  The d i u r e s i s  

which  o c c u r s  d u r in g  t h e  p u e rp e r iu m  may r e s u l t  from t h e  

l o s s  o f  t h i s  r e t a i n e d  w a t e r .  On t h e  o t h e r  hand th e  

w e ig h t  g a in  cou ld  be ,  and to  some e x t e n t  u n d o u b te d ly  i s  

a t r u e  t i s s u e  s o l i d s  g a in  ( £ f  t h e  work on n i t r o g e n  and 

m i n e r a l  r e t e n t i o n s ) .  The hydraem ia  and th e  oedema 

c o u ld  be due t o  s h i f t s  i n  t i s s u e  w a te r  d i s t r i b u t i o n ,  

and t h e  p u e r p e r a l  d i u r e s i s  cou ld  be a u r e a  d i u r e s i s  

accompanying t h e  p u e r p e r a l  n i t r o g e n  l o s s .  f i b e r s  ( 1939 ) 

h a s ,  i n  f a c t ,  shown t h a t  t h e  normal  p reg n an cy  i n c r e a s e  

i n  p lasma volume i s  v e ry  much reduced  i n  p reg n a n cy  w i th
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oedema, w i t h  a .co r re sp o n d !  ng f a l l  i n  t h e  c o l l o i d  osm ot ic  

p r e s s u r e  o f  t h e  plasma* ' The s i g n i f i c a n c e  o f  t h i s  

i n d i r e c t  e v id e n c e  i s  d i s c u s s e d  by C h e s ley  (19bk-) > and 

Newton { l9k-9,  1932 ) •

Assuming t h i s  w a te r  r e t e n t i o n ,  s e v e r a l  a t t e m p t s  

have b e e n  made t o  d e f i n e  th e  s i t e  o r  s i t e s  o f  w a t e r  

s t o r a g e .  E s t i m a t i o n s  o f  w a t e r  c o n t e n t  i n  v a r i o u s  

t i s s u e s  (e_£ H ew i t t  &nd Van L i e r e ,  I jk - l )  have n o t ,  i n  

g e n e r a l ,  shown any ve ry  s t r i k i n g  chang e .  The i n c r e a s e  

i n  s i z e  o f  u t e r u s  and mammae w i l l  a c c o u n t  f o r  a 

c o n s i d e r a b l e  p a r t  o f  th e  w e ig h t  i n c r e a s e ,  b u t  t h i s  s t i l l  

l e a v e s ,  a f t e r  t a k i n g  i n t o  acco u n t  t h e  w e ig h ts  o f  

o f f s p r i n g ,  membranes and a m n io t i c  f l u i d ,  abou t  one t h i r d  

o f  t h e  t o t a l  we igh t  i n c r e a s e  t o  be d i s p o s e d  o f .  G e n e ra l  

t i s s u e  and o rgan  h y p e r t r o p h y  c o u ld ,  however ,  a c c o u n t  f o r  

a c o n s i d e r a b l e  mass o f  w a te r  w i th o u t  any a p p a r e n t  change 

i n  c o n c e n t r a t i o n ;  t h u s  t h e  i n c r e a s e  i n  t o t a l  n i t r o g e n  

o f  t h e  l i v e r ,  found by Poo _et. _al (1939)#  w i th o u t  

a c o r r e s p o n d in g  i n c r e a s e  i n  n i t r o g e n  c o n c e n t r a t i o n  

i n d i c a t e s  t h e  l i v e r  as  a s t o r a g e  p l a c e  f o r  w a te r  a l s o .

No ad eq u a te  e x p l a n a t i o n  o f  t h i s  w a te r  r e t e n t i o n  

h a s ,  so f a r ,  been f o r t h c o m i n g .  I t  i s  r e a s o n a b l e  t o  

suppose  t h a t  i f  t h e r e  i s  e x t r a - c e l l u l a r  w a te r  r e t e n t i o n  

t h e n  t h e r e  w i l l  be a c o r r e s p o n d i n g  r e t e n t i o n  o f  sodium 

i o n s .  T^e e v id e n c e  found o f  a h ig h  sodium r e t e n t i o n



d u r i n g  p r e g n a n c y  (Coons £ t  adL, 1935; Hummel e t  a l ,  1937; 

F r e y b e r g  e t  a l ,  193$) ,  a lo ng  w i t h  th e  e v id e n c e  o f  

c l i n i c a l  p r a c t i c e  o f  s a l t  r e s t r i c t i o n  d e h y d r a t i o n  i n  

p r e - e c l a m p s i a  ( C h e s le y  and A n n i t t o  1943) d u p l i c a t e s  

t h e  p rob lem  w i th o u t  a p p r e c i a b l y  f u r t h e r i n g  th e  an sw e r .  

In d e e d ,  th e  t o t a l  sodium r e t a i n e d  d u r i n g  p re g n a n c y ,  i f  

a l l  i o n i s e d ,  would e n t a i l  a much g r e a t e r  w a t e r  r e t e n t i o n  

t h a n  i s  i n d i c a t e d  from t h e  w e igh t  g a in  ( C h e s l e y ,  1944)*

An i n t e r e s t i n g  f a c e t  o f  t h i s  a s p e c t  o f  t h e  

p rob lem ,  however ,  i s  p r e s e n t e d  by t h e  f i n d i n g  o f  B a r e l a r e  

and R i c h t e r  ( 1938) t h a t ,  i n  d i e t  s e l f - s e l e c t i o n  s t u d i e s ,  

t h e  a p p e t i t e  f o r  NaCl o f  t h e  p r e g n a n t  r a t  r i s e s  by a 

f a c t o r  o f  3 i n  th e  l a s t  week of  g e s t a t i o n *  T h is

s u g g e s t s  t h a t  t h e  sodium r e t e n t i o n  may n o r m a l ly  be 

l a r g e l y  a c h ie v e d  by an i n c r e a s e  i n  i n t a k e  and may n o t  

e n t a i l  any g r e a t  a l t e r a t i o n  i n  e x c r e t i o n .  Some

s u p p o r t  f o r  t h i s  i s  found  i n  t h e  l a r g e  body o f  e v id e n c e  

d e m o n s t r a t i n g  th e  l a c k  o f  any s u b s t a n t i a l  change i n  

r e n a l  f u n c t i o n  d u r i n g  norm al  p reg n a n cy  (S m i th ,  1951)* 

A l though  th e  a s s o c i a t e d  r e t e n t i o n  o f  w a te r  and sodium 

a re  complementary  q u e s t i o n s  r a t h e r  t h a n  q u e s t i o n  and 

answ er ,  th e  a s s o c i a t i o n  does  s e r v e  as  a r em in d e r  t h a t  

w h a te v e r  t h e  norm al  d e g re e  and mechanism o f  w a te r  

r e t e n t i o n ,  t h i s  i s  l i a b l e  t o  a l t e r a t i o n  by a l t e r a t i o n  

i n  Na r e t e n t i o n  and, i n  p a r t i c u l a r ,  by r e s t r i c t e d  o r  

e x c e s s i v e  s a l t  i n t a k e *
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The t a c i t  a s su m p t io n  t h a t  any w a te r  g a in e d  

w i l l  be e x t r a - c e l l u l a r  i s  c o n t r a - i n d i c a t e d  by th e  work 

o f  Heppel  and Schmidt  ( 1938 )* They found  t h a t  i n  r a t s ,  

e x c e s s  r e t e n t i o n  o f  p o t a s s iu m  above f o e t a l  r e q u i r e m e n t s  

i s  c o r r e l a t e d  w i th  t h e  m a t e r n a l  w e igh t  i n c r e a s e  above 

f o e t a l  w e i g h t .  In  p o t a s s iu m  d e f i c i e n c y ,  up t o  0 . l 4  

p e r  c e n t ,  i n  th e  d i e t ,  t h e  m o th e r s  l o s t  w e igh t  d u r i n g  

p reg n a n cy  a l th o u g h  t h e y  p roduced  l i t t e r s .  Newton 

( 1935) found  t h a t  t h e  weigh t  i n c r e a s e  i n  p r e g n a n t  mice 

was m a i n t a i n e d  a f t e r  d e s t r u c t i o n  o f  t h e  f o e t u s e s  and 

was l o s t  when th e  p l a c e n t a e  were d e l i v e r e d  a t  t h e  no rm al  

t i m e .  Newton and Van Wagenen (1943)  fo u n d ,  i n  s i m i l a r  

work on t h e  monkey, t h a t  i n  t h i s  s p e c i e s  t h e  w e ig h t  g a in  

was c o n t in u e d  a f t e r  d e s t r u c t i o n  o f  the  f o e t u s e s  u n t i l  

d e l i v e r y  o f  t h e  p l a c e n t a e  a t  t e r m .  A p r e l i m i n a r y

r e p o r t  by Dewar and Newton (1950)  o f  the  r e s u l t s  o f

d i r e c t  w a te r  b a la n c e  s t u d i e s ,  s t a t e s  t h a t  t h e  p o s t  partum 

w e ig h t  l o s s  i n  th e  ” p s e u d o - p a r t u r i e n t ’’ mouse i s  80 

p e r  c e n t ,  w a te r  and t h a t  w a te r  l o s s  can  o c c u r  a t  t h i s

t im e  a lo n g  w i t h  n i t r o g e n  r e t e n t i o n .  Nev/comer (1947)

found i n  th e  r a t ,  by rem ova l  o f  v a r i o u s  c o m b in a t io n s  o f  

h y p o p h y s i s ,  ov a ry ,  p l a c e n t a  and f o e t u s ,  t h a t  o n ly  t h e  

p l a c e n t a  was cap a b le  by i t s e l f  o f  p ro d u c in g  th e  

c h a r a c t e r i s t i c  hydraem ia  o f  p r e g n a n c y .  These 

f i n d i n g s  i n d i c a t e  t h a t  th e  p l a c e n t a  i s  t h e  dominant 

f a c t o r  i n  w a te r  r e t e n t i o n  i n  p r e g n a n c y .
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S e v e r a l  w o rke rs  have o b s e r v e d  th e  p r e s e n c e  o f  an 

a n t i d i u r e t i c  p r i n c i p l e  i n  p re g n a n c y  u r i n e  ( T e e l  and 

R e id ,  1939> K r i e g e r  and K i l v i n g t o n ,  l^ij-O), and i n  

serum ( G r i f f i t h  ejb _al, Vj\\2) 9 b u t  t h e r e  i s  doub t  as  t o  

w h e th e r  t h i s  i s  p r e s e n t  i n  s i g n i f i c a n t  e x c e s s  ove r  n o n 

p r e g n a n t  l e v e l s .  There  i s  no i n d i c a t i o n  t h a t  t h i s

p a r t i c u l a r  a n t i - d i u r e t i c  p r i n c i p l e  i s  o f  p o s t e r i o r  

p i t u i t a r y  o r i g i n ,  n o r  t h a t  th e  p l a c e n t a  e l a b o r a t e s  a 

s p e c i f i c  a n t i - d i u r e t i c .

Zuckerman e t  _al (1939)  have shown t h a t  t r e a t m e n t  

w i t h  o e s t r a d i o l  i n c r e a s e s  t h e  w a t e r  and s a l t  c o n t e n t s  o f  

a l l  t i s s u e s  i n  the  r a t .  They a l s o  found e v id e n c e

t h a t  p r o g e s t e r o n e  and t e s t o s t e r o n e  s t i m u l a t e  w a te r  

and s a l t  r e t e n t i o n  b u t  w i th  a d e l a y  o f  some days*

T a y lo r  e t  a l  (19^-0) found t h a t  a d m i n i s t r a t i o n  o f  o e s t r o g e n s  

o r  p r o g e s t e r o n e  redu ced  th e  l o s s  o f  Na and o f  w a te r  i n  

t h e  p u e r p e r a l  p e r i o d .  The i n c r e a s e  i n  u r i n a r y  

c o r t i c o i d  e x c r e t i o n  d u r i n g  p regn an cy  s u g g e s t s  t h e  

m e d i a t i o n  o f  th e  a d r e n a l  c o r t e x  i n  w a te r  r e t e n t i o n ;  

t h e  e x p e c te d  c o i n c i d e n t  e f f e c t  o f  n i t r o g e n  c a t a b o l i s m  

h a s  a l r e a d y  been  p o i n t e d  ou t  ( p .  29 ) •

I t  seems p o s s i b l e ,  from th e  above e v id e n c e ,  

t h a t  one or  more o f  t h e  p l a c e n t a l  hormones,  o e s t r o g e n ,  

p r o g e s t e r o n e ,  androgens  (Hammond and H u g g e t t ,  1952) ,  

may a f f e c t  w a te r  b a la n c e  n o n - s p e c i f i c a l l y ,  o r  t h a t  t h e  

p l a c e n t a  may a c t  t h r o u g h  t h e  p i t u i t a r y  or  a d r e n a l
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c o r t e x  t o  p roduce  w a te r  r e t e n t i o n .  Newcomerfs e v id e n c e ,  

however ,  a rg u e s  a g a i n s t  t h e  p i t u i t a r y  b e in g  an e s s e n t i a l  

l i n k  i n  the  scheme. I f  t h e  s o m a to t r o p h i n  o f  t h e  

a n t e r i o r  p i t u i t a r y  i s ,  i n  f a c t ,  co n ce rn e d  w i th  t h e  

n i t r o g e n  r e t e n t i o n ,  t h e n  th e  d e g re e  o f  p o l y d i p s i a  which  

o c c u r s  w i t h  i t s  a d m i n i s t r a t i o n  t o  n o n - p r e g n a n t  a n im a l s  

would,  p re su m ab ly ,  a l s o  o c cu r  n a t u r a l l y  i n  pregnancy*

But i n  th e  n o n - p r e g n a n t  o rgan ism  t h i s  p o l y d i p s i a  a p p e a r s  

t o  be b a l a n c e d ,  i f  n o t  o v e r - b a l a n c e d ,  by a p o l y u r i a  

( eg G a e b le r  and B a r t l e t t ,  1939) and so i t  i s  u n l i k e l y  

t o  accoun t  f o r  any g r e a t  d eg ree  o f  w a te r  r e t e n t i o n *

Also  th e  p o s t  partum l o s s  o f  w a te r  w i th  s im u l t a n e o u s  

r e t e n t i o n  o f  n i t r o g e n  ( v id e  s u p r a ) p r e s e n t s  an o b s t a c l e  

t o  t h e  c o n c e p t i o n  of  one hormone s t i m u l a t i n g  b o th  

r e t e n t i o n s *

There i s  no e v id e n c e  t o  i n d i c a t e  whether  t h e  

assumed w a t e r  r e t e n t i o n  i s  a c h i e v e d  by an i n c r e a s e  

i n  i n t a k e  o r  a r e d u c t i o n  i n  e l i m i n a t i o n  o r  both*

Dewar and N ewton 's  (1950)  f i n d i n g  t h a t  zhe  p u e r p e r a l  

w a t e r  l o s s  i s  a ch iev e d  by  a r e d u c t i o n  i n  i n t a k e  w i t h o u t  

a c o r r e s p o n d i n g  f a l l  i n  e x c r e t i o n  would s u g g e s t  an 

i n c r e a s e  i n  i n t a k e  c u r i n g  r e t e n t i o n *
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E f f e c t s  o f  Age and P a r i t y .

The n u m e r i c a l  a s s e s s m e n t  o f  r e p r o d u c t i v e  

e f f i c i e n c y  w i t h i n  s p e c i e s  h a s ,  i n  g e n e r a l ,  shown t h a t  

t h i s  e f f i c i e n c y  i s  a t  a maximum a t  a c e r t a i n  age group 

and a t  a c e r t a i n  p a r i t y *  On e i t h e r  s i d e  o f  t h i s  age

group  and p a r i t y  t h e  r e p r o d u c t i v e  e f f i c i e n c y  f a l l s  away* 

The c r i t e r i a  o f  r e p r o d u c t i v e  e f f i c i e n c y  used  a re  

r e l a t i v e l y  s im ple  and g r o s s ,  such  as  s t i l l b i r t h  and 

n e o n a t a l  d e a t h  r a t e s ,  t o t a l  w e ig h t  and numbers i n  a 

l i t t e r ,  number o f  young r e a r e d  t o  weaning  and so  on*

Such c r i t e r i a  have no v a l i d i t y  f o r  i n t e r - s p e c i e s  

co m pa r iso n s  b u t  have a b ro ad  v a lu e  i n  i n t r a - s p e c i e s  

com par isons*  ^ a i r d  1 947 ' has  shown minimum

s t i l l b i r t h  and n e o n a t a l  d e a t h  r a t e s  ( f o r  S c o t l a n d )  

t o  o c c u r  i n  t h e  age g r o u p  20 - 2li y e a r s ,  and f o r  t h e  

second  and t h i r d  c h i l d  i n  women. Age and p a r i t y  

b o th  a p p e a r  t o  be s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  t h e s e  

r a t e s  a p a r t  from t h e i r  own a s s o c i a t i o n *  Less c l e a r l y ,  

from t h e  h o s p i t a l  r e c o r d s  o f  Aberdeen,  he has  shown a 

r e l a t i o n  be tw een  p r e m a t u r i t y  and to xaem ia  and t h e s e  

f a c t o r s .  S t r s n d s k o v  and E in h o m  (19^1-8) have found  

s u b s t a n t i a l l y  t h e  same r e l a t i o n  w i th  age o f  m o th e r  

i n  U .S .  p o p u l a t i o n s  w i t h  an a d d i t i o n a l  s e p a r a t i o n  I n f o
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w h i te  and c o lo u r e d  m o th e r s ,  t h e  l a t t e r  sh o w in g h ig h e r  

r a t e s •

King ( 19214. ) ,  Cox and Imboden ( 1 9 3 ^ ) ,  A s d e l l  

e t  a l  ( I 9I4-I) and Murray ( 19I4-I) have a l l  shown i n  r a t s ,  

a d e c l i n e  i n  l i t t e r  s i z e  and i n  p e r c e n t a g e  o f  young 

weaned w i t h  I n c r e a s i n g  p a r i t y ,  t h e  maximum l y i n g  a t  

a bou t  t h e  f i r s t  o r  second l i t t e r .  T h e i r  d a t a  on b i r t h

w e ig h ts  and weaning w e ig h ts  show no c o n s i s t e n t  change 

w i th  p a r i t y .  Mehner (l9lj-0) , however ,  found no

c o n s i s t e n t  change i n  l i t t e r  s i z e  o f  g u in e a  p i g s  w i t h  

s u c c e e d in g  p r e g n a n c i e s .  Korkman ( 19̂ 4-T) and O lsen  ( 1939) 

have found  s u b s t a n t i a l l y  s i m i l a r  changes  w i th  p a r i t y  i n  

p i g s ,  a l t h o u g h  t h e  maximum e f f i c i e n c y  o c c u r r e d  a t  a 

l a t e r  p o i n t .

Rowe jrb a l  (1 9 3 1 g) found a lower m a t e r n a l  

bodyweight  g a in  i n  m u l t i p a r a e  t h a n  i n  p r i m i p a r a e ,  bu t  

i t  may be n o te d  t h a t  th e  fo rm e r  were s u b j e c t  t o  a 

r a t h e r  d i f f e r e n t  env ironm en t  and d e g re e  o f  work.

R ob inson  _et jal (1910) found  a h i g h e r  w e igh t  g a in  i n  

p r i m i p a r a e ,  e s p e c i a l l y  a t  t h e  end o f  p reg n a n cy ,  b u t  

t h e y  a l s o  found t h a t  t h e  g r e a t e r  w e ig h t  g a in s  were made 

by t h e  i n i t i a l l y  l i g h t e r  women. M c l l r o y  and Rodway 

( 1937 ) found a low er  g a i n ,  u n a s s o c i a t e d  w i th  i n f a n t  

w e ig h t ,  i n  o l d e r  women and t h e s e  w o rk e r s  a l s o  found  

t h a t  t h e  g r e a t e r  g a in s  were made by t h e  i n i t i a l l y  

l i g h t e r  women. Bray  (1938)* on th e  o t h e r  hand ,
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c la im ed  t h a t  n e i t h e r  p a r i t y ,  age n o r  body b u i l d  o f  

m o the rs  i s  a f a c t o r  d e t e r m i n i n g  changes  i n  b o d y w e ig h t .  

Morgan and Davis  ( 1938 ) found t h a t  th e  m on th ly  w e ig h t  

g a i n s  o f  d a i r y  cows were,  i n  th e  f i r s t  g e s t a t i o n ,  

p r o g r e s s i v e l y  g r e a t e r  a f t e r  t h e  f o u r t h  month, b u t  t h a t  

i n  su b s e q u e n t  g e s t a t i o n s  t h e  m onth ly  in c r e m e n t s  were 

e q u a l  and p r o g r e s s i v e l y  s m a l l e r  w i th  e a c h  s u c c e s s i v e  

g e s t a t io n ©  The w e ig h ts  o f  t h e  c a l v e s  a l s o  d e c l i n e d  

w i t h  p a r i t y  bu t  t h i s  d id  no t  e n t i r e l y  accoun t  f o r  t h e  

t o t a l  d e c l i n e  i n  w e igh t  i n c r e m e n t .

These d a t a  on d e c l i n i n g  w e ig h t  g a in  cou ld  

be i n t e r p r e t e d  as  a d e c l i n e  i n  w a te r  r e t e n t i o n  w i th  

e ach  su c c e e d in g  p reg n a n cy  w i t h  as much v a l i d i t y  as  th e  

a s su m p t io n  of  w a te r  r e t e n t i o n  from the  e v id e n c e  o f  

w e igh t  g a i n .  Again, o f  c o u r s e ,  t h e r e  i s  no d i r e c t

e v id e n c e  t o  r e l a t e  t h e  two phenomena. I t  i s  a l s o  

p o s s i b l e  t h a t  th e  changes  i n  w e igh t  g a i n  may be due t o  

c o n c e p tu s  w eigh t  even  i f  In d ep e n d en t  o f  f o e t a l  weight© 

I t  i s  i n t e r e s t i n g ,  i n  t h i s  r e s p e c t ,  t o  n o te  th e  f i n d i n g  

o f  Z a c h a r j e w sk i  ( I 89I4J  t h a t  t h e  w e igh t  o f  a m n io t ic  

f l u i d  i s  abou t  one t h i r d  lower  i n  m u l t i p a r a e  t h a n  i n  

p r i m i p a r a e ,  b u t  t h i s  i s  b a sed  on o n ly  5 and c a s e s  

r e s p e c t i v e l y .

The e v id e n c e  f o r  changes  i n  r e t e n t i o n  o f  

i n d i v i d u a l  s u b s t a n c e s  i s  s p a r s e  and q u i t e  I n c o n c l u s i v e .
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H ahl  ( I 9 0 5 ) ,  Bar ( 1907 ) and Wilson ( 191b) e l l  found

e v id e n ce  o f  a h i g h e r  n i t r o g e n  r e t e n t i o n  i n  p r i m i p a r a e

b u t  th e  v a lu e s  showed a g r e a t  s c a t t e r  and t h e  d i f f e r e n c e

i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t *  Hummel £ t  a]L (1937)

i n  s t u d i e s  o f  one p r i m i p a r a  and one q u a d r i p a r a  found

th e  n i t r o g e n  r e t e n t i o n  o f  t h e  fo rm er  g r e a t l y  i n  e x c e s s

o f  t h a t  o f  t h e  l a t t e r  w hi le  n e i t h e r  z»achar jew ski  ( I 89W

n o r  Coons and B lu n t  ( 1930 ) show any t e n d e n c y  t o  d i f f e r e n c e *

S i m i l a r  i n c o n c l u s i v e  and s t a t i s t i c a l l y  i n s i g n i f i c a n t

e v id e n c e  i s  a v a i l a b l e  f o r  m in e r a l  r e t e n t i o n s *

I t  i s  o f  i n t e r e s t  t h a t  t h e  f i r s t  p reg n a n cy

i n  women s e ld o n  g i v e s  r i s e  t o  i c t e r u s  g r a v i s  o f  th e

newborn i n  inco rapa tab le  Rh m a t in g s  w h i le  su b s e q u e n t

p r e g n a n c i e s  show i n c r e a s i n g  l i a b i l i t y  t o  i s o - i m m u n i s a t i o n

o f  t h e  new -born .  ( M o l l i s o n  et, a l ,  19)4-8 ) .  The same

e f f e c t  a p p e a r s  t o  o p e r a t e  i n  an im a ls  i n  which a p a r a l l e l

c o n d i t i o n  i s  found ( B e s s i s ,  19^7)> and may a l s o  o p e r a t e

i n  th e  a p p a r e n t  s t e r i l i t y  due t o  aBO i n c o m p a t a b i l i t y

(W aterhouse  and Hogben, 1947)* There  i s ,  a t  p r e s e n t ,

no c o n c l u s i v e  e v id e n ce  t o  snow w h e th e r  t h i s  i n c r e a s e d

s e n s i t i v i t y  o f  oho f o e t u s  t o  m a t e r n a l  a n t i b o d i e s  o r  t h e

i n c r e a s e d  l i a b i l i t y  o f  t h e  m a t e r n a l  Rh n e g a t i v e  blood

t o  s e n s i t i s a t i o n  by th e  f o e t a l  a n t i g e n  i s  due t o

i n c r e a s i n g  m a t e r n a l  a n t i b o d y  t i t r e ,  t o  p h y s i o l o g i c a l l y

i n c r e a s e d  p e r m e a b i l i t y  o r  t o  i n c r e a s e d  f r a g i l i t y  o f  th e

p l a c e n t a  on s u c c e s s i v e  g e s t a t i o n s ,  o r  t o  some unknown 
f a c t o r .
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MATERIALS 

E x p e r i ment s !  Animals

A l l  t h e  work r e p o r t e d  h e r e  h a s  been done 

u s i n g  fem ale  r a t s  o f  t h e  hooded VVistar s t r a i n .  These 

have been  b r e d  i n  t h i s  I n s t i t u t e  a s  a c l o s e d  co lo n y ,  

e x c l u d i n g  b r o t h e r - s i s t e r  m a t in g ,  from a n u c le u s  o f  10 

females and 3 males  o b t a i n e d  i n  19)48 from t h e  s t o c k  o f  th e  

Rowett  R e s e a rc h  I n s t i t u t e .

D e t a i l s  o f  the  c h a r a c t e r i s t i c s  o f  th e  an im a ls  

u sed  i n  t h e  m e t a b o l i c  work and o f  t h o s e  u se d  i n  t h e  f o e t a l  

and p l a c e n t a l  growth s t u d y  a re  p r e s e n t e d  i n  t a b l e  ( 2 8 ) .

P i e t

The use  o f  a s e m i - s y n t h e t i c  d i e t ,  a l t h o u g h  

v e r y  much more c o n v e n ie n t  f o r  m e ta b o l i c  work, i n  t h a t  i t  

c an  be c h e m ic a l l y  and e n e r g e t i c a l l y  more r i g i d l y  d e f i n e d  

( v id e  p .  141 ) ,  c a r r i e s  w i t h  i t  a lw ays  the  r i s k  of  

n u t r i t i o n a l  d e f i c i e n c y .  T h is  i s  e s p e c i a l l y  t r u e  when

t h e  r e q u i r e m e n t  i s  l o r  c o n t i n u e d  r e p r o d u c t i v e  a c t i v i t y ,  

and th e  many complex prob lem s in v o lv e d  h e re  have r e c e n t l y
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been rev iew ed  by R u s s e l l  ( 1 9 ^ 8 ) •  The a d d i t i o n  t o  a

s e m i - s y n t h e t i c  d i e t  o f  n a t u r a l  foods  such as g r e e n s  o.nd 

f r e s h  m i lk  l a r g e l y  e l i m i n a t e s  t h i s  r i s k ,  but  such  

s u p p le m e n ta t i o n  i s  n o t  p r a c t i c a b l e  i n  c l o s e d  m e t a b o l i c  

s t u d i e s •

d e f i c i e n c y  a t  th e  c o s t  o f  l o s i n g  r i g i d  d e f i n i t i o n  o f  t h e  

d i e t ,  I  d e c id e d  t o  use  a s t o c k  cube d i e t *

s t o c k  r a t  cube d i e t  was used (Thomson, 193&; m o d i f i e d ,  

R u s s e l l ,  X9I4-8 ) • This  d i e t  i s  a d eq u a te  f o r  r e p r o d u c t i o n

b u t  improved pe r fo rm ance  i s  o b t a i n e d  i f  i t  i s  supp lem ented  

by f r e s h  m i lk  and g r e e n s  d u r i n g  p reg n a n cy  and l a c t a t i o n .  

The c o m p o s i t io n  o f  t h i s  d i e t  i s  as f o l lo w s

To a v o id  th e  p o s s i b i l i t y  o f  n u t r i t i o n a l

For  t h e  s tu d y  on female 377 Rowett Tn s t i t u t e

Wheat O f f a l  ( b r a n )
O-round wheat 

Sussex ground o a t s  
Ground maize  
Ground b a r l e y
White f i s h  meal ( 60 p e r  c e n t .

8 . 8  ir M
8.8 11 !f

h.5 "p r o t e i n )
Meat and bone m ea l  (1+3 P®r  c e n t .

p r o t e i n ) 8.8  "  

ll+.O " 
1.2 M 
0 . 1+ ” 
0.1+ M

D ried  skimmed m i lk  
D r ied  y e a s t
NaCl
C o d - l i v e r - o i l

A l l  t h e  o t h e r  s t u d i e s  were made u s i n g  th e  D ie t  

1+1 (B ruce  and P a r k e s ,  19^-9) as p r e p a r e d  co m m erc ia l ly  by 

A s s o c i a t e d  F l o u r  M i l l e r s  (London) .  T h is  d i e t  i s  s t a t e d



t o  be a d e q u a t e ,  w i th o u t  su p p le m e n t ,  f o r  r e p r o d u c t i o n  i n  

t h e  r a t  and mouse. The c o m p o s i t io n  o f  t h i s  d i e t  i s  as 

f o l l o w s

Wholemeal f l o u r  1+6.0 p e r  c e n t .
Sussex  ground o a t s .  1+0.0 n M

11 n

ii u
F i s h -m e a l  8 .0
D ried  y e a s t  1 .0
D r ied  skimmed m i lk  3*0 u
NaCl 1 .0  if ”
C o d - l i v e r - o i l .  1 .0  " "

u

D i g e s t i b l e  p r o t e i n  13*6 ,r
S o lu b le  c a r b o h y d r a t e  1+8.1+ M
F a t  l+.S

1.4  '*F i b r e

I t  has  become a p p a r e n t  b o th  i n  t h i s  work and 

from t h e  g e n e r a l  b r e e d i n g  pe r fo rm ance  o f  s t o c k  r a t s  

r e c e i v i n g  t h i s  d i e t  i n  t h i s  I n s t i t u t e ,  t h a t  D ie t  1+1 i s  

n o t  a d e q u a te  w i th o u t  supplem ent  f o r  c o n t in u e d  r e p r o d u c t i o n  

On an e x c l u s i v e  regime o f  t h i s  d i e t  weaning w e ig h ts  o f  

s t o c k  r a t s  have dropped from t o  3°  g* f  have been  

u n a b le  t o  g e t  any t h i r d  o r  f u r t h e r  l i t t e r  from r a t s  on 

t h i s  reg ime and no s a t i s f a c t o r y  r e p r o d u c t i v e  pe r fo rm an ce  

a f t e r  t h e  f i r s t  l i t t e r .

The source  o f  t h e  d e f i c i e n c y  i n  t h i s  d i e t  i s

n o t  known, b u t  p o s s i b l e  c a u se s  a re  d i s c u s s e d  l a t e r  ( p . 266

The p r o t e i n  c o n te n t  i s  g iven  by Br uce and P a rk es  &s

n t r . n Qn„ w s e s  o f  food b a t c h e s  u sedI 3 .6  p e r  c e n t ,  and my own a n a iy » °
snow crude  p r o t e i n  ( t o t a l  N x b . 2 3 ) to  be 15- I 6 p e r  cen to
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o f  t h e  f r e s h  w e ig h t ,  o r  17-18  p e r  c e n t ,  o f  th e  a i r - d r i e d  

w e ig h t ,  which shou ld  be a d e q u a te .  As can  be seen  from

t h e  above t a b l e  the  p r o t e i n  i s  n o t  f i r s t  c l a s s ,  b u t ,  i n  

any c a s e ,  a r e l a t i v e l y  m ild  deg re e  of  p r o t e i n  d e f i c i e n c y  

sh o u ld  n o t  have such a d r a s t i c  e f f e c t  on r e p r o d u c t i v e  

p e r fo rm a n c e ,  ( c f  R u s s e l l ,  l jh-Q).



THE METABOLISM APPARATUS

DISCUSSION OF DESIGN

Of th e  two m ethods  of a n im a l  c a l o r i m e t r y ,  

d i r e c t  and i n d i r e c t ,  o r  r e s p i r a t i o n ,  c a l o r i m e t r y  t h e  

l a t t e r  e n t a i l s  th e  c o n s t r u c t i o n  o f  s i m p le r  and  v e ry  

much l e s s  e x p e n s iv e  a p p a r a t u s ,  and  i f  e i t h e r  i s  t o  h e  

used  a lo n e  the  i n d i r e c t  method i s  more i n f o r m a t i v e ,  

g i v i n g  a c h em ica l  a s  w e l l  a s  a p h y s i c a l  p i c t u r e  of t h e  

en e rg y  m e ta b o l i s m .  For  the  p r e s e n t  work,  a l s o ,  i t  i s  

im p o r t a n t  t h a t  wha tever  type  of i n s t r u m e n t  be a d o p te d  

i t  m ust  be a d a p t a b l e  t o  use f o r  2 .̂ h ou r  p e r i o d s  of  s t u d y .

D i r e c t  C a l o r i m e t r y .

The modern w a te r  b i o - c a l o r i m e t e r  of  t h e  type 

c o n s t r u c t e d  by Rubner f o r  t h e  dog,  and A tw ater  and Rosa 

f o r  man, i s  a c o m p l ic a te d  p i e c e  of  m ac h in e ry  and i t s  

c o n s t r u c t i o n  and o p e r a t i o n  i s  b e s e t  w i th  t e c h n i c a l  

d i f f i c u l t i e s .  The more r e c e n t  t y p e s  o f  co m p en sa t io n  

(B e n e d i c t  and  Lee, 1937) and d i f f e r e n t i a l  (M u r l in  and 

B u r t o n ,  1933) d i r e c t  c a l o r i m e t e r  a r e  t e c h n i j  a l l y  s i m p l e r  

i n s t r u m e n t s  i f  used  f o r  p u r e l y  d i r e c t  c a l o r i m e t r y ,  b u t  

a d a p t a t i o n  t o  t h e  s im u l ta n e o u s  r e c o r d i n g  of  r e s p i r a t o r y  

exchange g r e a t l y  i n c r e a s e s  t h e i r  c o m p l e x i t y .  A more
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r e c e n t  deve lopm ent  i n  d i r e c t  c a l o r i m e t r y  u s e s  t h e r m a l  

g r a d i e n t  methods (B e n z in g e r  & K i t z i n g e r ,  191-J-9 ) • This  

method i s  more e a s i l y  a d a p t a b l e  t o  s i m u l t a n e o u s  

measurement o f  r e s p i r a t o r y  exchange and may a l s o  be 

c a p a b le  of q u a n t i t a t i v e l y  p a r t i t i o n i n g  t h e  h e a t  d i s p o s a l  

by v a r i o u s  r o u t e s .  I  d i d  not  c o n s i d e r ,  however ,  t h a t  

t h e  g r e a t  a d d i t i o n a l  t e c h n i c a l  d i f f i c u l t y  and expense  of 

d i r e c t  c a l o r i m e t r y  was j u s t i f i e d  i n  t h e  p r e s e n t  work.  

Once t h e  b a s i c  concep t  o f  t h e  a p p l i c a t i o n  of t h e  law 

o f  th e  c o n s e r v a t i o n  of e n e rg y  t o  v i t a l  p r o c e s s e s  had 

b e e n  e s t a b l i s h e d  a g r e a t  p a r t  o f  t h e  n e c e s s i t y  f o r  

d i r e c t  b i o - c a l o r i m e t r y  was e l i m i n a t e d .  There i s ,  

u n d o u b te d ly ,  much s t i l l  t o  be  done by p a r a l l e l  d i r e c t  

and i n d i r e c t  methods i n  im prov ing  our knowledge o f  t h e  

e n e r g e t i c  e q u iv a le n c e  o f  r e s p i r a t o r y  exchange i n  

d i f f e r e n t  s p e c i e s  under  d i f f e r e n t  d i e t a r y  c o n d i t i o n s ,  

b u t  t h i s  work has  not b een  u n d e r t a k e n  h e r e .

I n d i r e c t  C a l o r i m e t r y .

I  d e c id e d  t o  use  t h e  method of i n d i r e c t  

c a l o r i m e t r y ,  p a r t l y  b e c a u se  o f  i t s  g r e a t e r  s i m p l i c i t y ,  

b u t  l a r g e l y  t o  o b t a i n  t h i s  f u l l e r  c h e m ic a l  p i c t u r e  

o f  t h e  m e t a b o l i c  p r o c e s s .  The d e s i g n  of a s u i t a b l e  

a p p a r a t u s ,  however ,  p r e s e n t e d  some d i f f i c u l t y .



The advance  i n  th e  p r e c i s i o n  of  i n d i r e c t  

c a l o r i m e t e r s  from t h e  p i o n e e r  e x p e r im e n t s  o f  Crawford 

and of L a v o i s i e r  and L ap lace  t o  th e  i n s t r u m e n t s  

c o n s t r u c t e d  "by R e g n a u l t  and R e i s e t  ( l8Ij_9 ) aud "by 

Haldane ( 1 892 ) was g r e a t ,  and t h e s e  l a t t e r  w orke rs  

s e t  t h e  ty p e  f o r  a l l  s u b s e q u e n t  c a l o r i m e t e r s  of  t h e  

c l o s e d  o r  open c i r c u i t  t y p e s  r e s p e c t i v e l y .  A f u r t h e r  

m a jo r  deve lopm ent  i n  d e s i g n  p roduced  t h e  B e n e d i c t - R o t h -  

C o l l i n s  r e c o r d i n g  s p i r o m e t e r  ty p e  o f  c a l o r i m e t e r .

O th e rw ise  developm ent  i n  i n d i r e c t  c a l o r i m e t r y  l a y  

l a r g e l y  i n  a d a p t i n g  t h e s e  t h r e e  t y p e s  of i n s t r u m e n t  t o  

t h e  s p e c i a l  s i z e  and h a b i t  r e q u i r e m e n t s  o f  d i f f e r e n t  

s p e c i e s .

Most of t h e  c l o s e d  c i r c u i t  m o d i f i c a t i o n s  a r e  

o f  a ty p e  no t  e a s i l y  a d a p t a b l e  t o  t h e  r e q u i r e m e n t s  of 

l o n g - p e r i o d  t r i a l s .  I n  th e  c a se  of  t h e  R e g n a u l t - R e i s e t  

ty p e  of i n s t r u m e n t  t h e  an im a l  i s  s u b j e c t e d  t o  an  

a tm o sp h e re  a lm o s t  f u l l y  s a t u r a t e d  w i t h  w a t e r  v a p o u r ,  w h i le  

i n  t h e  c a s e  o f  the  B e n e d i c t - R o t h  type  of i n s t r u m e n t  

t h e  h u m id i ty  o f  t h e  i n s p i r e d  a i r ,  a l t h o u g h  red u ced  t o  

some e x t e n t  by the  so d a - l im e  a b s o r b i n g  to w e r ,  i s  s t i l l  

much h i g h e r  t h a n  n o rm a l .  I n  n e i t h e r  I n s t r u m e n t  can  

t h e r e  be any measure  o f  t h e  w a t e r  b a l a n c e  o f  t h e  a n im a l .  

The B e n e d i c t - R o t h  i n s t r u m e n t  makes no measurement  o f  th e  

CO2 p r o d u c t i o n  and u se s  t h e  oxygen consum pt ion  a n d -a n  

assum ed ly  c o n s t a n t  R.'Q. a s  a v a l i d  m easure  o f  t h e  e n e rg y



e x p e n d i t u r e .  This  i n s t r u m e n t  a l s o  depends  f o r  i t s  

o p e r a t i o n  on th e  a b i l i t y  of t h e  r e s p i r a t o r y  p r e s s u r e  

changes  t o  o p e r a t e  th e  v a lv e  m echanism s;  o b v io u s l y  

such  an  a rra n g em e n t  i s  no t  f e a s i b l e  f o r  v e r y  s m a l l  

a n i m a l s .  B o th  of t h e s e  t y p e s  of  i n s t r u m e n t  a r e  a l s o  

l i m i t e d  by t h e  r e l a t i v e l y  s h o r t  m e ta b o l i sm  p e r i o d  f o r  

w hich  t h e y  can  be o p e r a t e d .  A l though  th e  R e g n a u l t -  

R e i s e t  i n s t r u m e n t  c o u ld  be  m o d i f i e d  t o  c o v e r  2lj. h ou r  p e r i o d s  

i t  i s  u n l i k e l y  t h a t  s u b j e c t i o n  of a n  a n im a l  t o  100 p e r  

c e n t  h u m id i ty  f o r  such p e r i o d s  would g iv e  a v e r y  no rm al  

p i c t u r e  of i t s  e n e rg y  m e ta b o l i s m .  T h is  c r i t i c i s m  of 

l i m i t e d  t im e  of  s t u d y  can be l e v e l l e d  w i t h  even g r e a t e r  

f o r c e  a t  t h e  manometr ic  t y p e  of a p p a r a t u s  i n  which t h e  

oxygen c cnsumption i s  r e c o r d e d  by t h e  f a l l  i n  p r e s s u r e  

w i t h i n  a n  a i r - t i g h t  an im al  chamber c o n t a i n i n g  a CO2 

a b s o r b e n t .  This  method of oxygen r e c o r d i n g  i s  no t  

s a t i s f a c t o r y  u n l e s s  v e ry  a c c u r a t e  r e c o r d s  of a tm o s p h e r ic  

p r e s s u r e  a r e  k e p t  (B a lo gh ,  and t h e  dependence  of

CO2 a b s o r p t i o n  on s im p le  d i f f u s i o n  i s  n o t  a happy 

a r ra n g em e n t  •

H a ld a n e 1s open c i r c u i t  method and i t s  sub seq u e n t  

m o d i f i c a t i o n s  ( e . g .  B e n e d i c t ,  1938)> e l i m i n a t e s  m ost  of  

th e  d i s a d v a n t a g e s  o f  t h e  s t a n d a r d  c l o s e d  c i r c u i t  m e th o d s .

The an im a l  can be  s u p p l i e d  w i t h  a i r  of  a no rm al  h u m id i ty  

and t h e  t o t a l  wa ter  b a l a n c e  can  be e s t i m a t e d .  The 

v e n t i l a t i o n  r a t e  of t h e  i n s t r u m e n t  can  b e  v a r i e d  a t  w i l l



t o  r e d u c e  t h e  CO2 c o n c e n t r a t i o n  t o  a v e r y  low v a l u e .

The m e tab o l i sm  p e r i o d  can  be  of an y  l e n g t h ;  w i t h  sm a l l  

a n im a l s  a l l  t h e  CO2 and water  p roduced  i n  one day can  

be e a s i l y  a b s o r b e d ,  b u t  w i th  l a r g e  a n im a l s  t h e  p e r i o d  

of s tud y  can  e a s i l y  be m a i n t a i n e d  a t  one day by  

c o n t i n u o u s l y  a s p i r a t i n g  a sm a l l  sample from t h e  m ain  

emerging  a i r  s t r e a m  t h r o u g h  a n  a b s o r b i n g  t r a i n  (R i tzm an 

and B e n e d i c t ,  1929 ) .  Such an a r ra n g em en t  h a s ,  however ,  

i t s  own d i s a d v a n t a g e s .  For sm a l l  a n im a l s  t h e  oxygen 

consum pt ion  by  t h i s  method i s  found a s  a w e igh t  d i f f e r e n c e  

i n v o l v i n g  t h e  w e igh t  change i n  the  a n im a l  w h ich  i s  

e x t r e m e l y  d i f f i c u l t  t o  o b t a i n  w i t h  any  d eg re e  of p r e c i s i o n .  

Over s h o r t  p e r i o d s  of s t u d y  i t  i s  p o s s i b l e  t h a t  t h e  

c a rb o n  d i o x i d e  p r o d u c t i o n  a l o n e  i s  a b e t t e r  m easu re  of  

t h e  energy  e x p e n d i t u r e  t h a n  i s  t h e  oxygen consum pt ion  a l o n e ,  

o r  e v en  th e  oxygen consum ption  w i t h  t h e  R.**. ( P o u l t o n ,  1 938) .  

For lon g  p e r i o d s  of s t u d y ,  h a ? e v e r ,  o r  any s tu d y  which 

does no t  i n v o lv e  t h e  pos t - a b s o r p t i v e  c o n d i t i o n  t h e  Adams 

and P o u l t o n  (1932,  19%)  concept  of t h e  ’ c o n s t a n t  

com bus t ion  r a t i o 1 c anno t  b e  a c c e p t e d .  Fo r  l a r g e  

a n im a l s ,  the  a i r  s a m p l in g  mechanism, a l t h o u g h  s im ple  i n  

t h e o r y ,  i s  t e c h n i c a l l y  d i f f i c u l t  i f  t h e  r e c o r d s  o b t a i n e d  

a r e  t o  b e  r e p r e s e n t a t i v e  o f  t h e  t o t a l  g a seous  exchange;  

i t  i s  a l s o  n e c e s s a r y ,  w i t h  l a r g e  a n im a l s  t o  m e te r  t h e  

t o t a l  a i r f l o w  and to  pe r fo rm  f r e q u e n t  gas  a n a l y s e s  o f  t h e  

chamber a i r .  These s o u r c e s  o f  e r r o r  would n o t  have



been  of s u c h  g r e a t  im po r tan ce  i f  t h e  o p e n - c i r c u i t  method 

had b e e n  used  over  lo n g  m e ta b o l i sm  pe r ic d  s ,  but  a l t h o u g h  

c a p a b le  of b e in g  so used  i t  seldom h as  been* The end

i n  v iew  bas  u s u a l l y  b een  t o  o b t a i n  t h e  m e t a b o l i c  r a t e

o f  a n  a n im a l  under  a c o n s t a n t  s t a t e  o f  s t r e s s  or r e s t ,  

e i t h e r  o f  which  can on ly  be m a i n t a i n e d  r e l i a b l y  f o r  a

s h o r t  t im e .  The emphasis  l a i d  on th e  c o n s t a n c y  o f  t h e

a n im a l* s  s t a t e  of a c t i v i t y ,  p a r t i c u l a r l y  t h e  emphasis  

l a i d  on t h e  im p o r tan ce  of t h e  b a s a l  s t a t e ,  ( B e n e d i c t ,  19$8) ,  

h a s ,  I  b e l i e v e ,  been  l a r g e l y  r e s p o n s i b l e  f o r  t h e  

r e s t r i c t i o n  of c a l o r i m e t e r  d e s i g n  to  t h e  m easurement  of  

s h o r t  p e r i o d  t r i a l s .

The methods of c a l o r i m e t r y  b a se d  on th e  a n a l y s i s  

o f  t h e  e x p i r e d  a i r  (Speck ,  1892 ; D o u g la s ,  1911, ) a r e  

e s s e n t i a l l y  open c i r c u i t  methods s in c e  t h e  i n s p i r e d  a i r  

i s .  a lw ay s  a tm o sp h e r ic  a i r .  These methods c o u ld  be  

a d a p t e d  t o  l o n g e r  p e r i o d s  o f  o b s e r v a t i o n  b u t ,  a g a i n , t h e y  

r e q u i r e  t h e  a c t u a t i o n  of a v a lv e  mechanism.

A co m b in a t io n  of t h e  open and c l o s e d  t y p e s  of 

c i r c u i t  was used  i n  th e  i n d i r e c t  c a l o r i m e t r y  component of 

t h e  A tw a te r - R o s a - B e n e d ic t  c a l o r i m e t e r .  A m o d i f i c a t i o n  

o f  t h i s ,  t o  m easu re  th e  p u r e l y  pulmonary r e s p i r a t o r y  

exchange i n  man was d e v e lo p ed  by B e n e d i c t  ( 1 9 1 2 ) ,  and 

used  by B e n e d ic t  and C a t h c a r t  (191;5)> i n  t h e i r  s tu d y  o f  

m u sc u la r  work .  T h is  depends  on th e  c i r c u l a t i o n  o f  a n  

i s o l a t e d  a tm o sp h e re ,  which i s  r e s p i r e d  by th e  s u b j e c t ,
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t h r o u g h  a w a t e r  and c a rb o n  d i o x i d e  a b s o r b i n g  t r a i n  by  means 

of  a  r o t a r y  b lo w e r  pump. As t h e  g aseous  p r o d u c t s  o f  

m e tab o l i sm  a r e  a b s o r b e d  oxygen i s  pa s se d  i n ,  t o  m a i n t a i n  

the  oxygen t e n s i o n  of t h e  a tm o sp h e re ,  e i t h e r  d i r e c t l y  from 

a c y l i n d e r  (when th e  oxygen usage  i s  m easured  g r a v i 

m e t r i c  a l l y ) ,  or from a s p i r o m e t e r  (when i t  i s  m easured  

v o l u m e t r i c a l l y ) .  The fu n d am e n ta l  p r i n c i p l e  of t h i s  

method was i n c o r p o r a t e d ,  by K n ip p in g ,  i n  a s m a l l  p o r t a b l e  

a p p a r a t u s  f o r  t h e  c l i n i c a l  e s t im at ion  of  t h e  b a s a l  

m e t a b o l i c  r a t e .

Used i n  i t s  o r i g i n a l  form t h i s  method combines 

th e  b e s t  of b o t h  w o r ld s ,  e n a b l i n g  d i r e c t  measurement  of 

a l l  t h e  components of t h e  r e s p i r a t o r y  m e tab o l i sm  and 

e a s i l y  a d a p t a b l e ,  when used f o r  sm a l l  a n im a l s ,  t o  long  

p e r i o d  s t u d i e s .  The m a jo r  t e c h n i c a l  d i f f i c u l t y  i n  t h e  

c o n s t r u c t i o n  of  su c h  a machine  l i e s  i n  d e v i s i n g  a pumping 

d e v ic e  which  w i l l  n o t  be  l i a b l e  t o  l e a k s  t o  t h e  o u t s i d e  

a t m o s p h e r e .

When th e  p r e s e n t  work was under  c o n s i d e r a t i o n  

an  a d a p t a t i o n  of th e  above method f o r  m e a su r in g  t h e  t o t a l  

m e tab o l i sm  of mice  over  2l\. h o u r  p e r i o d s  was p u b l i s h e d  by 

Dewar and Newton ( 1 9 ^ 8 ) .  T h i s  i n s t r u m e n t  u se s  a D a le -  

S c h u s t e r  pump w i t h  bunsen  v a l v e s  f o r  d i r e c t i o n  of th e  a i r 

f lo w .  The v a lv e  mechanism used by t h i s  pump i n  i t s  

i n t e n d e d  f u n c t i o n  of f l u i d  c i r c u l a t i o n  i s  u n s u i t a b l e  f o r  

a i r .  The use  of  a r u b b e r  membrane pump e f f e c t i v e l y



e l i m i n a t e d  t h e  l e a k  h a z a rd  from t h i s  p a r t  o f  t h e  

i n s t r u m e n t ;  o t h e r  o b j e c t i o n s  t o  t h e  use  o f  t h i s  t y p e  of  

pump a r e  d i s c u s s e d  l a t e r  ( p .  8 0 ) .  The oxygen used  i s  

m easured  v o l u m e t r i c a l l y  b e in g  s u p p l i e d  c o n t i n u o u s l y  from 

a s p i r o m e t e r  t o  m a i n t a i n  th e  p r e s s u r e  of t h e  c i r c u l a t e d  

a tm o s p h e r e .  T h is  i n s t r u m e n t  i s  o b v io u s ly  t h e  b e s t  

s m a l l  a n im a l  r e s p i r a t i o n  c a l o r i m e t e r  so  f a r  p ro d u ce d ,  

and I  d e c id e d  t o  use  t h e  d e s i g n ,  m o d i f i e d  f o r  mse w i t h  

r a t s .  A f a i r l y  d e t a i l e d  d e s c r i p t i o n  o f  the  p r i n c i p l e s  

o f  d e s i g n  of  t h e  i n s t r u m e n t  i s  g iv e n  i n  t h e i r  p u b l i s h e d  

work, b u t  I  am i n d e b t e d  t o  th e  l a t e  P r o f e s s o r  Newton 

and t o  D r .  Dewar f o r  much v a l u a b l e  a d d i t i o n a l  i n f o r m a t i o n  

on t e c h n i c a l  p o i n t s ,  and f o r  a l l o w i n g  me t o  i n s p e c t  

t h e i r  a p p a r a t u s .

The p r im a ry  m o d i f i c a t i o n  t o  be made i n  t h e  

i n s t r u m e n t  a s  d e s ig n e d  by  Dewar and Newton, was t o  i n c r e a s e  

i t s  s i z e  t o  accommodate r a t s .  O ther  m in o r  m o d i f i c a t i o n s  

were made and  t h e s e  w i l l  be  d i s c u s s e d  a t  a p p r o p r i a t e  

p o i n t s  i n  th e  f o l lo w in g  d e s c r i p t i o n  of t h e  a p p a r a t u s .

Diagrams of t h e  o r i g i n a l  d e s i g n  by Dewar and 

Newton, and o f  t h e  f i n a l  d e s i g n  a dop ted  by me a r e  g iv e n  

a s  f i g s .  ( 1 )  and ( 2 ) .  P h o to g ra p h s  of  the  a p p a r a t u s  

which I  c o n s t r u c t e d  a r e  g iv e n  i n  f i g s .  ( 3 )  and (ij.).

A l though  t h e  i n s t r u m e n t  d e s c r i b e d  h e r e  i s  b a s e d  on

t h a t  o f  Dewar and  Newton, c o n s i d e r a b l e  m o d i f i c a t i o n s  had

t o  be  made to  t h e  o r i g i n a l  form i n  s i t i n g  and c o n s t r u c t i o n



o f  t h e  components  t o  a d a p t  t h e  a p p a r a t u s  f o r  use  w i t h  

r a t s .  As on ly  a few of  the  a c c e s s o r y  and none o f  t h e  

p r im a ry  components were a v a i l a b l e  c o m m e r c i a l ly ,  t h e  form 

of th e  a p p a r a t u s  a s  c o n s t r u c t e d  by me i s  g iv e n  i n  d e t a i l .

CONSTRUCTION OF THE METABOLISM APPARATUS

C o n s t a n t  Tem pera ture  C a b i n e t .

The e n t i r e  a p p a r a t u s  m u s t  be  m a i n t a i n e d  a t  

a un i form  t e m p e r a t u r e ,  not  o n ly  to  r ed u c e  t h e  c o r r e c t i o n s  

n e c e s s a r y  i n  v o l u m e t r i c  m ea su re m e n ts ,  b u t  a l s o  to  r e n d e r  

t h e  m e tabo l i sm  o f  th e  a n im a l  a s  f a r  a s  p o s s i b l e  in d e p e n d e n t  

of r e s p o n s e  t o  e n v i r o n m e n ta l  t e m p e r a t u r e  ch an g e .  I t  i s  

n e c e s s a r y ,  a l s o  to  p r o t e c t  t h e  an im al  from extreme 

t e m p e r a t u r e  f l u c t u a t i o n s  w hicn ,  i n  t h e  r a t ,  a r e  v e ry  

f a v o u r a b l e  t o  t h e  development  o f  r e s p i r a t o r y  i n f e c t i o n s .

A h e a t  i n s u l a t e d  c a b i n e t  which  had been  b u i l t  

i n  t h i s  d e p a r tm e n t  f o r  a n o t h e r  p u r p o s e ,  b u t  long d i s u s e d ,  

was u t i l i s e d .  T h is  i s  a d o u b le  w a l le d  box ,  th e  o u t s i d e  

w a l l  o f  p l a s t e r b o a r d ,  s t r e n g t h e n e d  w i t h  i n .  x 2 i n .  wood 

s t r a p s ,  of d im e n s io n s  J4.7 i n .  x 29 i n .  x 29 i n . ,  and t h e  

i n s i d e  w a l l  o f  p l a s t e r b o a r d .  A 2 i n .  i n t e r w a l l  space  

i s  f i l l e d  w i t h  g r a n u l a t e d  c o r k .  The r o o f  and f l o o r  a r e  

o f  g- i n .  wood. There i s  no f a l s e  f l o o r .  This  g i v e s  

i n s i d e  d im e n s io n s  of I4.3 i n .  x 29 i n .  x 27 i n . ,  and t h e



d e s i g n  of t h e  component p a r t s  and  t h e  a s sem b ly  o f  t h e  

a p p a r a t u s  had t o  be c o n s i d e r e d  i n  r e l a t i o n  t o  t h e  s i z e  

o f  t h i s  c a b i n e t .

The f r o n t  of t h e  c a b i n e t  i s  a l s o  d o u b l e - w a l l e d ,  

t h e  o u t e r  w a l l  o f  i n .  wood, and i s  h i n g e d  on t h e  upper  

edge ,  t h a t  i s ,  i t  must  be l i f t e d  up t o  a l l o w  f r e e  a c c e s s  

t o  t h e  i n t e r i o r ,  ( c f .  f i g .  ij.) .  In  i t s  o r i g i n a l  form 

t h i s  d oor  had a c e n t r a l  9 i n .  sq u a re  d o u b le  g l a s s  window 

and two 3 i n .  sq u a re  open ings  t o  a l l o w  manual  a c c e s s  t o  

th e  c o n t a i n e d  a p p a r a t u s ;  f o r  t h e s e  were s u b s t i t u t e d  one 

do u b le  g l a s s  window 32 i n .  x  1^ i n .  To th e  f l y i n g  edge 

of t h e  d o o r  was b o l t e d  a heavy s t e e l  eye so t h a t  t h e  d o o r  

c o u ld  be  h e l d  open by a c h a i n  and hook suspended  from a 

c e i l i n g  j o i s t .

The box was g u t t e d  of th e  rem nan ts  o f  i t s  

o r i g i n a l  c o n t e n t s .  A t o l u e n e  t h e r m o r e g u l a t o r ,  a m ercu ry  

a rd  c o i l  r e l a y  and an a i r  f a n  were r e t a i n e d .

On top of the  m ain  c a b i n e t  t h e r e  i s  a s u b s i d i a r y  

box,  f i g .  ( 3 ) ,  n o t  h e a t  i n s u l a t e d ,  which  had o r i g i n a l l y  

b e e n  used  t o  house  t h e  m otor  which  d rove  t h e  a i r  f a n  by a 

b e l t  d r i v e .  I  d e c id ed  t o  mount the  a i r  pump and i t s  

d r i v i n g  m o to r  h e r e ,  t h e  l a t t e r  h a v in g  a t h r o u g h  s h a f t  

from w h ic h  th e  fan  c o u ld  be  o p e r a t e d  by a p u l l e y  and b e l t  

d r i v e  a s  i n  th e  o ld  sys tem .  This  a r ra n g em en t  was a l t e r e d  

a t  an e a r l y  s t a g e ;  d e t a i l s  o f  t h e  f i n a l  powering 

a r ra n g em e n t  a r e  g iv e n  on p . 79 •

The p l a s t e r b o a r d  w a l l s  o f  the  c a b i n e t  can



only  c a r r y  r e l a t i v e l y  l i g h t  l o a d s ,  so r a c k s  were made t o  

c a r r y  t h e  an im a l  cham bers .  These cham bers ,  w i t h  t h e i r  

a c c e s s o r i e s  and t h e  a n im a l  w e igh  a b o u t  8 k g .  Three s e t s  

of r a c k s  were b u i l t ;  one on t h e  bacK i n s i d e  w a l l  t o  c a r r y  

t h e  lo ad e d  chamber a c t u a l l y  on e x p e r im e n t ;  one on t h e  

f r o n t  l e f t  i n s i d e  w a l l  to  c a r r y  t h e  r e p l a c e m e n t  chamber 

so t h a t  i t  cou ld  be k e p t  a t  t h e  c a b i n e t  t e m p e r a t u r e ;  and 

one on t h e  f r o n t  l e f t  o u t s i d e  w a l l  t o  c a r r y  t h e  chambers 

d u r i n g  th e  changeover  p e r i o d  and d u r i n g  t h e  p r e p a r a t i o n  

of a chamber fo r  u s e .  The r a c k s  were of  v e r t i c a l  1^ i n .  x

l-J i n .  s e c t i o n  wooden b a t o n s ,  s e t  6J  I n .  a p a r t ,  and  e ach  

c a r r y i n g  8 i n .  i r o n  a n g le  b r a c k e t s .  The b a t o n s  a r e  

screwed t o  th e  heavy j o i s t s  w h ic h  form th e  fi*ame of  t h e  

c a b i n e t .  The a n g le  b r a c k e t s  a r e  s e t  l8  i n .  above th e  

f l o o r  of t h e  c a b i n e t ,  a l l o w i n g  s u f f i c i e n t  c l e a r a n c e  f o r  

th e  a ssem bled  chamber,  and on t h e i r  p r o j e c t i n g  ends a r e  

mounted sm a l l  wooden s t o p s  t o  g ua rd  a g a i n s t  th e  chamber 

b e in g  a c c i d e n t a l l y  p u l l e d  o f f  or shaken by v i b r a t i o n ,  f i g s .  

( 3 )  and ( i+) .

Two open ings  a l r e a d y  e x i s t e d  i n  t h e  r o o f  of t h e  

c a b i n e t .  These a r e  l i n e d  by 1-J- i n .  b r a s s  b u sh e s  t o  

p r e v e n t  a c a t t e r i n g  o f  t h e  g r a n u l a t e d  c o r k .  One, i n  t h e  

b a c k  l e f t  c o r n e r  of  th e  r o o f  had b e en  u sed  f o r  th e  

t h e r m o r e g u l a t o r ,  th e  b u lb  b e in g  i n s i d e  and t h e  a d ju s tm e n t  

o u t s i d e  t h e  c a b i n e t .  I  d e c i d e d  t o  c o n t i n u e  t o  use  i t  

f o r  t h i s  p u r p o s e .  A l tho u gh  a the rm o  r e g u l a t o r  m ig h t  have
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b een  b e t t e r  i n s t a l l e d  i n  a  more c e n t r a l  p o s i t i o n  i t  would 

t h e n  have  i n t e r f e r e d  w i t h  t h e  f r e e  movement o f  o t h e r  

components  of t h e  a p p a r a t u s ,  and I  r e l i e d  on the  f a n  

m a i n t a i n i n g  a s u b s t a n t i a l l y  u n i fo rm  t e m p e r a t u r e  t h r o u g h o u t  

th e  b o x .  The o t h e r  opening  r u n s ,  i n  t h e  f r o n t  c o m e r  of  

th e  r o o f ,  from th e  m ain  c a b i n e t  t o  t h e  pump h o u s i n g  and 

was s u i t a b l e  f a r  c a r r y i n g  t h e  a i r  d u c t s  t o  and  from t h e  

pump, f i g .  ( lip. )

Animal Chambers .

Two an im al  chambers were made to  a l l o w  

c o n v e n i e n t l y  r a p i d  p ro c e d u re  i n  t h e  d a i l y  c h an g e o v e r ,  

and a l s o  t o  a v o id  s u b j e c t i n g  t h e  a n im a l  t o  s t a l e  o d o u r s .

The d e s ig n  o f  t h e s e  was b a s e d  on t h a t  of Dewar and 

Newton, m o d i f i e d  t o  accommodate an a d u l t  r a t .  S ince  an 

a d u l t  r a t  i s  of  t h e  o r d e r  of 10 t im e s  g r e a t e r  i n  w e igh t  

t h a n  an a d u l t  mouse th e  chamber s i z e  c o u ld  n o t  b e  

i n c r e a s e d  t o  a c o r r e s p o n d i n g  d e g re e  o r  i t  would have  

become q u i t e  unm anageable . The chamber was, t h e r e f o r e ,  

made o f  a  s i z e  which a p p e a r e d  m an ag eab le  b u t  which would ,

I  b e l i e v e d ,  a d e q u a t e l y  accommodate a n  a d u l t  r a t .  L a t e r  

e x p e r i e n c e  has i n d i c a t e d  t h a t  t h i s  chamber i s  on t h e  sm a l l  

s i d e ,  a l l o w i n g  the  a n im a l  v e ry  l i t t l e  freedom o f  movement, 

and i n  a new in s t r u m e n t  now unde r  c o n s t r u c t i o n  t h e  d e s i g n  

h a s  b e en  l a r g e l y  a l t e r e d .



A p h o to g r a p h  and d ia g ra m  o f  t h e  assem bled  

chamber, a s  c o n s t r u c t e d  i n  t h e  workshop h e r e ,  a r e  shown 

i n  f i g s .  (5) and (6)  r e s p e c t i v e l y .  The body i s  o f  

3 /3 2  i n .  b r a s s ,  b r a z e d  a t  t h e  j u n c t i o n  o f  t h e  ed ges  t o  

form a 6 i n .  d i a m e te r  c y l i n d e r .  The b a s e ,  o f  t h e  same 

m a t e r i a l ,  i s  c o n i c a l ,  t h e  a n g l e  o f  a x i a l  s e c t i o n  b e in g  

120°;  t h i s  b ase  i s  b r a z e d ,  a t  a -J i n .  v e r t i c a l  o v e r l a p ,  

t o  th e  c y l i n d r i c a l  body .  At t h e  apex  o f  t h i s  cone i s  

b r a z e d  a J  i n .  b r a s s  tub e  l j  i n .  lo n g ,  th r o u g h  which 

can  p a s s  f r e e l y  the  stein  o f  a m e t a l  c o l l e c t i n g  f u n n e l

f o r  u r i n e .  To th e  upp e r  end o f  t h e  c y l i n d e r  I s  b r a z e d

a heavy f l a n g e ,  o f  b i n .  b r a s s ,  1 . 4  i n .  w id e . This  

f l a n g e  I s  ta p p e d  a t  e ig h t  p o i n t s  i n  i t s  c i r c u m f e r e n c e  and 

c a r r i e s  l-kx-J i n .  b r a s s  b o l t s .

The l i d  o f  th e  chamber i s  o f  the same m a t e r i a l  

a s  the  body and c a r r i e s  a s i m i l a r  heavy b r a s s  f l a n g e .

The r o o f  of t h e  l i d  i s  f l a t  w i t h  a c e n t r a l  f  i n .  tube

o u t l e t  to  c a r r y  the  chamber th e rm o m e te r .  The f l a n g e  o f

th e  l i d  ha s  ^ /16  i n .  h o l e s  bored  t o  c o r r e s p o n d  to  the  

b o l t s  t a p p e d  i n t o  the  body f l a n g e .

I n  t h e  chamber o r i g i n a l l y  d e s i g n e d  by Dewar and 

Newton th e  a i r  i n l e t  and o u t l e t  t u b e s  b o t h  p a s s e d  t h r o u g h  

the l i d  o f  th e  chamber. V e n t i l a t i o n  i s ,  however ,  b e t t e r  

a c h ie v e d  by b r i n g i n g  th e  a i r  i n l e t  to  the  bo t tom  o f  the  

chamber w i t h  the  o u t l e t  a t  the  top* I n  my d e s i g n  the  

i n l e t  tube  p a s s e s  th r o u g h  th e  w a l l  o f  t h e  body o f  the
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chamber, j u s t  below t h e  f l a n g e ,  and i s  t h e r e  c o n n e c te d  by 

an a n g le  b l o c k  j u n c t i o n ,  to  a v e r t i c a l  5/ l 6  i n .  d i a m e t e r  

b r a s s  p i p e  8 i n .  l o n g ,  w h ich  p a s s e s  down th e  w a l l  o f  

th e  chamber a lm o s t  to  the  b e g i n n i n g  o f  t h e  c o n i c a l  b a s e .

The a i r  o u t l e t  i s  a s i m i l a r  t u b e  t a p p e d  i n t o  a b l o c k  

bush  i n  t h e  w a l l  o f  the  l i d  i n  a c o r r e s p o n d i n g  p o s i t i o n .

T h is  a c h i e v e s  th e  bo t to m  t o  top  a i r f l o w  b u t  a v o id s  the  

awkwardness o f  h a v in g  a p ip e  d e s c e n d i n g  from th e  l i d  

to  th e  bo t tom  of  t h e  chamber w i th  t h e  p o s s i b i l i t y  of  i t s  

f o u l i n g  t h e  chamber c o n t e n t s  d u r i n g  t h e  removal  o r  

r e p l a c i n g  o f  th e  l i d . The c lo s e  p r o x i m i t y  of th e  

e x t e r n a l  c o n n e c t io n s  makes f o r  e a s e  o f  m a n i p u l a t i o n  i n  

th e  s e t t i n g  up and d i s m a n t l i n g  o f  t h e  a p p a r a t u s .  The 

p o s i t i o n i n g  o f  the c o n n e c t i o n s  n e a r  the  f l a n g e s  r e d u c e s  

th e  p o s s i b i l i t y  o f  f l e x i o n  l o o s e n i n g  th e  j o i n t s  and 

.g iving r i s e  t o  l e a k s .  The screw j o i n t s  i n t o  t h e  w a l l  

and b lo c k  b u sh e s  a r e  r e i n f o r c e d  by  locking:  n u t s  and a l l  

t h e  t h r e a d s  were packed  w i t h  " B o s t i k ” cement when t h e  

chamber was f i n a l l y  a s s e m b le d .

In  the f r o n t  o f  t h e  chamber w a l l  i s  a 

r e c t a n g u l a r  window, 6 i n .  x  6 i n .  Through t h i s ,  l i g h t  

can  r e a c h  t h e  c h a n c e r  and th e  a n i m a l  can  be v i e w e d .  The 

window s u b s t a n c e  i s  l / l 6  i n .  p e r s p e x  7 i n .  x  7 i n . ,  

b e n t  i n  h o t  w a t e r  a long  I t s  l o n g  a x i s  t o  t h e  c u r v a t u r e  o f  

t h e  chamber w a l l .  F a c i l i t i e s  f o r  m o u l d i n g  the  p e r s p e x
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a t  a more s u i t a b l e  t e m p e r a t u r e ,  110°C . ,  were n o t  

a v a i l a b l e  when t h e s e  chambers were b e in g  made.  The 

p e r s p e x  i s  f i x e d  to  the  o u t s i d e  o f  th e  chamber w a l l  by- 

sc rews p a s s i n g  t h r o u g h  d r i l l e d  h o l e s  i n  t h e  p e r s p e x  

and t a p p e d  i n t o  the chamber w a l l .  The o v e r l a p p i n g  

a d j a c e n t  s u r f a c e s  o f  p e r s p e x  and b r a s s  (-J- i n .  a l l  rou n d )  

were c o a t e d  w i t h  tfB o s t i k w and th e  window screwed t i g h t l y  

i n t o  p l a c e .  T h is  window was a m ajo r  so u rce  o f  l e a k s  

due to  the s p r i n g i n g  o f  the  p e r s p e x .  The number o f  

b i n d i n g  sc rew s  was d o u b le d  and t h e i r  t h r e a d s  were packed  

w i t h  " B o s t i k " .  T h is  improved th e  g a s - t i g h t n e s s  o f  the  

chamber bu t  d i d  n o t  c o m p le t e ly  so lv e  t h e  p ro b le m .  The 

p e r s p e x - m e t a l  b o r d e r s ,  b o t h  i n s i d e  and o u t ,  were  f i l l e d  

w i t h  " D u r o f ix ” . These m ea su re s  were e f f e c t i v e  i n  

r e d u c i n g  the  t en d en cy  t o  l e a k s .  I t  was found  l a t e r  t h a t  

th e  p e r s p e x  was l i a b l e  to  m in u te  f r a c t u r e s ,  c aused  by 

s u c c e s s i v e  s l i g h t  blows a g a i n s t  the  chamber r a c k s ;  the  

l e a k s  which  d e v e lo ped  i n  t h i s  way were cu red  by sm ear ing  

p e r s p e x  cement over the  r e g i o n .

The tube  o u t l e t  from t h e  base  o f  t h e  chamber 

i s  c o v e r e d  w i t h  f- i n .  r u b b e r  t u b i n g  s e a l e d  t o  the  b r a s s  

tu b e  w i t h  " B o s t i k ” . The r u b b e r  p r o j e c t s  i n .  beyond 

the  end of  the  b r a s s  tu b e  and the o u t s i d e  s u r f a c e  o f  i t s  

lo w er  end was b u f f e d  t o  a s l i g h t  t a p e r ,  s u f f i c i e n t  t o  

a l l o w  i t  t o  a c t  as an a i r t i g h t  s t o p p e r  f o r  the  100 m l .  

E r le n m e y e r  f l a s k s  used  a s  u r i n e  c o l l e c t i o n  v e s s e l s .
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G a ske ts  f o r  s e a l i n g  the  f l a n g e  j o i n t  be tw een  the  

l i d  and body of  the  chambers were c u t  from an o ld  m o to r 

c a r  i n n e r  t u b e .  The w a sh e r  l i e s  ove r  t h e  whole b r e a d t h  

o f  the  f l a n g e  w i t h  s l i g h t  p r o j e c t i o n s  i n s i d e  and o u t s i d e  

th e  chamber .  Holes  were c u t  i n  i t  a t  c o r r e s p o n d i n g  

p o i n t s  to the  b o l t s  i n  th e  lo w e r  f l a n g e .  Dewar and 

Newton found  d i f f i c u l t y  i n  g e t t i n g  a g a s - t i g h t  s e a l  w i th  

a r u b b e r  washer  and s u g g e s t e d  th e  use  o f  p l a s t i c i n e ,

I  found no d i f f i c u l t y  i n  e n s u r i n g  a g a s - t i g h t  s e a l  w i t h  

a r u b b e r  g a s k e t .  Wing n u t s  were u sed  to  clamp the  

f l a n g e s  b u t  finger t i g h t n e s s  of t h e s e  was n o t  a d e q u a te  

t o  en su re  a t i g h t  s e a l .  The wing n u t s  were r e t a i n e d  i n  

s p i t e  o f  t h i s ,  a s  th ey  a r e  v e r y  much more c o n v e n i e n t ,  and 

a sp a n n e r  was made, f i g .  ( 7 ) ,  w i t h  w hich  t h e y  c o u ld  be 

t i g h t e n e d .  The use  o f  a sp a n n e r  on wing n u t s  e n a b l e s  

a g r e a t e r  f o r c e  to  be a p p l i e d  t h a n  th e  b o l t s  a r e  c ap a b le  

o f  w i t h s t a n d i n g ,  and s e v e r a l  b o l t s  sh e a re d  i n  t h i s  way 

d u r i n g  th e  work; however an ample s u p p ly  o f  s p a r e s  

was k e p t  and th e  s h e a r i n g  p r e s e n t e d  no s e r i o u s  i n t e r r u p t i o n .  

A p h o to g r a p h  of  t h e  component p a r t s  o f  the chamber i s  

shown i n  f i g .  (7)*

A l l  th e  m e ta l  p a r t s  of  the  chambers were 

chromium p l a t e d  t o  p r e v e n t  c o r r o s i o n ,  t o  make f o r  e a s i e r  

c l e a n i n g  and ,  i n  g e n e r a l ,  to  g ive  t h e  chambers a b e t t e r  

a p p e a r a n c e .
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Animal Fram es .

Frames were made, shown i n  f i g .  ( 8 ) ,  which  would 

f i t  i n t o  the  cham bers  and w h ic h  would c a r r y  t h e  r a t ,  food 

box and w a te r  b o t t l e ,  and would c o l l e c t  s c a t t e r e d  food  and 

f a e c e s  so t h a t  a l l  cou ld  be removed from th e  chamber 

s i m u l t a n e o u s l y .  The s k e l e t o n  o f  th e  frame i s  o f  10 I .W.G. 

gauge b r a s s  w i r e .  The b ase  i s  a c i r c l e  o f  w i r e  6 i n .  

d i a m e t e r  and t h i s  ha s  r i s i n g  from i t  f o u r  u p r i g h t s  b ra z e d  

to  the c i r c u l a r  b a s e .  D i a m e t r i c a l l y  o p p o s i t e  u p r i g h t s  

a r e  made of  the one p i e c e  o f  w i re  25 i n .  l o n g ,  g i v in g  a 

h e i g h t  o f  9 i  3-n * anc  ̂ 6 3-n * o r t h o g o n a l  c r o s s  b a r s  a c r o s s  

th e  t o p .  The c r o s s  b a r s  a r e  m o r t i c e d  and b ra z e d  a t  the  

p o i n t  of  c r o s s i n g .  Two g r i d s  o f  -J i n .  18 gauge b r a s s  

mesh were s o l d e r e d  to  t h i s  s k e l e t o n ;  one,  1 i n .  above 

th e  base  r i n g  s e r v e s  a s  th e  f l o o r  and th e  o t h e r ,  8§ i n .  

above t h e  base  r i n g ,  as t h e  r o o f  o f  th e  e f f e c t i v e  l i v i n g  

space  of  t h e  a n im a l .  The whole s t r u c t u r e  i s  chromium 

p l a t e d .

The base  c i r c l e  has  a r e - e n t r a n t  p o r t i o n  1 cm. 

desp  be tween two of  th e  u p r i g h t s ,  and r e c e s s e s  a r e  c u t  out  

of b o t h  g r i d s  v e r t i c a l l y  above t h e  r e - e n t r a n t .  These a l l o w  

th e  frame to  s l i d e  i n t o  the  chamber, c l e a r i n g  the  v e r t i c a l  

i n l e t  t u b e .  The p l a c i n g  o f  t h e  r e c e s s e s  i s  su c h  t h a t  the  

fo rw ard  u p r i g h t s  o f  the f ram e l i e  on e i t h e r  s i d e  o f  th e  

window and do n o t  o b s t r u c t  th e  f i e l d  o f  v iew th r o u g h  the



window, ( c f  f i g .  5)*

The mesh o f  t h e  f l o o r  g r i d  a l l o w s .f a e c e s  and 

s c a t t e r e d  food to  p a s s  t h r o u g h .  A low er  g r i d  o f  0 ,02  i n .  

mesh s t a i n l e s s  s t e e l  c o v e r s  t h e  whole o f  the  b a se  r i n g  

and i s  a t t a c h e d  to  i t  by c r im p in g  the ed ges  o f  the  gauze 

round the w i r e .  T h is  mesh r e t a i n s  f a e c e s  and s c a t t e r e d  

food b u t  a l l o w s  th e  u r i n e  t o  p a s s  t h r o u g h .  S t a i n l e s s  

s t e e l  was u sed  t o  p r e v e n t  c o r r o s i o n  and so o b v i a t e  p e r i o d i c  

r e p l a c e m e n t  of the mesh.  I t  was c o n s i d e r e d  t h a t  a b r a s s  

mesh o f  t h i s  gauge c o u ld  n o t  be p l a t e d  s a t i s f a c t o r i l y .

The u se  o f  s t a i n l e s s  s t e e l ,  however ,  n e c e s s i t a t e d  a t t a c h m e n t  

o f  th e  mesh by th e  c r im p in g  m en t ioned  ab ove ,  w h ich  ha.s 

n o t  p rov ed  a v e r y  s e c u r e  method and h a s  sometimes caused  

s l i g h t  i n c o n v e n ie n c e .

The 1 i n .  space  be tw een  th e  f l o o r  and f a e c e s  

g r i d s  i s  a d e q u a te  t o  p r e v e n t  eopro p hagy .  The space  

be tw een  t h e  c e i l i n g  g r i d  and the  chamber r o o f  a l l o w s  a 

w a te r  b o t t l e  to  s i t  on t h e  c e i l i n g  w i t h  t h e  d e l i v e r y  tu b e  

p a s s i n g  down i n t o  the  l i v i n g  s p a c e .

C o l l e c t i o n  of  s c a t t e r e d  foo d  by the  s t e e l  g r i d  i s  

no t  p e r f e c t ,  an a p p r e c i a b l e  amount f a l l i n g  down the s i d e s  

o f  the  chamber to the  u r i n e  f u n n e l .  I t  would be an ' 

improvement to have the whole lower  th i rd ,  o f  th e  frame 

e n e lo s e d  by t h i s  f i n e  gau ze .
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Food Boxes .

Two foo d  boxes  were made o f  3 /6 4  i n .  b r a s s  a f t e r  

the  d e s i g n  o f  Dewar and Newton, and one i s  shown i n  

f i g .  ( 8 ) .  The p l a n  s e c t i o n  i s  2 i n .  x  1-J- i n . ,  w i t h  th e  

p o s t e r i o r  and a n t e r i o r  w a l l s  4 i  i n .  and i f  i n .  h i g h  

r e s p e c t i v e l y .  The s t e e p l y  s l o p i n g  r o o f  was a d o p te d  t o  

p r e v e n t  any  s m a l l e r  a n im a l s ,  which I  m ig h t  w ish  t o  

examine i n  the  i n s t r u m e n t ,  f rom s i t t i n g  on th e  to p  and 

c o n ta m i n a t i n g  t h e  f o o d .  The s l o p i n g  r o o f  i s  h inged  

t o  the back  v /a l l  and i s  h e l d  i n  t h e  c l o s e d  p o s i t i o n  by 

s p r i n g  c l i p s  a t t a c h e d  to t h e  s l o p i n g  edges  o f  t h e  s id e  

w a l l s .  The space  f o r  a c c e s s  to  th e  food by the  an im al  

i s  2 i n .  x  l |  i n ,

At t h e  top and bo t tom  o f  th e  o u t s i d e  o f  the  back  

w a l l  o f  the  box a re  b ra z e d  b r a s s  b l o c k s  w i t h  r e c e s s e s  and 

sere?/ b i t s  so t h a t  the  box can be f i r m l y  clamped to  one 

o f  the u p r i g h t s  o f  the  frame a t  any d e s i r e d  h e i g h t .  I  

c o n s i d e r  a s c r e w - b i t  f i t t i n g  to  be p r e f e r a b l e  to  a spring, 

c l i p  to  e n s u r e  t h a t  the  box i s  n o t  low ered  o r  d e ta c h e d  by 

th e  a n i m a l .

The l i p  o f  t h e  t r o u g h  o f  t h e  box i s  r e c u r v e d  a s  

a J  i n .  d i a m e t e r  c y l i n d e r  to  p r e v e n t  any  c h a f i n g  of  the 

animal 's  neck  o r  paws w h i le  f e e d i n g ,  and a l s o  t o  r e d u c e ,  

a s  f a r  a s  p o s s i b l e ,  the  amount of  food s c a t t e r e d .  I t  i s  

d o u b t f u l  i f  t h i s  type  o f  l i p  has done a n y t h i n g  to  a c h ie v e
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t h e  l a t t e r  end; e x p e r i e n c e  has  shown t h a t  some an im a ls  

s c a t t e r  food  b a d l y  even  w i t h  t h i s  d e s i g n  of  box,  while  

o t h e r s  a r e  v e r y  c l e a n  e a t e r s .  (Compare s e r i a l  numbers 

78-128 and 129-173 i n  t a b l e  ( 3 4  ) ap p en d ix  ( 3 ) .

The c a p a c i t y  of  the  t r o u g h  o f  a box i s  a bou t  

45 g* o f  fo o d ,  w hich  i s  q u i t e  a d e q u a te  f o r  the  d a i l y  

r e q u i r e m e n t s  of any  a n im a l  which was s t u d i e d ,  e v e n  w i th  

c o n s i d e r a b l e  s c a t t e r i n g  o f  f o o d .  The boxes a r e  chromium 

p l a t e d .

U r in e  F u n n e l s .

These ( f i g .  ( 8 ) ,  were made t o  f i t  th e  lower  

c o n i c a l  p a r t  o f  the  chamber w i t h  a s  l i t t l e  c l e a r a n c e  a s  

was c o n v e n ie n t  f o r  i n s e r t i n g  and rem ov ing  them. The 

cone o f  the  f u n n e l  i s  o f  1 /6 4  i n .  b r a s s  w i t h  an in d e n t  i n  

the  l i p  t o  a l l o w  c l e a r a n c e  o f  the  a i r  i n l e t  p i p e .  The 

s h a f t  of  t h e  f u n n e l  i s  o f  §• i n .  b r a s s  p ip e  (|- i n .  b o r e )  

which p a s s e s  f r e e l y  t h r o u g h  the  low er  e x i t  tu be  of  the 

chamber.  The f u n n e l s  a r e  chromium p l a t e d .

The a n g le  o f  the  f u n n e l  cone i s  th e  same a s  

t h a t  of  the chamber,  1 2 0 ° .  I t  was th o u g h t  t h a t  i t  m ight  

be n e c e s s a r y  to  make new f u n n e l s  w i t h  a more a c u t e  angle  

i f  the se o r i g i n a l s  showed t o o  g r e a t  a t e n d e n c y  to  r e t a i n  

t h e  u r i n e .  T h is  h a s  n o t  b e e n  n e c e s s a r y ,  a s  t h e  f l a t t e r  

f u n n e l  n o t  o n l y  a l l o w s  a d e q u a te  u r i n e  f lo w  in to  the 

c o l l e c t i n g  f l a s k s  b u t  a l s o  r e t a i n s  s c a t t e r e d  fo o d  which
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e s c a p e s  ove r  th e  edge o f  t h e  c o l l e c t i n g  g r i d .  With  

a s t e e p e r  f u n n e l  i t  i s  p r o b a b l e  t h a t  a g r e a t e r  

p r o p o r t i o n  o f  t h i s  w id e ly  s c a t t e r e d  food  m igh t  ru n  

i n t o  t h e  u r i n e  f l a s k .

The f u n n e l  s h a f t s  were pegged and s o l d e r e d  

t o  t h e  cones  w i t h  s o f t  s o l d e r .  The c o n s t a n t  wear 

caused  by i n s e r t i n g  and rem o v in g  th e  f u n n e l s  from 

t h e  chamber removed t h e  p l a t i n g  from th e  f u n n e l s  a t  

t h e  j u n c t i o n  o f  s h a f t  and c o n e ,  and a l s o  from t h e  e x i t  

tu b e  o f  t h e  chamber w i t h  t h e  r e s u l t  t h a t  c o n s i d e r a b l e  

c o r r o s i o n  to o k  p l a c e  a t  t h e s e  p o i n t s .  T h is  wear 

a l s o  weakened t h e  s h a f t - c o n e  j o i n t s  o f  t h e  f u n n e l s  

and t h e y  had t o  be r e -b o n d e d  w i t h  s i l v e r  s o l d e r .

S o l d e r e d  on t h e  i n s i d e  o f  th e  cone o f  e a c h  f u n n e l  

i s  a w i re  h a n d le ,  f i g .  ( 8 ) .  T h is  e n a b l e s  th e  f u n n e l  

t o  be e a s i l y  i n s e r t e d  and removed from th e  chamber.

Water  B o t t l e s .

I  o r i g i n a l l y  i n t e n d e d  to  use  w a te r  b o t t l e s  o f  

the  a l l  g l a s s  g lobe  t y p e ,  b u t  t h e s e  a r e  f r a g i l e ,  awkward 

t o  f i l l  and in c o n v e n ie n t  t o  w e igh  w i th o u t  l o s i n g  a drop 

o r  two o f  w a t e r .  In  t h e  e v e n t  w a te r  b o t t l e s  were made 

of  4 ounce c y l i n d r i c a l  g l a s s  b o t t l e s ,  f i t t e d  w i t h  5
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bo re  g l a s s  t e a t s  i n  r u b b e r  bungs* The g l a s s  t e a t  

j u s t  p a s s e s  t h r o u g h  th e  r o o f  g r i d  and i s  o f  su ch  a 

l e n g t h ,  3 t h a t  th e  n o z z l e  i s  a t  a c o n v e n ie n t

h e i g h t  f o r  the  a n im a l  t o  d r i n k .  The bung was c u t  

t o  such  a d e p t h  t h a t  t h e  to p  o f  th e  chamber l i d ,  

when i n  p o s i t i o n ,  j u s t  t o u c h e s  th e  ' b a s e ’ o f  t h e  b o t t l e .  

T h is  p r e v e n t s  t h e  b o t t l e  from b e i n g  shaken to o  

v i g o u r o u s l v  by the  a n im a l ,  w i th  t h e  a t t e n d a n t  r i s k  

o f  the  bung b e in g  lo o se n e d  and t h e  w a t e r  e s c a p i n g .

The d i a m e te r  o f  th e  t e a t  o r i f i c e  p r e s e n t e d  

some d i f f i c u l t y .  I f  made o f  the  c u s to m ary  d i a m e te r  

th e  p r e s s u r e  v a r i a t i o n s  i n  th e  chamber due t o  the  pump 

a c t i o n  te n d e d  t o  pump th e  v/a ter  ou t  o f  th e  b o t t l e .

A s m a l l e r  o r i f i c e ,  however ,  i s  v e r y  l i a b l e  t o  a i r 

l o c k s ,  F i n a l l y  a 1 .5  mm, o r i f i c e  was used  which 

e f f e c t i v e l y  o f f s e t  th e  pumping a c t i o n ,  and ,  i f  the  t e a t  

i s  f i l l e d  w i th  w a te r  b e f o r e  th e  w a te r  b o t t l e  i s  weighed,  

and t h e  b o t t l e  i s  i n s e r t e d  i n  th e  chamber w i t h  the  

t e a t  s t i l l  f r e e  o f  a i r - l o c k s ,  the  o c c u r re n c e  of a i r 

l o c k s  d u r i n g  th e  ru n  i s  l a r g e l y  p r e v e n t e d .  T h is  o r i f i c e  

s i z e  i s  n o t  c o m p le t e ly  s a t i s f a c t o r y  from th e  l a t t e r  

p o i n t  o f  v iew, and on s e v e r a l  o c c a s i o n s  t h e  a n i m a l ' s  w a te r  

I n t a k e  h as  been  a r t i f i c i a l l y  r e s t r i c t e d . b y  th e  development  

o f  such a i r - l o c k s  d u r i n g  the d a y ' s  r u n .
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Chamber Therm om eter*

I t  was found  n e c e s s a r y  to  u se  an  a n g l e  

therm ometer  t o  m easure  chamber t e m p e r a t u r e ,  ■ i n  o r d e r  

to  c l e a r  t h e  r o o f  o f  t h e  c a b i n e t ,  f i g .  ( 4 ) .  The 

therm om eter  i s  mounted i n  a r u b b e r  bung I n s e r t e d  i n  

th e  c e n t r a l  e x i t  tu b e  on th e  r o o f  o f  the  cham ber ,

The a n g le  the rm o m e te r s  o b t a i n a b l e ,  w ere ,  however, 

r a t h e r  l a r g e r  t h a n  was c o n v e n i e n t  and had t o  be s e t  

so d e e p l y  i n  th e  bung t o  c l e a r  t h e  r o o f  t h a t  th e  m ercury  

b u lb  f o u l e d  t h e  j u n c t i o n  o f  the  c r o s s - w i r e s  o f  the  

f r a m e .  The j u n c t i o n  was,  t h e r e f o r e ,  f o r c e d  down 

to w ard s  the r o o f  g r i d  so t h a t  the  c r o s s  w i r e s  formed 

an i n v e r t e d  p y ram id .  T h is  d i d  n o t  a d v e r s e l y  a f f e c t  

the  r i g i d i t y  o f  the  frame and a l lo w e d  t  he therm om eter  

t o  be s e t  1 i n .  deep e r  I n  t h e  chamber and so c l e a r  

the  r o o f  o f  the  c a b i n e t .  The therm ometer  c o v e r s  the 

r an g e  0-50°C.  I n  one d e g re e  i n t e r v a l s ,  and can be r e a d  

t o  an  a c c u r a c y  o f  a b o u t  1 / 3 ° C .  A s i m i l a r  the rm om eter ,  

m atched  w i t h  the chamber th e rm o m ete r  i n  a w a te r  b a t h ,  

i s  mounted on the  o u t s i d e  o f  th e  s p i r o m e t e r  v e s s e l  t o  

r e c o r d  the g e n e r a l  a i r  t e m p e r a t u r e  o f  th e  c a b i n e t ,  

c f  f i g .  ( 4 ) .
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S p i ro m e te r  s .

Three s p i r o m e t e r s  were c o n s t r u c t e d ,  e a c h  o f  

a b o u t  4 i  l i t r e s  c a p a c i t y ,  so t h a t  t h e  d a i l y  oxygen 

r e q u i r e m e n t  o f  a medium s i z e d  r a t ,  a b o u t  300  g . ,  would 

be a d e q u a t e l y  s u p p l i e d  w i t h o u t  r e f i l l i n g  i n  th e  c o u r s e  

o f  th e  d a y .  When th e  a p p a r a t u s  was b e i n g  a s se m b le d ,  

however,  i t  was d e c i d e d  t o  i n c l u d e  o n ly  two s p i r o m e t e r s  

t o  l e a v e  g r e a t e r  room i n  t h e  c a b i n e t  f o r  m a n i p u l a t i o n  i n  

t h e  c h an g e -o v e r  p r o c e s s .  A l s o ,  i t  seemed p o s s i b l e  

t h a t  I  m igh t  want t o  i n c l u d e  some form  o f  c o n t in u o u s  

oxygen r e c o r d i n g ,  and some space had t o  be l e f t  f o r  

t h i s .

For r e a s o n s  w h ich  w i l l  l a t e r  be d e s c r i b e d  

th e  g r e a t e r  p a r t  of  the  e x p e r i m e n t a l  w o rk  u s i n g  t h i s  

c a l o r i m e t e r  h a s  been  done u s i n g  o n ly  one o f  t h e s e  

s p i r o m e t e r s  w h ic h  was r e c h a r g e d  w i t h  oxygen a t  i n t e r v a l s  

t h r o u g h o u t  t h e  24 h r .

S a c h  s p i r o m e t e r  c o n s i s t s  o f  a p e r s p e x  b e l l  

suspended  i n  a w a te r  s e a l ,  f i g s .  (9)  and ( 1 0 ) .  The 

c o n t a i n e r  or  j a c k e t  of th e  w a te r  s e a l ,  m o d i f i e d  from 

th e  c o n t a i n e r s  of  t h r e e  o ld  B e n e d ic t - R o th  s o i r o m e t e r s ,  

c o n s i s t s  o f  a c y l i n d r i c a l  copper  t a n k ,  17 cm. d i a m e t e r  

and 30 cm. I n  h e i g h t ,  mounted on a f l a t  b r a s s  b a s e .  T h is  

base  has  t a p p e d  i n t o  I t  t h r e e  l e v e l l i n g  screws so t h a t
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th e  whole i s  mounted on an a d j u s t a b l e  screw t r i p o d .  A 

c e n t r a l  b r a s s  t u b e ,  2 cm. b o r e ,  r i s e s  from th e  b ase  to  

a h e i g h t  o f  27 cm., and a t  t h e  base  i s  c o n n ec te d  t h r o u g h  

a b r a s s  a n g le  b lo c k  j u n c t i o n  t o  an  o u t l e t  tu b e  4 mm. b o r e .  

T h is  i s  th e  r o u t e  f o r  th e  e n t r a n c e  and e x i t  o f  oxygen to  

and from t h e  s p i r o m e t e r .  The c e n t r a l  d u c t  i s  s o l d e r e d  

to  t h e  a n g le  j u n c t i o n  and th e  l e a d - o f f  tu b e  i s  t h r e a d e d  

i n t o  the  b l o c k ,  th e  t h r e a d  b e in g  pack e d  w i t h  a l i t t l e  

c o t t o n  w aste  and ’ B o s t i k 1 .

A packed b r a s s  g la n d ,  s e t  i n  th e  w a l l  o f  the  

t a n k  7 cm. above th e  b a s e ,  c a r r i e s  a 5 m/. . bo re  v e r t i c a l  

g l a s s  t u b e ,  w h ic h  i n d i c a t e s  t h e  w a te r  l e v e l  i n  t h e  v e s s . e l .

The w a te r  l e v e l l i n g  tu b e  i s  h e l d  a t  i t s  u p p e r  end by a

l i g h t  b r a s s  loop  s o l d e r e d  to  th e  t o p  o f  t h e  t a n k  w a l l .

The b e l l  i s  a welded tube  o f  1 /8  i n .  p e r s p e x ,

15 cm. i n  d i a m e t e r  and 28 cm. i n  h e i g h t .  A f l a t  r o o f  

o f  1 /8  i n .  p e r s p e x  i s  cemented a t  one e n d .  At th e  

p o i n t  i n  t h e  r o o f  where e x a c t l y  plumb s u s p e n s io n  was 

o b t a i n e d  i s  cemented a sm a l l  p e r s p e x  e y e ,

An a n g le  b r a c k e t  o f  3 /8  i n .  b r a s s  ro d  was 

e r e c t e d  i n  t u b u l a r  g u id e s  s o l d e r e d  to  the  s i d e  of th e  

s p i r o m e te r  v e s s e l .  T h is  has  two sm a l l  b r a s s  p u l l e y s ,

(1 i n .  d i a m e t e r ,  2 /8  i n .  g a u g e ) ,  one a t  th e  a n g le  o f

th e  b r a c k e t  and t h e  o t h e r  a t  the end of  the  g a l lo w s  arm,

f i g .  ( 1 0 ) .  The l e n g t h  of the s h o r t  arm and the d i a m e t e r  of  

th e  p u l l e y s  was c a l c u l a t e d  so t h a t  (a)  th e  v e r t i c a l  t a n g e n t  t o
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th e  t e r m i n a l  p u l l e y  c o i n c i d e d  w i t h  t h e  a x i s  o f  the  

s p i r o m e t e r  v e s s e l  and (b) the  o u t e r  v e r t i c a l  t a n g e n t  

o f  th e  a n g le  p u l l e y  p a s s e d  s u f f i c i e n t l y  c l e a r  of t h e  

u p r i g h t  of  the b r a c k e t  to  a l lo w  a m e a s u r in g  s c a l e  and 

c o u n t e r p o i s e  to  be s e t  be tw een  t h e  u p r i g h t  and the  

t a n g e n t  .

The f i r s t  30 cm. o f  a h a l f - m e t e r  s t i c k  was

u sed  f o r  the  m e a s u r in g  s c a l e  of  th e  s p i r o m e t e r  . The

b r e a d t h  of the s c a l e  was r e d u c e d ,  by rem ov a l  o f  the  b l a n k  

h a l f ,  t o  economise  i n  s p a c e .  The s c a l e  had screwed to 

each  end of th e  b l a n k  edge a T e r ry  c l i p  by which  i t  was 

a t t a c h e d  t o  the g a l l o w s '  u p r i g h t .  T h is  e n a b le d  an 

a d ju s tm e n t  o f  t h e  s c a l e  to  the  optimum p o s i t i o n  w h i le  

c a l i b r a t i n g  t h e  a p p a r a t u s ;  t h e  s c a l e  p o s i t i o n  was l a t e r  

f i x e d  by s e t t i n g  b r a s s  s t o p s  u n de r  e a c h  c l i p .

The c o u n t e r p o i s e  t o  th e  b e l l  i s  o f  b r a s s  

t u b e  2 cm. i n  d i a m e te r  and 9~10 cm. lo n g ,  f i l l e d  w i t h

l e a d .  The su s p e n s io n  u sed  i s  a l e n g t h  of  heavy n y lo n

s u t u r e ;  t h i s  i s  a t t a c h e d  t o  t h e  p e r s p e x  eye  o f  t h e  b e l l ,  

w h i le  t h e  o t h e r  end p a s s e s  t h r o u g h  a sm a l l  s t e e l  eye 

screwed i n t o  the c e n t r e  of  the  head  of t h e  c o u n t e r p o i s e .

A1 so screwed i n to  th e  edge o f  the  head of  the  c o u n t e r p o i s e  

i s  a p e r s p e x  c u r s o r  w i th  a c e n t r a l  h a i r - l i n e  on t h e  

i n s i d e  of t h e  f r o n t  f a c e .  I n  the  f i r s t  i n s t a n c e  7,he  

c u r s o r  was made w i t h  o n ly  one f a c e ,  r i d i n g  i n  f r o n t  o f



t h e  s c a l e ;  h u t  the whole  c o u n t e r p o i s e  was v e r y  l i a b l e  

t o  r o t a t e  on th e  s u s p e n s i o n  and. c a r r y  t h e  c u r s o r  away 

from t h e  s c a l e *  A U - s e c t i o n  c u r s o r  was, t h e r e f o r e ,  

s u b s t i t u t e d  which r i d e s  f r e e l y  on th e  s c a l e ,  b u t  p r e v e n t s  

the  r a d i a l  d r i f t i n g  of  the  c o u n t e r p o i s e .

As t h e  s p i r o m e t e r  b e l l  i s  suspended  i n  a w a te r  

s e a l  and a s  the p e r s p e x  i s  o f  c o n s i d e r a b l e  t h i c k n e s s ,  the  

buoyancy o f  t h e  b e l l  su b s ta n c e  i s  o f  a p p r e c i a b l e  m a g n i tu d e .  

The volume o f  th e  w a l l  o f  th e  b e l l  i s '  165 m l . ,  and th e  

t o t a l  w e igh t  of t h e  b e l l  i n  a i r  i s  650 g .  Thus when t h e  

b e l l  h a s  on ly  i t s  low er  open r im  i n  t h e  w a te r  s e a l  i t  

r e q u i r e s  a c o u n t e r p o i s e  o f  650 g . ,  while  when immersed i n  

the  s e a l  t o  the  lower  s u r f a c e  of the  r o o f  I t  o n ly  r e q u i r e s  

a c o u n t e r p o i s e  of  485 g .  T h is  d i f f i c u l t y  i s  a v o id e d  I n  

t h e  c o m e r c i a l  B e n e d ic t - R o th  c l i n i c a l  r e s p i r o m e t e r  by th e  

use  of  a c h a i n  s u s p e n s io n  a c c u r a t e l y  c o n s t r u c t e d  so t  h a t  

as  t h e  b e l l  moves lower  i n  t h e  w a te r  t h e  d i f f e r e n c e  In  

w e ig h t  be tw een  th e  two v e r t i c a l  s e c t i o n s  o f  c h a i n  e x a c t l y  

compensa tes  f o r  the  change i n  a p p a r e n t  w e ig h t  of  t h e  b e l l .  

Other methods o f  com pensa t ing  th e  c o u n t e r p o i s e  a r e  p o s s i b l e  

bu t  a l l  e i t h e r  I n c r e a s e  the  f r i c t i o n a l  r e s i s t a n c e  to  the 

movement o f  the  b e l l  o r  r e q u i r e  the  u se  of a s i n g l e  l a r g e  

p u l l e y  which d e c r e a s e s  the  v e r t i c a l  c l e a r a n c e  o f  t h e  

sp i ro m e te r  o r ,  s i n c e  the  h e i g h t  of the c a b i n e t  I s  f i x e d ,  

r e d u c e s  th e  e f f e c t i v e  volume of  the  b e l l *
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As th e  a r b i t r a r y  c e n t i m e t e r  s c a l e  had ,  i n  any 

c a s e ,  to  be c a l i b r a t e d  f o r  g a s  volume i t  was d e c i d e d  t o  

s u f f e r  the  uncompensated  c o u n t e r p o i s e  and. th e  p r o b a b l e  

n o n - l i n e a r  c a l i b r a t i o n  c u r v e .  The p r e s s u r e  changes  i n  

t h e  b e l l  p ro d uced  by an  uncompensa ted  c o u n t e r p o i s e  a re  

t a k e n  i n t o  a c c o u n t  i n  th e  c a l i b r a t i o n  c u r v e ,  b u t  t h e s e  

p r e s s u r e  chan g e s  a r e  a l s o  t r a n s m i t t e d  t o  t h e  main a i r  

c i r c u l a t i n g  system th r o u g h  th e  oxygen i n t a k e  v a l v e .

To r e d u c e  t h i s  e f f e c t  to  a minimum th e  c o u n t e r p o i s e  was 

iTBde j u s t  t o  b a la n c e  t h e  b e l l  a t  h a l f  im m ers ion .  Simple 

c a l c u l a t i o n  f rom  t h e  c r o s s - s e c t i o n a l  a r e a  of  the  b e l l  

(130 s q .  cm.) and the  d a t a  on w eight  and d i s p l a c e m e n t  g iv e n  

above,  show t h a t  t h i s  shou ld  p roduce  a p r e s s u r e  v a r i a t i o n  

on e i t h e r  s i d e  of  a tm o s p h e r i c  p r e s s u r e  f o r  the  f u l l  

e x c u r s i o n  of  the  b e l l  o f  t o . 5 cm. w a t e r .  I n  p r a c t i c e ,

th e  p r e s s u r e  r a n g e  a s  m easu red  i s  ±0*5 cm. w a t e r .

The t a n k  of  the s p i r o m e t e r  c o n t a i n s  a 0 .02

p e r  c e n t , '  s o l u t i o n  of  m e r c u r i c  c h l o r i d e  to  p r e v e n t  growth

of  a e r o b i c  o rgan ism s  (Dewar and Newton). A 5 l i t r e  

a s p i r a t o r  b o t t l e ,  s e t  on a s t o o l  a t  th e  sid.e o f  the 

a p p a r a t u s ,  s e r v e s  a s  a w a te r  r e s e r v o i r  from w h ic h  the  

water  l e v e l  i n  t h e  s p i r o m e t e r s  i s  a d j u s t ,  f i g s .  (2) and 

(3 ) .  A s i n g l e  d u c t  w i th  a t h r o u g h  t a p  i n  i t s  c o u r s e ,  

r u n s  from the  r e s e r v o i r  i n t o  the  c a b i n e t ,  v/here i t  b r a n c h e s  

by a T - p ie c e  to supply b o th  s p i r o m e t e r s .  Prom a T - p ie c e  

j u n c t i o n  a t  t h e  p o i n t  of  e n t r y  to the c a b i n e t  of  the  w a te r
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d u c t  a d r a i n i n g  tu be  i s  l e d  o f f .  Taps a r e  s e t  i n  the 

i n d i v i d u a l  s p i r o m e t e r  b ra n c h e s  so t h a t  t h e y  can be 

l e v e l l e d  I n d e p e n d e n t l y . The d e t a i l s  o f  t h i s  w a t e r  s u p p l y  

c i r c u i t  a r e  shown i n  f i g .  ( 2 ) .

I t  was found ,  a f t e r  a s h o r t  t ime o f  u s e ,  t h a t  

m o i s t u r e  c o n d e n s in g  on  the  i n s i d e  r o o f  o f  the  s p i r o m e t e r  

b e l l  d ro p ped  down the  c e n t r a l  s p i r o m e t e r  d u c t  and  

sometimes p rod u ced  a w a te r  l o c k  i n  t h e  j u n c t i o n  b lo c k  a t  

t h e  b a s e .  Sm all  ' u m b r e l l a s '  were made o f  t h i n  copper  

s h e e t ,  f i g .  (1 0 ) ,  which a l low ed  f r e e  f low  of a i r  b u t  

p r o t e c t e d  t h e  d u c t  from t h i s  i n t e r m i t t e n t  ' r a i n ' .

C a l i b r a t i o n  of S p i r o m e t e r s .

The two s p i r o m e t e r s  w hich  i t  was d e c i d e d  to  

use  i n  t h e  a p p a r a t u s  were c a l i b r a t e d  by u se  of  a 100 m l .  

b u r e t t e ,  w i t h  two-way d e l i v e r y  t a p ,  m o d i f i e d  f o r  u se  a s  

a gas b u r e t t e .  A Hempel b u r e t t e  was n o t  a v a i l a b l e .

P i g .  ( l l ) s h o w s  t h e  m o d i f i c a t i o n s  made and t h e  method of  u s e .  

The w a te r  l e v e l s  In  t h e  b u r e t t e  and i n  th e  s p i r o m e t e r  

l e v e l l i n g  tu b e  were a d j u s t e d  a t  e ac h  c a l i b r a t i o n  i n t e r v a l .

Before  th e  a c t u a l  c a l i b r a t i o n  the  amount of w a te r  

i n  the s p i r o m e t e r  v e s s e l  was a d j u s t e d  so t h a t  when t h e  b e l l
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was f u l l y  immersed, t h a t  i s  w i t h  the  i n s i d e  r o o f  o f  

the  h e l l  j u s t  c l e a r  o f  t h e  c e n t r a l  d u c t ,  the  w a t e r  l e v e l  

i n ' t h e  t a n k  was some m i l l i m e t r e s  below th e  open top  o f  

t h e  d u c t .  The c l e a r a n c e s  of t h e  d u c t  by th e  b e l l  and 

th e  w a te r  l e v e l  were d e c id e d  a r b i t r a r i l y  by i n s p e c t i o n  and 

no measurement was made. I t  may be n o te d  h e re  t h a t ,  

w i t h  t h e  b e l l  i n  t h i s  p o s i t i o n ,  t h e  w a te r  l e v e l  w i t h i n  the  

b e l l  i s  a b o u t  5 nim. above the  s u r r o u n d i n g  l e v e l ;  t h i s  

d i f f e r e n c e  i s  due to the uncompensa ted  c o u n t e r p o i s e .

With  t h i s  amount o f  w a te r  i n  th e  t a n k  t h e  b e l l  was a l low ed  

t o  f i n d  i t s  own* l e v e l ,  the  a i r  d u c t  b e i n g  l e f t  open,  and 

t h e  w a te r  l e v e l  i n  t h e  l e v e l l i n g  tu b e  marked by a r i n g  o f  

r e d  g l a s s  i n k .  The s p i r o m e t e r  s c a l e  was t h e n  f i x e d  on i t s  

p i l l a r  a t  a p o i n t  where i t  was known, by t r i a l  and e r r o r ,  t o  

be c l e a r l y  o b s e r v a b le  when t h e  a p p a r a t u s  was a s s e m b le d .

The l e n g t h  of  the  su sp en d in g  cord  was a d j u s t e d  so t h a t  when 

tine b e l l  was f u l l y  immersed th e  c u r s o r  c o in c id e d  w i t h  th e  

1 cm. mark on the s c a l e .  S e t t i n g  t h e  c u r s o r  a t  t h i s  p o i n t  

r a t h e r  t h a n  a t  z e ro  e n su re d  a m arg in  over  which  th e  oxygen 

volume cou ld  s t i l l  be e s t i m a t e d  i f ,  by a c c i d e n t ,  t h e  b e l l  

were a l low ed  to  o v e rs h o o t  I t s  c a l i b r a t e d  e x c u r s i o n .

The c a l i b r a t i o n  i n t e r v a l s  were 20 m l .  D u p l i c a t e  

c a l i b r a t i o n s  were made f o r  each  s p i r o m e t e r  and no d e t e c t a b l e  

d i f f e r e n c e  was o b se rv e d  between them . The mean r e a d i n g s  

f o r  the 100 m l .  i n t e r v a l s  a r e  g iv en  i n  t a b l e s ,  (24a) and 

(2 4 b ) ,  a p p e n d ix  2 .  The c u rv e s  c o n s t r u c t e d  f o r  p r a c t i c a l



s c a l e  r e a d i n g  volume c o n v e r s i o n  were made from th e  200 m l .  

i n t e r v a l s ;  t h i s  removed the  s l i g h t  i r r e g u l a r i t i e s ,  

shown by t h e  n a r ro w e r  i n t e r v a l s ,  which,  i t  i s  b e l i e v e d ,  a r e  

due t o  s u b j e c t i v e  e r r o r s  o f  v i s u a l  i n t e r p o l a t i o n  o f  

f r a c t i o n s  of  a m i l l i m e t r e  on t h e  s p i r o m e t e r  s c a l e .

Reduced p h o t o g r a p h i c  r e p r o d u c t i o n s  o f  t h e s e  c u r v e s  a r e  

g iv e n  a s  f i g s .  (12) and ( 1 3 )*

T h e r m o s t a t i c  C o n t r o l .

The h e a t i n g  e l e m e n t s ,  t o  m a i n t a i n  t h e  t e m p e r a t u r e  

of  the  c a b i n e t ,  a r e  two 100 w a t t  e l e c t r i c  lam p s .  These 

a r e  c o v e re d  w i th  v e n t i l a t e d  c a n s ,  p a i n t e d  matt  b l a c k ,  to  

re d u c e  any  p o s s i b l e  i r r i t a t i o n  to  the  e x p e r i m e n t a l  an im al  

by t h e i r  i n t e r m i t t e n t  l i g h t  and t o  e n s u r e  the  maximum 

r a d i a t i v e  e f f i c i e n c y .  These h e a t e r s  a r e  i n p a r a l l e l  w i th  

t h e  main  e l e c t r i c i t y  su p p ly  and are  c o n t r o l l e d  by a 

t h e r m o r e g u l a t o r  a c t u a t i n g  a r e l a y *  The h e a t e r  c i r c u i t  

of  t h e  a p p a r a t u s  i s  s hown i n  f i g .  ( 2 ) ,  and th e  p o s i t i o n  

of  th e  h e a t e r s  i n  th e  c a b i n e t  i n  f i g .  ( 4 ) .

The o r i g i n a l  d e s i g n  o f  t h e  e l e c t r i c a l  equipment 

was c o m p l i c a te d  by the  f a c t  t h a t  when t h i s  a p p a r a t u s  was 

b e in g  b u i l t  t h i s  I n s t i t u t e  was s t i l l  r e c e i v i n g  a 

p re d o m in a n t ly  D.C. e l e c t r i c a l  s u p p ly .  S h o r t l y  a f t e r
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th e  c o m p le t io n  o f  t h e  a p p a r a t u s  the  c o n v e r s i o n  t o  an A.C. 
sup p ly  was a l s o  c o m p le te d .

I n i t i a l l y  th e  t h e r m o s t a t  c o n t r o l  was by a t o l u e n e  

t h e r m o r e g u l a t o r  and a p r i m i t i v e  form o f  r e l a y ,  a l r e a d y  

mounted on th e  c a b i n e t ,  of  t h e  e l e c t r o - m a g n e t - m e r c u r y  

s w i t c h  t y p e .  As t h i s  r e l a y  drew a heavy c u r r e n t  c o n s t a n t  

t r o u b l e  was e x p e r i e n c e d  w i t h  o x i d a t i o n  o f  the  m ercury  

c o n t a c t  s u r f a c e s ,  b o th  i n  th e  r e l a y  and i n  th e  t h e r m o r e g u l a t o r  

With the  change I n  t h e  e l e c t r i c a l  su p p ly  an e l e c t r o n i c  ty p e  

o f  r e l a y  was s u b s t i t u t e d  which  draws on ly  abou t  2mA 

th ro u g h  th e  t h e r m o r e g u l a t o r .  At the  same t im e  th e  t o lu e n e  

t h e r m o r e g u l a t o r  was r e p l a c e d  by a m ercury  v a r i a b l e  c o n t a c t  

th e rm o m ete r ;  t h i s  h a s ,  i n  f a c t ,  a g r e a t e r  s e n s i t i v i t y  f o r  

t h i s  p u r p o s e ,  h a v in g  a low er  h e a t  c a p a c i t y ,  and h a s  th e  

added a d v an tag e  o f  b e in g  more e a s i l y  a d j u s t e d  t h a n  the  

t o l u e n e  r e g u l a t o r .

For r e a s o n s  of space  c o n s e r v a t i o n  and 

a c c e s s i b i l i t y  o f  th e  o th e r  p a r t s  o f  th e  a p p a r a t u s ,  the  

h e a t e r s  were s i t e d  i n  th e  b a ck  l e f t  f l o o r  o f  th e  c a b i n e t .

T h is  p o s i t i o n  i s  im m ed ia te ly  below th e  t h e r m o r e g u l a t o r  and 

i s  v e ry  c l o s e  t o  the  an im al  chamber,  and so r a i s e s  the  

p o s s i b i l i t y  o f  pronounced r a d i a t i v e  e f f e c t s  on r e g u l a t o r  

and cham ber .  The chromium p l a t i n g  of  t h e  chamber and the  

n a t u r e  o f  the  s u r f a c e  o f  the  m ercu ry  b u lb  o f  the  c o n t a c t  

the rm om eter  red u c e  t h i s  e f f e c t .  I  have assumed t h a t  such 

r a d i a t i v e  i n f l u e n c e  as may rem a in  on the  therm ometer  would
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s im p ly  a l t e r  th e  r e q u i r e d  s e t t i n g  o f  th e  thermometer  

t o  m a i n t a i n  a g iv e n  mean c a b i n e t  t e m p e r a t u r e .  T r i a l s  

o f  th e  a p p a r a t u s  w i t h  no an im a l  i n  t h e  chamber showed 

no p e r c e p t i b l e  t e m p e r a t u r e  d i f f e r e n c e  be tween th e  i n s i d e  

o f  th e  chamber and th e  a i r  a t  t h e  r i g h t - h a n d  s id e  o f  t h e  

box, t h a t  i s  f u r t h e s t  away from th e  h e a t e r s .

The t h e r m o s t a t  i s  s e t  t o  m a i n t a i n  a c a b i n e t  a i r  

t e m p e r a t u r e  of  about  23°C. T h is  i s  r a t h e r  lower  t h a n  the  

u s u a l  e n v i r o n m e n ta l  t e m p e r a t u r e  a t  which  l a b o r a t o r y  r a t s  

a r e  m a i n t a i n e d ,  b u t  i t  was e x p e c te d  t h a t  th e  t e m p e r a t u r e  i n  

th e  an im al  chamber would ten d  t o  be s l i g h t l y  h i g h e r  due 

t o  t h e  h e a t  p r o d u c t i o n  o f  th e  a n i m a l .  I n  f a c t ,  th e  

t e m p e r a t u r e  i n  t h e  chamber when c o n t a i n i n g  an a n im a l  i s  

f a i r l y  u n i f o r m l y  3°C . h i g h e r  t h a n  t h e  a i r  t e m p e r a t u r e  o f  

t h e  c a b i n e t .

I n  a d d i t i o n  t o  t h e  h e a t e r s ,  a 60 w a t t  u n s h i e l d e d  

lamp i s  mounted on the  c e n t r e  f r o n t  i n s i d e  r o o f  o f  t h e  c a b i n e t ,  

f i t s ,  (2) and ( 4 ) .  T h is  i s  u n d e r  s e p a r a t e  s w i t c h  c o n t r o l  

and i s  in d e p e n d e n t  o f  t h e  t h e r m o s t a t .  I t s  p r im a ry  

p u rp o se  i s  f o r  o b s e r v a t i o n  of  t h e  a p p a r a t u s ,  b u t  i n  

a d d i t i o n  i t  s e r v e s  as  an  a u x i l i a r y  h e a t e r  f o r  r a p i d l y  

r a i s i n g  t h e  c a b i n e t  t o  i t s  normal  w ork ing  t e m p e r a tu re  

a f t e r  t h e  d o o r  has  been open o r  th e  a p p a r a t u s  c o m p le te ly  

o u t  of  use f o r  any c o n s i d e r a b l e  t i m e .

The t h e r m o s t a t  sys tem  i s  l e f t  t o  o p e r a t e  a lm ost



c o n t i n u o u s l y ,  even  when th e  a p p a r a t u s  i s  n o t  a c t u a l l y  i n  

u s e .  S t a r t i n g  from c o ld  the  c a b i n e t  t a k e s  from two to  

t h r e e  d a y s  t o  s e t t l e  to  a c o n s t a n t  and u n i fo rm  t e m p e r a t u r e .

I f  t h e  h e a t i n g  system i s  l e f t  i n  o p e r a t i o n  t h e  a p p a r a t u s  

can be b ro u g h t  i n to  use  any any t im e  and t a k e s  o n ly  abou t  

t h r e e  h o u rs  a f t e r  t h e  f a n  has been t u r n e d  on t o  a t t a i n  a 

u n i fo rm  t e m p e r a t u r e .

Very warm w e a th e r  a l low ed  ove r -he  a t i n g  o f  th e  

c a b i n e t .  The t e m p e r a tu re  could  u s u a l l y  be r e d u c ed  to  normal 

by o m i t t i n g  to  l a t c h  the  d o o r  of th e  c a b i n e t ,  when i t  swings 

s l i g h t l y  ou twards  a l l o w i n g  some d r a u g h t  be tween room and 

c a b i n e t .  On a few o c c a s i o n s  the  d o o r  o f  the  c a b i n e t  had 

to  be k e p t  f u l l y  open d u r i n g  th e  day  t o  keep th e  

t e m p e r a t u r e  down t o  23°C.

The i n t e r m i t t e n t  200 w a t t  load  of  t h e  h e a t e r s  i s  

r a t h e r  heavy f o r  th e  r e l a y  c o n t a c t s  w h ich  have had t o  be 

r e p l a c e d  once d u r i n g  t h e  w ork .  I t  would p r o b a b l y  be 

a d v a n t a g e o u s  t o  i n t r o d u c e  a m i c r o - s w i t c h  t o  c a r r y  th e  h e a t e r  

l o a d ,  t h e  p r i m a r y  r e l a y  o p e r a t i n g  the  s w i tc h .

Pow er .

I n i t i a l l y  one D.C. m otor  powered b o th  purnp and f a n .  

The 1 /8  H .P .  m otor  was coup led  by a d i r e c t  s h a f t  d r i v e  to  

t h e  pump, th e  s h a f t  c o n t i n u i n g  th r o u g h  to d r i v e  t h e  f a n  by
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a m a g n i fy in g  b e l t  d r i v e  . The m otor  ' a s  o ld  and showed 

s i g n s  of f a t i g u e  a f t e r  a few d a y ' s  c o n t i n u o u s  r u n n i n g .

To r e l i e v e  t h e  load  on t h e  pump m oto r ,  and a l s o  to  

a v o id  th e  r i s k  o f  f a i l u r e  o f  the  d r i v i n g  b e l t ,  an  in d e p e n d a n t  

u n i v e r s a l  m o to r ,  a d a p te d  from a p e d a l  g e n e r a t o r ,  was 

mounted on th e  s i d e  of t h e  c a b i n e t  d i r e c t l y  c oup led  to th e  

f a n  s h a f t ,  f i g ,  (15)* On th e  D.C. su p p ly  t h i s  f a n  motor 

had t o  be r u n  w i t h  a r e s i s t a n c e  i n  s e r i e s ,  b u t  i s  now r u n  

d i r e c t l y  a c r o s s  th e  m a in  A.C. s u p p l y .  When t h e  c o n v e r s i o n  

t o  A .C ,  was com ple te  a new 1 / 4  H .P .  motor  gea red  t o  160 

r e v .  p e r  m in .  was i n s t a l l e d  t o  d r i v e  th e  pump, ( f i g .  (3)*

The f a n  m oto r  h as  now been  r u n n i n g  a lm o s t  c o n t i n u o u s l y  

f o r  two y e a r s ,  and the  pump motor  f o r  over  200 days  

w i t h o u t  any s i g n  of f a i l u r e .

Pump and V a l v e s .

The pump used to  c i r c u l a t e  t h e  a i r  i s  t h e  s t a n d a r d  

commerc ia l  form of D a l e - S c h n u s t e r  membrane pump of  c o n t i n u o u s l y  

v a r i a b l e  s t r o k e ,  o r i g i n a l l y  d.evised a s  a p e r f u s i o n  pump,

(Dale and S c h n u s t e r ,  19 2 8 ) .  I t s  use f o r  t h e  p r e s e n t  

p u rp o se  was su g g e s te d  by Dewar and Newton, and h a s  the  

g r e a t  a d v an tag e  o f ,  i d e a l l y ,  hav ing  no source  o f  l e a k s .

As e x p la in e d  l a t e r  (p .  100) the v e n t i l a t i o n  r a t e  n e c e s s a r y
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t o  m a i n t a i n  a s u i t a b l e  a tm osphere  f o r  a n  a n im a l  a s  l a r g e  

a s  a r a t  f o r c e d  me t o  o p e r a t e  t h i s  pump a t  a lm o s t  i t s  

maximum s t r o k e .  W ith  a lm o s t  c o n t in u o u s  r u n n in g  f o r  d a y s  

a t  a t ime t h i s  c r e a t e s  t h e  r i s k  o f  developm ent  Qf s m a l l  

l e a k s  or f r a n k  r u p t u r e  of  the  ru b b e r  membrane. As f a r  a s  

cou ld  be d e t e c t e d  such f a u l t s  nev e r  d e v e lo p e d ,  b u t  t o  re d u c e  

th e  r i s k ,  d u r i n g  th e  p e r i o d  when th e  pump was r u n n i n g  a t  

o r  n e a r  f u l l  c a p a c i t y ,  t h e  membrane wap r e p l a c e d  a f t e r  ev e ry  

t e n  days  r u n n i n g  t i m e .

T h is  pump p ro d u c e s  p r e s s u r e  f l u c t u a t i o n s  amount ing ,  

a t  f u l l  s t r o k e ,  t o  a b o u t  ±2 cm, w a t e r .  The e f f e c t  o f  

t h i s  on the  d e s i g n  o f  t h e  w a te r  b o t t l e s  h a s  a l r e a d y  been  

m e n t io n e d .  I t  has  been  assumed t h a t  t h i s  p r e s s u r e  

f l u c t u a t i o n  h as  a n e g l i g i b l e  e f f e c t  on th e  e x p e r i m e n t a l  

a n im a l .  When t a k i n g  a r e a d i n g  on th e  s p i r o m e te r  i t  i s  

n e c e s s a r y  to  e n s u r e  t h a t  t h e  pump i s  a lw ays  a t  the  same 

phase  o f  i t s  s t r o k e ,  o th e r w i s e  th e  p r e s s u r e  f l u c t u a t i o n s  

can  i n t r o d u c e  an e r r o r  o f  3°  m^*

Only t h e  pump p r o p e r  o f  the  D a l e - S c h u s t e r  a p p a r a t u s  

was u t i l i s e d ,  t h e  s t a n d a r d  v a l v e  sy s te m  was d i s c a r d e d .  The 

v a l v e  s y s t e m  c o n s i s t s  o f  a p a i r  o f  Bunsen v a l v e s  made from 

b i c y c l e  v a l v e  t u b i n g  mounted i n  a g l a s s  Y - p i e c e  a s  shown i n  

f i g .  ( 1 4 ) .  T h i s  Y - p i e c e  i s  c o n n e c t e d  by g l a s s  and r u b b e r  

t u b i n g ,  s e a l e d  w i t h  *B o s t i k * , t o  t h e  h ea d  o f  t h e  pump. A 

f u r t h e r  v a l v e  o f  the same t v o e  i s  s e t  i n  t h e  d u c t  s y s tem
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on t h e  o u t f lo w  s id e  of  th e  chamber, a f t e r  t h e  e n t r a n c e  of  

th e  oxygen i n l e t  from th e  s p i r o m e t e r ,  f i g .  ( 2 ) ,  t o  p r e v e n t  

b ack f lo w  o f  a i r  c o n ta m in a te d  w i t h  ca rb on  d i o x i d e  i n t o  t h e  

s p i r o m e t e r  i n  t h e  e v en t  o f  a p r e s s u r e  b u i l d - u p  on th e  

p ro x im a l  s id e  of  the a b s o r b i n g  t r a i n .  The c o n s t r i c t i o n  

o f  th e  g l a s s  d u c t s  t o  the  2 mm. o r i f i c e  n e c e s s a r y  to  

a t t a c h  t h e  v a lv e  t u b i n g  s e r i o u s l y  o b s t r u c t s  t h e  a i r  f l o w .

The use o f  w id e r  bore  r u b b e r  a n d /o r  h e a v i e r  t u b i n g  makes 

th e  Bunsen v a lv e  t o o  i n s e n s i t i v e  o r ,  by i t s  l i a b i l i t y  t o  

d i s t o r t ,  d e c r e a s e s  i t s  com petence .

T h is  whole pump and v a lv e  a r r a n g e m e n t ,  a l t h o u g h  i t  

has  s e rv e d  th e  p r e s e n t  p u r p o s e ,  i s  n o t  c o m p le t e ly  s a t i s f a c t o r y  

and w i l l  have t o  be r e - d e s i g n e d  b e f o r e  f u r t h e r  work i s  done 

w i t h  t h i s  a p p a r a t u s .

A i r  D u c t s .

The a i r  d u c t s  a re  o f  7 mm. bore  h a rd  g l a s s  t u b i n g .

The i n s t r u m e n t  was d e s ig n e d  to  have a s  much o f  t h e  d u c t  

sys tem  a s  p o s s i b l e  o f  g l a s s  t u b i n g  and a s  few a s  p o s s i b l e  

r u b b e r  j o i n t s .  The ru b b e r  j o i n t s  u n i t i n g  s e p a r a t e  

l e n g t h s  o f  g l a s s  t u b i n g  a re  o f  heavy w a l l  6 mm. bore  r u b b e r  

r u b i n g  cemented to  t h e  g l a s s  math ’’B o s t i k 1'* and t i g h t l y  

w i r e d .  The c o n n e c t i o n s  b e tw e e n  t h e  t u b e s  of t h e  a b s o r b i n g



t r a i n  a r e  o f  heavy  walled. 4 mm, bore  r u b b e r  t u b i n g  making 

p ush  f r i c t i o n  j o i n t s  w i t h  s i d e  arms o f  the  U - t u b e s ;  r e p e a t e d  

t e s t s  u n d e r  p r e s s u r e  under  w a te r  have shown t h e s e  push  

f r i c t i o n  j o i n t s  to  be g a s - t i g h t .  The c o n n e c t i o n s  t o  each  

end o f  the a b s o r b i n g  t r a i n  and to  t h e  i n l e t  and o u t l e t  p i p e s  

o f  t h e  an im a l  chamber a r e  o f  heavy w a l l  6 mm. bore  r u b b e r  

tu b e  cemented and vkLred t o  the  g l a s s  d u c t s .  These a l s o  

a r e  p u sh  f r i c t i o n  j o i n t s  to  th e  a b s o r p t i o n  t r a i n  and an im a l  

chamber, b u t  a s  th e  r u b b e r  tu b e  i s  o f  a r a t h e r  wide bo re  t h e

push  j o i n t s  a r e  r e i n f o r c e d  w i t h  t i g h t  r u b b e r  b a n d s .  In

the  g l a s s - r u b b e r - g l a s s  c o n n e c t i o n s  th e  two ends  o f  g l a s s  

a lm o s t  t o u c h  w i t h i n  t h e  r u b b e r  s h e a t h ,  so t h a t  a v e r y  sm a l l  

a r e a  o f  r u b b e r  i s  l e f t  exposed to  d i f f u s i v e  l o s s e s ;  t h e r e  

was s t i l l  enough f l e x i b i l i t y  f o r  t h e  m a n i p u l a t i o n s  n e c e s s a r y  

i n  a s sem b ly  o f  t h e  a p p a r a t u s .  The p o s s i b i l i t y  o f  d i f f u s i v e  

l o s s e s  o f  c a r b o n  d i o x i d e  t h r o u g h  r u b b e r  s u r f a c e s  h a s  

f r e q u e n t l y  g iv e n  concern  to  t h o s e  engaged i n  t h e  measurement 

o f  r e s p i r a t o r y  exchange .  On the b a s i s  of  Haldane gas 

a n a l y s e s  of t h e  a i r  i n  d i f f e r e n t  p a r t s  o f  the  sys tem  (p .  119)

I  ho ld  t h a t  any such e f f e c t  i n  t h i s  i n s t ru m e n t  i s

i m p e r c e p t i b l e ,  and the  m a jo r  p a r t  o f  any such  l o s s  would 

occur  t h r o u g h  the  pump d iap h ra g m .  I  c o n s i d e r e d  t h e  

p o s s i b i l i t y  o f  u s i n g  b u t y l  r u b b e r  ( b u t a d i e n e - i s o  b u t y l e n e  

c o -p o ly m er)  membranes and t u b i n g ,  b u t  a l t h o u g h  t h i s  

e l a s t o m e r  has  a much low er  gas d i f f u s i o n  c o n s t a n t  t h a n
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n a t u r a l  r u b b e r ,  i t  i s  now d i f f i c u l t  t o  o b t a i n  and has  

a lower  e l a s t i c i t y  which, would red u c e  th e  e f f i c i e n c y  o f  th e  

p u sh  f r i c t i o n  j o i n t s .

The whole o f  t h e  g l a s s  d u c t  sys tem i s  mounted a lo n g  

th e  w a l l s  o f  the  c a b i n e t  i n  MT e r r y ” c l i p s .  B u f f e r s  o f  r u b b e r  

t u b i n g  be tw een  the  g l a s s  and th e  c l i p s  p r e v e n t  any v i b r a t i o n  

n o i s e  from t h i s  so u rc e  and a l s o  p r o t e c t  the  g l a s s  from the  

p o s s i b i l i t y  of v i b r a t i o n  f r a c t u r e .

The d u c t s  from e ach  s p i r o m e t e r  p a s s  to  a t h re e -w a y  

g l a s s  t a p ,  T ] , from w h ic h  th e  r e m a in in g  b r a n c h  p a s s e s  t o  

the  oxygen d r y i n g  t r a i n .  By t h i s  t a p  e i t h e r  o r  b o th  of  

th e  s p i r o m e t e r s  can  be b rou g h t  i n t o  th e  c i r c u i t  a t  any t i m e .  

The d u c t  from the d r y i n g  t u b e s  p a s s e s  t o  two th re e -w a y  

t a p s  s e t  i n  s e r i e s .  Of t h e  t h r e e  b ra n c h e s  o f  the  f i r s t  or  

i n l e t  t a p ,  Tp, one p a s s e s  from th e  d r y i n g  t u b e s ,  one i s  

f r e e  and t h r o u g h  i t  oxygen from a c y l i n d e r  can be p a s s e d  

t o  f i l l  t h e  s p i r o m e t e r s ,  and one p a s s e s  d i r e c t l y  to  a b ran c h  

o f  th e  second t a p ,  T ^ . Of t h e  d u c t s  from th e  r em a in in g  

b r a n c h e s  o f  T^, the  manometer t a p ,  one p a s s e s  t o  a w a t e r  

manometer o f  7 mm. bore  g l a s s  t u b e ,  and th e  o t h e r  t o  th e  

oxygen i n l e t  t o  the chamber c i r c u i t .  These t a p s  a r e  a l l  

s e t  on t h e  o u t s i d e  o f  t h e  c a b i n e t  w i t h  t h e i r  b ran c h es  

p a s s i n g  th r o u g h  th e  c o r k - f i l l e d  double  w a l l  i n  b u shes  o f  

r u b b e r  t u b i n g .  In  t h i s  way a change i n  the  s p i r o m e te r  

i n  c i r c u i t  o r  r e f i l l i n g  o f  a s p i r o m e t e r  can be com ple ted



w i t h o u t  o p e n in g  th e  c a b i n e t  and so d i s t u r b i n g  t h e  

t e m p e r a t u r e .  The t a p  c i r c u i t  can  be s e e n  i n  f i g .  (2)  

and th e  c o n s t r u c t i o n a l  a r r a n g e m e n t  i n  f i g .  ( 1 5 )•

A b s o rb in g  T r a i n s .

S e t  i n  the a i r  o u t f l o w  from th e  an im a l  chamber I s  

a s e r i e s  o f  f i v e  6 i n .  x  f- i n .  U - tu b e s  w i t h  s id e - a r m s  

c h a rg e d  w i t h  a b s o r b e n t  m a t e r i a l s  t o  a b s o r b  th e  w a te r  and 

c a rb o n  d i o x i d e  from the  e x p i r e d  a i r  o f  the  a n im a l .  A l s o ,  

s e t  i n  t h e  a i r  d u c t  b e tw een  th e  s p i r o m e t e r  and the oxygen 

i n l e t  v a l v e ,  i s  a s e r i e s  o f  two s i m i l a r  U - tu b e s  c a r r y i n g  

a w a te r  a b s o r b e n t  so t h a t  t h e  oxygen p a s s i n g  i n t o  t h e  main 

sys tem  i s  c o m p l e t e ly  d r y ,  f i g .  ( 2 ) .

These a b s o r b i n g  t r a i n s  a re  mounted i n  wooden boxes  

9 i n ,  x 5 |  I n .  x  5 in ' .  and 4 |  i n .  x  5 i  x 5 i n * 

r e s p e c t i v e l y .  The U - tu b e s  a r e  h e ld  i n  the  boxes  by l a r g e  

" T e r r y ” c l i p s ,  one on th e  bo t tom  and one on the  s i d e  o f  

t h e  box .  Both  boxes a r e  screwed t o  t h e  f r o n t  f l o o r  o f  

th e  c a b i n e t ,  t h e  l a r g e r  on t h e  ex t rem e  l e f t  and t h e  s m a l l e r  

on th e  ex t rem e  r i g h t  a s  shown I n  f i g .  ( 4 ) .  The f r o n t a l  

p o s i t i o n  a l l o w s  e a s y  a c c e s s  to  t h e  t u b e s  f o r  removal  and 

r e p l a c e m e n t ,  b o t h  a t  t h e  end o f  the d a y ' s  r u n  and d u r i n g  

th e  c o u rs e  o f  a r u n .  These p o s i t i o n s  a l s o  l ea v e  th e



g r e a t e r  p a r t  o f  t h e  f r o n t  o f  the  c a b i n e t  u n o b s t r u c t e d  f o r  

m a n i p u l a t i o n  o f  t h e  chambers and r e c o r d i n g  a p p a r a t u s .

In  the  m ain  a b s o r b i n g  t r a i n  t h e  f i r s t  p a i r  o f  t u b e s  

c a r r y  t h e  w a te r  a b s o r b i n g  m a t e r i a l ,  the  second p a i r  t h e  

ca rb o n  d i o x i d e  a b s o r b e n t ,  and  t h e  l a s t  tu b e  more w a t e r  

a b s o r b e n t  t o  p i c k  up any w a te r  c a r r i e d  from the  c a rb o n  

d i o x i d e  a b s o r b e r s .  S in ce  t h e  a i r  i s  b e in g  c o n t i n u o u s l y  

c i r c u l a t e d  i t  i s  n o t  o f  g r e a t  im por tance  t h a t  a l l  t h e  

c a rb o n  d i o x i d e  be p i c k e d  up from t h e  a i r  i n  one p a s s a g e  

t h r o u g h  t h e  a b s o r b e r s ;  i n  f a c t ,  Haldane gas a n a l y s i s  of 

th e  em erg ing  a i r  shows t h a t  a l l  t h e  ca rb o n  d i o x i d e  i s  

ab so rb ed  i n  one p a s s a g e .  I t  i s  o f  g r e a t  im p o r ta n c e ,  however ,  

t h a t  t h e  a i r  be c o m p le te ly  d r i e d  b e fo r e  r e a c h i n g  t h e  c a rb o n  

d i o x id e  a b s o r b i n g  t u b e s ,  and t h a t  no w a t e r  be c a r r i e d  

beyond the  t e r m i n a l  guard t u b e ;  any such t r a n s p o s i t i o n  of 

w a te r  would c o m p le t e ly  i n v a l i d a t e  t h e  d e t e r m i n a t i o n  o f  the  

weigh t  o f  w a te r  and  o f  ca rb o n  d i o x i d e  a b s o r b e d .  I  

s a t i s f i e d  m y s e l f ,  by r u n n i n g  t r i a l s  w i t h  t h r e e  w a te r  a b s o r b i n g  

t u b e s  i n  s e r i e s ,  t h a t  no w a t e r  n o rm a l ly  p a s s e d  the  second 

tu b e ,  the  t h i r d  t u b e  showed no w e ig h t  change ,  and the  w a te r  

a b s o r b i n g  t r a i n  was l i m i t e d  to  the  two t u b e s .  S i m i l a r l y  

an a d d i t i o n a l  w a te r  a b s o r p t i o n  tube  I n s e r t e d  a f t e r  th e  

guard tu b e  showed no w e ig h t  c h a n g e .

The w a te r  a b s o r b e n t  u s e d  e x c l u s i v e l y  i n  the  e a r l i e r
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p a r t  o f  th e  work was g ran u la te d ,  anhydrous  c a lc iu m  c h l o r i d e ,  

10-14 mesh.  Throughout  th e  e n t i r e  work t h i s  m a te r ia .1  

was u se d  I n  the  f i r s t  tube  to  a b s o rb  t h e  g r e a t e r  p a r t  

o f  t h e  w a t e r  v a p o u r ,  but i t  was found  sometimes to be 

i n e f f i c i e n t  i n  h o l d i n g  w a te r  when used I n  the seco nd  tu b e  

and i n  t h e  guard  t u b e .  I t  i s  b e l i e v e d  t h a t  magnesium 

p e r c h l o r a t e  i s  a more e f f i c i e n t  a b s o r b e r  and h o l d e r  o f  

w a t e r ,  bu t  I  found gpea t  d i f f i c u l t y  i n  o b t a i n i n g  t h i s  

m a t e r i a l .  Wheâ  e v e n t u a l l y ,  some magnesium p e r c h l o r a t e  

was o b t a i n  (Anhydrone -  Hopkins and W i l l i a m s )  i t  w a s  used  

a lw ays  f o r  the  second and f i f t h  t u b e s  of  the t r a i n  and I n  the  

s p i r o m e t e r  oxygen d r y i n g  t u b e s .  As,  however ,  Anhydrone i s  

a v e r y  e x p e n s iv e  m a t e r i a l  I  c o n t i n u e d  t o  use ca lc iu m  c h l o r i d e  

i n  the  f i r s t  t u b e  o f  the t r a i n  f o r  g r o s s  water  a b s o r p t i o n .

At t h e  end o f  a d a y ' s  r u n  the  f i r s t  tu b e  u s u a l l y  c a r r i e s  

be tw een  9°  snd 95 Per c e n t ,  o f  th e  t o t a l  w a t e r  a b s o r b e d .

The second  tu b e  and t h e  guard  tu be  were e ach  r e q u i r e d  

t o  a b s o rb  a b o u t  1 g .  o f  w a te r  p e r  d iem .  To economise i n  

m a t e r i a l  a p a i r  o f  each  o f  t h e s e  t u b e s  was k e p t  charged  and 

were u s e d  on a l t e r n a t e  d a y s ,  f o u r  o r  f i v e  t im e s  b e fo re  

em p ty in g  and r e c h a r g i n g  them . T h is  p ro c e d u r e  u s e s  o n ly  one 

t h i r d  o f  the a b s o r b i n g  power o f  a charged  t u b e ,  so l e a v i n g  

an a d e q u a te  s a f e t y  m a r g i n .  The v a l i d i t y  of t h i s  p ro c e d u re  

was t e s t e d  ty  i n s e r t i n g  a d d i t i o n a l  f r e s h l y  charged  t u b e s  a f t e r  

the p a r t - u s e d  t u b e s ,  and p r o v e d  to  be p e r f e c t l y  sa fe  a s  l o n g



as  t h e  p a r t - u s e d  tu b e s  a r e  a lways i n s e r t e d  w i t h  the  same 

p o le  to w a rd s  t h e  a i r  s t r e a m .  I f  the  o r i e n t a t i o n  i s  

r e v e r s e d  a s  much a s  0 .2  g .  o f  w a te r  can  be c a r r i e d  out  o f  

th e  u s e d  t u b e s  by the  v e r y  d ry  a i r  s t r e a m  p a s s i n g  t h r o u g h  

th e  p a r t l y  e x h a u s t e d  a b s o r b e n t . One s i d e  arm o f  e ac h  tube  

used  i n  t h e s e  p o s i t i o n s  was c a r e f u l l y  marked w i t h  g l a s s  i n k  

so t h a t  a c o n s i s t e n t  o r i e n t a t i o n  co u ld  be m a i n t a i n e d .  I n  the  

e a r l y  p a r t  o f  the work th e  n e c e s s i t y  f o r  t h i s  p r e c a u t i o n  

was n o t  a p p r e c i a t e d ,  and on a few o c c a s i o n s  th e  w e ig h t  o f  th e  

t e r m i n a l  guard  tub e  was l e s s  a t  the end o f  a r u n  t h a n  a t  

t h e  b e g i n n i n g .  At t h i s  s t a g e  of  t h e  work ,  however ,  the  

g ua rd  tu b e  was the  on ly  p a r t  o f  the t r a i n  b e in g  used  

r e p e a t e d l y .  Where t h i s  w a t e r  t r a n s p o s i t i o n  has  o c c u r r e d  

t h e  r e l e v a n t  p a r t s  o f  the t a b l e s  have been  marked t o  I n d i c a t e  

t h a t  a c o r r e c t i o n ,  based  on the a v e rag e  w eigh t  o f  w a t e r  

r e t a i n e d  by the guard  t u b e ,  has  b e en  a p p l i e d  t o  the  m easured  

w e i g h t s  o f  w a te r  and ca rbo n  d i o x i d e  a b s o r b e d .

A m a jo r  p rob lem  e n c o u n te r e d  w i th  t h e  w a te r  a b s o r b i n g  

t r a i n  was t h e  t e n d e n c y  of  th e  c o n t e n t s  of  t h e  f i r s t  tub e  t o  

c l o g .  The c a l c iu m  c h l o r i d e  a t  the  p ro x im a l  p o l e  o f  t i e  t r a i n  

becomes l i q u i d  on f u l l  s a t u r a t i o n  w i t h  w a te r  and may 

e f f e c t i v e l y  s e a l  the  t r a i n ,  s t o p p i n g  any f u r t h e r  a i r - f l o w .  

D i s p e r s i o n  of  s h o r t  c a p i l l a r y  t u b e s  th r o u g h o u t  th e  ca lc iu m  

c h l o r i d e ,  a s  s u g g e s t e d  by Dev/ar and Newton, d id  n o t ,  I  fo u n d ,  

give e f f e c t i v e  p r o t e c t i o n  a g a i n s t  t h i s  i n t e r r u p t i o n  of the



a i r  f l o w  a s  t h e y  a l s o  became c lo g g e d  w i t h  the  s e m i - f l u i d  

m a s s .  T h i s  h a z a r d  n e v e r  makes i t s  a p p e a ra n c e  u n t i l  the  

second h a l f  o f  a 24 h r ,  r u n ,  so t h a t  w i t h  e a c h  r u n  b e g in n i n g  

a t  a b o u t  1 0 .0 0  or 11 .00  a .m .  b lo c k a g e s  t e n d e d  t o  o c c u r  i n  

t h e  e a r l y  m o rn in g .  Three  e x p e r i m e n t a l  a n im a l s  were 

a s p h y x i a t e d  i n  t h i s  way due to  b lo ck a g e  o c c u r r i n g  a t  about

3 . 0 0  a . m . ,  and on s e v e r a l  o c c a s i o n s  a n im a l s  had to  be 

h a s t i l y  r e s c u e d  from a s p h y x ia  a f t e r  b lo c k a g e s  o c c u r r in g  a t  

a b o u t  6 .0 0  a .m .  On a l l  t h e s e  o c c a s i o n s ,  ev en  when the 

a n im a l  v/as r e s c u e d  i n  t i m e ,  t h a t  d a y ’ s r u n  was v i t i a t e d  

and s o ,  f r e q u e n t l y ,  was the  g r e a t e r  p a r t  o f  a s e r i e s ,  a s  

t h e  a n im a l ,  t o o k  one o r  two d ays  t o  r e c o v e r  from the h i g h  

c a rb o n  d i o x i d e  t e n s i o n  t o  w h i c h  i t  had been  s u b j e c t e d .

For  a s h o r t  p e r i o d  the  p rob lem  was c i r c u m v e n te d  by 

r e p l a c i n g  the  f i r s t  w a te r  a b s o r b i n g  tu b e  a f t e r  12 h r .  This  

method d o u b le s  the  consum ption  o f  c a l c iu m  c h l o r i d e  and over  

any c o n s i d e r a b l e  p e r i o d  would have g r e a t l y  i n c r e a s e d  t h e  

m o ne ta ry  c o s t  o f  t h e  w o r k .

I  t h e n  d e c i d e d  t h a t  the  use o f  f a i r l y  wide bore  t u b e s  

( 2 .5  mm. i n t e r n a l  d i a m t e r )  abou t  1-2  i n ,  i n  l e n g t h ,  

d i s p e r s e d  r e g u l a r l y  t h r o u g h o u t  the  a b s o r b e n t ,  e a c h  one 

o v e r l a p p i n g  the n e x t  by abou t  h a l f  i t s  l e n g t h ,  m ight  

e n s u r e  a c o n t i n u o u s  f r e e  p a s sa g e  f o r  t h e  a i r - s t r e a m  and 

s t i l l  a l l o w  e f f i c i e n t  a b s o r p t i o n .  T h is  was found to  be 

a h i g h l y  s u c c e s s f u l  method;  t h e  w id e r  bore of th e  t u b e s



r e n d e r s  them l e s s  l i a b l e  t h a n  the c a p i l l a r y  t u b e s  to  

c l o g g i n g ,  and a l s o  the  g r e a t e r  g l a s s  s u r f a c e  p r e s e n t e d  

a l l o w s  the  s e m i - f l u i d  c a lc iu m  c h l o r i d e  to  form a i r  c h a n n e ls  

down th e  s i d e s  of  the t u b e s .  The p r e s e n c e  of  t h e s e  g l a s s  

a i r - w a y s  i n  the  a b s o r b e n t  does  n o t  i n t e r f e r e  w i t h  t h e  

e f f i c i e n c y  of  w a te r  a b s o r p t i o n  and no o b s t r u c t ! o n t t o t h e  

a i r  c i r c u l a t i o n  h as  o c c u r r e d  s i n c e  t h i s  method was a d o p te d ,  

a t o t a l  r u n n i n g  t im e  of  abou t  100 d a y s .  I t  i s  

u n n e c e s s a r y  to use  such p r e c a u t i o n s  f o r  the  o t h e r  w a te r  

a b s o r p t i o n  t u b e s  whether  t h e  a b s o r b e n t  i s  c a l c i u m  c h l o r i d e  

or a n h y d ro n e ,  a s  the  amount o f  w a te r  a b so rb e d  by t h e s e  t u b e s  

i s  n e v e r  s u f f i c i e n t  to cause  c l o g g i n g .

For  t h e  c a rb o n  d i o x i d e  a b s o r p t i o n  the a b s o r b e n t  o f  

c h o ic e  i s  soda a s b e s t o s  (1 0 -14  m e s h ) .  T h is  h a s  a c a r b o n  

d i o x i d e  com bin ing  c a p a c i t y  o f  44 g* p e r  100 g* a b s o r b e n t  

compared w i th  o n l y  6 g .  pe r  100 g .  f o r  soda l i m e .  T h is  

e n a b l e s  t h e  whole d a i l y  c a rb o n  d i o x i d e  p r o d u c t i o n  by a 250 -  

300 g .  r a t  (16 g . )  t o  be a b s o r b e d  by two f r e s h l y  charged  U- 

t u b e s ,  i f  the  m a t e r i a l  I s  f u l l y  u t i l i s e d .

The soda  a s b e s t o s  m ust  be s l i g h t l y  m o is te n e d  b e f o r e  i t  

i s  an e f f e c t i v e  a b s o r b e n t  f o r  c a rb o n  d i o x i d e .  I n  t h e  

f i r s t  t r i a l s  a s m a l l  n a s a l  a t o m i s e r  was u sed  f o r  t h i s  p u r p o s e ,  

b u t  i t  was found  t h a t  b r e a t h i n g  g e n t l y  two or  t h r e e  t i m e s  

on the  m a t e r i a l  sp re a d  on a s h e e t  o f  p a p e r  s u p p l i e d  a d e q u a te  

m o i s t u r e  w hereas  the  a t o m i s e r  t e n d e d  t o  o v e r - s a t u r a t e  the  

m a t e r i a l ,  The b r e a t h i n g  method must be pe r fo rm ed  w i t h  c a r e ,



and,  i n d e e d ,  i t  i s  wise  t o  a v o id  I n s p i r i n g  i n  t h e  

immedia te  v i c i n i t y  o f  d r y  uncovered  soda a s b e s t o s ,  a s  

some o f  th e  d r y  m a t e r i a l  I s  a v e ry  f i n e  powder and i t s  

d e p o s i t i o n  on t h e  o r a l  and t r a c h e a l  mucosa i s  e x t r e m e l y  

u n c o m f o r ta b le  .

The p r e s e n c e  of  t h i s  w a t e r  and th e  p r o d u c t i o n  of  

w a te r  o f  r e a c t i o n  d u r i n g  th e  a b s o r p t i o n  c r e a t e s ,  i n  t h i s  

s e c t i o n  o f  t h e  a b s o r b i n g  t r a i n  a l s o ,  a te n d e n c y  t o  c l o g .

I  n e v e r  found a comple te  s e a l i n g  o f  t h e  soda a s b e s t o s  

t u b e s  i n  t h i s  way, b u t  the  r e s i s t a n c e  to  a i r  f low  can  be 

g r e a t l y  I n c r e a s e d ,  r e d u c in g  the v e n t i l a t i o n  r a t e  of 

the  i n s t r u m e n t  d r a s t i c a l l y ,  and p r o d u c in g  a g r e a t  r i s e  i n  

p r e s s u r e  on th e  o u t p u t  s i d e  o f  the  pump w i th  i n c r e a s e d  

r i s k  o f  l e a k s .  The c a r r i a g e  o f  w a t e r  a lo n g  th e  t r a i n ,  

as  th e  p r o x i m a l  r e g i o n s  a re  e x h a u s t e d  and d r i e d  o u t ,  

s t e a d i l y  i n c r e a s e s  the  w a te r  c o n c e n t r a t i o n  i n  th e  c e n t r a l  

and d i s t a l  r e g i o n s ,  so a g g r a v a t i n g  the  s i t u a t i o n .  An 

e q u a l l y  s e r i o u s  e f f e c t  o f  c lo g g i n g  o f  th e  soda  a s b e s t o s  

i s  t h e  g r e a t  r e d u c t i o n  i n  the u t i l i s a t i o n  of the m a t e r i a l ,  

a s  c o n s i d e r a b l e  b lo ck s  o f  sodden unused soda a s b e s t o s  

become sealed,  o f f  from the  a i r  f l o w .  As soda a s b e s t o s  I s  

a l s o  q u i t e  an  e x p e n s iv e  m a t e r i a l  i t  was d e s i r a b l e  t h a t  I t  be 

u t i l i s e d  a s  f u l l y  a s  p o s s i b l e .

I t  seemed l i k e l y  t h a t  the  d i f f i c u l t y  would be overcome



i f  the  a b s o r b e n t  c o u ld  be d i s p e r s e d  i n  some i n e r t  medium 

which would p r e v e n t  l a r g e  g ro u p s  o f  g r a n u l e s  from 

c o a l e s c i n g .  P ine  c a p i l l a r y  t u b e s ,  a l t h o u g h  th ey  r e d u c e d  

the  r e s i s t a n c e  to a i r  f l o w ,  were i n e f f e c t i v e  i n  i n c r e a s i n g  

t h e  u t i l i s a t i o n  o f  the soda a s b e s t o s .  G la s s  beads  were a 

s l i g h t ,  but  n o t  g r e a t  improvement a s  t h e y  t e n d e d  to  imbed 

t h e m s e lv e s  i n  t h e  wet m a t e r i a l .  I  d e c i d e d  to  t r y  

d i s p e r s i n g  t h e  soda a s b e s t o s  w i th  g l a s s  h e l i c e s  of the  ty p e  

u sed  f o r  p a c k i n g  r e f l u x i n g  co lum ns.  Pyrex  h e l i c e s  o f  

5 mm. d i a m e t e r  were u s e d .  These were h i g h l y  s u c c e s s f u l  i n  

r e d u c i n g  r e s i s t a n c e ,  p r e v e n t e d  c o a l e s c e n c e  o f  l a r g e  g ro u p s  

o f  g r a n u l e s  and e n s u r e d  a lm os t  complete  u t i l i s a t i o n  o f  

t h e  a b s o r b e n t .  T h is  method h as  been  used i n  a l l  t h e  work

r e p o r t e d  h e re  . The h e l i c e s  are  a lm o s t  c o m p le t e ly  r e c o v e r a b l e

when the e x h a u s t e d  soda a s b e s t o s  i s  washed out  of the  U - tu b e s  

w i t h  h o t  w a t e r .  There i s ,  on e ac h  r e c o v e r y  a c e r t a i n  s m a l l  

l o s s  o f  th e  h e l i c e s ,  b u t  ove r  some 150 r u n s ,  e ac h  u s i n g  

about 1 ounce of  h e l i c e s ,  I  have  had a w as tage  o f  l e s s  t h a n  

4 o u n c e s .  The h e l i c e s  a r e  f r e e l y  d i s p e r s e d  i n  the soda 

a s b e s t o s ,  b e f o r e  the m ix t u r e  i s  poured  i n t o  the U - t u b e s ,  

i n  the  p r o p o r t i o n  o f  a b ou t  one t h i r d  h e l i c e s  t o  two t h i r d s  

soda a s b e s t o s .  T h is  p r o p o r t i o n  i s  n o t ,  o f  c o u r s e ,  

c r i t i c a l ,  but  e r r o r  should  be on th e  s i d e  of an  i n c r e a s e  

i n  the  f r a c t i o n  o f  h e l i c e s .  Too g r e a t  a p r o p o r t i o n  o f  

h e l i c e s ,  however ,  means t h a t  an  e x h au s te d  soda a s b e s t o s  tu be  

w i l l  hav e  to be rep  l a c e d  b e f o r e  t h e  end  of  a 24 h r*  r u n .
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The w ash ing  out  bo th  of  the c a lc iu m  c h l o r i d e  and 

of t h e  soda a s b e s t o s  from the  U - tu b e s  has  t o  be d on e  w i t h  

h o t  w a te r*  Cold water  w i l l  wash ou t  anhydrone# The 

soda a s b e s t o s  t u b e s  can s a f e l y  be l e f t  to  be washed when 

t im e  p e r m i t s ,  bu t  the c a lc iu m  c h l o r i d e  has  t o  be removed 

a s  soon a s  i s  p o s s i b l e  a f t e r  the  t u b e s  have been  weighed*

I f  l e f t ,  the s e m i - l i q u i d  c a lc iu m  c h l o r i d e  c r y s t a l l i s e s ,  

expands  and b r e a k s  t h e  U - t u b e .

I n  the p a r t  o f  t  he work where the w a t e r  and ca rb o n  

d i o x i d e  a b s o r b e d  i n  a d a y ' s  r u n  amounted t o  18 and. 20 g .  

r e s p e c t i v e l y ,  i t  was sometimes n e c e s s a r y  t o  r e p l a c e  

e x h a u s t e d  t u b e s  d u r i n g  t h e  r u n .  Fo r  t h i s  p ro c e d u re  a 

f i x e d  r o u t i n e  was o b se rv e d  which  p r e v e n t e d  th e  p o s s i b i l i t y  

o f  c o n t a m i n a t i o n  o f  t h e  p r i v a t e  a tm o sph e re  w i t h  the o u t s i d e  

a i r ,  l o s s  of e x p i r e d  a i r  and b a c k f lo w  i n t o  th e  s p i r o m e te r  

w h i le  p r e s s u r e  r e l a t i o n s  i n  the  chamber c i r c u i t  were 

r e - e q u i l i b r a t i n g .  The e n t i r e  p r o c e s s  t o o k  l e s s  t h a n  1 

m inu te  .

The d e t a i l e d  sequence of  t h i s  r o u t i n e  i s  g i v e n  i n  

a p p e n d ix  ( 1 ) .

On seme o c c a s i o n s  t h i s  r e p l a c e m e n t  p r o c e s s  was done 

w hile  t h e  p r e s s u r e  I n  the  chamber c i r c u i t  was r e d u c e d  by a s  

much a s  15-20  cm. o f  w a t e r .  On no o c c a s i o n  was t h e r e  any 

e v id e n c e  of  change i n  t h i s  p r e s  u re  d u r i n g  th e  r e p l a c e m e n t  

p r o c e s s ;  t h u s  t h e  p r e c a u t i o n s  a g a i n s t  l e a k s  a p p e a r  t o  be



q u i t e  a d e q u a te  .

T h is  r e p l a c e m e n t  o f  e x h a u s t e d  t u h e s  d u r i n g  a r u n  was 

l a r g e l y  p r e c a u t i o n a r y ,  su g g e s t e d  by th e  a p p e a ra n c e  o f  th e  

t r a i n .  On on ly  one o c c a s i o n  were t h e  soda a s b e s t o s  t u b e s  

a c t u a l l y  e x h a u s t e d ,  and t h a t  was due to  i n e f f i c i e n t  

u t i l i s a t i o n  of  th e  a b s o r b e n t .  Replacement  d u r i n g  th e  r u n  

a l s o  e n a b l e d  me t o  u t i l i s e  p a r t - u s e d  t u b e s ,  where t h e  soda 

a s b e s t o s  would o th e r w i s e  be w a s t e d .

Oxygen I n l e t  Valve  .

The oxygen from th e  s p i r o m e t e r  e n t e r s  t h e  main a i r  

c i r c u i t  t h r o u g h  a Bunsen v a l v e ,  s i m i l a r  t o  th o s e  d e s c r i b e d  

ab ove ,  mounted i n  a g l a s s  T - p i e c e .  The o r i g i n a l  p o s i t i o n  

o f  t h i s  v a lv e  was c o p ie d  from th e  p l a n  o f  Dewar and Nev/ton. 

The oxygen i n l e t  m ee ts  t h e  r e t u r n  flow o f  m ain  c i r c u i t  

be tw een  t h e  a b s o r b i n g  t r a i n  and th e  pump as  shown i n  f i g .  (1) 

I t  was f o u n d ,  however ,  t h a t  an i n i t i a l  oxygen w i th d ra w a l  from 

th e  s p i r o m e t e r  o c c u r r e d  on s t a r t i n g  t h e  pump, b e fo r e  any 

oxygen was used by t h e  a n im a l .  T h is  oxygen w i th d r a w a l  a l s o  

o c c u r r e d  when no a n im a l  was p r e s e n t .

The cause  o f  t h i s  s p u r i o u s  oxygen consum ption  l a y  i n  

the  r e s i s t a n c e  of t h e  a b s o r b i n g  t r a i n  which,  when t h e  p r e s s u r
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p r e s s u r e  p u l s e s  from th e  pump, p e r m i t t e d  a low er  a i r  f low  

t h a n  t h e  pump i s  c a p a b le  o f  p r o d u c i n g . T h is  r e s i s t a n c e  

cau sed  t h e  p r e s s u r e  i n  t h e  s e c t i o n  o f  th e  c i r c u i t  be tween  

a b s o r b i n g  t r a i n  and pump te n d e d  to  f a l l  so t h a t  oxygen 

p a s s e d  i n  f rom t h e •s p i r o m e t e r  to  keep t h i s  s e c t i o n  a t  

a tm o s p h e r i c  p r e s s u r e .  S i m u l t a n e o u s ly  t h e  p r e s s u r e  on the 

o u t f l o w  o r  chamber s id e  o f  the  pump r o s e  u n t i l  t h e  b a s i c  

pre s s u r e  g r a d i e n t  a c r o s s  th e  a b s o r b i n g  t r a i n  r e a c h e d  th e  

l e v e l  a t  which  th e  a i r  f lo w  t h r o u g h  th e  t r a i n  was e q u a l  

to  the  volume e x p e l l e d  by the  pump.

T h is  p r e s s u r e  b u i l d - u p  i n  t h e  main p a r t  o f  th e  

c i r c u i t  meant t h a t  any l e a k  d e v e l o p i n g  t h e r e  became o f  

g r e a t  q u a n t i t a t i v e  i m p o r t a n c e .  I t  a l s o  i n c r e a s e d  the  

l i a b i l i t y  t o  l e a k s  o f  the chamber and of  the  push  f r i c t i o n  

j o i n t s .  I n  co m pe n sa t io n ,  t h i s  a r rangem en t  had th e  a d v an tag e  

t h a t  a l e a k  i n  t h e  high- p r e s s u r e  p a r t  of  the  sys tem was 

im m e d ia te ly  e v i d e n t  by t h e  g;reat i n c r e a s e  i n  t h e  r a t e  o f  

a p p a r e n t  oxygen u s a g e .  in d e e d  a l l  t h e  l e a k s  p r e s e n t  In  

the  a p p a r a t u s  on i t s  a s se m b ly  were d e t e c t e d  i n  t h i s  way,

( p .  HD ) •

I t  was o b v io u s  t h a t  i f  t h e  t r u e  oxygen consum ption  were 

to  be a c c u r a t e l y  m easu red ,  e i t h e r  t h e  s p u r io u s  o'xjgen 

c onsum pt ion  must  be a c c u r a t e l y  p r e d i c t e d  or the  p r e s s u r e  e f f e c  

must  be e l i m i n a t e d .  To keep the a d v an tage  o f  r a p i d  

r e  cor.-nit i o n  o f  l e a k s  I  t r i e d  to  c a l i b r a t e  the  s p u r i o u s
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oxygen usage  w i t h  th e  speed  and s t r o k e  o f  t h e  pump.

I  found t h a t  the s p u r i o u s  oxygen u s a g e s  were i n d e p e n d e n t  

of pump speed  over  th e  speed ra n g e  a v a i l a b l e .  (T h is  

work was done u s i n g  the  r e s i s t a n c e  c o n t r o l l e d  B .C .  M o t o r ) .  

This  l a c k  o f  r e s p o n s e  to  pump speed s u g g e s t s  incom petence  

o f  t h e  Bunsen v a l v e s  a t  t h e s e  s p e e d s ,  and a b e t t e r  

p e r fo rm an c e  w i t h  t h i s  pump and v a lv e  a r rang em en t  might  have 

been  o b t a i n a b l e  w i t h  a much lower  pump s p e e d .  The 

s p u r i o u s  oxygen usage v a r i e d  w i t h  t h e  s t r o k e  of  the pump, 

b u t  t h e  v a l u e s  showed a wide s c a t t e r  due t o  t h e  r e s i s t a n c e  

o f  t h e  a b s o r b i n g  t r a i n  w h ich  could  n o t  be c o n t r o l l e d  

p r e c i s e l y .  ( I t  may be n o te d  h e re  t h a t  a t  t h i s  t im e  no 

d i s p e r s i n g  m a t e r i a l  was b e i n g  used i n  th e  a b s o r b e n t s  so 

t h a t  t h e  r e s i s t a n c e  o f  t h e  t r a i n  and hence th e  p r e s s u r e  

b u i l d - u p  e f f e c t s  were p r o b a b l y  m a g n i f i e d . )  I t  was t h e n  

o bv io u s  t h a t ,  b ecau se  o f  t h i s  v a r i a b l e  r e s i s t a n c e  o f  the  

t r a i n ,  i t  would n o t  be p o s s i b l e  to  d e r i v e  a t r u e  oxygen 

consum pt ion  from t h e  a p p a r e n t  consum ption  w i th  any d e g re e  

o f  a c c u r a c y .

As th e  v a l u e s  found i n  the  p re s su re -pu m p  c a l i b r a t i o n  

were n e v e r  u t i l i s e d  I n  the  e x p e r i m e n t a l  work they  a r e  n o t  

g iven  i n  d e t a i l  h e r e ,  but  to  i l l u s t r a t e  the  m agni tude  

o f  t h i s  e f f e c t  t h e  mean v a l u e s  f o r  ’ s p u r i o u s ’ volume of  

oxygen a re  p l o t t e d  a g a i n s t  p um p-s t roke  I n  f i g .  ( 1 6 ) .

Each p o i n t  p l o t t e d  i s  the  mean of 5 6 m ea su re m e n ts .



The i r r e g u l a r i t y  o f  the  g rap h  p o i n t s  i s  l a r g e l y  due t o  

v a r i a t i o n  i n  t h e  r e s i s t a n c e  o f  th e  a b s o r b i n g  t r a i n .

S in c e  the  oxygen e r r o r  c o u ld  n o t  be p r e d i c t e d  I t  

had t  o be e l i m i n a t e d *  T h is  was done by moving t h e  

oxygen i n l e t  v a l v e  to  a p o i n t  i n  t h e  system be tween the  

pump and the a n im a l  chamber ,  t h a t  i s  on t h e  o u t f lo w  s i d e  

of the  pump a s  shown i n  f i g .  ( 2 ) .  The p r e s s u r e  g r a d i e n t  

a c r o s s  t h e  a b s o r b i n g  t r a i n  i s  now a c h ie v e d  by l o w e r in g  th e  

p r e s s u r e  i n  a l e n g t h  o f  d u c t  o f  v e r y  s m a l l  volume (50  m l . ) .  

The a i r  removed t h e r e f r o m  i s  t r a n s f e r r e d  to  th e  o t h e r  s i d e  

o f  t h e  pump, b u t  b e in g  b u f f e r e d  by t h e  l a r g e  volume o f  the  

an im al  chamber p ro d u c e s  t h e r e  a n e g l i g i b l e  p r e s s u r e  c h a n g e .  

Any te n d e n c y  f o r  back f lo w  of  a i r  i n t o  th e  oxygen i n l e t  a t  

th e  b e g in n i n g  o f  a r u n  i s  avo id e d  by t h e  p r o c e d u r e  d e s c r i b e d  

i n  a p p e n d ix  ( 1 ) .  T h is  p o s i t i o n  of  th e  oxygen i n l e t  v a lv e  

has  b een  m a i n t a i n e d  t h r o u g h  t h e  whole o f  t h e  e x p e r i m e n t a l  

work r e p o r t e d  h e r e .

The o b s e r v a t i o n s  made i n  t h e  a t t e m p t  to  c a l i b r a t e  t h e  

p r e s s u r e  e f f e c t  e n a b le d  the  volume o f  the  m ain  a i r  c i r c u i t ,  

w i t h  th e  a n im a l  chamber I n  p o s i t i o n ,  to  be c a l c u l a t e d .

Other  o b s e r v a t i o n s  were made, b e fo re  the v a l v e  p o s i t i o n  

was changed ,  to  u t i l i s e  the  p r e s s u r e  e f f e c t  t o  f i n d  the  

" v e n t i l a t i o n  r a t e ” of the a p p a r a t u s .

A l l  t h e  work to  c a l i b r a t e  th e  p r e s s u r e  e f f e c t  was



o t h e r w i s e  empty an im a l  chamber .  In  t h i s  way t h e  s p u r i o u s  

oxygen consum ption  c o u ld  be r e l a t e d  t o  the  p r e s s u r e  r i s e  

i n  t h e  sys tem  ( e x c l u d in g  th e  d u c t s  be tw een  a b s o r b i n g  t r a i n  

and pump).  The i n i t i a l  p r e s s u r e  i n  the  a n im a l  chamber and 

th e  i n i t i a l  s p i r o m e t e r  r e a d i n g  were r e c o r d e d ;  th e  pump was 

t u r n e d  on u n t i l  the  p r e s s u r e  i n  th e  chamber was c o n s t a n t ;  

t h e  f i n a l  p r e s s u r e  and the  f i n a l  s p i r o m e t e r  r e a d i n g  were 

r e c o r d e d .  I f  V i s  t h e  volume o f  t h e  sys tem ,  v the volume 

o f  oxygen u s e d ,  P th e  I n i t i a l  p r e s s u r e  and p th e  p r e s s u r e  

r i s e ,  t h e n : -

V * p »v
P

Prom 14 such  e s t i m a t i o n s  th e  volume o f  t h e  sys tem  was 

found to be 7 .1 2  l i t r e s .

A s i m i l a r  e s t i m a t i o n  o f  the  t o t a l  volume of the  system 

was r e p e a t e d  i n  a s l i g h t l y  d i f f e r e n t  f a s h i o n  d u r i n g  t h e  

e x p e r i m e n t a l  work .  The change i n  p r e s s u r e  shown by t h e  

w a te r  m anom eter ,  f i g .  ( 2 ) ,  d u r i n g  th e  f i r s t  15 m i n u t e s ' o f  a 

r u n ,  d u r i n g  t e m p e r a t u r e  e q u i l i b r a t i o n ,  was r e l a t e d  t o  the  

change i n  th e  s p i r o m e t e r  r e a d i n g  im m edia te ly  the s p i r o m e t e r  

I s  t a p p e d  I n t o  the c i r c u i t .  Prom 8 e s t i m a t i o n s  a mean 

v a lu e  f o r  t o t a l  volume o f  6 ,6  l i t r e s  was o b t a i n e d .  The 

a p p a r e n t l y  lower volume found i n  t h i s  way i s  e x p l a i n e d  by th e  

chamber c o n t e n t s ,  a n im a l ,  e t c . ,  which were n o t  p r e s e n t  d u r in g  

the  e a r l i e r  e s t i m a t i o n .
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v a lv e  i n  i t s  o r i g i n a l  p o s i t i o n ,  as  i n  f i g ,  ( 1 ) ,  a Bunsen 

v a l v e  was f i t t e d  to  the  chamber supp ly  d u c t  and th e  a i r  

i n l e t  t o  the  chamber was s e a l e d .  I n  t h i s  way t h e  pump 

d e l i v e r e d  i t s  a i r  l o a d ,  t h r o u g h  a n o n - r e t u r n  v a l v e ,  t o  the  

e x t e r n a l  a i r ,  w h i le  the  o n ly  so u rce  o f  gas  t o  th e  pump was 

th e  oxygen from th e  s p i r o m e t e r . The r a t e  o f  r e m o v a l  o f  

oxygen f rom  th e  s p i r o m e t e r  cou ld  t h u s  be t a k e n  a s  a 

m easure  of  the  ’’v e n t i l a t i o n  r a t e ” o f  the pump.

Pump sp e ed ,  160 o r  24-0 r . p . m . ,  ap p ea re d  t o  have no 

e f f e c t  a t  s t r o k e s  below 5 mm,; a t  s t r o k e s  o f  5 mm. and 

above ,  t h e  h i g h e s t  pump speed p roduced  i n c r e a s e s  i n  

”v e n t i l a t i o n  r a t e ” o f  f rom 1 t o  5 Per> c e n t ,  over  th e  low es t  

s p e e d .  These e f f e c t s  o f  pump speed were so s l i g h t  and so 

v a r i a b l e  t h a t  a l l  t h e  ’’v e n t i l a t i o n  r a t e s ” e s t i m a t e d  have 

been  combined,  i r r e s p e c t i v e  o f  pump speed ,  and p l o t t e d  

a g a i n s t  s t r o k e  i n  f i g .  ( 1 7 ) .  The l a c k  o f  e f f e c t  o f  pump 

speed i s  due to  incom petence  o f  the v a l v e s .

I t  can  be s e e n  from t h i s  g r a p h  t h a t  th e  maximum 

v e n t i l a t i o n  r a t e  a c h i e v e d ,  a t  a s t r o k e  o f  15 mm., i s  

a b o u t  1 .2  l i t r e  p e r  m i n , ,  b u t  t h a t  a t  a s t r o k e  o f  10 mm. a 

v e n t i l a t i o n  r a t e  o f  Q .9 -1 -0  l i t r e s  p e r  m in .  i s  a c h i e v e d .  

The s l i g h t  i r r e g u l a r i t i e s  i n  th e  g rap h  a re  p r o b a b ly  due 

to  incom petence  o f  th e  Bunsen v a l v e s .

I t  ha.s b e e n  one o f  my c o n s t a n t  a n x i e t i e s  t h r o u g h o u t  

t h i s  work  t h a t  l e a k s  m ig h t  d e v e l o p  i n  t h e  pump membrane ,
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where t h e y  would be e x t r e m e ly  d i f f i c u l t  t o  d e t e c t  I n  

p r a c t i c e ,  or t h a t  the  membrane m ight  r u p t u r e .  To 

m in im ise  t h i s  r i s k  i t  was d e c id e d  to  l i m i t  the  s t r o k e  o f  

t h e  pump t o  8 mm. and a c c e p t  a " v e n t i l a t i o n  r a t e ” o f  0 .8  

l i t r e  p e r  m i n ,  I  l a t e r  found ( p . 102) t h a t  t h i s  " v e n t i l a t i o n  

r a t e ” was i n a d e q u a t e  to  d e a l  w i t h  w a te r  v ap ou r  p r o d u c t i o n  

and i n c r e a s e d  th e  s t r o k e  t o  10 mm* i n  t h e  l a s t  s t a g e s  

o f  th e  work th e  pump s t r o k e  had t o  be i n c r e a s e d  t o  15 mm. to  

cope  w i th  the  i n c r e a s e d  ca rbo n  d i o x id e  p r o d u c t i o n  d u r i n g  

p r e  g n a n c y .

I t  sh o u ld  be n o t e d  t h a t  th e  " v e n t i l a t i o n  r a t e "  a s  

m easured  above i s  th e  maximum v e n t i l a t i o n  a b i l i t y  o f  the  

pump and v a lv e  s y s te m .  T h is  t a k e s  no acco u n t  o f  r e d u c t i o n  

i n  v e n t i l a t i o n  r a t e  due to  t h e  r e s i s t a n c e  of the  a b s o r b i n g  

t r a i n .  T h is  r e d u c t i o n  i s  p r o b a b ly  v a r i a b l e ,  b u t  t h a t  i t  

i s  no t  g r e a t  can be s e e n  by e s t i m a t i o n  o f  th e  working 

v e n t i l a t i o n  r a t e  by a p p l i c a t i o n  o f  the  P i c k  p r i n c i p l e  t o  

the  c a r b o n  d i o x i d e  f lo w  I n  t h e  a p p a r a t u s . .  One a n a l y s i s  

o f  th e  a i r  e n t e r i n g  and l e a v i n g  th e  a b s o r b i n g  t r a i n ,  t a b l e  

( 2 6 ) ,  a p p e n d ix  (2)  showed c a rb o n  d i o x id e  c o n c e n t r a t i o n s  

o f  0 .6  and 0 . 0  p e r  c e n t .  T h is  means t h a t  f o r  every 

l i t r e  o f  c a rb o n  d i o x id e  a b s o rb e d ,  167 l i t r e s  a r e  p a s s e d  

t h r o u g h  the  a b s o r b i n g  t r a i n .  S ince  the ca rb o n  d i o x i d e  

p i c k e d  up by th e  t r a i n  d u r i n g  t h i s  ru n  was 11 g.  or  

5 . S  1 . ,  t h i s  I m p l i e s  a d a i l y  v e n t i l a t i o n  r o t e  o f  a b o u t
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900 litres. The v e n t i l a t i o n  r a t e  e s t i m a t e d  i n  t h i s  way i s  

i n  s u b s t a n t i a l  agreement  w i th  the  va lue  of 1100-1200 l i t r e s  

c a l c u l a t e d  from f i -  . (17) a t  a pump s t r o k e  of  8 mm.

I t  can be s e e n  from com par ison  o f  the  above c a l c u l a t i o n  

w i t h  the g e n e r a l  w e i ^ i t s  o f  carbon  d i o x i d e  produaeed, 

t a b l e  ( 33 ) t h a t  th e  v e n t i l a t i o n  a c h ie v e d  i n  t h i s  

i n s t r u m e n t  l i e s  a t  a b o u t  th e  minimum w hich  c an  be t o l e r a t e d .  

W eigh ts  of  20  g .  of  c a rb o n  d i o x id e  p e r  diem have been  

o b se rv e d  s e v e r a l  t im e s  d u r i n g  p r e g n a n c y .  When th e  weigh t  

o f  c a rb o n  d i o x i d e  was s e e n  t o  r i s e  above 16 g ,  t h e  pump 

s t r o k e  was i n c r e a s e d  to  13 min. g i v i n g  a maximum v e n t i l a t i o n  

r a t e  o f  1 .2  l i t r e s  p e r  m in .  At th e  maximum m e t a b o l i c  

r a t e s  o b se rv e d  w i t h  a v e n t i l a t i o n  r a t e  o f  1 .2  l i t r e s  p e r  

m in .  t h e  e x p e c t e d  ca rb on  d i o x i d e  c o n c e n t r a t i o n  i n  t h e  

o u t f lo w  a i r  from the  chamber, which c a n  be t a k e n  a s  e q u a l  

to  the  a v e r a g e  c a rb o n  d i o x i d e  c o n c e n t r a t i o n  i n  the an im al  

chamber,  i s  0 .65  PeP c e n t .

Such a c a r b o n  d i o x i d e  c o n c e n t r a t i o n  i n  the  i n s p i r e d  

a i r  i s  s t i l l  -within  th e  t o l e r a n c e  r an g e  f o r  man (Haldane 

and P r i e s t l y ,  1905 ) ,  a l t h o u g h  Gray (193°)  s t a t e s  t h a t  an 

a p p r e c i a b l e  i n c r e a s e  i n  r e s p i r a t i o n  r a t e  I s  d e t e c t a b l e  a t  

a c a rb o n  d i o x i d e  c o n c e n t r a t i o n  of  1 .0  pe r  cent  . I t  has 

been  commonly assumed i n  a n im a l  m etabo l i sm  i n v e s t i g a t i o n s  

t h a t  a c a rb o n  d i o x i d e  c o n c e n t r a t i o n  of  up t o  1 . 0  p e r  c e n t ,  

has  no noo re  oia ble  e f f e c t  on r e  s p i r e  of. on ( .B en ed ic t ,  195 b-: 

Brody, 194-5) and B en ed ic t  e v e n  y e  s so f a r  as  to  d e s c r i b e
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0 .7  pei'’ c e n t ,  a s  an  optimum c o n c e n t r a t i o n .  The r e a s o n  

f o r  t h i s  d e s c r i p t i o n  i s  n o t  c l e a r ,  u n l e s s  i t  be t h a t ,  

a s  he v/as u s i n g  an open c i r c u i t  a p p a r a t u s  and d e r i v i n g  

c a rb o n  d i o x i d e  and oxygen c o nsum pt ion  f rom Haldane 

a n a l y s i s  of  sam ples  o f  the o u t f l o w i n g  a i r ,  t h i s  

c o n c e n t r a t I o n  o f  c a r b o n  d i o x i d e  i s  s u i t a b l e  from the  p o i n t  

o f  v iew o f  a n a l y t i c a l  p r e c i s i o n .  I t  I s ,  o f  c o u r s e ,  a l s o

t r u e  t h a t  s i n c e  0.7- p e r  c e n t ,  i s  a bou t  the  u s u a l

c o n c e n t r a t i o n  i n  t h e s e  i n v e s t i g a t i o n s  I t  may be r e g a r d e d  

a s  b e i n g  th e  optimum i n  t h e  s e n se  o f  b e in g  s t a n d a r d .

A l th o u g h  on grounds  o f  p r e c e d e n t  th e  c a rb o n  d i o x i d e

c o n c e n t r a t i o n s  o c c u r r i n g  i n  t h i s  w ork  a l l  l i e  w i t h i n  the  

a c c e p t e d  t o l e r a n c e  l i m i t s ,  I  am n o t  s a t i s f i e d  t h a t  the  

p r e c e d e n t s  a r e  j u s t i f i e d .  Very l i t t l e  work has  been  

done on th e  e f f e c t  o f  c o n c e n t r a t i o n  o f  c a rb o n  d i o x i d e  

o f  the o r d e r  o f  0 . 1 - 1 . 0  p e r  c e n t . ,  l a r g e l y  due t o  the  

d i f f i c u l t i e s  of m a i n t a i n i n g  such  c o n c e n t r a t i o n s  f o r  any 

c o n s i d e r a b l e  p e r i o d .

T ha t  t h e  a p p a r a t u s  h a s  b e e n ,  i n  f a c t ,  o p e r a t i n g  r a t h e r  

be low t h e  low er  l i m i t  o f  t o l e r a n c e  f o r  v e n t i l a t i o n  r a t e  can 

be s e e n ,  i n  s p i t e  o f  th e  a c c e p t a b l e  c a r b o n  d i o x i d e  

c o n c e n t r a t i o n s ,  I n  i t s  i n a b i l i t y  to  a b s o r b  w a te r  v apour  

a t  a s u f f i c i e n t l y  h i g h  r a t e  when th e  pump was r u n n in g  a t  

8 mm. s t r o k e .  T h is  p rob lem  o f  i n s t r u m e n t a l  w a t e r  l o s s  

1 s consid  e r e d  n g r e a t e r  deta. 11 e ls ew h e re  (p , 158}, 1 wt
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I t  c a n  be n o t e d  here  t h a n  an a v e r a g e  w a t e r  v a p o u r  p i c k 

up of 16 g .  p e r  diem a t  23°C . and w i t h  a v e n t i l a t i o n  r a t e  

o f  1000 l i t r e s  p e r  diem i m p l i e s  a s a t u r a t i o n  of  the  a i r  

coming i n t o  t h e  a b s o r b i n g  t r a i n  o f  0 .016  g .  w a te r  p e r  

l i t r e  o r  a r e l a t i v e  h u m id i ty  of 80 p e r  c en t  . T h is  

h u m id i ty  was c o n f i rm e d  by d i r e c t  e s t i m a t i o n  from wet 

and d r y  b u lb  the rm om eter  r e a d i n g s .

The p o s s i b i l i t y  of the  o c c u r r e n c e  o f  such h igh  

c a rb o n  d i o x i d e  c o n c e n t r a t i o n s  and h u m i d i t i e s  was n o t  

a p p r e c i a t e d  when th e  i n i t i a l  t e s t s  o f  the  a p p a r a t u s  were 

made. When i t  came t o  l i g h t  i n  t h e  s c r u t i n y  of  t h e  

e a r l y  e x p e r i m e n t a l  r e c o r d s  i t  was a p p a r e n t  t h a t  t h e  

s i t u a t i o n  cou ld  be r a d i c a l l y  improved o n ly  by com ple te  

r e - d e s i g n  o f  the  pumping; s y s t e m .  O p e r a t i o n  o f  two 

D a l e - S c h u s t e r  pumps i n  p a r a l l e l  would i n c r e a s e  th e  

p r e s s u r e ' p u l s e  t o  to o  g r e a t  an  e x t e n t ,  Tftiile t h e i r  

o p e r a t i o n  i n  opposed phase  would, i n  any c a s e ,  r e q u i r e  

improvement i n  the  competence  o f  th e  v a l v e s  to  be 

e f f e c t i v e  i n  i n c r e a s i n g  t h e  " v e n t i l a t i o n  r a t e " .

As th e  e x i s t i n g  v e n t i l a t i o n  c a p a c i t y  o f  the  pump 

does  n o t  a l l o w  any s e r i o u s  d i s t o r t i o n  o f  the  normal  

a tm o sp h e re ,  a c c o r d i n g  t o  a c c e p t e d  s t a n d a r d s ,  I  c o n t in u e d  

and co m p le te d  t h e  s e r i e s  o f  e x p e r im e n t s  r e p o r t e d  here  

w i th o u t  a l t e r i n g  t h e  a p p a r a t u s *
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C o n t in u o u s  Oxygen Record ing ; .

E a r l y  I n  the  c o u rs e  o f  the work I  decided, t o  r e c o r d  

the  oxygen con su m p t io n  c o n t i n u o u s l y . T h is  r e c o r d  i s  ms.de 

by a t r a c i n g  p o i n t ,  f i x e d  to  th e  r o o f  o f  the  s p i r o m e t e r  

b e l l ,  b e a r i n g  on a r e v o l v i n g  drum .

The r e v o l v i n g  drum u se d  c o n s i s t s  o f  two s t a n d a r d  6 i n .  

kymograph drums b o l t e d  t o g e t h e r  i n  a l i g n m e n t ,  and mounted 

on th e  s p i n d l e  o f  a s t a n d a r d  Pa lmer  e o n t i n u o u s l y - v a r i a b l e  

speed kymograph. The c o n t in u o u s  v a r i a t i o n  c o n t r o l  was 

s e t  p e r m a n e n t l y  a t  such  a p o s i t i o n  t h a t  t h e  drum, r o t a t e d  

a p p r o x i m a t e ly  once i n  8 h r .  T r i a l s  were made u s i n g  

an  inked  w r i t i n g  p o i n t  t o  r e c o r d  th e  movement of the 

s p i r o m e t e r  b e l l ,  bu t  w i t h  t h e  r o t a t i o n  speed  u s e d  (1 mm. 

per  m i n . )  slow d r y i n g  i n k s  sp re a d  b a d ly  on s t a n d a r d  

kymograph p a p e r .  A s t o c k  o f  12 i n .  kymograph p a p e r  was 

a v a i l a b l e  i n  t h i s  d e p a r t m e n t  and I  d e c id e d  to  u s e  t h i s ,  

smoked i n  th e  n o r m a l w a y ,  r a t h e r  t h a n  g e t  s p e c i a l  p ap e r  

more s u i t a b l e  f o r  an  inked  p e n .

Each p a p e r  was p r e p a r e d ,  b e f o r e  p l a c i n g  the kymograjjh 

i n  p o s i t i o n ,  by g r a d u a t i n g  i t  w i t h  a s e r i e s  of  l i n e s  a t  

1 cm, i n t e r v a l s .  The g r a d u a t i o n s  were made w i t h  a c e l l u l o i d  

w r i t i n g  p o i n t  i n  t h e  form o f  a c u r s o r  w h ic h  t r a v e l s  on a 

s h o r t  v e r t i c a l  l e n g t h  o f  m e t re  s t i c k .  The m e t r e  s t i c k  i s



w r i t i n g  p o i n t  can be e a s i l y  apposed  t o  t h e  r o t a t i n g  drum.

For  t h i s  p u rp o se  t h e  drum i s  s e t  i n  to p  g e a r  bu t  th e  f i n e  

a d ju s tm e n t  i s  n o t  a l t e r e d ,  A g e n e r a l  v iew o f  t h e  

g r a d u a t i n g  a p p a r a t u s  i s  shown i n  f i g .  ( 1 8 ) .  These 

g r a d u a t i o n s  a r e  n o t ,  o f  c o u r s e ,  v e r y  a c c u r a t e l y  made* T h e i r  

p r im a r y  p u rp o se  was t o  e n a b le  t h e  t r e n d  o f  oxygen 

c onsum pt ion  t o  be p l a i n l y  e v i d e n t  a t  any t im e  d u r i n g  the  

c o u rse  o f  a r u n  so t h a t  any  a b n o r m a l i t y ,  such  as  m igh t  

d e v e lo p  from a l e a k  or  a b l o c k a g e ,  could  be im m e d ia te ly  

s e e n .

The s p i r o m e t e r  w r i t i n g  p o i n t  i s  o f  c e l l u l o i d ,  cemented 

t o  t h e  end o f  a 25 cm. s t r a w  m u s c l e - t w i t c h  l e v e r .  The 

o t h e r  end o f  the  l e v e r  i s  cemented t o  the c e n t r a l  su sp en d in g  

eye o f  th e  s p i r o m e t e r  b e l l  and i s  a nchored  t o  th e  edge of th e  

b e l l  by C h a t t e r t o n ’ s compound.

The s p i r o m e t e r  b e l l  t e n d e d  t o  r o t a t e  on i t s  s u s p e n s io n ,  

so t h a t  t h e  w r i t i n g  p o i n t  d r i f t e d  o f f  t h e  r e v o l v i n g  drum.

T h is  was overcome by s u s p e n d in g  a plumb l i n e  from th e  r o o f  

o f  t h e  c a b i n e t ,  the  l i n e  a d j u s t e d  t o  b e a r  t h e  w r i t i n g  p o i n t  

g e n t l y  a g a i n s t  t h e  drum. The plumb l i n e  hangs  f rom a r o l l e r  

r u n n e r  r u n n i n g  on a 6 i n ,  s e c t i o n  of  H p i e c e  c u r t a i n  r a i l  

screwed to  th e  r o o f  o f  the  c a b i n e t ,  f i g .  ( 4 ) .  I n  t h i s  

way t h e  plumb l i n e  i s  e a s i l y  a d j u s t a b l e  t o  the  s l i g h t l y  

d i f f e r e n t  p o s i t i o n s  o f  the  drum each t ime i t  i s  i n s t a l l e d ,
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and i s  a l s o  e a s i l y  removed when t h e  drum i s  to  be w i th d raw n .  

The maximum volume o f  oxygen s u p p l i e d  by t h e  f u l l y  

c h a rg ed  s p i r o m e t e r  i s  4 .8  l i t r e s .  (See c a l i b r a t i o n  curve  

o f  s p i r o m e t e r  I ,  f i g .  1 2 ) .  With... t h e  w r i t i n g  arm a t t a c h e d ,  

the  b e l l  c a n  o n ly  d ro p  t o  a s c a l e  r e a d i n g  o f  1 .8  cm, and 

th e  maximum d e l i v e r y  by th e  s p i r o m e t e r  i s  4*6 l i t r e s .

The d a i l y  oxygen r e q u i r e m e n t  o f  the  a n im a l s  used  i n  t h i s  

i n v e s t i g a t i o n  was 6 t o  10 l i t r e s  so t h a t  t h e  b e l l  had t o  

be r e c h a r g e d  one or  more t im e s  d u r i n g  th e  24 h r .  One 

s u c h  r e c h a r g i n g  had t o  be made e a c h  n i g h t  a t  such a t  t ime 

t h a t  a su p p ly  o f  oxygen was a v a i l a b l e ,  a d e q u a te  to  meet  

r e q u i r e m e n t s  u n t i l  t h e  n e x t  m o rn in g .  The r a t e  o f  oxygen 

consum ption  u s u a l l y  i n c r e a s e d  d u r i n g  th e  n i g h t ,  sometimes 

by more t h a n  10 p e r  c e n t . ,  so a l lo w a n c e  had to  be made f o r  

t h i s .  For  n o n - p r e g n a n t  r a t s  I  found t h a t ,  a s  a r u l e ,  t h e  

s p i r o m e t e r  r e c h a r g e d  a t  1 1 .0 0  p .m .  would s u r v i v e  u n t i l

9 .0 0  o r  1 0 .0 0  a .m .  th e  f o l l o w i n g  m orn in g .  D u r in g  t h e  

l a t t e r  d a y s  o f  some p r e g n a n c i e s ,  however ,  th e  s jo irometer  

had t o  be r e c h a r g e d  a t  1 2 .0 0  p .m .  and a g a i n  by 8 .5 0  a .m .

When t h e  s p i r o m e t e r  was r e - c h a r g e d  i t  had to  be e q u i l i b r a t e d  

t o  th e  c a b i n e t  t e m p e r a t u r e  f o r  15 m i n . ,  and t h e n  a f u r t h e r  

15 m i n .  o b s e r v a t i o n  p e r i o d  was r e q u i r e d  t o  e n s u r e  t h a t  a l l  

was r u n n i n g  sm oo th ly ;  I  found a ten d e n c y  f o r  b lo c k a g e s  

t o  o c cu r  s h o r t l y  a f t e r  f i l l i n g  t h e  s p i r o m e t e r ,  due to  the  

f a l l  i n  a i r  p r e s s u r e  i n  t h e  chamber c i r c u i t  dur ing ,  

t e m p e r a t u r e  e q u i l i b r a t i o n ,  A.g a i n  a s t a n d a r d  r o u t i n e  was
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ad o p te d  f o r  r e - c h a r g i n g  the  s p i r o m e t e r ,  to  a v o id  l e a k ag e  

and t o  o b t a i n  v a l i d  and comparab le  m ea su re s  o f  the  volume 

o f  the  empty and f u j l  s p i r o m e t e r .  The r o u t i n e  a d o p te d  

i s  p r e s e n t e d  i n  d e t a i l  i n  ap p en d ix  ( 1 ) .

For  t h e  f i r s t  15 r u n s  a f t e r  f i r s t  i n t r o d u c i n g ’ 

t h i s  c o n t i n u o u s  r e c o r d i n g  sys tem  I  o m i t t e d  t o  r e c o r d  t h e  

t e m p e r a t u r e  and p r e s s u r e  a t  the  t im e s  o f  r e - c h a r g i n g  th e  

s p i r o m e t e r .  The e r r o r  i n t r o d u c e d  by t h i s  o m is s io n  i n t o  

t h e  e s t i m a t i o n s  o f  oxygen consum ption  w i l l  depend on the  

d e v i a t i o n s  o f  t h e  t e m p e r a t u r e  and p r e s s u r e  a t  t h e s e  t im e s  

from t h o s e  r e c o r d e d  a t  the  b e g i n n i n g  and end o f  the r u n .

I n  t h e s e  c a s e s  I  have assumed t h e  i n t e r m e d i a t e  t e m p e r a t u r e s  

and p r e s s u r e s  t o  be l i n e a r l y  i n t e r p o l a b l e ,  i n  t im e ,  be tween  

t h e  i n i t i a l  and f i n a l  r e a d i n g s . E s t i m a t i o n  o f  t h e  oxygen 

consum ption  i n  a s e r i e s  o f  r u n s  i n  which  t h e s e  i n t e r m e d i a t e  

r e a d i n g s  were made, b o th  by u s i n g  the  i n t e r m e d i a t e  r e a d i n g s  

and by i n t e r p o l a t i o n  showed t h e  e r r o r  i n v o lv e d  to  be l e s s  

t h a n  1 p e r  c e n t . ,  the  mean d i f f e r e n c e  b e in g  O.J p e r  c e n t .

I t  can be s e e n  f rom f i g .  (19)> which  shows t h e  d e t a i l  

o f  a t y p i c a l  t r a c e  where t h e  s p i r o m e t e r  i s  newly r e - c h a r g e d ,  

t h a t  t h e  f i r s t  r e s p o n s e  i s  a s l i g h t ,  f a i r l y  r a p i d  f a l l  o f  

t h e  s p i r o m e t e r  f o l lo w e d  by a slow r i s e  which  h a s  e f f e c t i v e l y  

l e v e l l e d  o f f  by the  end of  th e  e q u i l i b r a t i o n  p e r i o d .  The 

i n i t i a l  f a l l  I  b e l i e v e  to  be due to  th e  e x t e n s i o n  of  the  

n y l o n  s u s p e n s i o n  under  t h e  I n c r e a s e d  lo ad  o f  the b e l l , w h i le
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t h e  slow r i s e  i s  due to  the warming o f  the  oxygen I n  the 

b e l l  t o  c a b i n e t  t e m p e r a t u r e .  I t  can a l s o  be s e e n  t h a t  

a f t e r  15 m i n .  th e  e q u i l i b r a t i o n  was c o m p le te ,  t h e  t r a c e  

h a v in g  s t r a i g h t e n e d  t o  a h o r i z o n t a l  l i n e .  T h is  was 

f o r t u n a t e ,  s i n c e  i n  t h e  h i g h  oxygen consum ption  r u n s  th e  

manometer c a p a c i t y  (20 cm. HgO) was c o m p le te ly  a b s o r b e d  by 

th e  end o f  t h e  15 m in .  p e r i o d .

No d i r e c t  t im e  r e c o r d  was made upon t h e  drum, t h e  s p i r a l  

n a t u r e  o f  t h e  t r a c e  made i t  d i f f i c u l t  to  i n t r o d u c e .  The 

c o n s t a n c y  o f  r o t a t i o n  sp e ed  o f  t h e  drum was checked 

I n i t i a l l y  by manual t im e  m ark in g  a t  15 m in .  i n t e r v a l s  over 

a p e r i o d  o f  8 h r .  A g e n e r a l  t im e  check  was a v a i l a b l e  

f o r  a l l  r u n s  by th e  r e c o r d i n g  o f  the  t ime a t  the p o i n t s  o f  

r e c h a r g i n g  the  s p i r o m e t e r  and r e p l a c i n g  e x h a u s t e d  a b s o r p t i o n  

t u b e s ,  and t h e s e  t im e s  were  i n c l u d e d  i n  the  a n n o t a t i o n  o f  the  

t r a c e s .  A l l  t im e s  were r e a d  f ro m  my w a tc h ,  which  v/as n o t  

r e s e t  w i t h i n  t h e  c o u rse  o f  any c o n s e c u t iv e  s e r i e s  o f  r u n s .

The t im e  to  d i s t a n c e  I n t e r v a l  r e l a t i o n s  were checked on a l l  

t r a c e s  by d i r e c t  measurement  and no a p p r e c i a b l e  i n c o n s i s t e n c y  

was f o u n d .

The m in o r  v a r i a t i o n s  and i r r e g u l a r i t e s  w h ich  occur  i n  

t h e  t r a c e s  a r e  due t o  the  s l i g h t  t e m p e r a tu r e  changes  i n  

t h e  c a b i n e t  p e r m i t t e d  by th e  t h e r m o s t a t i c  c o n t r o l .  I t  

i s  a weakness  o f  the  a p p a r a t u s ,  i n  i t s  p r e s e n t  form, t h a t  t h e  

s p i r o m e t e r  b e l l  I s  more s e n s i t i v e  to  t e m p e r a t u r e  change t h a n  

t h e  r e  cord In c  t h e r m o m e te r  . A r e d u c e d  o h o t o g r a p h i c
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r e p r o d u c t i o n  o f  t h e  d e t a i l  o f  a t r a c e  made when th e  c a b i n e t  

had t o  he opened i n t e r m i t t e n t l y ,  so a l t e r i n g  t h e  c a b i n e t  

t e m p e r a t u r e ,  i s  shown i n  f i g .  ( 2 0 ) .  F i g s .  (21a)  and 

(21b) show t r a c e s  i l l u s t r a t i n g  t h e  e f f e c t  o f  b lo c k a g e s  o f  

th e  a b s o r b i n g  t r a i n  and t h e  su b s e q u e n t  r e c o v e r y  when th e  

b lo c k e d  tub e  i s  r e p l a c e d .
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T e s t  Methods f o r  Resp i p a t  I on Ca l o r f  met e r .

The a i r  d u c t  sys tem  was assem bled  i n  s e c t i o n s .  

B e fo re  a ssem b ly  each  s e c t i o n  was t e s t e d  f o r  l e a k s  by 

r a i s i n g  th e  i n t e r n a l  p r e s s u r e  u n d e r  w a te r  w i th  a hand

b e l l o w s .  The o n ly  le-'-k ob se rv ed  i n  t h i s  way was a p i n 

h o l e  i n  a g l a s s  T p i e c e .

On one o c c a s i o n ,  when th e  a p p a r a t u s  was c o m p le t e ly  

a ssem bled  and t h e  pump f i r s t  s t a r t e d  a m a jo r  l e a k  was 

im m e d ia te ly  a p p a r e n t  from th e  f a l l  i n  t h e  s p i r o m e t e r  s c a l e

r e a d i n g  ( p .  95 )•  T h i s  was e v e n t u a l l y  found to  be due

t o  a f u r t h e r  p i n - h c l e  i n  the  s i d e  arm of  one of t h e  U - tu b e s  

o f  t h e  a b s o r b i n g  t r a i n .  T h e r e a f t e r  a l l  U - tu b es  were 

t e s t e d  u n d e r  w a te r  b e f o r e  f i r s t  u s e .

The s t a n d a r d  method o f t e s t i n g  i n d i r e c t  

c a l o r i m e t e r s  i s  t h a t  o f  the  a l c o h o l  check# T h is  method 

h a s  been  used  s u c c e s s f u l l y  i n  a l l  th e  l a r g e r  t y p e s  o f  

c a l o r i m e t e r  bu t  i n  a s m a l l  i n s t r u m e n t  such  as  t h i s  th e

rae^hod i s  e x t r e m e l y  d i f f i c u l t  t o  a p p ly  w i t h  any s u c c e s s .

The a l c o h o l  checks  which I  have made on t h i s  i n s t r u m e n t  

w ere ,  a t  b e s t ,  o n ly  p a r t i a l l y  s u c c e s s f u l  and n e v e r  

s a t i  s f a c t o r y .

The main d i f l i c u l t y  l i e s  i n  th e  f a c t  t h a t  even 

t h e  s m a l l e s t  v i a b l e  a l c o h o l  f lam e h as  a com bust ion  r a t e  

v e ry  much h i g h e r  than  t h e  m e t a b o l i c  r a t e  o f  a r a t .  The
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s m a l l e s t  f lam e  which 1 was a b le  to  m a i n t a i n ,  which c o u ld  

o n ly  j u s t  be d e t e c t e d  by t h e  eye i n  th e  d a r k  an im al  chamber,  

bu rned  a t  two and a h a l f  t im e s  t h e  maximum anim al  m e t a b o l i c  

r a t e  obse rv ed #  Such a com bust ion  r a t e  demands a f a r

g r e a t e r  v e n t i l a t i o n  r a t e  t h a n  t h e  a p p a r a t u s  i s  c a p a b l e  o f  

( p .  99 )•

An a s s o c i a t e d  o b s t a c l e  i s  t h a t  w i t h  t h i s  

h i g h  com bus t ion  r a t e  t h e  a tm osphere  i n  th e  an im al  chamber ,  

which  c a r r i e s  t h e  a l c o h o l  b u r n e r ,  i s  r a i s e d  t o  a t e m p e r a t u r e  

much h i g h e r  t h a n  n o rm a l ,  (u n d e r  th e  b e s t  c o n d i t i o n s  3 2 °C .)#  

T h is  r a i s e d  t e m p e r a t u r e  ha s  a number o f  e f f e c t s #

( a )  The p r e s s u r e  i n  th e  chamber c i r c u i t  i s  

r a i s e d ,  and no oxygen can p a s s  i n t o  t h e  sy s te m  u n t i l  

s u f f i c i e n t  c a rb o n  d i o x i d e  has  b e e n  p roduced  and a b so rb e d  

t o  low er  t h e  p r e s s u r e  below a tm o sp h e r ic #  T h is  t a k e s

a b o u t  20 m i n . ,  a t  t h e  end o f  which time t h e  oxygen t e n s i o n  

h a s  d ropped  t o  such a low l e v e l  t h a t  the  f lame i s  i n  

d a n g e r  o f  e x p i r i n g ,  and u s u a l l y  does# I f  t h e  f lam e  

s u r v i v e s  i t  h a s  t o  c o n t i n u e  b u r n i n g  a t  t h e  low oxygen 

t e n s i o n  and seldom s u r v i v e s  f o r  more t h a n  h a l f  an h o u r .

(b )  The h i g h  t e m p e r a t u r e  of t h e  chamber 

a tm osphere  combined w i th  th e  r e l a t i v e l y  low v e n t i l a t i o n  

r a t e  p ro d u c e s  a h igh  d e g re e  o f  w a te r  c o n d e n s a t io n  on t h e  

r e l a t i v e l y  c o o l  w a l l s  o f  the  chamber and a i r  d u c t s .

( c )  A long  t im e ,  1 -  2 h r . ,  has  t o  be a l lo w e d  

a f t e r  e x t i n c t i o n  o f  t h e  f lame f o r  th e  chamber t o  r e g a i n



t e m p e r a t u r e  e q u i l i b r i u m .  During t h i s  p e r i o d  t h e  

p r e c i p i t a t e d  w a te r  i s  b e in g  p ic k e d  up, b u t  t h e r e  i s  now 

t h e  r i s k  o f  s u p e r - d r y i n g ,  Dewar and Newton ( 15?if8a) • More 

i m p o r t a n t ,  however, i s  t h e  c o n t in u o u s  e v a p o r a t i o n  o f  

a l c o h o l  t h a t  p ro c e e d s  a f t e r  t h e  flame i s  e x t i n g u i s h e d .

I  have n e v e r  been a b le  t o  g e t  a f lame t o  s u r v i v e  u n t i l  

a l l  t h e  a l c o h o l  i n  th e  b u r n e r  was u s e d .  A lso,  t h e

b u r n e r  h a s  i n v a r i a b l y  had t o  be r e - i g n i t e d  s e v e r a l  t i m e s  

i n  th e  c o u rs e  o f  a c h e c k .  The r e s i d u e ,  o r  p a r t  o f  t h e  

r e s i d u e  o f  t h e  a l c o h o l  e v a p o r a t e s  r a p i d l y  i n  the  r a i s e d  

t e m p e r a t u r e  o f  t h e  cham ber .  ^ome, b u t  n o t  a l l  o f  t h e

e v a p o r a t e d  a l c o h o l  i s  p ic k e d  up by the  w a te r  a b s o r b e r s  

and i s  i n e x t r i c a b l y  confounded w i th  t h e  e s t i m a t i o n  o f  w a te r  

o f  co m b u s t io n .  Dome o f  t h e  e v a p o r a t e d  a l c o h o l  i s  

condensed  on th e  s i d e s  o f  th e  chamber and d u c t s  and 

s a t u r a t e s  t h e  a i r .

S e v e r a l  t y p e s  o f  b u rn e r  were used  but th e  

most  s u c c e s s f u l  c o n s i s t e d  o f  a s m a l l  c y l i n d r i c a l  can w i t h  

a c l o s e  f i t t i n g  l i d .  The l i d  h a s  a c e n t r a l  1 mm. h o le  

t h r o u g h  w h ich  i s  p a s s e d  a f i n e  c o t t o n  w ick ,  and a 

p e r i p h e r a l  % mm. h o le  t o  a c t  as an a i r  v e n t .

The b u r n e r  was s e t  on a w i re  gauze a t  t h e  

b o t to m  o f  t h e  c y l i n d r i c a l  p o r t i o n  of the a n im a l  chamber .

I t  was i g n i t e d  by a p l a t i n u m  c o i l  r a i s e d  t o  red  h e a t  

by an e l e c t r i c  c u r r e n t  s u p p l i e d ,  i n  th e  f i r s t  c h e c k s ,



by l e a d  a c c u m u l a t o r s ,  bu t  l a t e r  by t h e  i g n i t i o n  u n i t  

c o n s t r u c t e d  f o r  th e  bomb c a l o r i m e t e r  ( p .  1 2 6 ) .  S e v e r a l  

a t t e m p t s  were made t o  make s a t i s f a c t o r y  g a s - t i g h t  i n l e t s  

f o r  t h e  i g n i t i o n  l e a d s  t h r o u g h  th e  chamber th e rm om ete r  

o p e n in g ,  b u t  f i n a l l y  two t e r m i n a l s ,  shown i n  f i g .  ( I f ) ,  

were s e t  p e rm a n e n t ly  i n  t h e  r o o f  o f  one cham ber .  To th e  

t e r m i n a l s  c o u ld  be a t t a c h e d  heavy  b r a s s  w i r e s  a d j u s t e d  in  

l e n g t h  so t h a t  t h e y  h e ld  th e  p l a t i n u m  c o i l  j u s t  above th e  

b u r n e r  w ic k .  I t  was hoped t h a t  the  p l a t i n u m  would h e lp  

t o  c a t a l y s e  th e  com bus t ion  o f  t h e  a l c o h o l  as  s u g g e s t e d  by 

Goodman and Gus tavson  ( l^^-fT) • The h e a t e r  c o i l  c o u ld  

have been k e p t  a c t i v e  d u r i n g  t h e  whole c a e c k  i n  an e f f o r t  

t o  e n s u r e  comple te  com bust ion  o f  t h e  a l c o h o l ,  b u t  t h i s  

r a i s e d  t h e  i n t e r n a l  t e m p e r a t u r e  o f  t h e  chamber to  su ch  an 

e x t e n t  t h a t  t h e  p r e v i o u s l y  m en t ioned  d i f f i c u l t i e s  were 

a g g r a v a t e d  and t h e  p s r s p e x  window o f  the  chamber was i n  

d a n g e r  o f  b e in g  b a d ly  d i s t o r t e d .

The f o l l o w i n g  m easures  were t r i e d  i n  an 

e f f o r t  t o  overcome t h e  o b s t a c l e s  t o  t h i s  t y p e  of c h e c k : -

( a )  Th© a tm osphere  i n  t h e  chamber was 

e n r i c h e d  w i t h  oxygen i n  an e f f o r t  t o  r a i s e  t h e  lower l i m i t  

o f  oxygen t e n s i o n .  T^e e f f e c t  o f  t h i s  i s  t o  make

f lam e  b u rn  more f i e r c e l y  a t  t h e  b e g in n in g  and so r a i s e  

t h e  i n t e r n a l  t e m p e r a t u r e  s t i l l  h i g h e r .  On two o c c a s i o n s  

when t h e  oxygen e n r ic h m e n t  was t o o  g r e a t  t h e  a p p a r a t u s  

b lew up! T h is  method was abandoned.



(b )  An a t t e m p t  was made t o  c o n s t r u c t  a cu rv e  o f  

th e  e v a p o r a t i o n  r a t e  o f  a l c o h o l  from th e  u n l i t  b u r n e r  a t  

d i f f e r e n t  t e m p e r a t u r e s ,  i n  t h e  hope t h a t  i t  m ight  be p o s s i b l e  

i n  t h i s  way, t o  c o r r e c t  f o r  a l c o h o l  e v a p o r a t i o n .  No 

s a t i s f a c t o r y  curve  co u ld  be o b t a i n e d .

( c )  The b u r n e r  was i g n i t e d  b e f o r e  the  p ush  

j u n c t i o n  on t h e  chamber was c l o s e d .  The i n t e r v a l  b e f o r e  

s e a l i n g  t h e  sys tem was about  10 s e c .  which gave t ime f o r  

t h e  g r e a t e r  p a r t  o f  t h e  t e m p e r a t u r e  r i s e  w i t h o u t  th e  r i s k  

o f  any g r e a t  l o s s  o f  ca rb on  d i o x i d e .  T h i s  d e v ic e  e n a b le d  

t h e  f lame t o  s u r v iv e  f o r  a l o n g e r  t i m e .  I t  m eant ,  however ,  

t h a t  t h e  pump had t o  be s to p p e d  when t h e  chamber 

t e m p e r a t u r e  f e l l  t o  t h e  l e v e l  a t  which th e  chamber had been  

s e a l e d .  T h is  d id  n o t  g ive  t im e  f o r  a l l  t h e  w a te r  t o

be p i c k e d  u p .  ^ l s o ,  t h e  th e rm o m e te r ,  o v e r  t h e  s h o r t

i n i t i a l  i n t e r v a l ,  c a n n o t  be c o n s i d e r e d  t o  g ive  a v e ry  

r e l i a b l e  i n d i c a t i o n  o f  t h e  mean tempe r a t u r e  i n  th e  an im al  

chamber a t  t h e  i n s t a n t  o f  s e a l i n g .  T h i s  method a l s o  

was abandoned .

(d )  The empty u r i n e  f l a s k  a t t a c h e d  t o  t h e  

chamber d u r i n g  t h e  a l c o h o l  checks  was su r ro u n d e d  by 

i c e  w a te r  t o  reduce  th e  p r e s s u r e  r i s e  when th e  f lame was 

i g n i t e d ,  and so reduce  tbs d eg re e  o f  A n o x i a 1 t o  which  

t h e  f lame was s u b j e c t e d .  T h is  p roduced  some improvement  

end I  was a b le  i n  t h i s  way t o  keep a f lame a l i v e ,  w i th  

o n ly  one o r  tv^o r e - i g n i t i o n s ,  f o r  1^  t o  2 h r .
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( e )  V ar ious  p r o c e d u r e s  were a t t e m p t e d  to  a t t a i n  

t h e  same d e g re e  o f  d e h y d r a t i o n  o f  th e  a p p a r a t u s  a t  t h e  

b e g in n i n g  and end o f  uhe c h ec k ,  A m o d i f i c a t i o n  o f  the

method recommended by Dewar and ^ewton was u sed  f i n a l l y *

I n  t h i s  a p i e c e  o f  c o b a l t  c h l o r i d e  p a p e r  was i n s e r t e d  i n  the  

o u t l e t  tu b e  from t h e  an im al  chamber* The a p p a r a t u s  was 

assem bled  w i th  the  b u r n e r  and i g n i t i o n  c o i l  i n  p o s i t i o n ,  

t h e  pump was t u r n e d  on and a l low ed  t o  run  u n t i l  t h e  c o b a l t  

c h l o r i d e  n e a r e s t  t h e  chamber t u r n e d  b r i g h t  b lue*  The pump 

was t h e n  s to p p e d ,  a f r e s h  weighed a b s o r b in g  t r a i n  was 

s e t  i n  p o s i t i o n ,  th e  flame i g n i t e d  and t h e  pump r e - s t a r t e d *  

A f t e r  t h e  f lam e was e x t i n g u i s h e d  th e  pump was a l low ed  t o  

r u n  u n t i l  t h e  c o b a l t  c h l o r i d e  p a p e r  r e g a i n e d  i t s  p r e 

i g n i t i o n  a p p e a r a n c e .  By t h a t  t im e  t h e  t e m p e r a t u r e  o f  th e  

chamber had r e t u r n e d  t o  i t s  p r e - i g n i t i o n  l e v e l .

On no o c c a s i o n ,  however ,  was I  a b le  t o  g e t  

s a t i s f a c t o r y  r e s u l t s  f o r  t h e  w a t e r  p r o d u c t i o n  and a l c o h o l  u sed  

i n  t h e s e  a l c o h o l  c h e c k s .  u-reat e r r o r  was p roduced  i n  

b o t h  o f  t h e s e  by th e  e v a p o r a t i o n  o f  t h e  a l c o h o l .  The 

oxygen consum ption  and ca rbon  d io x id e  p r o d u c t i o n ,  however, 

m atched  uo g iv e  a v e ry  c lo s e  a p p ro x im a t io n  t o  th e  

" r e s p i r a t o r y  q u o t i e n t "  o f  th e  a lc o h o l*  This  has  been

a c c e p t e d ,  i n  c o n j u n c t i o n  w i th  th e  o t h e r  t e s t s  d e s c r i b e d  

be low,  as  b e i n g  a s a t i s f a c t o r y  measure  o f  t h e  a c c u r a c y  

o f  t h e  a p p a r a t u s .  The oxygen consum ption ,  ca rbon

d i o x i d e  p r o d u c t i o n  and R.Q. f o r  the  a l c o h o l  ch ecks  d on e ,



u s i n g  e t h a n o l ,  b e f o r e  t h e  i n s t r u m e n t  was u sed  f o r  an im al  

e x p e r im e n t s  a re  g iv en  i n  t a b l e  ( 2 5 ) ,  ap pend ix  ( 2 ) .

At a much l a t e r  s t a g e  o f  t h e  work a f u r t h e r  

a t t e m p t  was made t o  do more s a t i s f a c t o r y  a l c o h o l  c h e c k s .

I n  t h i s  c a se  m ethano l  was burned  i n  t h e  hope t h a t  I t s  

com bus t ion  would be more e f f e c t i v e l y  c a t a l y s e d  by t h e  

p l a t i n u m  c o i l .  Again a c c u r a t e  r e l a t i o n  between oxygen 

c onsum ption  and carbon  d i o x id e  p r o d u c t i o n  was o b t a i n e d ,  

b u t  m e thano l  consum ption  and w a t e r  p r o d u c t i o n  v a lu e s  

were c o m p l e t e ly  v i t i a t e d  by t h e  e v a p o r a t i o n  of  unburned  

m e t h a n o l .  The r e s u l t s  o f  t h e s e  t e s t s  a re  a l s o  g iv e n  i n  

t a b l e  ( 2 5 ) .

A f t e r  t h e s e  m e th ano l  t e s t s  I  o m i t t e d  t o  sweep 

a l l  t h e  r e s i d u a l  m e th a n o l  vapour  ou t  o f  t h e  a p p a r a t u s  

b e f o r e  c o n t i n u i n g  w i th  t h e  an im al  e x p e r i m e n t s .  T h is  

c aused  m e th a n o l  p o i s o n i n g  o f  t h e  r a t  b e in g  s t u d i e d  a t  t h e  

t im e  ( f e m a l e 5 2 ^ ) .  As soon as I  r e a l i s e d  t h e  cause

o f  th e  v e ry  abnormal m e t a b o l i c  p a t t e r n  which a p p ea red  

( d e s c r i b e d  l a t e r  p . 241 ) ,  * too k  th e  an im al  o f f  e x p e r im e n t  

and l e f t  t h e  pump r u n n in g  w i th  t h e  a p p a r a t u s  on open 

c i r c u i t ,  t h a t  i s  w i th  no a b s o r b in g  t r a i n ,  f o r  214. h r .

T h is  c l e a r e d  t h e  I n s t r u m e n t  o f  m ethanol  v a p o u r .

a l c o h o l  checks  were found so d i f f i c u l t  t o  

make and gave such u n s a t i s f a c t o r y  r e s u l t s  t h a t  I  

abandoned t h e  i d e a  o f  u s in g  them a s  a r o u t i n e  method 

o f  t e s t .  In  t h e i r  p l a c e  two o t h e r  i n d i r e c t  methods
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o f  t e s t  were used#

The more im p o r t a n t  r o u t i n e  t e s t ,  made b e f o r e  

t h e  b e g in n i n g  o f  any e x p e r i m e n t a l  s e r i e s ,  was a s im p le  

p r e s s u r e  t e s t #  £n a n e r o i d  b a ro m e te r  was p l a c e d  i n

t h e  an im al  chamber and t h e  a p p a r a t u s  s e t  up i n  t h e  u s u a l

way. The oxygen i n t a k e  was c u t  o f f  b y  t a p  T , c f  f i g  ( 2 ) ,
P '

and t h e  chamber c i r c u i t  was blown up by a hand b e l lo w s  

t o  a p r e s s u r e  of about  5 cn*. above a tm o s p h e r i c ;  t h i s  

i s  a v e ry  much h i g h e r  p r e s s u r e  t h a n  th e  a p p a r a t u s  has  

n o r m a l l y  t o  w i t h s t a n d .  The pump was t h e n  t u r n e d  on

and about  15 min.  a l lo w e d  f o r  Lhe i n t e r n a l  p r e s s u r e  

r e l a t i o n s  about  th e  pump and a b s o r b i n g  t r a i n  t o  become 

c o n s t a n t .  The p r e s s u r e  on t h e  a n e r o i d  b a ro m e te r  was 

t h e n  r e c o r d e d  and the  a p p a r a t u s  l e f t  t o  ru n  f o r  Ij. t o  6 h r .  

The pump s t r o k e  p ro d u c e s  a p r e s s u r e  f l u c t u a t i o n  i n  th e  

chamber o f  1 -  2 mm. Hg, b u t  even  so i t  i s  p o s s i b l e  t o  

r e a d  t h e  mean p r e s s u r e  t o  w i t h i n  1 mm. Hg. A p r e s s u r e  

f a l l  o v e r  t h i s  p e r i o d  o f  more t h a n  1 mm. Hg was r e g a r d e d  

as p r e s u m p t iv e  e v id e n ce  o f  a l e a k ,  p r o v id e d  t h a t  t h e  

c a b i n e t  t e m p e r a t u r e  had n o t  a l t e r e d  d e t e c t a b l y .  Any 

l e a k  so d i s c o v e r e d  was t h e n  l o c a l i s e d  by b lowing  up 

i n d i v i d u a l  s e c t i o n s  of  Lhe d u c t  and chamber sys tem  u n d e r  

w a t e r .  T h is  method o f  t e s t i n g  i n d i c a t e d  l e a k s  

o c c a s i o n a l l y ,  i n  th e  e a r l y  s t a g e s  of Lhe work, and 

t h e n  t h e  l e a k s  were a lw ays  found t o  occur  i n  th e  an im al

chamber .  The r e a s o n s  f o r  t h e s e  l e a k s  and the



methods o f  d e a l i n g  w i th  them have a l r e a d y  been  d e s c r i b e d  

( p .  60 ) •  . a l l  t h e  e x p e r im e n t s  d e t a i l e d  i n  t h i s  work 

were bounded by p r e s s u r e  t e s t s  o f  t h i s  t y p e ,  t o  p rove  

a l e a k - f r e e  system*

The l i a b i l i t y  o f  t h e  chambers t o  d ev e lo p  

l e a k s  was so  g r e a t ,  i n i t i a l l y ,  t h a t  the  chambers  were 

s u b j e c t e d  t o  a lm os t  d a i l y  p r e s s u r e  t e s t s  u n d e r  w a t e r .

I n  t h i s  way a l e a k  was p r e v e n t e d  from v i t i a t i n g  more t h a n  

one d a y fs e x p e r i m e n t a l  r e s u l t s .  |fo va lu e  f o r  gaseous  

exchange h a s  been i n c l u d e d  where t h e r e  was any s u g g e s t i o n  

o f  a l e a k .  F o r t u n a t e l y  no l e a k  a p p ea red  i n  t h e  a p p a r a t u s  

t h r o u g h o u t  t h e  whole o f  t h e  m a jo r  e x p e r i m e n t a l  s e r i e s  

( r a t  fe m a le s  52lj., 525 ) .

A f u r t h e r  method o f  t e s t ,  employed a t  l e s s  

f r e q u e n t  i n t e r v a l s ,  was th e  a n a l y s i s  o f  the  a i r  i n  t h e  

chamber c i r c u i t  by t h e  Haldane method (H a ld an e ,  1898)*

T h is  t e s t  was used  p r i m a r i l y  t o  check  on t h e  ca rbon  

d i o x i d e  c o n c e n t r a t i o n  i n  th e  c i r c u l a t i n g  a i r  a t  t h e  end 

o f  a 2l{- h r .  r u n .  I t  i s  o b v io u s ,  however ,  t h a t  a l e a k  

t o  the e x t e r n a l  a tm o sp h e re ,  e i t h e r  in w a rd s  o r  o u tw a rd s ,  

w i l l  p ro d uce  an a l t e r a t i o n  in  the  p e r c e n t a g e  of  oxygen 

i n  th e  c l o s e d  a tm o sp h e re .  To tak e  a n u m e r i c a l  example  

When th e  no rm al  oxygen consum ption  i s  7 

l i t r e s  p e r  diem a l e a k  inw ards  o r  ou tw ards  o f  70 m l .  i n  

t h e  day would p roduce  an e r r o r  o f  1 p e r  c e n t ,  d e f i c i t



o r  e x c s s s  i n  the  a p p a r e n t  oxygen consumption* A l e a k  

o f  70 m l .  inw ards  means t h a t  70 m l.  o f  oxygen i n  th e  

o r i g i n a l  c l o s e d  a tm osphere  h a s  been  r e p l a c e d  by II4. m l .  

oxygen and 5 6  m l .  n i t r o g e n .  T h is  means t h a t  t h e  norm al  

oxygen c o n c e n t r a t i o n  o f  20 p e r  cent*  i n  a t o t a l  a i r  volume 

o f  about  7 l i t r e s  h a s  been  r e d u c e d  t o  19*2 p e r  c e n t .

The c o r r e s p o n d i n g  change due t o  a l e a k  o u tw a rd s ,  where 

70 m l .  o f  a i r  i n  the  norm al  c lo s e d  a tm osphere  has been  

r e p l a c e d  by 70 ml.  oxygen, i s  t o  an oxygen c o n c e n t r a t i o n  

o f  2 0 .8  p e r  cen t*  S ince  the  r a i s e d  c a rb o n  d i o x id e  

c o n c e n t r a t i o n  i n  the  c lo s e d  a tm osphere  r e d u c e s  t h e  oxygen 

c o n c e n t r a t i o n  i n  any c a s e ,  a change i n  a tm o sp h e r ic  

c o m p o s i t i o n  a t t r i b u t a b l e  t o  l e a k s  i s  more e a s i l y  seen  

i n  t h e  i n v e r s e  changes  i n  t h e  n i t r o g e n  c o n c e n t r a t i o n .  

Changes o f  t h e  m agni tude  o f  0 . 1  p e r  c e n t ,  a re  v e ry  e a s i l y  

d i s t i n g u i s h e d  by th e  Haldane method o f  a i r  a n a l y s i s ,  and 

t h a t  would c o r r e sp o n d  to  a l e a k  e r r o r  o f  l e s s  t h a n  0 .2  

p e r  c e n t .  The r e s u l t s  o f  a s e r i e s  o f  such  a n a l y s e s  

a re  g iv e n  i n  t a b l e  ( 2 6 ) ,  append ix  ( 2 ) .

From t h e s e  a i r  a n a l y s e s  t h e  oxygen 

c o n c e n t r a t i o n  does a p p e a r  t o  be about 0 .5  p e r  c e n t ,  

t o o  low. The s im p le  a n a l y s e s  f i g u r e s  have ,  however, 

t o  be a d j u s t e d  f o r  the  p r e s e n c e  o f  i n e r t  gas i m p u r i t i e s  

i n  th e  oxygen u s e d .  I  have  been g iv e n ,  by  t h e  B r i t i s h  

Oxygen Company, t h e  average  f i g u r e  of 0*9 p e r  c e n t .

i m p u r i t y ,  m ain ly  a r g o n ,  . p r e s e n t  in  t h e  oxygen s u p p l i e d
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f o r  m e d ic a l  p u rp oses*  «*hen t h e  oxygen volume t a k e n  

from th e  s p i r o m e t e r  i s  c o r r e c t e d  f o r  t h i s  i m p u r i t y ,  my 

gas a n a l y s e s  a l l  g iv e  agreem ent  w i th  e x p e c te d  c o n c e n t r a t i o n s  

w i t h i n  0*1 p e r  c en t*  (The r e c o r d e d  oxygen volume m easu re s  

t h e  t r u e  oxygen usage  and i s  n o t ,  o f  c o u r s e ,  t o  be 

c o r r e c t e d  f o r  i m p u r i t i e s ) *  I  r e g a r d  t h e  agreement  w i th  

t h e  ’’i d e a l ” o f  t h e s e  a i r  a n a l y s e s  a s  b e in g  a v e ry  

s a t i s f a c t o r y  p r o o f  o f  t h e  a c c u ra c y  o f  t h i s  a p p a r a t u s  f o r  

t h e  measurement  o f  gaseo u s  exchange*

E x p e r im e n ta l  P r o c e d u r e s

R e s p i r a t i o n  C a l o r i m e t e r

Apart  from the oxygen consum ption  which  i s  

measured  v o l u m e t r i c a l l y ,  a l l  t h e  o t h e r  b a s i c  measurements  

i n  t h i s  work a re  g r a v i m e t r i c .  As t h e  most p r e c i s e  

v a l i d  i n t e r v a l  on th e  s p i r o m e t e r  i s  0 . 1  mm., c o r r e s p o n d i n g  

t o  about  2 m l .  o r  3 mg** ^ w ished ,  i f  p o s s i b l e  t o  make 

t h i s  th e  u p p e r  l i m i t  o f  i n s t r u m e n t a l  e r r o r *  Loads o f  

up t o  500 g* had t o  be weighed r a p i d l y  but d i f f i c u l t y  

was e x p e r i e n c e d  i n  o b t a i n i n g  a b a la n c e  which combined 

a d eq u a te  s e n s i t i v i t y  w i t h  h ig h  c a p a c i t y .  F i n a l l y  

a low q u a l i t y  ’’s c h o o l ” b a la n c e  was u se d  w i t h  a s t a t e d
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s e n s i t i v i t y  o f  10 mg. and a c a p a c i t y  o f  2 kg .  The 

s e n s i t i v i t y  was improved t o  1 mg. by r a i s i n g  t h e  c e n t r e  

o f  g r a v i t y ,  and th e  s t a b i l i t y  r e c o v e r e d  and speed  o f  

w e ig h ing  improved by use  of  an eddy c u r r e n t  damping d e v i c e .  

T h is  i n s t r u m e n t  i s  shown i n  f i g .  ( 2 2 ) .

In  view o f  t h e  s l i g h t  v a r i a t i o n  l i a b l e  t o  o c c u r  

i n  t h e  o b j e c t s  weighed ,  a s  a r e s u l t  o f  s u r f a c e  c o n t a m i n a t i o n  

and a tm o s p h e r ic  h u m id i t y ,  t h e  w e ig h ing s  a re  c o n s i d e r e d  

t o  have a p r e c i s i o n  l i m i t  o f  5 mg* a l t h o u g h  f o r  m e n ta l  

c o n v en ien ce  t h e y  were r e c o r d e d  t o  1 mg. R e p ea ted  

d a i l y  w e ig h in g s  o f  an unused ,  f i l l e d  a b s o r b i n g  tu b e  

showed a maximum w eigh t  v a r i a t i o n  of ip mg.

The r a t  on e x p e r im e n t  was weighed,  a t  t h e  

b e g in n i n g  and end o f  e ach  r u n ,  i n  a v e n t i l a t e d  c a n .

The movement o f  t h e  an im al  made a c c u r a t e  we igh ing  

i m p o s s i b l e ,  so t h a t  t h i s  w e ig h t  i s ,  i n s t r u m e n t a l l y ,  t h e  

l e a s t  p r e c i s e  o f  a l l  t h e  measurements  made. By p a t i e n c e  

and e x p e r i e n c e  i n  c a t c h i n g  t h e  animal  i n  i t s  r a r e  p e r i o d s  

o f  c o m p a ra t iv e  s t i l l n e s s ,  I  b e l i e v e  t h a t  t h e s e  w e ig h in g s  

can be c o n s i d e r e d  a c c u r a t e  t o  w i t h i n  20 mg.

The f a e c e s ,  p i c k e d  from th e  g r i d  w i t h  f o r c e p s ,  

were weighed i n  t h e  same c an ,  b o th  f r e s h  and d r i e d .

The d r y ,  empty can was weighed once a day ,  a f t e r  t h e  

rem ova l  o f  t h e  d r i e d  f a e c e s .  I t s  day t o  day w e ig h t

v a r i a t i o n  was n e v e r  more t h a n  2 -  3 mS*
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The c l e a n ,  d ry  a n im a l  frame ^nd u r i n e  f u n n e l  

were weighed b e f o r e  th e  b e g in n in g  of  e a c h  r u n  and t h e  day 

t o  day v a r i a t i o n s  i n  w e igh t  were a l s o  w i t h i n  2 - 3 mg. 

b u t  th e  f u n n e l  w e i g h t s  showed a ve ry  g r a d u a l  i n c r e a s e  ove r  

t h e  whole e x p e r im e n t ,  due t o  c o r r o s i o n .  This  change

amounted t o  l e s s  t h a n  1 mg. p e r  d iem. Loose, d r y ,  

s c a t t e r e d  food  l y i n g  i n  the  f u n n e l  and on th e  f a e c e s  g r i d  

o f  t h e  f rame was shaken  o f f  o n to  a c l e a n  s h e e t  o f  p a p e r  

b e f o r e  t h e s e  components were weighed a t  t h e  end of  a r u n ,  

and weighed s e p a r a t e l y  a s  s c a t t e r e d  f o o d .  The w e ig h t

o f  th e  u r i n e  and u r i n e  c o n ta m in a te d  food  s t i l l  a d h e r i n g  

was d e r i v e d  from t h e  i n i t i a l  and f i n a l  w e ig h ts  o f  th e  

f u n n e l  and f ram e .

With t h e  e x c e p t i o n  o f  th e  d r y  s c a t t e r e d  food ,  

which was weighed d i r e c t l y ,  a l l  t h e  w eigh t  d a t a  from which 

t h e  f i n a l  r e s u l t s  o f  t h e s e  e x p e r im e n t s  have been  computed 

a re  i n  t e r m s  o f  w e igh t  d i f f e r e n c e s .  Thus,  t h e  w e igh t

o f  ca rb o n  d io x id e  produced i s  found as t h e  summed w e ig h ts  

o f  t h e  soda a s b e s t o s  t u b e s  and t h e  guard  tu b e  a t  t h e  end 

o f  th e  ru n  l e s s  t h e i r  summed w e ig h ts  a t  t h e  b e g i n n i n g .

This  l a r g e l y  e l i m i n a t e s  any e r r o r  which might  o c c u r  from 

any m a la d ju s tm e n t  o f  th e  b a l a n c e .  The b a la n c e  was 

a d j u s t e d  a t  t h e  b e g in n in g  o f  e ach  s e r i e s  o f  r u n s ,  b u t  

n o t  i n  th e  c o u rse  of  a s e r i e s .  No e r r o r  o f  a d ju s tm e n t  

o f  more t h a n  2 mg. was e v e r  fo u n d .
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R ecords

A u n i fo rm  r o u t i n e  was e v o lv e d  f o r  p e r f o r m in g  

t h e  d a i l y  c h o re s  w h i le  th e  m e tab o l i sm  t r i a l s  were ru n n in g *  

T h is  r o u t i n e  had t o  be adap ted  p r im s r i l ^ r  t o  p e r f o r m in g  

t h e  d a i l y  ch an g e -o v e r  s i n g l e - h a n d e d  and a s  s p e e d i l y  as 

p o s s i b l e .  With p r a c t i c e  I  was a b l e  to  comple te  t h e

a c t u a l  c h an g e -o v e r  w i t h  a b r e a k  o f  o n ly  10 -  15 rain* between 

s t o p p i n g  and s t a r t i n g  t h e  pump. The t im e  r e q u i r e d  f o r  

p r e p a r i n g  and weighing  t h e  r e p l a c e m e n t  components b e f o r e ,  

and w e ig h ing  th e  u se d  components a f t e r  t h e  a c t u a l  c h a n g e 

o v e r  was, o f  c o u r s e ,  v e ry  much g r e a t e r .  During  t h i s  

15 min ,  p e r i o d  t h e  an im al  chamber i s  removed from th e  

c a b i n e t ,  opened,  the  r a t  removed weighed and r e p l a c e d  i n  

a f r e s h  chamber which i s  t h e n  s e a l e d  and r e p l a c e d  i n  t h e  

c i r c u i t .  During  t h i s  t im e  a l s o ,  th e  s p i r o m e t e r  i s

r e - f i l l e d ,  t h e  e x h a u s t e d  a b s o r b in g  t r a i n  removed and f r e s h  

t u b e s  f i t t e d  i n  t h e  c i r c u i t .  Th© c h a n g e -o v e r  p e r i o d

was l e n g th e n e d  a t  t im e s  by any one of a number o f  m is c h a n c e s ,  

such  as t h e  s h e a r i n g  of  a b i n d i n g  b o l t  i n  clamping, t h e  

l i d  o n to  t h e  f r e s h  chamber .

The assem bly  and mounting of th e  f r e s h

a n im a l  chamber w i th  a n im a l  was com ple ted  b e f o r e  t h e

a b s o r b i n g  t r a i n  was r e p l a c e d .  The t ime n e c e s s a r y  f o r

c o m p le t io n  of  t h e  l a t t e r  p r o c e s s  t h e n  a l lo w ed  th e  chamber 

t o  r i s e  t o  something  n e a r  i t s  normal working  t e m p e r a t u r e
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b e f o r e  i t  was f i n a l l y  s e a l e d .  This  r e d u c e s  t h e  

c o r r e c t i o n  t o  the m easured  oxygen consum ption  n e c e s s a r y  

t o  t a k e  acco u n t  of  t h e  e x p a n s io n  o f  the  a i r  i n  the  

a n im a l  chamber .  A f t e r  co m p le te  a ssem bly  of  t h e

a p p a r a t u s  t h e  pump was s t a r t e d .  While t h e  a p p a r a t u s  

was coming i n t o  t e m p e r a t u r e  e q u i l i b r i u m ,  w i t h  t a p  

f i g  ( 2 ) ,  a t  th e  manometer p o s i t i o n ,  t h e  oxygen r e c o r d i n g  

drum was g r a d u a t e d  i n  t h e  way a l r e a d y  d e s c r i b e d .  The 

drum was lihen s e t  i n  p o s i t i o n  i n  t h e  c a b i n e t ,  t u r n e d  on 

and a l lo w e d  t o  ru n  f o r  abou t  10 m in .  u n t i l  t h e  t r a c e  became 

r e g u l a r l y  h o r i z o n t a l .  On t h e  low e s t  g e a r  t h e  Palmer 

drum does n o t  s t a r t  t o  r o t a t e  u n t i l  some m in u te s  a f t e r  

s w i t c h i n g  on .

The d e t a i l s  o f  th e  working  r o u t i n e ,  i n c l u d i n g  

t h e  o r d e r  o f  p r e -  and p o s t - c h a n g e o v e r  work,  a re  g iv en  

i n  append ix  ( l ) .  The o r d e r  o f  v/eighing of  th e

r e p l a c e m e n t  components b e f o r e ,  and o f  th e  u sed  components 

a f t e r  th e  ch angeover  was d e s ig n e d  so t m  t  t h o s e  most 

l i k e l y  to  be a f f e c t e d  by t h e  a tm osphere  were  weighed l a s t  

o r  f i r s t  r e s p e c t i v e l y .  This  was e s p e c i a l l y  im p o r t a n t

f o r  t h e  u se d  components ;  t h e  f u n n e l  and f rame i n v a r i a b l y  

c a r r i e d  some w a te r  which e v a p o r a t e d  v e ry  r a p i d l y  when 

exposed  t o  t h e  a tm osphere  o f  t h e  l a b o r a t o r y .

To s i m p l i f y  and a c c e l e r a t e  the  maiding o f  

r e c o r d s  a r e c o r d  s h e e t  was d e s ig n e d  and c y c l o s t y l e d .



E x p e r i e n c e  showed t h a t  many e v e n t s  and m easu rem en ts ,  

n o t  f o r e s e e n  when th e  r e c o r d  s h e e t  was d e s i g n e d ,  would 

have  t o  be r e c o r d e d .  Many o f  th e  a d d i t i o n a l  r e c o r d s  

were  n e c e s s i t a t e d  by th e  i n t r o d u c t i o n  o f  the  oxygen 

r e c o r d i n g  drum. . These a d d i t i o n a l  r e c o r d s  were added t o  

t h e  s t a n d a r d  form w i t h  h a n d - w r i t t e n  d e s c r i p t i o n .  

R e p r o d u c t io n s  o f  exam ples  o f  t h e  r e c o r d  s h e e t  as 

o r i g i n a l l y  d e s ig n e d  and as  f i n a l l y  used  a re  g iv e n  i n  

ap p en d ix  ( l ) .

UJvery e f f o r t  was made t o  p e r fo rm  th e  

a c t u a l  chan g eo ver  a t  a bo u t  th e  same t ime e a c h  day, and 

t h e  p r o c e s s  was t im ed  t o  be s u b j e c t  t o  as  l i t t l e  

i n t e r f e r e n c e  as  p o s s i b l e  from o t h e r  c a l l s  upon my t i m e .

I t  was n o t  a lways p o s s i b l e  t o  a c h ie v e  t h i s ,  however,

8nd so t h e  t im e  o f  ch angeover  v a r i e d  by as  much as  one 

h o u r  from day t o  day .  P r e - p e r i o d s  c o u ld  b e ,  and

f r e q u e n t l y  were a r r a n g e d  t o  ru n  l a r g e l y  d u r in g  weekends 

t o  avoid  i n t e r r u p t i o n ,  b u t  no such cu t  and d r i e d  a r ran gem en t  

c o u ld  be ado p te d  f o r  t h e  p re g n a n c y  p e r i o d s  which were 

e n t i r e l y  d e te rm in e d  by t h e  day o f  m a t in g .

The u s u a l  time o f  changeover  was a t  

1 1 .0 0  am. which gave a d e q u a te  t im e  f o r  t h e  p r e p a r a t i o n  

and w e igh in g  o f  components .  For  th e  l a s t  60 days o f  

t h e  e x p e r im e n t  o t h e r  commitments r e n d e r e d  a c o n s t a n t  

m orning  chan g eo ver  v e ry  u n c e r t a i n  and so the  e n t i r e  t im i n g
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was d i s p l a c e d  3 h r .  t o  2 .0 0  p .m . This  t ime was m a i n t a i n e d  

w i t h  f a i r  c o n s t a n c y  th r o u g h o u t  t h e  r e m a in d e r  o f  t h e  

e x p e r i m e n t .  S ince  t h e  p e r i o d  between s u c c e s s i v e  

c h a n g e o v e rs  was s t i l l  23 -  2I4. h r . ,  and t h e s e  were s t i l l  

p e r fo rm ed  a t  a c o n s t a n t  t im e  o f  t h e  day ,  i t  i s  b e l i e v e d  

t h a t  t h e  a l t e r e d  t im i n g  had no e f f e c t  on t h e  e x p e r i m e n t a l  

r e s u l t s .

H e a t s  o f  Combustion.

The h e a t s  o f  com bus t ion  o f  t h e  food and f a e c e s  

were m easured  by a B e r t h e l o t - M a h l e r  b o m b - c a l o r i m e t e r .

The i n s t r u m e n t  used  i s  o f  a s t a n d a r d  ty p e  and p h o to g r a p h s  

o f  t h e  components of th e  a p p a r a t u s  and o f  t h e  assem bled  

in s t r u m e n t  a re  g iv e n  i n  f i g s .  ( 2 3 ) and ( 2Ij.) .

The s t i r r i n g  d e v ic e  i s  d r i v e n  by a 1 /30  H.P .  

e l e c t r i c  m o to r .  The motor d r i v e s  t h e  s t i r r e r  t h r o u g h  

a 1 :10  r e d u c i n g  b e l t  d r i v e .  A r h e o s t a t ,  s u p p l i e d  w i th  

t h e  a p p a r a t u s  and p u r p o r t i n g  t o  c o n t r o l  th e  motor t o  a 

s u i t a b l e  speed* has  had t o  be r e i n f o r c e d  by a 60 or  100 

w a t t  l i g h t  b u lb  i n  s e r i e s ,  ( w a t t a g e  a c c o r d i n g  t o  t h e  s t a t e  

o f  t h e  e l e c t r i c i t y  s u p p l y ) ,  as shown i n  f i g .  ( 21+) .

The sample t o  be burned  i s  i g n i t e d  from t h e  

main e l e c t r i c a l  s u p p l y .  a s im ple  i g n i t i o n  u n i t  was



made o r  a h e a t e r  t r a n s f o r m e r ,  su p p ly in g  1 amp. a t  12 v o l t s .  

A s p r i n g  r e t u r n  p r e s s - b u t t o n  sw i t c h  i s  f i t t e d  i n  t h e  

p r i m a r y  c i r c u i t .

As a p r e l i m i n a r y  to  t h e  use  o f  t h e  a p p a r a t u s  

a s t a n d a r d  had to  be f i x e d  l o r  th e  amount o f  w a te r  i n  t h e  

c a l o r i m e t e r  v e s s e l .  The assem bled  bomb was p l a c e d  i n  

t h e  c a l o r i m e t e r  v e s s e l .  jsnough t a p  w a t e r  was added j u s t  

t o  c o v e r  t h e  body and cap o f  th e  bomb w i t h o u t  o v e r - t o p p i n g  

t h e  i n s u l a t o r s  o f  t h e  i g n i t i o n  c o n t a c t s .  This  amounted

t o  1886 g .  w a t e r .  T^e bomb was t h e n  removed and t h e

c a l o r i m e t e r  v e s s e l  w i th  w a t e r  was w e ighed .  A l e a d - f i l l e d

b r a s s  t u b e ,  p a r t  of  an  o ld  c l o c k  w e ig h t ,  was a d j u s t e d  

e x a c t l y  t o  b a la n c e  t h i s  w a te r  f i l l e d  v e s s e l ,  2^73 £•

I n  a l l  e s t i m a t i o n s  made w i th  t h i s  i n s t r u m e n t  t h e  c a l o r i m e t e r  

v e s s e l  w i t h  w a te r  was b a la n c e d  a g a i n s t  t h i s  s t a n d a r d  

w e ig h t  on a b u l l i o n  b a la n c e  s e n s i t i v e  t o  0 .1  g .

The w a te r  e q u i v a l e n t  o f  the whole a p p a r a t u s  

was e s t i m a t e d  by b u r n i n g  pure  b en zo ic  a c i d ,  s u p p l i e d  as a 

t h e rm o c h e m ic a l  s t a n d a r d  w i t h  a hea t  o f  com bus t ion  o f  

6 . 3 I 8 C a l .  p e r  g .  Enough o f  t h i s  m a t e r i a l  was u s e d  

t o  g ive  a t e m p e r a t u r e  r i s e  o f  about 3°C«> t h a t  i s ,  

assuming a w a te r  e q u i v a l e n t  o f  the a p p a r a t u s  o f  a b o u t  

2000 g . ,  abou t  1 g .  o f  b e n z o ic  a c i d .  S i m i l a r l y  t h e

q u a n t i t i e s  o f  the  food and f a e c e s  samples burned t o  f i n d  

t h e i r  h e a t  o f  com bus t ion  were 1*5 t o  2 .0  g .



A matior  o b s t a c l e  e n c o u n te r e d  i n  t h e s e  e s t i m a t i o n s  

was due t o  t h e  type  o f  bomb, which i s  of  the  s c r e w - c a p  

ty p e  w i t h  s e a l i n g  by a l e a d  w a sh e r .  T h is  cap has  t o  be

screwed on ve ry  f i r m l y  o r  th e  bomb w i l l  l e a k  to  a g r e a t e r  

o r  l e s s  e x t e n t  when oxygen i s  p a s s e d  i n  t o  2 ^ a tm o s p h e r e s .

On t h e  o t h e r  hand,  i f  the  cap i s  screwed on to o  f o r c i b l y  

t h e  l e a d  washer  i s  l i a b l e  t o  have i t s  s u r f a c e  t o r n  w i th  

t h e  development  o f  a perm anen t  l e a k .  I  found t h a t  by

l i g h t l y  sm e a r in g  t h e  o u t e r  r im  o f  the  bomb body w i t h  

s i l i c o n e  g r e a s e ,  th e  assem bled  bomb was l e a k - f r e e  w i th  

f a i r l y  l i g h t  p r e s s u r e  w h ich  l a i d  no s t r a i n  on t h e  l e a d  

w a s h e r .  T h is  d e v ic e  d id  n o t  a p p r e c i a b l y  a f f e c t  t h e  

e s t i m a t e d  h e a t  o f  com bus t ion  ( v ide  p .  146 ) .  A l l  h e a t s

o f  com bus t ion  e s t i m a t i o n s  made on the  e x p e r i m e n t a l  m a t e r i a l  

were made u s i n g  t h i s  method o f  l e a k  p r e v e n t i o n .

The food samples  f o r  h e a t  e s t i m a t i o n  were 

p r e p a r e d  s a t i s f a c t o r i l y  by the  s t a n d a r d  p e l l e t i n g  p r o c e s s .  

The food was used  i n  t h e  f r e s h  s t a t e  as i t  was ve ry  

d i f f i c u l t  t o  form p e l l e t s  from d e s i c c a t e d  f o o d .  The 

p e l l e t s  made o f  the  d r i e d  f a e c e s ,  however, were v e r y  

f r i a b l e  and even t h o s e  p e l l e t s  which s u r v i v e d  th e  v a r i o u s  

m a n i p u l a t i o n s  n e c e s s a r y  b e f o r e  i g n i t i o n ,  f r e q u e n t l y  

s c a t t e r e d  b a d l y  i n  t h e  bomb d u r i n g  c o m b u s t io n .  Whenever 

any s i g n  o f  unburned  m a t e r i a l  rem ained  i n  t h e  bomb a t  

t h e  end o f  an e s t i m a t i o n  the  r e c o r d  was d i s c a r d e d .



Out of  some 5G e s t i m a t i o n s  o f  t h e  h e a t  o f  com bus t ion  o f  

f a e c e s  o n ly  10 were c o m p l e t e ly  s a t i s f a c t o r y .  These 

gave a mean h e a t  o f  com bus t ion  o f  3*759  G a l . p e r  g .  w i th  a 

s t a n d a r d  d e v i a t i o n  o f  0 .02  C a l . ,  and t h i s  mean v a lu e  has 

been  a p p l i e d  t o  a l l  measured f a e c e s  w e ig h ts*

I r o n  fuse  w i re  was u s e d  f o r  f i r i n g  the  ©amples 

I n  p r e f e r e n c e  t o  p l a t i n u m ,  because  o f  i t s  cheapness*

The s p r i n g i n e s s  o f  t h e  i r o n  w ire  makes i t s  m a n i p u l a t i o n ,  

i n  p r e p a r i n g  t h e  p e l l e t  and t h r e a d i n g  th e  w ire  i n t o  the  

i g n i t i o n  c o n t a c t s ,  r a t h e r  more d i f f i c u l t ,  bu t  t h i s  

d i s a d v a n t a g e  i s  e a s i l y  overcome by p a t i e n c e  and p r a c t i c e *  

A t h e o r e t i c a l l y  more s e r i o u s  o b j e c t i o n  t o  i r o n  w ire  l i e s  

i n  t h e  f a c t  t h a t  th e  i r o n  i s  o x i d i s e d  i n  th e  com bus t ion  

w i t h  t h e  r e l e a s e  o f  h e a t .  The i r o n  i s  o n l y  p a r t i a l l y  

b u rn e d ,  and t h e  amount burned i s  v a r i a b l e ,  so s t r i c t l y  

t h e  i r o n  rem a in in g  shou ld  be e s t im a t e d  i n  o r d e r  t o  

c a l c u l a t e  e x a c t l y  the  c o r r e c t i o n  t o  be a p p l i e d .  The 

e r r o r  i n v o lv e d  i s  so s m a l l ,  however ,  t h a t  t h e  l a b o u r  o f  

su ch  a c o r r e c t i o n  i s  n o t  j u s t i f i e d *  The h e a t  of

o x i d a t i o n  o f  i r o n  i s  1 .2  C a l .  p e r  g . ;  t h e  a v e rag e  w e igh t  

o f  f u s e  w i re  used i n  one e s t i m a t i o n  i s  6 mg. of  which 

a bou t  h a l f  i s  b u rn e d .  T h is  g i v e s  an average  e x c e s s

h e a t  p e r  e s t i m a t i o n  due t o  t h e  combust ion  o f  the  i r o n ,  

o f  0 .0012  x 3 C a l . ,  t h a t  i s  about  0.003-O.COlf C a l .  o r  

0 .0 5  p e r  c e n t ,  o f  an a v e rag e  t o t a l  h e a t  p r o d u c t i o n .

By o m i t t i n g  t h i s  c o r r e c t i o n  from th e  w a te r  e q u i v a l e n t



e s t i m a t i o n s  I t  was a u t o m a t i c a l l y  a p p l i e d  t o  a l l  su b s e q u e n t  

e s t i m a t i o n s  o f  e x p e r i m e n t a l  m a t e r i a l *

The s t a n d a r d  p r o c e d u r e  was u se d  i n  making t h e s e  

e s t i m a t i o n s *  The d e t a i l s  o f  t h i s  p r o c e d u r e  g iv e n

i n  append ix  ( l ) .

N i t r o g e n  E s t i m a t i o n s *

The n i t r o g e n  o f  t h e  u r i n e ,  f a e c e s  and food was

e s t i m a t e d  by th e  m i c r o - K j e h l d a l  method.  The m o d i f i c a t i o n

o f  Ma and Zuazaga (19^2)  was u s e d ,  i n  which the  d i s t i l l a t e

i s  p a s s e d  i n t o  a 2 p e r  c e n t ,  s o l u t i o n  o f  b o r i c  a c i d ,  and

t h e  ammoniaca1 b o r i c  a c i d  s o l u t i o n  t h e n  t i t r a t e d  d i r e c t l y

w i t h  0 .0 1  N H^SO^ u s i n g  m e th y l  r e d - b r o m o c r e s o l  g r e e n

i n d i c a t o r .
%

U r in e

The u r i n e  was c o l l e c t e d  i n  a 100 ml.  S r l e n m e y e r  

f l a s k  c o n t a i n i n g  a bou t  10 m l .  1 j N H^SO^. en(^

o f  a d a y ’s ru n  th e  lo o se  u n c o n ta m in a te d  food  from the  u r i n e  

f u n n e l  and the  f a e c e s  g r i d  of  the frame was shaken o f f  

o n to  a c l e a n  s h e e t  o f  p a p e r .  A f t e r  t h e  f u n n e l  and f ram e ,

w i t h  a d h e r in g  u r i n e - c o n t a m i n a t e d  food ,  had been w eighed  

t h i s  was o&.refu l ly  washed i n t o  the  u r i n e  f l a s k  w i th



warm d i s t i l l e d  w a t e r .  The c o n t e n t s  o f  the  f l a s k  were 

t h e n  f i l t e r e d  th r o u g h  a r a p i d  f i l t e r  p a p e r  and t h e  r e s i d u e  

washed t h r e e  o r  f o u r  t im e s  w i t h  d i s t i l l e d  w a t e r .  The 

f i l t r a t e  was made up to  100 m l .  w i th  d i s t i l l e d  w a t e r .

The n i t r o g e n  was e s t i m a t e d  i n  d u p l i c a t e  i n  1 m l.  

a l i q u o t s  o f  t h i s  s o l u t i o n .  Agreement between d u p l i c a t e

was w i t h i n  0 .5  p e r  c e n t .

I n  8 t e s t s ,  made by  p i p e t t i n g  5 ml* of  a i r in e  

o f  known n i t r o g e n  c o n t e n t  i n t o  uhe an im al  chamber w i th  

food  s c a t t e r e d  on th e  f a e c e s  g r i d  and f u n n e l ,  97iJ~ p e r  

c e n t ,  r e c o v e r y  was o b t a i n e d .  I t  i s  p r o b a b l e ,  however 

t h a t  th e  v a lu e s  f o r  u r i n a r y  n i t r o g e n  r e c o r d e d  i n  p r a c t i c e  

a r e  r a t h e r  low as i t  i s  t o  be e x p e c te d  t h a t  an a p p r e c i a b l e  

amount o f  t h e  u r i n e  i s  ab so rb ed  by c o n t a c t  w i th  t h e  f a e c e s  

I  have assumed t h a t  th e  e s t i m a t i o n  o f  t h e  f a e c e s  n i t r o g e n  

s u b s t a n t i a l l y  t a k e s  acco u n t  o f  t h i s  u r i n a r y  l o s s  f rom 

t h e  p o i n t  o f  view o f  t o t a l  n i t r o g e n  b a l a n c e ,  and t h a t  the  

e r r o r  i s  s u f f i c i e n t l y  s m a l l  n o t  s e r i o u s l y  to  a f f e c t  th e  

p r o t e i n  c o r r e c t i o n  i n  t h e  e s t i m a t i o n  o f  the  en e rg y  

m e ta b o l i s m .

F a e ce s

The f a e c e s ,  a f t e r  d r y i n g ,  were ground i n  a 

m o r t a r  t o  a f i n e  powder.  This  was n o t  p e r f e c t l y

homogeneous a s  t h e  f i b r e  r e s i d u e s  r e t a i n e d  a q u i t e



-  142  -

a p p r e c i a b l e  p a r t i c l e  s i z e *  Two samples o f  abou t  50 mg* 

were weighed on a t o r s i o n  b a l a n c e  a c c u r a t e  t o  1 mg* and 

t h e  n i t r o g e n  c o n te n t  o f  t h e s e  was e s t i m a t e d .  ag reem en t

be tw een  d u p l i c a t e s  was w i t h i n  5 Pe r  c e n t .  V a r i a t i o n  

i n  t h e  n i t r o g e n  c o n te n t  o f  t h e  f a e c e s  from day t o  day  was 

as much as 10 p e r  c e n t .  T h i s  day  t o  day  v a r i a t i o n  I

a t t r i b u t e  l a r g e l y  t o  a b s o r p t i o n  o f  n i t r o g e n  from u r i n e ,  

b u t  t h i s  amounts t o  l e s s  t h a n  5 Pe r  c e n t ,  e r r o r  i n  th e  

u r i n a r y  n i t r o g e n .

Fo od

Food sam ples  were g ro u n d  t o  a f i n e  powder i n  a 

m o r t a r  and th e  n i t r o g e n  c o n t e n t  was e s t i m a t e d  on 50 mg. 

sam p le s ,  measured  as  d e s c r i b e d  f o r  the  f a e c e s .

E s t i m a t i o n s  were made on t h r e e  sam ples  from e ach  food 

b a t c h ,  and were made on t h e  u n d r i e d  f o o d .  The n i t r o g e n

c o n t e n t  was e x p r e s s e d  i n  te rm s  o f  d r y  food by a p p ly in g  

t h e  c o r r e c t i o n  f o r  m o i s tu r e  c o n te n t  a p p r o p r i a t e  t o  t h e  

food b a t c h .  Agreement be tween d u p l i c a t e s  f o r  t h e s e

e s t i m a t i o n s  was a g a in  w i t h i n  5 Pe r  c e n t .

For  more a c c u r a t e  e s t i m a t i o n  of the  n i t r o g e n  

c o n te n t  o f  th e  food and f a e c e s  a macro- method sh o u ld  

have been  used  bu t  f a c i l i t i e s  were not a v a i l a b l e  f o r  

d i g e s t i n g  t h e  l a r g e  number o f  sam ples  i n v o l v e d .  The 

c o l l e c t i o n  o f  t h e s e  d a t a  was i n t e n d e d  t o  u e t e c t  any



g r o s s  change i n  t h e  p a t t e r n  o f  t h e  n i t r o g e n  b a l a n c e ,  and 

I  b e l i e v e  t h a t  t h e  p r e c i s i o n  a c h ie v e d  i s  a d eq u a te  f o r  t h i s  

e n d .

These n i t r o g e n  d a t a  have  been  r e p o r t e d  o n ly  

f o r  t h e  m a jo r  s e r i e s ,  fem a le s  and 525 * t h e

e a r l i e r  work th e  u r i n a r y  n i t r o g e n  v a lu e s  were f a l l a c i o u s l y  

low, due t o  i m p e r f e c t  r e c o v e r y  from f u n n e l  and f ra m e ,  

and have b e e n  d i s c a r d e d .
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Compu t a t i o n  o f  Da t a .

The e x t r a c t i o n  o f  u s e f u l  d a t a  from the  raw 

r e c o r d s  o f  t h e  m e t a b o l i c  e x p e r im e n t s  e n t a i l e d  some 

l e n g t h y ,  a l t h o u g h  u s u a l l y  s t r a i g h t f o r w a r d  c a l c u l a t i o n .

These p r o c e s s e s  a r e  d e s c r i b e d  i n  some d e t a i l  as  t h e y  a r e ,  

i n  some c a s e s ,  a l i t t l e  i n v o lv e d  and i m p l i c a t e  t h e  

a s su m p t io n  o f  b a s i c  d a t a  which have n o t  been e x p e r i m e n t a l l y  

c o n f i rm ed  here*

Oxygen *

I t  can be se en ,  f i g s .  (12)  and ( 13 ) ,  t h a t  the  

s p i r o m e t e r  c a l i b r a t i o n  c u rv e s  a re  e f f e c t i v e l y  l i n e a r *

The cu rve  f o r  S p i r o m e te r  2 d e p a r t s  from l i n e a r i t y  a t  

t h e  lower  end of  the s c a l e ,  b u t ,  i n  p r a c t i c e  t h a t  p a r t  

o f  the  s c a l e  o f  t h a t  s p i r o m e t e r  was n e v e r  used* The 

s t r a i g h t  l i n e  of b e s t  f i t  was a p p l i e d  t o  th e  c u rv e s  by 

i n s p e c t i o n  w i th  a s t r a i g h t  edge and t h e  e q u a t i o n s  t o  

t h e s e  f o r  S p i r o m e t e r s  1 and 2 r e s p e c t i v e l y  a r e : -

(1)  Volume On i n  l i t r e s  -  ( I n i t i a l  s c a l e -  f i n a l  s c a l e)  cm.
5*111

(2)  Volume Oo i n  l i t r e s  = ( I n i t i a l  s c a l e  -  f i n a l  s c a l e )  cm.

Comparison o f  a s e r i e s  o f  v o l u m e s 'o b ta in e d  by d i r e c t

r e a d i n g  from th e  c u rv e s  w i t h  th o se  from Lhe same s c a l e
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r e a d i n g s  c a l c u l a t e d  from th e  above e x p r e s s i o n s  g i v e s  a 

mean e r r o r  f o r  th e  l a t t e r  o f  42*3 ml.  w i t h  a maximum 

e r r o r  o f  15 ml.  T h is  i s  a maximum e r r o r  l e s s  t h a n  th e  

g r a d u a t e d  p r e c i s i o n  o f  th e  s p i r o m e t e r  s c a l e .

To re d u c e  the  oxygen volumes t o  S . T .P .  the  most 

c o n v e n i e n t  method i s  t o  u t i l i s e  th e  nomogram g i v e n  by 

Weir ( 19I19)® i n  a copy o f  t h i s  nomogram 0 .0 0 2

d i v i s i o n s  were i n s e r t e d  by l i n e a r  i n t e r p o l a t i o n  i n  t h e  

c o r r e c t i o n  f a c t o r  s c a l e ,  f i g .  ( 2 5 ) .  T h is  e n s u r e s  t h a t  

t h e  r e a d i n g  p r e c i s i o n  o f  the  c o r r e c t i o n  f a c t o r  " c o n t a i n s 11 

t h e  r e a d i n g  p r e c i s i o n  o f  the  c a b i n e t  th e rm o m e te r ,  <- 

0 .3 ° C .  The e r r o r  i n  r e a d i n g  th e  c o r r e c t i o n  f a c t o r  

w i t h  t h e s e  i n t e r p o l a t e d  g r a d u a t i o n s  i m p l i e s  a maximum 

e r r o r  i n  oxygen volume o f  10 m l.  t h a t  i s  0 .2  p e r  c e n t  

on a f u l l  s p i r o m e t e r  s c a l e  change .

A d i f f i c u l t y  i n  th e  r e d u c t i o n  o f  th e  s c a l e  

r e a d i n g s  t o  oxygen volumes a t  S .T .P .  i s  i n t r o d u c e d  by 

t h e  u n c a l i b r a t e d  r e s i d u a l  volume o f  t h e  s p i r o m e t e r ,  

a lo n g  w i th  t h e  volume o f  t h e  d u c t s  l e a d i n g  t o  t h e  t a p ,  T^.

I f  p and q be t a k e n  as t h e  c o r r e c t i o n  f a c t o r s  

t o  be a p p l i e d  a t  t h e  b e g in n in g  and end ,  r e s p e c t i v e l y ,  

o f  one s p i r o m e t e r  d e l i v e r y ,  t h e n : -

V o l . r, „ o f  Op -  p x t o t a l  i n i t i a l  v o l .  -  q x t o t a lO . i  • ir . <—
f i n a l  v o l .  (1 )

L e t t i n g  x^ and x^ be th e  i n i t i a l  and f i n a l  s c a l e  r e a d i n g s ,



l e t t i n g  th e  unknown 11 d e a d - s p a c e 11 volume by y l i t r e s ,  

t a k i n g  the  lower  l i m i t  o f  the  s p i r o m e t e r  c a l i b r a t i o n  

c u rve  as 1 cm* and assuming Lhe l i n e a r  r e l a t i o n  d i s c u s s e d  

above ,  t h e n  e q u a t i o n  ( l )  b ecom es :-

V o l * S . T . P .  * P j^ T l 1- + + l i t r e s .  ( 2 )

T h is  can be r e a r r a n g e d  t o  g i v e : -

V01.8.T.P. = ^  ^  + (p . q)(y . 5ln) mres> (3)
When t h e  two c o r r e c t i o n  f a c t o r s  a re  e q u a l  t h i s  r e d u c e s  t o :  

/ o l ‘ S .T .P .  = -  x 2 ) l i t r e s .  ( Ip)

P r e c i s e  d e t e r m i n a t i o n  of  th e  dead space  was n o t  

f e a s i b l e ,  s i n c e  i t  i n c l u d e s  a c o n s i d e r a b l e  l e n g t h  of  g l a s s  

p i p in g *  An adeq ua te  measure  o f  t h i s  volume was,  however 

d e r i v e d  from d i r e c t  measurement o f  t h e  l i n e a r  d im en s io ns  

o f  t h e  component vo lum es .  T h is  method g i v e s  a dead

space  volume o f  about  650 m l .  f o r  b o th  s p i r o m e t e r s .  

S u b s t i t u t i n g  t h i s  va lue  f o r  y i n  e q u a t i o n  ( 3 ) above g i v e s  

t h e  f o l l o w i n g  working e q u a t i o n  f o r  S p i ro m e te r  1 ; -

• “ V o l , S . T .P .  -  Px l /5 * 1 1  -  qx2/ 5 * l l  + (p  -  q)

= 1/ 5 .1 1  ( p x x -  qx2 ) + 0.il5lj.(p -  q) ( 5 )

A s i m i l a r  e q u a t i o n  can be d e r i v e d  f o r  S p i r o m e te r  2 : -

V o i .  = px- , /5-075 -  qxn/5-075  + (p -  q)
S .T .P .

= l / 5 . 0 r15{-px1 -  qx2 ) + O.I4.53 (p -  q) (5 a )

I t  i s  n e c e s s a r y  t o  i n t r o d u c e  t h i s  c o r r e c t i o n  

f o r  the  dead space  volume of th e  s p i r o m e t e r ,  f o r  a change



i n  a tm o s p h e r ic  p r e s s u r e  o f  2 cm. Hg over  t h e  p e r i o d  o f  

one s p i r o m e t e r  d e l i v e r y  i s  q u i t e  common. I g n o r i n g  t h e  

above c o r r e c t i o n  i n  such an i n s t a n c e  would i n t r o d u c e  an 

e r r o r  o f  a bou t  IpO ml.  i n t o  the  e s t i m a t e  o f  oxygen volume.

To t h i s  b a s i c  measure o f  oxygen consum ption  

s e v e r a l  c o r r e c t i o n s  have t o  be a p p l i e d : -

(1 )  The e x p a n s io n  o f  a i r  i n  t h e  chamber be tween 

t h e  t im e  o f  s e a l i n g  t h e  c i r c u i t  and th e  t im e  when th e  

chamber a t t a i n s  i t s  f i n a l  ru n n in g  t e m p e r a t u r e ,  has  t o  be 

c o n s i d e r e d  as oxygen usage  s i n c e  i t  would a p p e a r  as such  

i f  t h e  f i n a l  chamber t e m p e r a t u r e  were a l lowed t o  f a l l  t o  

t h e  s t a r t i n g  l e v e l .  The t e m p e r a t u r e  d i f f e r e n c e  p r o d u c i n g  

t h i s  e x p a n s io n  i s  t h e  d i f f e r e n c e  between t h e  chamber 

t e m p e r a t u r e  a t  t h e  i n s t a n t  o f  s e a l i n g  the  c i r c u i t  and t h e  

t e m p e r a t u r e  a t  th e  i n s t a n t  o f  b r e a k in g  the  c i r c u i t  a t  

t h e  end  o f  Lhe r u n .  The i n i t i a l  volume which i s

expanded i s  th e  a i r  volume i n  the  chamber. This  h a s  

been  t a k e n  t h r o u g h o u t  as 6*5 l i t r e s ,  b e in g  th e  ap p ro x im a te  

volume o f  t h e  chamber ( p .  98 ) l e s s  th e  e s t i m a t e d  volume 

o f  the  r a t ,  fo o d ,  w a te r  b o t t l e  and o t h e r  c o n t e n t s .

The c o r r e c t i o n  t o  be a p p l i e d  t o  t h e  oxygen volume as 

m easured  a t  c a b i n e t  t e m p e r a t u r e  and p r e s s u r e  i s  t h e r e f o r e  

( P i n a l  chamber t e m p e r a t u r e  -  I n i t i a l  chamber t e m p e r a t u r e ) x 

6 . 5/273  l i t r e s .

r  0 .0 2 3 8 (T 2 - T ) l i t r e s .
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To redu ce  t h i s  volume t o  S . T . P ,  a s t a n d a r d  

c o r r e c t i o n  f a c t o r  h a s  been  u s e d ,  0 . 9 . The u se  o f  a 

c o n s t a n t  f a c t o r  h e re  i n s t e a d  o f  a more c o m p l i c a te d  

e x p r e s s i o n  i n v o l v i n g  t h e  t r u e  i n i t i a l  and f i n a l  c o r r e c t i o n  

f a c t o r s  a l l o w s  a maximum e r r o r  I n  t h i s  c o r r e c t i o n  o f  1-2  ml* 

I n t r o d u c i n g  th e  c o r r e c t i o n  f a c t o r  i n t o  th e  above e x p r e s s i o n  

g i v e s  a t o t a l  e x p a n s io n  c o r r e c t i o n  o f ; -  0 .0214  (T^ -  T^ ) 

l i t r e s .

(2)  The e v a p o r a t i o n  o f  w a te r  from t h e  s p i r o m e t e r  

t a n k  a l t e r s  t h e  w a te r  l e v e l  i n  t h e  s p i r o m e t e r  and so r e d u c e s  

t h e  z e r o  o f  the  s p i r o m e t e r .  The s p i r o m e t e r  r e a d i n g s

were made w i t h o u t  a d j u s t i n g  th e  w a t e r  l e v e l .  The s p i r o m e t e r  

was r e - l e v e l l e d ,  a f t e r  th e  f i n a l  r e a d i n g  o f  a d a y ' s  r u n  

was made, e v e r y  t h i r d  d a y  o f  u s e ,  and t h e  s p i r o m e t e r  r e a d i n g  

r e c o r d e d  b e f o r e  and a f t e r  l e v e l l i n g .  The I n c r e a s e  I n  

s p i r o m e t e r  r e a d i n g  a t  e a c h  t h r e e - d a y  l e v e l l i n g  was v e r y  

c o n s t a n t  a t  0 .5  cm. An e s t i m a t e  o f  th e  e r r o r  i n t r o d u c e d  

due t o  t h i s  w a t e r  e v a p o r a t i o n  i s  t h e r e f o r e  g iv e n  a s : -  

( 0 .5  x 0 . 9 ) / ( 3  *  * 3 0  m l .  ( a p p r o x . )

(3 ) A c o r r e c t i o n ,  e n t a i l e d  by th e  r a i s e d  c a r b o n  

d i o x i d e  c o n c e n t r a t i o n  I n  t h e  a p p a r a t u s ,  ha s  t o  be a p p l i e d  

t o  b o th  the  oxygen and c a rb o n  d i o x id e  e s t i m a t e s .  I  have 

assumed t h a t  t b s  c a r b o n  d i o x i d e  c o n c e n t r a t i o n  a t  t  he end 

o f  a  r u n  i s  c o n s t a n t  a t  0 .7  p e r  c e n t .  ( £ f .  p .  1 0 1 ) .  I n  

a t o t a l  volume o f  7 .1  l i t r e s  t h i s  amounts t o  some $0 m l .
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Complete  a b s o r p t i o n  o f  t h i s  by  t h e  a b s o r b i n g  t r a i n  would 

e x t r a c t  a f u r t h e r  5°  of  oxygen from t h e  s p i r o m e t e r *  

A ga in  a c o n s t a n t  c o r r e c t i o n  f a c t o r  o f  0*9 has  b e e n  a p p l i e d  

t o  r e d u c e  t h i s  t o  S*T*P«, g i v i n g  a t o t a l  c a r b o n  d i o x i d e  

c o r r e c t i o n  o f  45 ^ 1 © ( I t  may be n o ted  h e re  t h a t  th e  above 

c o r r e c t i o n  c o u ld  have b e en  ig n o r e d  i f  t h e  s t a r t i n g  t ime 

o f  a r u n  had  been t a k e n  as  the  t im e  o f  s e a l i n g  t h e  c i r c u i t  

i n s t e a d  o f  a s  t h e  t im e  of  c lam ping  th e  chamber ( c f *  p .  1 2 3 ) .  

The c a r b o n  d i o x i d e  p roduced  t o  r a i s e  th e  c a rb o n  d i o x i d e  

c o n c e n t r a t i o n  i n  t h e  c i r c u i t  would t h e n  be o u t w i th  th e  

e x p e r i m e n t a l  p e r i o d .  I t  m us t  a l s o  be n o t e d ,  however ,  

t h a t  such  a change i n  t e c h n i q u e  would n o t  i n c r e a s e  th e  

a c c u r a c y  o f  the  t o t a l  e s t i m a t e  o f  oxygen consum ption*)

I n c o r p o r a t i n g  t h e s e  c o r r e c t i o n s  i n  the  b a s i c  

oxygen volume e q u a t i o n s  ( p .  136 ) ,  g i v e s  t h e  f i n a l  e q u a t i o n  

u se d  f o r  e s t i m a t i o n  o f  oxygen volume* The c o r r e c t i o n s  

a r e  a p p l i e d  on ly  once t o  a d a y ' s  r u n .

VOl*STP ■’ [ ( 5 7 l l ( P x 1- c*X2 ) *°*454(p-q)J + 0 .0238(1: ^ ^  *
0 .0 1 5  l i t r e s  ( 6 )

Where the  second s p i r o m e t e r  was used  t h e  summed te rm  o f  t h e  

above e q u a t i o n  becomes t h e  sum o f  e x p r e s s i o n s  ( 5 ) and (5a ) 

on p* I J6

The oxygen volume e x t r a c t e d  i n  t h e  above manner  

i s  c o n v e r t e d  t o  oxygen w e ig h t  f o r  use  i n  th e  t o t a l  w e igh t  

b a l a n c e ,  by m u l t i p l i c a t i o n  by the  f a c t o r  1*429©
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Carbon D i o x i d e Q

The w e ig h t  o f  c a r b o n  d i o x i d e  i s  found a s  t  he 

summed f i n a l  w e i g h t s  o f  t h e  soda a s b e s t o s  a b s o r b i n g  t u b e s  

and t h e  anhydrone  guard  tu b e  l e s s  the  summed i n i t i a l  

w e i g h t s  o f  t h e s e  t u b e s .  The c o r r e c t i o n  o f  45 ml© or 

0.093  g* a s  derivec3- a 8 ove f o r  oxygen,  i s  added  t o

t h i s  m easu red  w e i g h t .  The w e ig h t  o f  c a rb o n  d i o x i d e  was 

c o n v e r t e d  t o  a volume by d i v i s i o n  by th e  f a c t o r  1 . 9 7 7 *

E nergy  E x p e n d i t u r e .

To d e r i v e  th e  e n e rg y  e x p e n d i t u r e  o f  t  he a n im a l  

from the  m easu rem en ts  o f  oxygen and c a r b o n  d i o x i d e ,  I  

have u t i l i s e d  the  method d e s c r i b e d  by Weir  (1949)© S i m i l a r  

b u t  more i n v o lv e d  methods a r e  g i v e n  by L eeg aa rd  ( 19 31 ) 

and Abramson (194-3 )•  Weir  d e r i v e s  t h e  e q u a t i o n  f o r  t o t a l  

e n e rg y  e x p e n d i t u r e

T o t a l  C a l .  = 3*94-1 x  l i t r e s  02 used + 1 .10 6  x  l i t r e s  

C02 p ro d u ce d  -  2*17 x g .  u r i n a r y  N.

The n u m e r i c a l  f a c t o r s  i n  t h i s  e q u a t i o n  assume t h e  f o l l o w i n g  

b a s i c  d a t a *
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C a rb o h y d ra te  P r o t e i n  Pat

R.Q. 1 . 0  0 o802 0 .7 1 8

C a l , / l i t r e  02 5 .047  4 .465  4 .7 5 5

and 5*94-1 l i t r e s  0^ p e r  g .  u r i n a r y  N.

The e n e rg y  v a lu e  f o r  c a r b o h y d r a t e  i s  t h a t  found 

b y  Z un tz  (1 8 9 7 ) ,  and c o r r e s p o n d s  t o  a h e a t  o f  c o m b u s t io n  

o f  4 .18 7  C a l .  p e r  g .  w hich  i s  th e  h e a t  o f  c o m b us t ion  o f  

g ly c o g e n .  The e n e r g y  v a lu e  and R.Q. o f  f a t  a r e  t h o s e  

found  f o r  mixed human f a t  by C a t h c a r t  and C u t h b e r t s o n  (1951)  

m o d i f y i n g  Zuntz  and Schumberg’ s (1901) o r i g i n a l  v a l u e s  o f  

4 .6 8 6  and 0 .7 0 7  f o r  an im a l  f a t .  The e n e rg y  v a lu e  and 

R.Q. o f  p r o t e i n  a r e  Lusk*s ( 19 2 8 ) m o d i f i c a t i o n  o f  Loewy’ s 

(1911} c o m p u ta t io n  o f  Rubner*s (1894) f i n d i n g s  f o r  th e  

m e ta b o l i s m  o f  meat p r o t e i n  by the  d o g .  The e n e r g y  

e q u i v a l e n c e  o f  u r i n a r y  n i t r o g e n  i s  from Lusk ( 1 9 2 8 ) .

I t  i s  n o te w o r th y  t h a t  t h i s  p a r t i c u l a r  a s s o c i a t i o n  

o f  n u m e r i c a l  v a l u e s  i n v o l v e s  a t h e o r e t i c a l  c o n f u s i o n .

The v a l u e s  f o r  c a r b o h y d r a t e  and f a t  a r e  based  on the 

m e ta b o l i s m  o f  body s u b s t a n c e  i n  th e  p o s t - a b s o r p t i v e  c o n d i t i o n ,  

w h e reas  t h o s e  f o r  p r o t e i n  a r e  based  on the  m e ta b o l i sm  o f  

a d i e t a r y  p r o t e i n .  The p r a c t i c a l  e r r o r  i m p l i e d  by t h i s  

f o r  t h e  p o s t - a b s o r p t i v e  s t a t e  i s  p r o b a b ly  i n s i g n i f i c a n t ,  

b u t  i n  th e  c o n d i t i o n s  of  t h e  p r e s e n t  work, where t o t a l  

m e ta b o l i sm  i s  m ea su re d ,  a l l  en e rg y  v a l u e s  sh o u ld  be r e f e r r e d  

t o  t h e  d i e t a r y  component and n o t  to  t h e  body s u b s t a n c e .

I  have n o t  made any d i r e c t  e s t i m a t i o n  o f  t h e  

c a r b o h y d r a t e  d i s t r i b u t i o n  i n  th e  d i e t s  u s e d ,  Txct th e
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a p p ro x im a te  d i s t r i b u t i o n  o f  c a r b o h y d r a t e  e s t i m a t e d  from 

th e  p u b l i s h e d  raw m a t e r i a l  c o m p o s i t io n  of t h e  d i e t s  

(ppo l*2.-W+) i s  d i - s a c c h a r i d e  10 and s t a r c h  JO p e r  c e n t .  

The h e a t s  o f  com bus t ion  o f  t h e s e  c a r b o h y d r a t e s  a r e  

1550 .8  C a l . / g .  Mol.  and 4 .1788  C a l .  p e r  g .  r e s p e c t i v e l y *  

U s in g  t h e  e q u a t i o n s : -

C12H22°11 + 12 ° 2 -------- * 1 2 -CO + 10 H2 0 +• 15 5 0 .8  C a l .

L a c to s e

and

(C6H1 0 ° 5 )x * (6 ° 2 ) x ---------------------------+ (5 h2 0 ) x

100 g .
S t a r c h  f  417 .8 8  C a l .

i t  can r e a d i l y  be c a l c u l a t e d  t h a t  the  ene rg y  

e q u i v a l e n t s  of a l i t r e  o f  oxygen used  t o  m e t a b o l i s e  t h e s e  

c a r b o h y d r a t e s  a r e  5*009 C a l .  and 5*057 C a l ,  r e s p e c t i v e l y .  

W e ig h t in g  t h e s e  v a l u e s  a c c o r d i n g  t o  t h e  c a r b o h y d r a t e  

d i s t r i b u t i o n  i n  t h e  d i e t  g i v e s  a mean ene rg y  e q u i v a l e n t  o f  

oxygen f o r  t h e  m e tab o l i sm  of  c a r b o h y d r a t e  o f  5*055 C a l .  

p e r  l i t r e  o f  oxygen.

The s t a n d a r d  c o n s t a n t s  used  i n  th e  c o m p u ta t io n  

o f  the  e n e rg y  o f  m e tab o l i sm  o f  p r o t e i n  a r e  t h o s e  o f  Loewy 

a s  used by W e i r .  There  a r e  o t h e r  e s t i m a t e s  a v a i l a b l e  

f o r  p r o t e i n  m e ta b o l i sm ,  K r i s s  and M i l l e r  (1954)> K r i s s  and 

V o r i s  (1957) f o r  th e  a l b i n o  r a t ,  R a p p o r t ,  (1924) f o r  t h e  

dog ,  and a c o m p u ta t io n  by Loewy ( 19H )  on d a t a  r e c o r d e d  by  

Rubner ( I 8 9 8 ) and Rubner and Huebner ( I 8 9 8 ) f o r  the
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m e ta b o l i sm  o f  m i l k  p r o t e i n  by man. They a r e  n o t ,  however ,  

any more v a l i d  f o r  the  p r e s e n t  i n v e s t i g a t i o n ,  which  d o e s  

n o t  u se  a pu re  p r o t e i n ,  t h a n  a r e  t h e  more commonly used  

v a l u e s .

I t  has  been shown by Abramson and by Weir t h a t  

t h e  t o t a l  e n e rg y  e s t i m a t e  i s  i n s e n s i t i v e  t o  t h e  p r o t e i n  

m e ta b o l i s m  te rm  o f  t h e  e n e rg y  e q u a t i o n .  I  have t h e r e f o r e  

c o n t i n u e d  t o  use  Loewy*s c o n s t a n t s  f o r  m ea t  p r o t e i n  a s  

b e in g  t h e  b e s t  a v a i l a b l e  f o r  a mixed p r o t e i n ;  t h e s e  a r e  

p e r f e c t l y  s a t i s f a c t o r y  f o r  c o m p a ra t iv e  v a l u e s  w i t h i n  t h e  

p r e s e n t  work ,  b u t  i t  sh o u ld  be n o t e d  t h a t  t h e  r e s u l t a n t  

a b s o l u t e  e n e rg y  e s t i m a t e s  may be i n  e r r o r .  The maximum 

e r r o r  i n v o l v e d ,  t a k i n g  K r i s s  and M i l l e r * s  c a s e i n  v a l u e s  and 

R a p p o r t* s  g e l a t i n  v a l u e s  a s  e x t r e m e s  i s  * 0 . 5  p e r  c e n t .

I  made no e l e m e n t a l  a n a l y s i s  o f  any o f  t h e  

d i e t a r y  f a t s  so any c h o ic e  o f  c o n s t a n t s  f o r  t h e  m e tab o l i sm  

o f  f a t  i s  n e c e s s a r i l y  a r b i t r a r y .  There  a p p e a r e d ,  however ,  

t o  be no argument  f o r  r e t a i n i n g  t h e  C a t h c a r t  and C u t h b e r t s o n  

f i g u r e s  f o r  human f a t ,  and so I  have r e v e r t e d  t o  t h e  Z un tz  

v a l u e s  f o r  a n im a l  f a t  a s  g i v e n  by Lusk .

Thus th e  c o n s t a n t s  f i n a l l y  u t i l i s e d  a r e  a s  i n  t h e  

f o l l o w i n g  t a b l e .

C a rb o h y d ra te  P r o t e i n  P a t

R .Q.  1 . 0  0 .802  0 .707

C a O V l .O  5 .03 5  4 .463  4 .6 86
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The r e v i s e d  e q u a t i o n  f o r  t o t a l  e n e rg y  e x p e n d i t u r e  

u s i n g  t h e s e  c o n s t a n t s  i s ; -

T o t a l  C a l .  -  5*844 x l i t r e s  C>2 used  f  1 .1 9 1  l i t r e s  

CO^ p ro d uced  -  ( 1*996 x  g* u r i n a r y  N)

As n o te d  e l s e w h e re  ( p .  155) th e  u r i n a r y  n i t r o g e n  

was n o t  m easu red  i n  t h e  e a r l i e r  p a r t  o f  t h e  work,  and where 

i t  i s  m easu red  i s  p ro b a b ly  r a t h e r  low due t o  a b s o r p t i o n  o f  

u r i n e  by th e  f a e c e s .  For th e  p u rp o se  o f  e n e rg y  

e s t i m a t i o n  t h e  m easu red  u r i n a r y  n i t r o g e n  h a s  been  t a k e n  

a s  c o r r e c t .  For  the  p a r t  o f  t h e  work where i t  was n o t  

m easured  i t  has  b e en  d educed  from t h e  food  i n t a k e .  A 

g r a p h  o f  m easured  u r i n a r y  n i t r o g e n  p l o t t e d  a g a i n s t  fo o d  

i n t a k e  i s  g i v e n  i n  f i g .  ( 4 8 ) .

H e a t s  o f  Com bust ion .

The p r i n c i p l e  o f  computing  th e  w a te r  e q u i v a l e n t  

o f  the  a p p a r a t u s ,  from the  com b u s t io n  o f  a known w e igh t  

o f  a s u b s t a n c e  of  known h e a t  o f  co m b u s t io n ,  i s  e l e m e n t a r y ; «

T o t a l  w a te r  _ Heat  of com bus t ion  p e r  g .  x  g .  burned  
e q u i v a l e n t  ~ T em p era tu re  r i s e

When t h e  w a t e r  e q u i v a l e n t  i s  known, t h e  h e a t  o f

com b us t ion  of  an unknown s u b s ta n c e  i s  s im ply  th e  above

e q u a t i o n  r e a r r a n g e d  t o  g i v e : -

Heat o f  com b u s t • _ T o t a l  w a te r  e q u i v a l e n t  x Temp, r i s e
p e r  g .  ~ g .  burned
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A c o r r e c t i o n  h a s  to  be a p p l i e d  to  th e  r e c o r d e d  

te m p e r a tu re  r i s e  t o  a l lo w  f o r  t h e  im p e r f e c t  h e a t  i n s u l a t i o n  

o f  th e  a p p a r a t u s .  T h is  c o r r e c t i o n  i s  based  on th e  r a t e s  

o f  t e m p e r a tu r e  change r e c o r d e d  b e fo re  i g n i t i o n  and a f t e r  

th e  sy s tem  has  s t a r t e d  t o  c o o l .  I t  i s  assum ed t h a t  

Newton’ s Law o f  C o o l in g  h o ld s  over t h e  s m a l l  t e m p e ra tu re  

ra n g e  i n v o lv e d .  The R e g n a u l t - P f a u n d le r  fo rm u la  h a s  been  

used  f o r  t h i s  c o r r e c t i o n : -

C o r r e c t i o n  s  nv + v-, -  v .
-  t ~  L ( j t )  f  | ( t Q + t ^ )  -  n t ]

= n v  + kP

Where n -  number o f  h a l f - m in u t e s  be tw een  f i r i n g  and  f i r s t  
r e a d i n g  a f t e r  th e  maximum t e m p e r a t u r e ,  

v -  r a t e  o f  t e m p e r a tu r e  f a l l  p e r  h a l f - m in u te  d u r in g  
th e  i n i t i a l  p e r i o d ,  

v ^ -  r a t e  o f  t e m p e ra tu re  f a l l  p e r  h a l f - m in u te  d u r in g  
th e  f i n a l  p e r i o d ,  

t  & t ^ -  a v e ra g e  t e m p e r a tu r e s  d u r in g  t h e  i n i t i a l  and 
f i n a l  p e r i o d s  r e s p e c t i v e l y .

£ ( t )  -  sum o f  th e  r e a d in g s  betw een f i r i n g  and the  
s t a r t  o f  c o o l i n g .  

t Qs  t e m p e ra tu re  a t  i n s t a n t  o f  f i r i n g .

t n - f i r s t  te m p e r a tu re  d u r i n g  th e  c o o l in g  p e r i o d .

k- = Z^~Z = C0° l i n S c o n s t a n t .  ( I f  th e  i n s u l a t i o n  t i - t o f  t h e  in s t ru m e n t  i s  a d e q u a te  t h i s  
c o n s t a n t  shou ld  n o t  be g r e a t e r  th a n  
0 .0 0 2 5).

T h is  c o r r e c t i o n  i s  added to  t h e  o b se rv ed  

t e m p e r a tu re  r i s e  t o  g iv e  th e  t r u e  t e m p e ra tu re  r i s e .  An 

exam ple o f  t  he com plete  c o m p u ta t io n  f o r  one e s t i m a t i o n  i s  

g iv e n  i n  a p p en d ix  (1 )

T here a r e  o th e r  g r a p h i c a l ,  and t h e o r e t i c a l l y
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more s im p le ,  m ethods f o r  com puting th e  t r u e  t e m p e r a tu re  

r i s e  of t  he c a l o r i m e t e r ,  b u t  th e  above m ethod was u sed  

i n  a l l  t h e  e s t i m a t i o n s  q u o ted  h e re  a s  th e  g r a p h i c a l  work 

makes th e  s im p le r  m ethods no more sp e e d y .

F or th e  e s t i m a t i o n  o f  t h e  w a te r  e q u iv a l e n t  of 

t h e  a p p a r a t u s  a s e r i e s  o f  10 e s t i m a t i o n s  was made g iv in g  

a mean o f  2288 il  7 g* T h is  shows a r a t h e r  w id e r  s c a t t e r  

t h a n  shou ld  o c cu r  i n  t h e s e  e s t i m a t i o n s .  T h is  c a l i b r a t i o n  

was r e p e a t e d  w i th  5 more e s t i m a t i o n s  w i t h  b e n z o ic  a c i d  

by M r. F.M. Simpson o f  th e  D epartm ent o f  E n g in e e r in g  of 

t h i s  U n i v e r s i t y j  h i s  f i n d i n g s  have a mean w a te r  e q u i v a l e n t  

o f  2281 £  5 &•» n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  mine and 

s u b s t a n t i a l l y  th e  same s c a t t e r .  C om bina tion  o f  the  two 

s e t s  of e s t i m a t i o n s  g iv e s  a  mean of 2286 ±  5 6« 

i n f e r e n c e  from  th e s e  f i g u r e s  i s  t h a t ,  on t  h i s  i n s t r u m e n t ,  

th e  e x p e c te d  e r r o r  o f  a s i n g l e  o b s e r v a t io n  i s  0*85 Pep c en t  

w h i le  t h a t  o f  th e  mean o f  d u p l i c a t e  o b s e r v a t io n s  i s  0 .6  

p e r  c e n t .  1  c o n s id e re d  t h a t ,  a l t h o u g h  t h i s  e r r o r  i s  

r a t h e r  h i g h ,  th e  mean o f  d u p l i c a t e  e s t i m a t i o n s  has a  

p r e c i s i o n  s u f f i c i e n t l y  h ig h  f o r  t h e  p r e s e n t  p u r p o s e .

A f u r t h e r  s e r i e s  o f 5 e s t i m a t i o n s ,  made to  t e s t  t h e  e f f e c t  

o f  s e a l i n g  w i th  s i l i c o n e  g r e a s e ,  gave a  mean w a te r  

e q u i v a l e n t  o f  2287 1  5 g*

About o n e - t h i r d  to  o n e - h a l f  o f  t h e  e r r o r  i s  

a t t r i b u t a b l e  t o  th e  l i m i t i n g  a c c u ra c y  o f  the  th e rm o m e te r .
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The the rm om ete r  i s  d iv id e d  i n  h u n d re d th s  o f  a d e g r e e ,  a n i  

a l t h o u g h ,  f o r  m e n ta l  con v en ien ce  I  i n t e r p o l a t e d  t o  

t h o u s a n d th s  o f  a d e g re e  w h i le  r e c o r d i n g  th e  t e m p e r a tu r e  r i s e ,  

i t  was a p p a r e n t  from  t h e  f a c t  t h a t  th e  m ercu ry  column 

moved i n  s t e p s  o f  from  0*003 t o  more t h a n  0*01 d e g r e e ,  t h a t  

th e  l i m i t  o f  p r e c i s i o n  o f  th e  the rm om ete r  was n o t  b e t t e r  

t h a n  th e  g ra d u a te d  i n t e r v a l  and p o s s i b l y  r a t h e r  l e s s *  The 

r e m a in d e r  o f  th e  e r r o r  m ust be a t t r i b u t e d  t o  p oo r  h e a t  

i n s u l a t i o n  o f  th e  a p p a r a tu s  g iv in g  r i s e  to  i r r e g u l a r  c o o l i n g .

The h e a t  o f  com bus tion  m easured  by th e  bomb 

c a l o r i m e t e r  i s  t h e  h e a t  a t  c o n s t a n t  volum e, c o r r e s p o n d in g  

t o  t h e  therm odynam ic e q u a t i o n : -

AE = q -  w 

F o r  th e  e n e rg y  r e l a t i o n s  i n  b i o l o g i c a l  sy s tem s th e  h e a t  

o f  co m b u s tio n  a t  c o n s ta n t  p r e s s u r e  i s  a p r e f e r a b l e  m e a su re ,  

and i s  r e p r e s e n t e d  by th e  e q u a t i o n : -

AH -  q -  w 

where AH -  AE + RTAn = E 4 1 .9 8 8 T A n

i n  r e a c t i o n s  i n v o lv in g  g a s e s .  The te rm  An i s  t h e  change 

i n  th e  number o f  gram m o le c u le s  o f  gas a f t e r  c o m b u s tio n ,  

and f o r  th e  m a t e r i a l s  b e in g  c o n s id e re d  h e re  can  be r e g a r d e d  

e f f e c t i v e l y  a s  the  d i f f e r e n c e  betw een  th e  number o f  gram 

m o le c u le s  o f  oxygen u sed  and t h e  number o f  gram m o le c u le s  

o f  c a rb o n  d io x id e  produced*  The e f f e c t s  o f  th e

co m b u s tio n  o f  h y d ro g en , n i t r o g e n  and s u lp h u r  can  be
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Ig n o re d  a s  t h e i r  o x i d a t i o n  p r o d u c t s ,  u n d e r  th e  c o n d i t i o n s  

o f  th e  e s t i m a t i o n ,  a r e  n o n -g a s e o u s ,

The R.Q, f o r  th e  t o t a l  co m bus tion  o f  a m a t e r i a l

o f  th e  ap p ro x im ate  c o m p o s i t io n  o f  D ie t  41 can  be d e r i v e d

from  th e  c o m p o s i t io n  o f  the  m a t e r i a l  a s  shown i n  t a b l e  (27)*

a p p e n d ix  (2 )*  From th e s e  d a t a  An can  be e x p re s s e d  a s : -

The v a lu e  o f  th e  gas  c o n s ta n t  R i s  1*988, and a ssu m in g  an  

a v e ra g e  f i n a l  t e m p e ra tu re  o f  the  bomb o f  1 7 °C .,  th e  h e a t  

o f  co m b u s tio n  o f  1 g ,  food a t  c o n s ta n t  xDressure c a n  be 

c a l c u l a t e d : -

AH -  AE -  1 .988  x 290 x 0 .00515  -  AE -  1 .8  c a l .

I t  can  be seen  from t a b l e  (27) t h a t  o n ly  a s l i g h t

a b s o l u t e  change would be p roduced  i n  t h i s  c o r r e c t i o n  by a 

c o n s id e r a b le  change i n  R.Q* Thus I  have s u b s t r a c t e d  from  

e a c h  h e a t  o f  com bustion  e s t i m a t e ,  e x p re s s e d  p e r  g* o f  food

o r  f a e c e s  burned  2 c a l . ,  i e  0 .0 0 2  C a l .

E n ergy  B a la n c e .

The e n e rg y  b a la n c e  o f  an a n im a l  can  be e x p re s s e d  

by th e  g e n e r a l  e q u a t i o n : -

E -  E + + E 4* EI  ~ M G F U
where E , E , EI Ct f> a re  r e s p e c t i v e l y ,  th e  h e a t s  o f

0.00315
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co m b u s tio n  o f  the  food consumed, the  body s u b s ta n c e  g a in e d ,  

th e  f a e c e s  formed and th e  u r in e  s o l i d s  form ed d u r i n g  a g iv e n  

p e r i o d ,  and E i s  th e  en e rg y  e x p e n d i tu r e  a s  c a l c u l a t e d  f ro m  

th e  r e s p i r a t o r y  exchange o v e r  th e  same p e r io d *  I t  i s  

n e c e s s a r y  t o  assume t h a t  th e  f a e c e s  and u r i n e  v o id e d  a r e  

i d e n t i c a l  w i th  th e  f a e c e s  and i r in e  form ed o ve r  t h a t  p e r i o d .  

T h is  a s su m p t io n  i s  n o t  s t r i c t l y  a c c u r a t e  and e s p e c i a l l y  

may be l i a b l e  t o  e r r o r  i n  th e  case  o f  f a e c e s .  The u se  

o f  c o lo u r i n g  m a t t e r s  to  d i s t i n g u i s h  th e  f a e c e s  form ed 

d u r in g  th e  p e r io d  of e x p e r im e n t ,  su ch  a s  f e r r i c  ox ide  

o r  chromium s e s q u io x id e  d oes  n o t  c o m p le te ly  e l i m i n a t e  e r r o r  

s in c e  a  c e r t a i n  amount of chyme m ix in g  i s  bound to  ta k e  

p l a c e ,  a l th o u g h  i t  would re d u c e  the e r r o r  c o n s i d e r a b l y .

I  have n o t  u sed  such  m ethods a s  th e y  would have i n c r e a s e d  

th e  n e c e s s a r y  e x p e r im e n ta l  tim e to  co v e r  a g iv e n  p e r io d  

o f  s tu d y  w i th o u t ,  i n  my o p in io n ,  g iv in g  any commensurate 

i n c r e a s e  i n  a c c u r a c y .  From th e  r e l a t i o n  found be tw een  

th e  d a i l y  food  i n t a k e  and t h e  c o r r e s p o n d in g  f a e c a l  mass 

shown i n  f i g .  (49) and T able  (9 ) I  am s a t i s f i e d  t h a t  o v e r  

a  p e r i o d  o f  t h r e e  or more d ay s  th e  f a e c e s  v o id ed  can  be 

t a k e n  a s  a v a l i d  m easure  o f  th e  f a e c e s  formed d u r in g  t h a t  

t i m e .

The h e a t s  o f  com b u s tio n  o f  th e  food i n g e s t e d  

and o f  the  f a e c e s  v o id ed  have been  m easured d i r e c t l y  w i th  

a  bomb1 c a l o r i m e t e r  a s  d e s c r i b e d  on p p .  iZfe—fSO* As the

u r i n e  was p a s s e d  i n t o  s u lp h u r i c  a c i d  t o  p r e v e n t  th e  l o s s
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o f  n i t r o g e n  and th e  fo rm a t io n  o f  n o x io u s  g a seo u s  

d e c o m p o s i t io n  p r o d u c t s ,  t h e  e n e rg y  of co m b u s tio n  o f  the  

u r i n e  s o l i d s  was n o t  m easured  d i r e c t ly * ,  From d a t a

e x t r a c t e d  from  work by F o rb e s  and c o -w o rk e rs  (F o rb e s  e_b a l , 

1939* 194-6 a ,  b; F o rb e s  and S w i f t ,  1944; B lack  e_fc a l ,  

1 9 5 0 ) ,  i n  w hich  th e  u r i n a r y  e n e rg y  and n i t r o g e n  i n  th e  

a l b i n o  r a t  a r e  m easured  d i r e c t l y ,  a mean v a lu e  o f  8 .6  G a l .  

p e r  g .  u r i n a r y  n i t r o g e n  has  been d e r iv e d *  A l l  th e  

u r i n a r y  e n e rg y  l o s s e s  have been  deduced  from  t h i s  f i g u r e  

a p p l i e d  t o  th e  u r i n a r y  n i t r o g e n *  When t h e  u r i n a r y  

n i t r o g e n  h a s  n o t  b e e n  m easured  d i r e c t l y  I  have a p p l i e d  th e  

v a lu e s  found  from f i g *  (48) a s  i n  t h e  e n e rg y  e s t im a t i o n s *  

The t o t a l  p e r i o d  of e a c h  d a y ' s  ru n  v a r i e s  from  

abou t 22 to  25 h r .  The d i r e c t l y  m easured  e n e rg y  

e x p e n d i tu r e ,  t h e r e f o r e ,  does  no t  b e a r  a c o n s t a n t  r e l a t i o n  

t o  th e  o t h e r  components o f  th e  en e rg y  b a l a n c e .  On th e  

o t h e r  hand t h e r e  i s  no way o f  t e l l i n g  w h e th e r  the  f o o d ,  

f a e c a l  and u r i n a r y  e n e r g i e s ,  m easured on th e  f i r s t  and 

l a s t  d ay s  o f  a p e r i o d ,  t r u l y  r e p r e s e n t  t h e  whole d a y .

S in ce  th e  t im e  I n t e r v a l  r e p r e s e n te d  by th e  m easured  e n e rg y  

e x p e n d i tu r e  i s  known p r e c i s e l y  i t  seemed more r a t i o n a l  

t o  re d u c e  t h i s  to  a 24 h r .  b a s i s  and assume the  o t h e r  

com ponents to  r e p r e s e n t  a  24 h r .  i n t e r v a l .  T h is  lias 

b een  d o n e ,  and  the  e n e rg y  b a la n c e s  a re  computed on th e  

b a s i s  o f  th e  24 h r .  en e rg y  e x p e n d i tu r e .  I t  i s  r e a l i s e d ,

how ever, t h a t  t h i s  i s  an  a r b i t r a r y  d e c i s i o n  and t h e r e
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would be j u s t i f i c a t i o n  f o r  a s s e s s i n g  t h e  e n e rg y  b a la n c e  

e n t i r e l y  on th e  m easured  e n e rg y  e s t i m a t e s .

P a r t i t i o n  o f  M e ta b o l is e d  E n e rg y .

The n o n - p r o t e i n  R .Q . can  m ost c o n v e n ie n t ly  be 

c o n s id e r e d  i n  th e  fo rm :-

N o n - p ro te in  R.Q. -  ( T o ta l  C02 -  P r o t e i n  C02 ) l i t r e s

( T o ta l  -  P r o t e i n  0^) l i t r e s  

U s ing  Loew y's c o n s t a n t s  f o r  p r o t e i n  m e ta b o l ism , t h i s  

g i v e s : -
T o ta l  C02 l i t r e s  -  4*765 u r i n a r y  N g .  

N on-?prote in  R .Q . -    •

T o ta l  02 l i t r e s  -  5*941 u r i n a r y  N g .

The e n e rg y  d e r iv e d  from p r o t e i n  c a ta b o l i s m  I s : -

g .  u r i n a r y  N x l i t r e s  02/ g .  u r i n a r y  IT x  C a l * / l i t r e  02 

m e t a b o l i s i n g  p r o t .  = 5*941 x  4*463 x  g .  u r i n a r y  N.

-  26o51 x  g .  u r i n a r y  N

S u b t r a c t i o n  o f  t h e  en e rg y  d e r iv e d  from p r o t e i n  

c a t a b o l i s m  from  th e  t o t a l  en e rg y  p r o d u c t io n  a s  g iv en  by 

th e  g e n e r a l  en e rg y  e q u a t io n  ( p . 144 ) g iv e s  t h e  n o n - p r o t e i n  

e n e rg y  p r o d u c t i o n .  From t h i s  cou ld  be d e r iv e d  th e  

f r a c t i o n  o f  t h e  n o n - p r o t e i n  en e rg y  a t t r i b u t a b l e  to  t h e  

co m b u s tio n  of c a rb o h y d ra te  and of f a t *  I f  K be th e  

e n e rg y  e q u iv a l e n t  o f  th e  'n o n - p r o t e i n  oxygen ' p e r  l i t r e ,
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and x and. £  th e  f r a c t i o n s  of t h a t  oxygen u sed  to  

m e ta b o l i s e  c a rb o h y d ra te  and. f a t  r e s p e c t i v e l y  t h e n : -  

L i t r e s  02 used  -  x  +• y  * 1 ( 1 )

C a l .  p e r  l i t r e  -  K -  5 .035x  + 4 .6 8 6 y  (2 )

From (1 )  y  -  1 -  x

S u b s t i t u t i n g  i n  (2 )  K -  5 .035x  + 4*686 (1 -  x )

r  0 .349x  + 4 .686  

T h e re fo re  0 .349*  = K -  4*686

T h e re fo r e  5 .035*  = (K .  4 . 6 8 6 )

C a lCH0 = 14 .43  (K -  4 .6 8 6 )  (5 )

E x p r e s s in g  t h e  e n e rg y  from  c a rb o h y d ra te  a s  a  p e r c e n ta g e  

o f  t h e  t o t a l  e n e rg y  p e r  l i t r e  o f  oxygen g i v e s : -

C a lCHo Pe r  c e n t » -  1 4 .45  (& -  4*686)100
K

-  1443 -  67| x «9. ( 4 )

The a p p ea ra n c e  o f  in d ep e n d en c e ,  i n  e q u a t io n s  

(3 )  and ( 4 ) ,  of th e  n o n - p r o t e i n  R.Q. i s  s p u r i o u s ,  i n  th a t  

th e  t o t a l  R .Q . has a l r e a d y  been  in t r o d u c e d  i n  d e r i v i n g  

K*

A d d i t i o n a l l y  and s i m i l a r l y  th e  a c t u a l  am ounts 

o f  c a rb o h y d ra te  and f a t  can  be d e r iv e d *

C arb o h y d ra te  w i t h  an R.Q. o f  1 .0  r e q u i r e s  0 .829  

l i t r e s  oxygen to  m e ta b o l i s e  1 g .  F a t ,  w i th  an  R .Q . o f  

0 .70 7  r e q u i r e s  2 .0 2 1  l i t r e s  oxygen to  m e ta b o l i s e  1 g .

(v id e  p .  164 )•
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L e t t i n g  x be g .  f a t  m e ta b o l i s e d ,  y  be g .  

c a rb o h y d ra te  m e ta b o l i s e d ,  and Vq and 'k*16 volum es

o f  oxygen consumed and o f  c a rb o n  d io x id e  p ro d u ced  i n  

th e  com b us tion  o f  f a t  and c a r b o h y d r a te ,  t h e n : -

V02 = 2 .0 2 1 x  + 0 .82 9y  (1 )

VC02 s  m 02 B °*7 °7 * 2 °021 x  + °* 829 7  (2 )  
S u b t r a c t i n g  (2) from  (1)

vo2 (1 -  R) = 0. 592X
l e  x  = V qo( 1  -  R) -  V q2 -  VCOs

0.592  ■' 0 .592-----  f a t *

D iv id in g  (2 )  by 0 .707

^ ° 2  -  2 .0 2 1  x  f  g»g2? _  , „
^ 7 7 ^  -  T '57767 7  ( 3 )

S u b t r a c t i n g  (3 )  from (1)

Vo„ " KV0„
2  57T §7  *  ° ‘829 7  -  » y  -  O 0 8 2 9  y  -  1 .1 7 2  y

T h e r e f o r e , -  (R _ ? )
7  = ° 2  -  Vnn„ -  0 .7 0 7 V

---------------------- ^ 2 4 3 -----------^ « » CH0

P u t t i n g  th e  t o t a l  n o n - p r o t e in  oxygen consumed 

a s  1 l i t r e  g iv e s  th e  e x p r e s s i o n s : -  

P a t  m e ta b o l i s e d  i n  g .  -  1

C a rb o h y d ra te  m e ta b o l i s e d  i n  g .  -  P.^.T^.^.7.QZ.

As th e s e  v a lu e s  a re  u sed  i n  the  c o m p u ta t io n  o f  

th e  i n d i r e c t  w a te r  b a la n c e  a nomogram has b e e n  c o n s t r u c t e d ,

shown i n  f i g *  ( 2 6 ) ,  t o  g ive  th e  amounts o f  f a t  and
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c a rb o h y d ra te  m e ta b o l i s e d  d i r e c t l y  from  th e  oxygen usage  

and c a rb o n  d io x id e  p r o d u c t io n  from n o n - p r o t e i n  m e tab o lism  

T h is  i s  s i m i l a r  t o  a nomogram c o n s t r u c t e d  by F o rb e ch  

(1 9 3 8 ) ,  b u t  c o v e rs  a ran g e  more s u i t a b l e  f o r  th e  p r e s e n t  

w ork .

When th e  n o n - p r o t e i n  R.Q* i s  g r e a t e r  t h a n  

u n i t y ,  o r  th e  n o n - p r o t e i n  e n e rg y  v a lu e  p e r  l i t r e  o f  

oxygen i s  g r e a t e r  t h a n  5 *035# in f e r e n c e  i s  t h a t  f a t  

i s  b e in g  form ed from c a rb o h y d ra te  (eg  Pem bre^ 1 9 0 2 ) .

To f i n d  th e  e q u iv a le n c e  o f  t h i s  i n c r e a s e d  e n e rg y  v a lu e  o f  

oxygen, w i t h  R .Q . ' s  g r e a t e r  t h a n  u n i t y ,  i n  te rm s  of t  he 

amount o f  f a t  so  form ed th e  th e rm a l  r e l a t i o n s  o f f a t  

and c a rb o h y d ra te  m ust be examined* I t  i s  n o t  

p ro p o se d  t h a t  the  fo l lo w in g  e q u a t io n s  b e a r  any r e l a t i o n  

t o  th e  p r e c i s e  c h em ic a l  p r o c e s s e s  in v o lv e d  i n  t h i s  

c o n v e r s io n ,  bu t  c o n s i d e r a t i o n  o f  r e a c t a n t s  and th e  f i n a l  

p r o d u c t s  o f  r e a c t i o n  i s  a d e q u a te  to  o b t a i n  th e  

th e rm o ch em ica l  r e l a t i o n s ,  (H ess*s Law)*

The fo l lo w in g  r e a c t i o n  can  be p rop osed  f o r  

th e  c o n v e r s io n ,  u s in g  an e m p i r i c a l  fo rm u la  f o r  f a t  w h ich  

would g iv e  an  R.Q* o f  a b o u t  0 * 7 1 :-

<°6H1 0 V 10  -------- » C54H100°6 ' 6 C°2 + 16 °2 (1)
1620 g . 844 go 264 go 512 g .

F or com plete  c a ta b o l i s m  o f t h i s  c a rb o h y d ra te  

th e  e q u a t io n  i s : -

(°6h 1005)10  + 60 02 *60 COg + 50 H2 0 (2 )
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W t. 02 -  1920  go 5 V o l .  02 -  1345*6 l i t r e s .

E nerg y  v a lu e  o f  t h i s  oxygen a t  5 .035  C a l , / l i t r e  -  

6765 .026  C a l .

For com plete  com bustion  o f  t h e  f a t  form ed t  he e q u a t i o n  i s :

° 54Hi o o °6  + 76 ° 2 -------- > 54 C02 + 50 h 2 o (3 )

Wt. 0 = 2432 g .  ; V o l .  0 -  1 7 0 1 .9  l i t r e s .
^ 2

E n erg y  v a lu e  of t h i s  oxygen a t  4 .6 8 6  C a l . / l i t r e  -

7975 .103  C a l .

The a p p a r e n t  energy  g a in  o f  t h i s  c o n v e r s io n  i s  1210 .077  

C a l .

The e n e rg y  v a lu e  o f  t  he 512 g .  (356*5 l i t r e s )

oxygen, r e l e a s e d  i n  e q u a t io n  ( 1 ) ,  i f  u sed  t o  m e ta b o l i s e

carbohydrate i s  1804*04 C a l. Thus th e  t o t a l  en ergy

l o s s  o f  t  he system  i s  1804*04 -  1210 .077  s  593*963 0a l o

T h is  e n e rg y  i s  l o s t  i n  th e  c o n v e r s io n  o f  1620 g .

c a rb o h y d ra te  t o  844 g* f a t .  There i s  t h e r e f o r e  a g a in

i n  t  he e n e rg y  v a lu e  o f  th e  a b so rb ed  t o t a l  oxygen o f

59 5 .9 6 3 /8 4 4  -  0 .7037  C a l .  p e r  g .  f a t  d e p o s i t e d  from

c a r b o h y d r a t e .

T ak ing  K a s  t h e  n o n - p r o t e i n  en e rg y  v a lu e  p e r

l i t r e  o f  oxygen, and V a s  t h e  t o t a l  volume o f  oxygen

u sed , th e  t o t a l  amount o f  f a t  sy n th e s ise d  from

c a r b o h y d r a te  can  be fo u n d .

T o ta l en ergy  g a in  o f  oxygen s  V(K -  5*035) C a l.
V(K -  5 .0 3 5 )T h erefore  T o ta l f a t  sy n th e s ise d  = A ^—  g .
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When K I s  l e s s  t h a n  5*035 th e  above e q u a t io n  r e p r e s e n t s  

th e  amount o f  f a t  b u rn ed , w h e th e r  a s  d i e t a r y  f a t  o r  a s  

body f a t .

The t o t a l  f a t  d e p o s i t e d  i s  g iv e n  a s j -

I n g e s te d  f a t  4- S y n th e s i s e d  f a t  -  f a e c a l  f a t  
-  C a ta b o l i s e d  f a t

Food C onsum ption .

The d i f f e r e n c e  be tw een  th e  f i n a l  and i n i t i a l  

w e ig h ts  o f  t h e  food  box and food m easu re s  t h e  t r u e  food  

consum ption  and th e  t o t a l  s c a t t e r e d  fo o d .  The w e ig h t 

o f  th e  u n c o n ta m in a te d  s c a t t e r e d  food was m easu red  d i r e c t l y  

a s  d e s c r i b e d  on p .  (122)*  The d ry  w e ig h t  o f  th e  u r i n e  

c o n ta m in a te d  s c a t t e r e d  food on th e  u r in e  f u n n e l  and 

f a e c e s  g r i d  were e s t im a te d  from th e  mean v a lu e s  g iv e n  

i n  t a b l e  (3 0 ) by th e  p r o c e s s  d e s c r ib e d  on p .  ( ) 0

The d r i e d  w e ig h ts  were i n c r e a s e d  by 10 p e r  c e n t*  t o  r e s t o r e  

th e  norm al m o is tu re  c o n te n t ,  g iv in g  w ork ing  means o f  

37 and 21 p e r  cen t*  f o r  the  food  on f u n n e l  and g r i d  

r e s p e c t i v e l y .  These w e ig h ts  o f  s c a t t e r e d  food a r e  

s u b t r a c t e d  from th e  d e c r e a s e  i n  w e igh t o f  foo d -box  and 

fo o d ,  t o  g iv e  th e  t r u e  food co n sum p tion . The t o t a l  

e n e rg y  o f  com bu s tio n  and th e  t o t a l  n i t r o g e n  c o n te n t  o f  

tb s  i n g e s t e d  food a re  d e r iv e d  from t h i s  w e igh t w i th o u t
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a d ju s tm e n t  f o r  food m o is tu r e ,  t h e s e  d e t e r m i n a t i o n s  h a v in g  

been  made on th e  u n - d r i e d  food*

We i g h t  B a lance  *

I f  the a p p a r a tu s  i s  l e a k - f r e e  and i f  com ple te

r e c o v e r y  o f  a l l  com ponents i s  o b t a in a b le  t h e n  the  summed

w e ig h ts  o f  e v e r y th in g  removed fro m  th e  sys tem  a t  th e  end

o f  a r u n  shou ld  e q u a l  the  summed w e ig h ts  o f  e v e r y t h in g

p u t  i n t o  th e  s y s te m .  T h is  o v e r a l l  w e ig h t b a la n c e  i s

m ost s im p ly  e x p re s s e d  i n  te rm s o f  tb e  e x p e r im e n ta l  d a t a .

The d i r e c t  w e ig h t b a la n c e  e q u a t io n ,  u sed  i n

t h i s  work a s  a check  on th e  a c c u ra c y  o f  t h e  a p p a r a tu s  i s : -

W0 t  wf  + Ww t  w tA = W00 + We + Wu + w tf

where W t o  Wu , i n  o rd e r  ab o v e ,  a re  w e ig h ts  o f  oxygen u s e d ,

food  i n g e s t e d ,  f l u i d  w a te r  i n g e s t e d ,  c a rb on  d io x id e

p ro d u c e d ,  f a e c e s  p rodu ced  and u r in e  v o id e d ;  and Wtj_ and

Wt a re  t h e  i n i t i a l  and f i n a l  w e ig h ts  o f  th e  a n im a l ,  
f

The d i s c r e p a n c y  betw een th e  two s i d e s  o f  the  above 

e q u a t io n  a s  d e te rm in e d  from th e  e x p e r im e n ta l  d a t a  i s  a 

co m pos ite  m easure of i n a c c u r a c y  o f  th e  a p p a r a tu s  and o f  

th e  m e a s u r in g  methods® I  have e s t im a te d  t h a t ,  a p a r t  

from  a g r o s s  e r r o r  i n  r e c o r d in g  o f  a w e ig h t o r a  vo lum e, 

th e  i n s t r u m e n t a l  e r r o r s  o f  w e ig h t  and volume m easurem ent 

shou ld  n e v e r ,  even  i f  c o n s i s t e n t l y  c u m u la t iv e ,  amount
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t o  more t h a n  0 .1 5  go I t  i s  t o  be e x p e c te d  t h a t ,  i n  

g e n e r a l ,  i n s t r u m e n t a l  e r r o r s  w i l l  be random ly  d i s t r i b u t e d  

and w i l l  te n d  to  z e r o ,  I  have re g a rd e d  any w e ig h t 

b a la n c e  d i s c r e p a n c y  i n  e x c e s s  o f  0 .0 5  g®, e i t h e r  p o s i t i v e  

o r  n e g a t i v e ,  a s  p re su m p tiv e  e v id e n ce  o f  an  e r r o r  a r i s i n g  

i n  th e  a p p a ra tu s *  T h is  i s ,  i n  f a c t ,  a  v e r y  n a rro w  

t o l e r a n c e  l i m i t ,  s i n c e  th e  e x p r e s s io n  o f  th e  w e ig h t  

b a la n c e  e q u a t io n ,  i n  p r a c t i c e ,  e n t a i l s  t h e  a d d i t i o n  o f  

two s e t s  o f  25 w e ig h ts ,  e a c h  s e t  am ounting  to  a t o t a l  

o f  abou t 3 k g .

As can be se en  from  th e  w e ig h t  b a la n c e  d a t a  i n  

t a b l e  ( 4 0 ) ,  ap p en d ix  (3 )# most o f  th e  b a la n c e s  show a 

pronounced  w e ig h t d e f i c i t  o f  up to  1 .0  g . ,  a l th o u g h  

t h e r e  a r e  some i n  e x c e s s  o f  t h i s ,  on th e  r i g h t  hand s id e  

o f  t h e  e q u a t io n ;  t h a t  i s ,  t h e r e  i s  a d e f i c i t  i n  r e c o v e r y  

o f  m a t e r i a l  from th e  a p p a ra tu s *  E x p e r im e n ta l  e v id e n c e  

i s  d e s c r i b e d  on p .  ( 1 7 0 ) f o r  c o n s id e r in g  t h i s  w e ig h t  

d e f i c i t  a s  water®

W ater Balance®

The w a te r  b a la n c e  o f  an an im al over  any p e r i o d  

can  be e x p re s s e d  by th e  g e n e r a l  e q u a t i o n : -

w  X W  J - W -  W + W f  W f  wi ’ m ' f - u  r  t ' e
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where W. t o  W i n  t h e  above o r d e r  a r e ,  f l u i d  w a te r  i n t a k e ,X 3 *
m e ta b o l i c  w a te r  o f  o x i d a t i o n ,  food m o i s tu r e ,  u r i n e  w a t e r ,  

r e s p i r a t o r y  w a te r ,  t r a n s p i r a t o r y  w a te r  and w a te r  o f  s o l i d  

e x c r e t a  (ie_ f a e c e s  }♦ I t  i s  n o t  p o s s i b l e  i n  t h i s  work 

t o  s e p a r a t e  c o m p le te ly  th e  d i f f e r e n t  te rm s i n  t h i s  e q u a t io n ,  

s in c e  t h e r e  i s  a lw ays a c e r t a i n  amount o f  w a te r  l o s s  from  

th e  w a te r  b o t t l e  which i s  n o t  consumed by th e  a n im a l ,  

t h e r e  i s  c o n ta m in a t io n  o f  f a e c e s  and s c a t t e r e d  food  by 

w a te r  b o t t l e  l e a k s  and u r i n e ,  w h ile  some of b o th  o f  t h e s e  

f l u i d  form s o f  w a te r  may e v a p o ra te  and be p ic k e d  up by th e  

a b s o r b in g  t r a i n 0 I t  i s  how ever, p o s s i b l e ,  w i t h i n  

f a i r l y  n a rro w  l i m i t s ,  t o  e s t im a t e  th e  t o t a l s  o f  b o th  s i d e s  

o f  th e  e q u a t i o n .  The e r r o r  o f  i n s t r u m e n t a l  w a te r  l o s s  

w h ich  o c c u r re d  i n  much o f  th e  experim en t can be e s t im a t e d  

by th e  d i s c r e p a n c y  i n  t o t a l  w eight b a la n c e  a l r e a d y  

d e s c r i b e d .

Due t o  th e  i m p o s s i b i l i t y  o f  m e a su r in g  t h e  e x a c t  

com ponents o f  t h e  above t h e o r e t i c a l  w a te r  b a la n c e  e q u a t io n  

a  w ork ing  e q u a t io n  h as  t o  be s u b s t i t u t e d  f o r  i t .  The 

i n d i v i d u a l  te rm s  of th e  two e q u a t io n s  d i f f e r ,  b u t  th e  

c o r r e s p o n d in g  s id e s  o f  th e  two e q u a t io n s  a re  i d e n t i c a l .

The w o rk in g  e q u a t io n  used i s ; -

wi  + wf  t  Wm = Wu + Wa + We + f  Ww + F
where t o  Ww i n  th e  above o rd e r  a r e  f l u i d  i n t a k e ,

m o is tu r e  o f  i n g e s te d  fo od , m e ta b o l ic  w a te r ,  u r i n a r y  w a t e r ,  

w a te r  a b so rb e d  on s c a t t e r e d  food , w a te i1 o f  s o l i d  e x c r e t a ,
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w a te r  i n  a b s o rb in g  tu b e s  and w a te r  in c re m e n t  o f  t h e  

a n im a l .  Ww may, o f  c o u r s e ,  be p o s i t i v e  o r  n e g a t iv e  

and i s  th e  unknown I n  t i e  e q u a t io n  w hich  i s  m easured  by 

d i f f e r e n c e .  The f i n a l  te rm  P i s  t h e  i n s t r u m e n t a l  w a te r  

l o s s ,  when i t  o c c u r s ,  and i s  d e r iv e d  a s  th e  d i s c r e p a n c y  

I n  th e  w e ig h t  b a la n c e .

Because of t h e  d o u b t  In t ro d u c e d  i n to  t h e  d i r e c t  

w a te r  b a la n c e  e s t im a t i o n s  by th e  i n s t r u m e n t a l  w a te r  l o s s ,  

th e  w a te r  b a la n c e  was a l s o  e s t im a te d  i n d i r e c t l y .

P e te r*  s et_ a l  (1955) g ive  th e  e q u a t io n  f o r  w a te r  b a l a n c e : -  

AW -  AWt + S e - S i * - C + F  + 0 .4 9 ?  

where AW i s  the  w a te r  l o s s  by the  a n im a l ,  AWt th e  

bodyw eight g a in ,  Se and S i  th e  w e ig h ts  o f  d r y  s o l i d  

e x c r e t a  and i n g e s t a ,  and C93h and P th e  w e ig h ts  o f  

m e ta b o l i s e d  c a rb o h y d ra te ,  f a t  and p r o t e i n  r e s p e c t i v e l y .

On t h e  b a s i s  o f Loewy’ s n i t r o g e n  m etabo lism  d a t a  I  have 

a l t e r e d  th e  f a c t o r  0 .49  ^ 0 0«53> i t  i s  d i f f i c u l t  to  see  

how P e t e r s  et; a l  d e r iv e d  th e  f a c t o r  th e y  g i v e .  C and F 

have b e e n  o b ta in e d  from f i g .  ( 2 6 ) .  The w a te r  b a la n c e  

d a t a  u sed  i n  t h i s  work have a l l  been  d e r iv e d  from  t h i s  

e q u a t io n ,  and a re  th e  o n ly  w a te r  b a la n c e  d a t a  r e p o r t e d  

a s  s u c h .  The d i r e c t  w a te r  b a la n c e s  w ere , how ever, 

c a l c u l a t e d ,  (and can  be d e r iv e d  from th e  d a t a  g iv e n )  

and d i f f e r e d  a lw ays from  th e  i n d i r e c t  by th e  amount of 

th e  w e ig h t  b a la n c e  e r r o r .  T h is  co rre sp o n d e n ce  o f
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th e  d i r e c t  and i n d i r e c t  b a la n c e s  i s  a d d i t i o n a l  e v id e n c e  

t h a t  th e  w eigh t e r r o r  l i e s  i n  w a te r  l o s s .  I t  i s  n o t ,  

o f  c o u r s e ,  p r o o f ,  s in c e  co rre sp o n d e n ce  would have b een  

o b ta in e d  i f  the  l o s s e s  were due t o  gas  l e a k s ,  (C and F 

a r e  d e r iv e d  from th e  r e s p i r a t o r y  m e ta b o l ism  d a t a , )

F l u i d  W ater I n t a k e .

The fu n d am e n ta l  m easure  o f t h e  f l u i d  i n t a k e  

i s  the  d i f f e r e n c e  i n  w e ig h t  o f  th e  w a te r  b o t t l e  a t  th e  

b e g in n in g  and end  o f  a r u n .  T h is  has  b e e n  a c c e p t e d ,  

th r o u g h o u t ,  a s  a v a l i d  m easure  o f  th e  t r u e  f l u i d  w a te r  

i n t a k e .  On a s e r i e s  o f  b la n k  t r i a l s  the  w a te r  b o t t l e  

was fou nd  t o  lo s e  an a v e ra g e  o f  0 .2  g .  i n  th e  p r o c e s s  o f  

s e t t i n g  i t  i n  and rem oving  i t  from th e  cham ber, b u t  i t  

h a s  n o t  b e en  c o n s id e re d  p r o f i t a b l e  to  ap p ly  any 

c o r r e c t i o n  a s  th e  l o s s  was sm a ll  and v e ry  c o n s t a n t .

The l o s s  was a lw ays i n t o  th e  chamber and so I s  t a k e n  

i n t o  a c c o u n t  i n  th e  w a te r  b a la n c e .

Food M o i s t u r e . /
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Food M o is tu r e .

The m o is tu r e  c o n te n t  o f  th e  food  u sed  was v e r y  

c o n s t a n t .  I t  was e s t im a te d  on sam ples o f  e a c h  h a t c h  o f  

food by d r y in g  to  c o n s ta n t  w e igh t (a  t o t a l  o f  24 h r . )  a t  

50°C . On one food  b a tc h  i t  was e s t im a te d  a t  i n t e r v a l s  

th ro u g h o u t  th e  p e r io d  f o r  w hich  t h a t  b a tc h  l a s t e d  and d i d  

n o t  v a r y  by more th a n  1 p e r  c e n t .  The food m o is tu r e s  

found  a r e  g iv en  i n  t a b l e  ( 2 9 ) ,  ap p en d ix  ( 2 ) .  The 

c o r re s p o n d in g  food  m o is tu r e  was a p p l i e d  t o  the  m easured  

food  consum ption  on e a c h  day  from e a c h  b a tc h  o f  fo o d .

The p o s s i b i l i t y  t h a t  th e  m o is tu re  c o n te n t  o f  

th e  food  m ig h t a l t e r  from b e g in n in g  to  end o f  a r u n  was 

checked  on th r e e  o c c a s i o n s .  No a p p r e c i a b le  d i f f e r e n c e  

was fo und  i n  m o is tu re  c o n te n t  betw een th e  b e g in n in g  

and end o f  a r u n .

M e ta b o l ic  W a te r .

The cu s to m ary  m ethods o f  e s t i m a t i n g  t h i s  

so u rc e  o f  w a te r  a r e  cumbrous, i f  i t  be e s t im a te d  from  

th e  t r u e  m e ta b o l ism , o r  i n a c c u r a t e  i f  i t  be e s t im a te d  

from  th e  food c o m p o s i t io n .  In  th e  f i r s t  i n s t a n c e  th e  

c a l c u l a t i o n  in v o lv e s  th e  d e t a i l e d  co m p u ta t io n  o f  t h e
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p r o t e i n ,  c a rb o h y d ra te  and f a t  m e ta b o l i s e d  over  e a c h  day o f  

s t u d y .  In  th e  second i n s t a n c e  s ta n d a rd  v a lu e s  a r e  u sed  

fo r  t h e  m e ta b o l ic  w a te r  p e r  u n i t  w e ig h t  o f  d i e t a r y  p r o t e i n ,  

c a r b o h y d r a te  and f a t ,  eg  0 .4 1 ,  0 .6 0  and 1 .0 7  g .  w a te r  p e r  g .  

d i e t a r y  component r e s p e c t i v e l y ,  (Brody 1945)® T h is  l a t t e r  

method assum es com plete  d i g e s t i b i l i t y  and e n e r g e t i c  

u t i l i s a t i o n  o f  a l l  th e  i n g e s te d  fo o d ;  i t s  a c c u ra c y  c o u ld  be 

im proved by t a k i n g  i n t o  a c c o u n t  th e  i n t r a m o l e c u l a r  w a te r  

o f  the  f a e c e s  v o id e d  d u r i n g  th e  p e r i o d ,  b u t  a s  a r u l e  t h i s  

m ethod i s  on ly  used  to  g ive  a ro u g h  e s t im a te  o f  m e ta b o l i c  

w a te r  when th e  d a t a  on r e s p i r a t o r y  ex ch an g e , n e c e s s a r y  f o r  a  

p r e c i s e  e s t i m a t e ,  a r e  l a c k i n g .

T h is  so u rce  of w a te r  i s  of g r e a t  q u a n t i t a t i v e  

im p o r ta n c e  to  th e  o rg a n ism ’ s w a te r  economy, f r e q u e n t l y  

am ounting  t o  o ve r  one q u a r t e r  of t h e  t o t a l  w a te r  su p p ly  

( t a b l e s  39 and40 ) ,  and much work on w a te r  b a la n c e  h a s  been  

v i t i a t e d  o r  g r e a t l y  red u ced  i n  v a lu e  by i g n o r in g  i t  

(Du B o is ,  1 9 2 7 ) .

To e s t im a t e  m e ta b o l ic  w a te r  I  have u sed  a p a r a l l e l  

method t o  t h a t  o f  W eir f o r  th e  e s t im a t i o n  o f  t o t a l  e n e rg y  

e x p e n d i t u r e .  That i s ,  I  have d e r iv e d  th e  e s t i m a t e  from  

th e  r e s p i r a t o r y  exchange b u t  have  l a r g e l y  e l im in a te d  the  

u s u a l  cum brousness  o f  th e  i n d i v i d u a l  c a l c u l a t i o n s .

From th e  b a s ic  e q u a t io n s  f o r  t h e  com bustion  o f  

c a rb o h y d ra te  and f a t  can  be d e r iv e d  c o n s t a n t s  f o r  th e
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e q u iv a le n c e  o f  m e ta b o l i s in g  oxygen and m e ta b o l i c  w a te r  

p ro d u c e d .

The c a rb o h y d ra te  e q u a t io n  i s  based  on the  

co m b u s tio n  of p o l y - s a c c h a r i d e : -

C6H10°5  ̂ 8 ^2----»6 COg *1* 5

162 g .  192 g .  90 g .

From t h i s  can be d e r iv e d  the  r e l a t i o n s : -

0 .5 5 5  g .  H„0 || 1 g„ CHO || 0 .8 2 9  l i t r e s  0od. 2
i e  1 l i t r e  02 || O.669  g .  H2 0

The f a t  e q u a t io n  i s  b a sed  on a  h y p o t h e t i c a l

co m b u s tio n  o f  a m ix tu r e  of e q u a l  p a r t s  o f  t r i p a l m i t i n  and

t r i o l e i n ,  su g g e s te d  by  Dewar and  Newton (1 9 4 8 ) ,  w h ic h  g iv e s  

an  R.Q* o f  0*7081 w hich  a p p ro x im a te s  c l o s e l y  to  t  he R .Q . 

o f  0 .7 0 7  used  i n  t  he d e r i v a t i o n  o f  th e  e n e rg y  e q u a t i o n .  

T r i p a l m i t i n :  c 51H^g °6  + ^ 2 — *51 CO2 * ^9 ^ O

T r i o l e i n :  c 57h io 4 ° 6  + 80 °2— C02 * E2 °

M ix tu re :  c io8 H2Q2°12 + 02 ~>108 C02 + 101 H2 °

1690 g .  4880  g .  1818  g .

From t h i s  can be d e r iv e d  t h e  r e l a t i o n s : -

1 .0 7 6  g .  H2 0 || 1 g .  P a t  || 2 .0 2 1  l i t r e s  02

l £  1 l i t r e  02 || 0 .5 3 2  g .  H2 0

The e q u iv a le n c e  o f  oxygen and v /a te r  f o r  t h e  

m e ta b o l ism  o f  p r o t e i n  h as  been  d e r iv e d  from Loewy’ s d a t a  

on p r o t e i n  m e ta b o l ism , u sed  f o r  the  en e rg y  e q u a t i o n .

These d a t a  g iv e ,  f o r  t h e  ab so rb ed  p r o t e i n  m o ie ty  w hich  i s  

c o m p le te ly  m e ta b o l i s e d  ( i e  a f t e r  rem oval of t  he m a t e r i a l
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e l i m in a t e d  i n  th e  u r i n e ) ,  the  fo l lo w in g  e le m e n ta l  a n a l y s i s : -

41*50 g • C + 4*40 g* H2 + 7*69 g .  02 * 53*59 g« p r o t e i n

g i v i n g : -  4*40 g* H2 + 3 5 *20  g*02 -  39*60  g .  w a te r ,

th e  p r o t e i n  r e q u i r i n g  fo r  m etab o lism  a t o t a l  o f  145*37 g .

Og o r  158*18 g* r e s p i r a t o r y  0 ^ .  T h is  w a te r  i s  f i n a l l y

d e r iv e d  from  th e  t o t a l  a b so rb e d  and m e ta b o l i s e d  p r o t e i n

w hich  can  be d e r i v e d  from th e  d a ta  a s : -

C H 0 N . S
50 .90 9  g* 7 .0 5 8  g .  2 1 .791  g .  1 6 .2 8 0  g .  1 .0 2  g .  

P r o t e i n  
= 97 .058

From t h i s  c a n  be d e r i v e d  t h e  r e l a t i o n s : -

0 .4 0 8  g .  HgO | |  1 g .  P r o t e i n  | |  0 .9 9 5  l i t r e s  02

i e  X l i t r e  0 J |  0 .4 1 0  g .  H2 0

From th e  f o r e g o in g  c a l c u l a t i o n s  th e  fo l lo w in g

t a b l e  of w orking  v a lu e s  can be a s s e m b le d : -

C a rb o h y d ra te P r o t e i n F a t

R.Q. 1 .0 0 .802 0 .707

g .  H^O p e r  l i t r e  0^ O.669 0 .410 0 .532

V o l .  0o m e t a b o l i s i n g X 7 z

From th e s e  v a lu e s  th e  fo l lo w in g  b a s ic  e q u a t io n s  can  be 

c o n s t r u c t e d : -

l i t r e s  02 consumed - x  + y  + z -  V (1 )

l i t r e s  C02 p roduced  -  RV * x  4* 0 .802  y  + 0 .707  z (2 )

W ater p rodu ced  s  W s  O.6 6 9  x  + 0 .41 0  y  + 0 .552  z (5 )

From (1 )  x  = V -  y  -  z S u b s t i t u t i n g  f o r  x  i n  (2 )
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RV -  V-y -  z 4 C.802 y  4 0 .707  z

* V -  Q.198  y  -  O.295  z (4 )

S u b s t i t u t i n g  f o r  x i n  (5 )

W = O.6 6 9  (V -  y  -  z )  4 0 .4 1 0  y  4 O.532  z

W = 0 .6 6 9  V -  0 .2 59  y  -  0 .157  z ( 5 )

From (4 )  z -  (V -  C . I 98 y  -  K V )/0 .293 

S u b s t i t u t i n g  f o r  z i n  ( 5 )

W = O .669V -  O.259  y  -  (V -  0 .198  y  -  R V )/o .293  

-  O.6 6 9  V -  O.2 5 9  y  -  0 .4675  V 4 0 .0926  y  + 0 .467 5  RV 

C o l l e c t i n g  term s a n d r e - a r r a n g i n g  g i v e s ; -

W -  0 .2015  V 4 0 .4675  RV -  0 .166 4  y  ( 6 )

U s in g ,  a s  b e fo re  ( p .  141 ) ,  Loewy*s f a c t o r  o f  

5 . 94-1 l i t r e s  oxygen p e r  g .  u r i n a r y  n i t r o g e n ,  t h e  l a s t  te rm  

o f  e q u a t io n  ( 6 ) can be e x p re s s e d  a s  0 .166 4  x  5*94-1 x  g .  

u r i n a r y  N. T h is  g iv e s  a f i n a l  form fo r  t h e  w a te r  

e q u a t io n  o f  5-

M e ta b o l ic  w a te r  form ed g .  s  0 .2015  x  l i t r e s  02 consumed

4 0 .4675  x  l i t r e s  CO^ p ro d u ced  

-  O.989  x  g .  u r i n a r y  N

U r in a r y  W a te r .

The d i f f e r e n c e  betw een th e  w e ig h ts  o f the  u r i n e  

f l a s k  a t  th e  end and t h e  b e g in n in g  o f  a ru n  g iv e s  the  

w e igh t o f  u r in e o  For t h e  purpose  o f  w a te r  b a la n c e
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e s t i m a t i o n  t h i s  w e ig h t  h a s  to  he c o r r e c t e d  f o r  th e  u r i n e  

s o l i d s .  Because of t h e  m ethod o f  c o l l e c t i n g  t h e  u r i n e  

i n  s u l p h u r i c  a c i d  the  u r in e  s o l i d s  were n o t  r o u t i n e l y  

m e a su re d .  On t h r e e  o c c a s io n s ,  d u r in g  n o n -p re g n a n t  p e r i o d s  

o f  e x p e r im e n t ,  t h e  u r in e  was c o l l e c t e d  i n  a d ry  f l a s k  and 

th e  u r in e  s o l i d s  m easured  d i r e c t l y  by e v a p o r a t io n  o f  th e  

u r i n e  i n  vacuo  o v e r  c a lc iu m  c h l o r i d e .  The t o t a l  s o l i d s  

found were 1 1 . 25 , 11*96 and 13*51 Pe r  c e n t ,  and c o rre sp o n d e d  

t o  t o t a l  u r i n e  w e ig h ts  of 7*6 , 7*1 and 5*5 g* T h is

g iv e s  a  mean s o l i d s  c o n te n t  o f  12 .24  p e r  c e n t .  The number

o f  o b s e r v a t io n s  i s  n o t  s u f f i c i e n t  t o  j u s t i f y  the  c a l c u l a t i o n  

o f  any more p r e c i s e  r e l a t i o n ,  a l th o u g h  th e  v a lu e s  found do 

i n d i c a t e  a n  in v e r s e  r e l a t i o n  betw een  th e  p e rc e n ta g e  of 

s o l i d s  a n d  th e  t o t a l  u r i n e  w e ig h t .  In  a l l  th e  c a l c u l a t i o n s  

o f  u r i n e  w a te r  a  w ork ing  v a lu e  f o r  u r in e  s o l i d s  o f  12 

p e r  c e n t ,  has  been  u s e d ,  giving- a c o r re s p o n d in g  v a lu e  f o r  

u r i n a r y  w a te r  o f  88 p e r  c e n t .

In  a d d i t i o n  t o  t h i s  d i r e c t l y  m easured  u r i n e ,  

t h e r e  i s  a  c e r t a i n  amount o f  u r in e  r e t a i n e d  i n  th e  

s c a t t e r e d  food and f a e c e s  on th e  f a e c e s  g r id  and on th e  

u r i n e  f u n n e l .  The w a te r  a b so rb ed  by  th e  f a e c e s  i s  

t r e a t e d  s e p a r a t e l y  a s  t r u e  f a e c e s  m o i s tu r e .  The re m a in d e r  

o f  th e  w a te r  on g r i d  and f u n n e l  i s  c o n s id e re d  a s  a s e p a r a t e  

i te m  i n  th e  g e n e r a l  w a te r  b a la n ce  e s t i m a t i o n ,  and i s  no t  

in c lu d e d  i n  t h e  u r i n a r y  w a te r  i n  the  d e t a i l e d  w a te r
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p a r t i t i o n .  In  th e  e a r l y  p a r t  of t  he work t h i s  a b so rb e d  

w a te r  was m easured  d i r e c t l y  from  th e  w e ig h ts  o f  t h e  

f u n n e l  and frame a s  removed from  the  chamber and t h e i r  

w e ig h ts  a f t e r  d r y in g  i n  a i r  a t  T h is  p r o c e s s  was

found s e r i o u s l y  to  i n t e r f e r e  w i th  t h e  n i t r o g e n  r e c o v e r y  

and d i r e c t  e s t i m a t i o n  of t  he a b so rb e d  w a te r  was l a t e r  

s a c r i f i c e d  i n  fav o u r  o f  o b t a i n i n g  a more p r e c i s e  m easure  

o f  th e  n i t r o g e n  b a la n c e  ( p .  133)*  In  the  m a jo r  p a r t  o f  

th e  w o rk , t h e r e f o r e ,  t h i s  w a te r  h a s  been e s t im a t e d  from  

th e  mean m o is tu re  c o n te n t  o f  th e  c o n ta m in a t io n  on the  f u n n e l  

and fram e i n  th e  ru n s  where t h i s  was e s t im a te d  d i r e c t l y .  

These v a lu e s  a r e  g iv e n  i n  t a b l e  (3°)>  ap pend ix  ( 2 ) .  A 

m o d i f i c a t i o n  i s  n e c e s s a ry  i n  o r d e r  t o  ta k e  i n t o  a c c o u n t  the  

o r i g i n a l  10 p e r  c e n t ,  m o is tu r e  c o n te n t  o f  t h e  fo od , so 

t h a t  th e  m easured  m o is tu r e  i n  th e  c o n ta m in a t io n  i s  re d u c e d  

by 10 p e r  c e n t .  In  t h i s  c a s e  i t  has n o t  been  c o n s id e r e d  

w o r th  w h i l e ,  when stuck s m a l l  t o t a l  q u a n t i t i e s  a r e  in v o lv e d ,  

t o  u se  th e  p r e c i s e  m o is tu r e  c o n te n t s  found f o r  s e p a r a t e  

food  b a t c h e s .

F a e ce s  W a te r .

The t o t a l  f a e c e s  m o is tu re  was m easured  from  th e  

w e ig h t  o f  th e  f r e s h  f a e c e s  a f t e r  rem oval from th e  g r i d ,
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and t h e i r  w e ig h t  a f t e r  d r y in g  i n  a i r  f o r  24 h r .  a t  50° ^ •

As m en tio n ed  above t h e r e  I s  t h e  p o s s i b i l i t y  t h a t  some o f  

th e  w a te r  so m easured  may be d e r iv e d  from t h e  u r i n e ,  some 

a l s o  .may be d e r iv e d  f ro m  w a te r  s p i l t  from  t h e  w a te r  b o t t l e  

i n  i n s e r t i n g  i t  i n t o  and rem oving  i t  from  th e  c h am b er .

T here  i s ,  i n  a d d i t i o n ,  th e  p o s s i b i l i t y  t h a t  i n  some c a s e s  

th e  f a e c e s  may be d r i e d  by th e  a i r  f low  th ro u g h  th e  cham ber, 

th o u g h  I  do n o t  c o n s id e r  t h a t  t h i s  would o c c u r  t o  any 

c o n s id e r a b le  e x te n t  i n  th e  h ig h  h u m id i ty  w hich  o b t a i n s  

i n  t h e  a n im a l  cham ber. No a t t e m p t  h a s  been  made t o  c o r r e c t  

f o r  any o f  th e s e  e r r o r s .  They do n o t ,  o f  c o u r s e ,  a p p e a r  

a s  e r r o r s  i n  th e  g e n e r a l  w a te r  b a la n c e  a s  t h e  w a te r  i s  

t a k e n  i n t o  a c c o u n t  i r r e s p e c t i v e  o f  i t s  s o u r c e .  The t o t a l  

f a e c e s  w a te r  a s  m easured d i r e c t l y  h a s  been  r e g a r d e d  a s  b e in g ,  

I n  f a c t ,  v o id ed  i n  th e  f a e c e s .

V a p o u r is e d  W a te r .

The t o t a l  v a p o u r i s e d  w a te r  i s  m easured  a s  th e  

d i f f e r e n c e  be tw een  th e  f i n a l  and i n i t i a l  w e ig h ts  o f  th e  

w a te r  a b s o rb in g  tu b e s  o f  the  a b s o r b in g  t r a i n 0 The w a te r  

l o s s  found from  th e  t o t a l  w e ig h t b a la n c e  t o  be o c c u r r in g  

i n  th e  a p p a r a tu s  i s  due t o  in a d e q u a te  v e n t i l a t i o n  by th e  

pump. T h is  d i s c r e p a n c y  amounted t o  0 o0 — 2*0 g .  p e r  d a y ,
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u s u a l l y  a b o u t  0*7 g* I t  was found t h a t  w a te r  was 

a c c u m u la t in g  I n  th e  a i r  d u c t s ,  and t r i a l s  showed t h a t  

th e  w eight l o s s  was a lm o s t  q u a n t i t a t i v e l y  r e c o v e r a b l e  

i n  th e  a b s o rb in g  t r a i n  by r u n n i n g t h e  a p p a r a tu s  w i th o u t  

a n im a l  o r  o t h e r  w a te r  sou rce*  The a p p a r a tu s  was r u n  

empty f o r  24 h r . ,  w i th  a n  a b so rb in g  t r a i n  i n  l i n e ,  so  t h a t  

i t  was c o m p le te ly  d r i e d  o u t .  A norm al t h r e e - d a y  

p e r i o d  was th e n  s t a r t e d .  At t h e  end o f  t h e  th r e e - d a y

l i v e  p e r i o d  th e  a p p a r a tu s  was a g a in  d r i e d  out i n  th e  same 

way* The summed w e ig h t  l o s s  o v e r  th e  t h r e e  d a y s ,  found 

from  th e  w e ig h t  b a la n c e ,  was 2*8 g . ,  w h ile  th e  w a te r  p ic k e d  

up i n  th e  second d ry in g  p e r io d  was 2 .2  g* T h is  i s  

s u f f i c i e n t l y  c lo s e  c o r re sp o n d e n c e  t o  show t h a t  by f a r  th e  

g r e a t e r  p a r t  of t h e  w e igh t b a la n c e  d i s c r e p a n c y  was due t o  

i n s t r u m e n t a l  w a te r  lo s s *

As m entioned  on p* (1 0 0 ) ,  th e  pump s t r o k e  was 

r a i s e d  from 8 t o  10 mm. T h is  p roduced  no d e t e c t a b l e

improvement i n  w a te r  r e c o v e r y .  No f u r t h e r  a c t i o n  was t a k e n  

a t  t h a t  time a s  f u r t h e r  i n c r e a s e  i n  th e  v e n t i l a t i o n  r a t e  

would have  i n c r e a s e d  th e  s t r a i n  on the  pump* When th e  

pump s t r o k e  had , l a t e r ,  t o  be f u r t h e r  i n c r e a s e d  a lm o s t  t o  

i t s  maximum t o  augment c a rb o n  d io x id e  rem oval t  he w eight 

b a la n c e  d i s c r e p a n c y  was red u ced *

Where t h i s  w e ig h t  b a la n c e  d i s c r e p a n c y  e x i s t s  i t  

h a s  b een  e x p re s s e d  a s  w a te r ,  c f  p* (1 60  ) ,  and added  t o
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th e  v a p o u r i s e d  w a te r  m easured  from th e  a b s o r b in g  t r a i n  

w e ig h ts o  The t o t a l  v a p o u r i s e d  w a te r  found i n  t h i s  way 

i n c l u d e s  t h e  w a te r  of r e s p i r a t i o n ,  th e  w a te r  o f  t r a n s p i r a t i o n ,  

and any f r a c t i o n  o f  u r i n a r y ,  f a e c a l  o r  w a te r  b o t t l e  w a te r  

w h ich  may be v a p o u r i s e d  by t h e  a i r  f low  th ro u g h  t h e  chamber* 

In  t r i a l s  made to  check  on the  w a t e r  exch an g es  w i th  w a te r  

b o t t l e  and u r in e  f l a s k  w i t h  w a te r  bu t no a n im a ls  p r e s e n t  

i n  th e  cham ber, th e  w a te r  a b s o r b in g  tu b e s  p ic k e d  up an 

a v e ra g e  o f  1 g .  w a te r  p e r  d iem . T h is  may have come, 

how ever, from  e x c e s s iv e  d r y i n g  o f  t h e  a p p a r a tu s  and h as  n o t  

been  t a k e n  i n to  a c c o u n t  i n  p a r t i t i o n i n g  th e  w a te r  b a la n c e  

com ponents*

As w i th  t h e  e n e rg y  e s t i m a t i o n s ,  p .  ( 150 ) ,  th e  

v a p o u r i s e d  w a te r  l o s s  h a s  been c o r r e c t e d  t o  a 24 h r .  b a s i s ,  

but t h e  f l u i d  w a te r  i n t a k e  and l o s s  have been  assumed t o  

be v a l i d  e s t i m a t e s  o f  t h e  24 h r*  in ta k e  and l o s s  a s  m e a su re d .

P la n  o f  E xperim en t*

The p r o s e c u t io n  o f  th e  e x p e r im e n ta l  work was 

e n v is a g e d  a s  f a l l i n g  i n t o  t h r e e  main p a r t s *

(1 ) To o b t a i n  an  ad eq u a te  s e r i e s  o f  m easu rem en ts  

o f  th e  e n e rg y ,  n i t r o g e n  and w a te r  exchanges  i n  th e  n on -  

p r e g n a n t  r a t  t o  se rv e  a s  a b a s i s  fo r  com p ariso n  w i t h  the  

m easu rem en ts  i n  pregnancy  *
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(2 ) To o b t a i n  one o r  two com ple te  ru n s  from  

b e g in n in g  t o  end of p re g n a n c y ,  so t h a t  any p o i n t  d u r in g  

p re g n a n c y  a t  which a su dden  or p ronounced  change o c c u r re d  

c o u ld  be n o te d  and I n c o r p o r a te d  i n  the  l a t e r  s t u d i e s #

(3 ) On the  b a s i s  o f  t h e  f i n d i n g s  I n  ( 2 ) ,  t o  f o l lo w  

th e  ex ch a n g es  o f  t h r e e  l i t t e r - m a t e  fe m a le s  a s  f a r  a s  

p o s s i b l e  c o n tem p o ran eo u s ly ,  o ve r  r e s t r i c t e d  and i d e n t i c a l  

p e r i o d s  o f  p reg n a n cy , th r o u g h  t h r e e  s u c c e s s iv e  p r e g n a n c ie s *

The b a s i s  o f  t h i s  p l a n  has b e en  f o l lo w e d ,  b u t  

u n f o r e s e e n  h a z a rd s  and t h e  u n p r e d ic ta b l e  tem peram ent o f  

th e  m e ta b o l i c  a p p a r a tu s  r e s t r i c t e d  th e  scope o f  th e  

e x p e r im e n t  *

I t  was in te n d e d  to  f u l f i l  the  f i r s t  p a r t  o f  th e  

schem e, ( 1 ) ab o v e , from n o n -p re g n a n t  p e r io d s  o f  t h e  a n im a ls  

w h ich  would l a t e r  be used  f o r  p regnancy  s t u d i e s .  In  t h i s

way th e  n o n -p re g n a n t  b a s e - l i n e  would be d i r e c t l y  com parab le  

w i th  th e  p regnancy  f i n d i n g s  and e ac h  a n im a l  would be i t s  

own c o n t r o l #  T his h a s ,  i n  f a c t ,  been don e , bu t some 

a d d i t i o n a l  n o n -p re g n a n t  m easurem ents a re  a v a i l a b l e  from 

a n im a ls  w hich  were a s p h y x ia te d  by the  a p p a r a tu s  b e fo re  a 

p regn ancy  p e r io d  cou ld  be s t u d i e d ,  from  a n im a ls  i n  w hich  

o t h e r  a c c i d e n t s  p re v e n te d  a  p regnancy  p e r i o d ,  and from  

o th e r  a n im a ls  s tu d ie d  i n c i d e n t a l l y  d u r in g  a t t e m p t s  t o  

p r e c lu d e  a s p h y x ia t iv e  breakdown of th e  in s t ru m e n t#

Some e a r l y  r e c o r d s  showed d e f i n i t e  ev id ence  o f  l e a k s  i n  

th e  a p p a r a tu s  and. have been  d is c a rd e d #
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Only h a l f  of th e  second p a r t  o f  t  he scheme was 

f u l f i l l e d *  The f i r s t  r a t  of w hich  r e c o r d s  a r e  r e p o r t e d  

female 377 , was s tu d ie d  o v e r  th r o e  n o n -p re g n a n t  p e r i o d s  o f  

6 ,  4 and 5 d a y s ,  and o v e r  one com plete  p reg n a n cy  from  c o i t u s  

t o  d e l i v e r y .  There  w ere , how ever, two b re a k s  e a c h  o f  one

d a y ,  i n  t h e  p regnancy  s tu d y  a s  a r e s u l t  o f  breakdown o f  t h e

c a l o r i m e t e r .  A f u r t h e r  3"day  n o n -p re g n a n t  p e r io d  u s in g  

t h i s  a n im a l ,  In te n d e d  as a p r e lu d e  to  t h e  second p re g n a n c y  

was t e r m in a t e d  by a s p h y x i a t io n  o f  t h e  a n im a l  a s  a r e s u l t  of 

b lo c k a g e  o f  th e  a b so rb in g  t r a i n .  The g r e a t  d i f f i c u l t y ,  

e x p e r ie n c e d  i n  t h i s  p a r t  o f  t h e  w o rk ,  I n  m a i n t a i n in g  th e

c a l o r i m e t e r  a s  a r e l i a b l e  in s t r u m e n t  f o r  a p e r i o d  o f  21  days

w i th o u t  f r e q u e n t  I n s p e c t i o n  and o v e rh a u l ,  d i s s u a d e d  me from  

a t t e m p t in g  to  fo l lo w  a n o th e r  com ple te  p re g n a n c y .  T h i s ,  

t h e n ,  i s  th e  o n ly  s tu d y  from  w hich  a t o t a l  c u m u la t iv e  p i c t u r e  

o f  t h e  e n e rg y  and w a te r  exchanges d u r in g  p reg n a n cy  can  be 

o b t a i n e d .  N i t ro g e n  b a la n c e s  a r e  n o t  r e c o rd e d  f o r  t h i s

s tu d y  (v id e  p*133)«

Fem ales 407, 408 and 415 > l i t t e r m a t e s ,  were 

s tu d i e d  o v e r  n o n -p re g n a n t  p e r io d s  o f  5* 3 ar*3. 5 3-ay s  

r e s p e c t i v e l y .  These s t u d i e s  were p r i m a r i l y  u n d e r ta k e n  

t o  f i n d  m ethods of p r e v e n t in g  b lockage  o f  th e  a b s o rb in g  

t r a i n  a rd  were no t c o n t i n u e d .  The fem a le s  w e re , h o w ever ,  

y o u n g e r  and s m a l l e r  th a n  any o f  t  he o t h e r s  s t u d i e d  and so 

e x te n d  th e  ran g e  of in f o r m a t io n  o b ta in e d  i n  r e p r o d u c t iv e  

r e s t .
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A s tu d y  was s t a r t e d  w i th  l i t t e r m a t e  fe m a le s  

443 9 444 and 445* T h is  was in te n d e d  t o  c o v e r ,  i n  e a c h  

a n im a l ,  a  3-&ay n o n -p re g n a n t  p e r io d  and t h e  d a y s  3 " 6 ,  11 -1 4  

and 1? t o  t e rm ,  and was in te n d e d  to  be c a r r i e d  th ro u g h  

t h r e e  s u c c e s s iv e  p re g n a n c ie s *  The f u l l  p l a n  f o r  t h e  

f i r s t  p re g n a n c y  was a ch iev ed  w ith  fem ale  443* T h is  

s e r i e s  was s u c c e s s iv e ly  i n t e r r u p t e d  by a f lo o d  and l a t e r  

by i l l n e s s  o f  th e  a u th o r ,  so t h a t  a l l  t h a t  c o u ld  f u r t h e r  

be r e s c u e d  was 4 days s tu d y  d u r in g  p regn ancy  w i th  fem ale  

445 an£i 1 p regn an cy  w i th  fem ale  444 . The s tu d y

w ith  t h e s e  fe m a le s  was th en  abandoned* A p a r t  from  th e  one 

p re g n a n c y  which was s u c c e s s f u l l y  co v e red ,  t h i s  w ork d id  

show t h a t  i t  would be im p o s s ib le  t o  keep t h r e e  a n im a ls  on 

e x p e r im e n t  even  a p p ro x im a te ly  con tem po ran eo us ly  and s t i l l  

l e a v e  a d e q u a te  t im e  f o r  m a in ten ance  of th e  a p p a r a t u s »

I t  was d e c id e d ,  t h e r e f o r e ,  to  c o n f in e  p a r t  t h r e e  

o f  th e  e x p e r im e n t  to  two l i t t e r m a t e  f e m a le s .  I t  was a l s o  

d e c id e d  t o  ex tend  t h e  n o n -p re g n a n t  p e r io d  to  5 d ay s  to  c o v e r  

a  com plete  o e s t r o u s  c y c l e .  The f i n a l  and m a jo r  s tu d y  

o f  t h e  w ork  was t h e r e f o r e  s t a r t e d  on l i t t e r m a t e  fe m a le s  

522 arri 524 . Female 522 to o k  v e ry  u n k in d ly  to  the  

c a l o r i m e t e r  and a f t e r  a 5~&ay n o n -p reg n an t  p e r i o d ,  d u r in g  

w hich  she  v o l u n t a r i l y  s t a r v e d  and d e h y d ra te d  h e r s e l f ,  was 

d i s c a r d e d .  Female 525, o f  the  same l i t t e r ,  was s u b s t i t u t e d  

and w i t h  524 and 525 th e  ex p e r im en t  was c o n t in u e d  on th e



g e n e r a l  p l a n  d e t a i l e d  b e low .

(1 )  A 5-&ay n o n -p re g n a n t  p e r i o d .

(2 )  A p re g n a n t  p e r io d  from  th e  9t h  t o  th e  1 2 th  d ay  o f

p re g n a n c y .

(3 ) A p re g n a n t  p e r io d  from th e  15t h  day  o f  the  f i r s t

p regnancy  to  t e rm .

(40 A 5- d a y  n o n -p re g n a n t  p e r io d  a f t e r  w ean ing  o f  th e  

p r e v io u s  l i t t e r .

( 5 ) A p re g n a n t  p e r io d  from  th e  Jth  to  t h e  12t h  day  o f

th e  second p re g n a n c y .

( 6 ) A p re g n a n t  p e r io d  from th e  15t h  day  o f  th e  second

p reg n an cy  t o  te rm .

(7 )  A 5-day  n o n -p re g n a n t  p e r io d  a f t e r  w ean ing  o f  the

second l i t t e r .

( 8 ) A p re g n a n t  p e r io d  from  th e  9tix 1 2 th  d ay  o f

th e  t h i r d  p regnancy*

(9 )  A p re g n a n t  p e r io d  from th e  15 t h  day  o f  t h e  t h i r d

p reg n a n cy  t o  te rm .

(10 ) A 5-day  n o n -p re g n a n t  p e r io d  a f t e r  weaning o f  th e  

t h i r d  l i t t e r .

T h is  s e r i e s  was rem ark ab ly  s u c c e s s f u l  and showed 

th e  t e c h n iq u e  w hich I  had dev e lo ped  to  be cap a b le  o f  

y i e l d i n g  fu n d am en ta l  in f o r m a t io n  over lo n g  p e r i o d s .

The f i r s t  and second n o n -p reg n a n t  p e r i o d s  and 

th e  p e r i o d s  o f  t h e  f i r s t  p regnancy  were com pleted a c c o rd in g  

t o  th e  above p l a n .  T h e r e a f t e r ,  a l th o u g h  t h e  g e n e r a l
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scheme was m a in ta in e d  th e  p l a n  broke down i n  d e t a i l .  The 

p o i n t s  of breakdown and the  r e a s o n s  f o r  them a r e  a s  f o l l o w s .

(a )  The f i r s t  p re g n a n t  p e r io d  o f  t h e  second p re g n a n c y

o f  fem ale  525 c o v e rs  on ly  days  1 0 -1 2 .  T h is  was n e c e s s a r y  

a s  i t  m ated  a day e a r l i e r  th a n  e x p e c te d  and  fem ale  524 d id  

no t  r e a c h  te rm  u n t i l  a day l a t e r  th a n  e x p e c te d ,  so  t h a t  t h e  

end o f  th e  second pregnancy  o f  fem ale  524 and t  he 1 0 th  day  

o f  the  second p regnancy  o f  female 525 o v e r l a p p e d .  I  

a r b i t r a r i l y  d e c id e d  i t  t o  be p r e f e r a b l e  to  r e c o r d  th e  l a s t  

day  o f  a  p regn ancy  a t  th e  expense  o f  a  1 0 th  d a y .

(b )  The 1 7 th  day o f  th e  second p regn an cy  of fem ale  524 

was m i s s e d .  The t h e r m o s t a t i c  c o n t r o l  o f  t h e  c a l o r i m e t e r  

b roke  down.

( c )  On th e  t h i r d  n o n -p re g n a n t  p e r io d  o f  fem a le  524 t h i s  

a n im a l  s u f f e r e d  from  m eth an o l p o i s o n in g  ( p .  116 ) .  The 

r u n  was d i s c o n t in u e d  a f t e r  t h r e e  d a y s ,  th e  a n im a l  a l lo w e d

t o  r e s t  f o r  2 weeks when i t s  w e igh t cu rve  showed s u b s t a n t i a l  

r e c o v e r y ,  and th e  t h i r d  n o n -p re g n a n t  p e r io d  was r e p e a t e d .

(d )  The t h i r d  n o n -p re g n a n t  p e r io d s  of b o th  a n im a ls  were 

i n i t i a t e d  a week a f t e r  th e  t e r m in a t io n  o f  t h e  second 

p r e g n a n c y .  In  the  second p regnancy  o n ly  4 young were b o m  

t o  e a c h  m o th e r ,  and n e i t h e r  m other n u rse d  h e r  y o u n g .

( e )  The t h i r d  p regnancy  o f  b o th  an im als  was u n s u c c e s s f u l .  

Female 525 was c o n tin u ed  on ex perim en t u n t i l  t h e  22nd day 

o f  p reg n a n cy  and k i l l e d  a week l a t e r  so t h a t  th e  u t e r u s  

co u ld  be exam in ed . Female 524 was t a k e n  o f f  experim en t



a t  th e  19t h  day o f  p re g n a n c y ,  rem a ted  a week l a t e r ,  p u t  on 

experim en t a g a in  u n t i l  th e  19t h  day  o f  p reg n a n cy  when she 

was k i l l e d  f o r  e x a m in a t io n  o f  th e  u t e r u s .  In  consequence  

o f  t h i s ,  s e c t i o n  ( 1 0 ) o f th e  e x p e r im e n ta l  p l a n  was n o t  

f u l f i l l e d  fo r  e i t h e r  a n im a l .

V agin a l Sm ears.

Throughout m ost o f the  n o n -p re g n a n t  p e r i o d s  o f  

the  m e ta b o l i c  work v a g in a l  sm ears were ta k e n  d a i l y  from  

the  a n im a l  u n der  e x p e r im e n t ,  t o  o b t a i n  an  i n d i c a t i o n  o f  

th e  s ta g e  of o e s t r o u s ,  (Young eib a l ,  1941)* The sample 

o f  v a g i n a l  e p i th e l i u m  was t a k e n  by i n s e r t i n g  a p la t in u m  lo o p ,  

wrapped s p a r i n g ly  i n  d ry  c o t t o n  w ool, i n t o  th e  v a g in a  and 

w ith d raw in g  i t  w i th o u t  t w i s t i n g  o r  s u b j e c t i n g  t h e  v a g i n a l  

w a l l  t o  a n y  u n n e c e s s a ry  t r a u m a .  The u se  o f  a  naked 

p la t in u m  lo o p  was found to  be to o  l i a b l e  to  u p s e t  the  

r e g u l a r i t y  o f  the  c y c l e ,  and was found l i a b l e  t o  p r e c i p i t a t e  

a  p s e u d o -p re g n a n t  c o n d i t i o n .  The u se  o f  c o t t o n  

m o is te n e d  w i th  s a l i n e  te n d e d  t o  obscure  and d i s t o r t  t h e  

c e l l u l a r  p i c t u r e  d u r in g  th e  e v a p o r a t io n  o f  t h e  s a l i n e  b e fo re  

th e  f i x a t i o n  p r o c e d u r e .  The sample was sp re ad  on a 

m ic ro sc o p e  s l i d e ,  d r i e d  i n  a i r  and s t a i n e d  w ith  L e ish m a n 's  

b lood  s t a i n  (m ethy lene  b lu e  e o s i n a t e  m e th an o l)  by th e
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s t a n d a r d  method used  f o r  b loo d  f i l m s .  The u se  of 

L e ishm an’ s s t a i n  f o r  t h i s  pu rp o se  does n o t  g iv e  a s  d e t a i l e d  

a p i c t u r e  a s  t h a t  o b ta in e d  by f i x i n g  th e  p r e p a r a t i o n  i n  an 

e t h a n o l - e t h e r  m ix tu re  and s t a i n i n g  w i th  m e th y len e  b lu e  and 

e o s i n ,  b u t  t h e  c e l l  t y p e s  a r e  a d e q u a te ly  d e m o n s tra te d  and 

th e  method i s  much more c o n v e n ie n t  f o r  r o u t in e  work*

I n i t i a l l y  I  a t te m p te d  t o  use t h e  v a g i n a l  sm ear 

t e c h n iq u e  t o  p r e d i c t  th e  optimum tim e  f o r  p u t t i n g  the  male 

t o  the  fe m a le ;  b u t  th e  a c t u a l  t im e  o f  m a t in g ,  when th e  

m ale i s  p re s e n t  c o n t i n u a l l y ,  was found to  b e a r  l i t t l e  

r e l a t i o n  t o  th e  ap p ea ran ce  o f  th e  im m ed ia te ly  p r e c e d in g  

smear*

The tim e of m a tin g  o f  th e  e x p e r im e n ta l  a n im a ls  

was found by p u t t i n g  the  m ale w i th  the  fem ale  and t a k i n g  

v a g i n a l  sm ears m orning  and e v e n in g  u n t i l  e i t h e r  a v a g i n a l  

p lu g  a p p e a re d  o r  sperm atozoa  cou ld  be seen  i n  th e  sm e a r .

The p re s e n c e  o f  sperm atozoa i n  th e  smear i s  t h e  more 

r e l i a b l e  s i g n  o f  c o i t u s  a s  th e  v a g in a l  p lu g  I s  t r a n s i e n t  

i n  "the r a t  and u s u a l l y  d ro p s  o u t  a f t e r  a few h o u r s .  T h is  

p ro c e d u re  g iv e s  th e  t im e  o f  c o i t u s  w i th in  abou t 12 h r .  

and th e  time o f  o b s e r v a t io n  o f  p lu g  o r  sm ears h a s  been  

t a k e n  a s  th e  b e g in n in g  o f  p regnancy*  There i s  l i t t l e

p o i n t  i n  a t t e m p t in g  to  f i x  the  time o f  c o i t u s  more p r e c i s e l y  

a s  th e  i n t e r v a l  between c o i t u s  and im p la n ta t io n  p ro b a b ly  

v a r i e s  from 6 t o  14 h r .  (Chang and P In c u s ,  1951)*
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S t a t i s t i c a l  M ethods.

The methods used  f o r  sum m aris ing  th e  d a t a  

a c c o r d in g  t o  l o c a t i o n  and d i s p e r s i o n  a r e  t h o s e  d e t a i l e d  

i n  an y  s ta n d a rd  t e x t  (eg F i s h e r ,  1 9 4 8 ) .  A l l  r e g r e s s i o n  

e q u a t io n s  computed have b een  assum ed, from  i n s p e c t i o n  o f  

th e  g r a p h i c a l  a r r a y ,  t o  be l i n e a r  and no n u m e r ic a l  t e s t  o f  

l i n e a r i t y  h a s  been  a p p l i e d .  The f r a c t i o n  o f  th e  t o t a l  

v a r i a n c e  a t t r i b u t a b l e ,  i n  each  c a s e ,  to  r e g r e s s i o n  

i n d i c a t e s  t h a t  t h i s  a ssu m p tio n  i s  v a l i d .  The s t a n d a r d

e r r o r s  o f  c o e f f i c i e n t s  o f  th e s e  e q u a t io n s  have been d e r iv e d  

from  th e  a n a l y s i s  o f v a r i a n c e  used  to  t e s t  th e  s i g n i f i c a n c e  

o f  th e  c o e f f i c i e n t s .

The d a t a  from  fe m a le s  524 and 525> th e  m a jo r  p a r t  

o f  the  w ork, have been  a n a ly se d  by th e  a n a l y s i s  o f  v a r i a n c e  

t o  t e s t  th e  s i g n i f i c a n c e  o f  d i f f e r e n c e s .  T h is  i s  th e

o n ly  p a r t  o f  th e  work, a r r a n g e d  i n  a f a c t o r i a l  fo rm , w h ich  

i s  s u s c e p t i b l e  o f  t h i s  p r o c e d u r e .  The f a i l u r e  o f  th e  

t h i r d  p reg n a n cy  i n  b o th  a n im a ls  h a s ,  from th e  p o in t  o f  

v iew  o f  the  d e s i g n ,  e f f e c t i v e l y  l im i t e d  th e  ex p erim en t 

t o  two p r e g n a n c ie s ,  and so o n ly  th e s e  two have been  

In c lu d e d  in  th e  a n a l y s i s .  The d a ta  have been t a k e n  

i n  s e t s  o f  t h r e e  d a y s ,  each s e t  fo rm in g  a p e r io d  In  th e  

a n a l y s i s .  There a r e  f o u r  p e r io d s  i n  e a c h  p re g n a n c y ,  

one c o n t r o l  and t h r e e  p r e g n a n t .  The v a r i a n c e  be tw een
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d a y s  w i th in  p e r io d s  i s  l e f t  i n  t h e  r e s i d u a l  v a r i a n c e *

T h is  become s ,  e f f e c t i v e l y ,  t h e  a n a l y s i s  o f  t h r e e  r e p l i c a t e s ,  

th e  i n t e r - r e p l i c a t e  v a r i a n c e  b e in g  in c lu d e d  i n  t h e  r e s i d u a l .

The e x te n s io n  o f  th e  n o n -p re g n a n t  p e r i o d s  t o  f i v e  

d a y s  t o  examine the e f f e c t s  o f  th e  o e s t r o u s  c y c le  h a s  made 

th e  n o n -p re g n a n t  or c o n t r o l  p e r i o d s  u n e q u a l  c l a s s e s .  The 

t h r e e  days t a k e n  from  e a c h  c o n t r o l  p e r io d  f o r  t  he a n a l y s i s  

a r e  t h o s e  t h r e e  which end i n  o e s t r u s  a s  m easured  by th e  

v a g i n a l  sm ear .  T h is  i s  q u i t e  an  a r b i t r a r y  c h o ic e  and 

may n o t  be i d e a l ,  but f o r  v a l i d  com parison  w i th  th e  r e s t  

o f  t h e  d a t a  i t  i s ,  I  b e l i e v e ,  p r e f e r a b l e  t o  t a k e ,  a s  f a r  

a s  p o s s i b l e ,  a s e r i e s  o f  c o n s e c u t iv e  days r a t h e r  th a n  

choose t h r e e  days cu t  of f i v e  on a t r u l y  random b a s i s s

One r a t h e r  l e s s  common p ro c e d u re  used  may d e s e rv e  

a b r i e f  e x p l a n a t i o n .  The r e c o r d s  f o r  t  he 1 7 th  i n  fem ale  

524 and th e  10t h  i n  fem ale  $2 5 , day o f  t h e  secon d  p re g n a n c y  

a r e  l a c k i n g  (v id e  p .  176). To av o id  th e  g r e a t  a d d i t i o n a l  

la b o u r  w hich  would be e n t a i l e d  i n  an  a n a l y s i s  o f  u n e q u a l  

c l a s s e s  th e  nm is s in g  p l o t 11 t e c h n iq u e  (A nderson , 1946 ) was 

u s e d .  The m is s in g  v a lu e s  were e s t im a te d ,  by a l g e b r a i c  

a n a l y s i s  o f  th e  f a c t o r i a l  scheme, so t h a t  tho r e s i d u a l  

v a r i a n c e  was m in im ise d .  The two m is s in g  v a lu e s ,  i n  o r d e r  

a s  a b o v e ,  a r e  g iv e n  by the  e x p r e s s i o n s : -

s „ 2(RX + 20^ -  K + P? )

n  -  6



where K i s  th e  o r i g i n a l  in co m p le te  t o t a l ,  R-, and R0 a r e  th e  

o r i g i n a l  t o t a l s  fo r  r a t s  524 ar^  ^2 or‘ig3 .na l t o t a l

f o r  t h e  second p re g n a n c y , and th e  o r i g i n a l  t o t a l s  

f o r  the  second and t h i r d  p e r i o d s ,  and n th e  t o t a l  number o f  

o b s e r v a t i o n s  i n c l u d i n g  the  m is s in g  v a lu e s *

The n u m e r ic a l  e s t i m a t e s ,  computed from th e  above 

e x p r e s s i o n s ,  were i n s e r t e d  a t  th e  a p p r o p r i a t e  p o i n t s  i n  th e  

scheme and the  n u m e r ic a l  a n a l y s i s  o f  v a r i a n c e  computed i n  

th e  norm al way w i th  a r e d u c t i o n  of 2 i n  t h e  d e g re e s  o f  

f reedom  f o r  t h e  t o t a l  and r e s i d u a l  v a r i a n c e *  A lth o u g h  

th e  r e d u c t i o n  i n  th e  d e g re e s  o f  freedom  e n s u re s  t h a t  th e  

e r r o r  v a r i a n c e  i s  a v a l i d  e s t i m a t e ,  t h i s  p ro c e d u re  does 

m agn ify  th e  w eigh t t o  be a l l o t t e d  to  th e  v a r i a n c e  u n der  

e x a m in a t io n *  Where th e  number of v a lu e s  e s t im a te d  i n  

t h i s  way i s  sm a ll  r e l a t i v e  to  th e  t o t a l  number (2 i n  48 

i n  t h i s  i n s t a n c e )  t h i s  m a g n i f i c a t i o n  o f  t h e  m ain e f f e c t s  

i s  s m a l l  and can p ro b a b ly  be ig n o re d  (K e n d a l l ,  1 9 4 6 ) ,

I  h a v e ,  how ever, made an  a d ju s tm e n t ,  by a l t e r i n g  th e  

e f f e c t  v a r i a n c e s  i n  th e  r a t i o  o f  th e  o r i g i n a l :  co m p le ted

t o t a l  v a r i a n c e  f o r  the  same ( red u c ed )  number o f  d e g r e e s  

o f  f reedom , when t h i s  r a t i o  i s  a p p re c ia b ly  d i f f e r e n t  

from  1*0 , The d e t a i l e d  mechanism o f t h i s  p ro c e d u re

sh o u ld  be r e a d i l y  a p p a re n t  from th e  t a b l e s  g iv e n  o f  th e s e
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a n a l y s e s .

The i n t e r a c t i o n s  be tw een  m ain  e f f e c t s  have b e en  

computed when t h e  m ain e f f e c t s  were th e m s e lv e s  s i g n i f i c a n t .  

Where the  i n t e r a c t i o n s  were s i g n i f i c a n t  th e y  have b e e n  

d e t a i l e d  i n  th e  t a b l e s  o f  a n a l y s e s ,  where t h e y  were 

i n s i g n i f i c a n t  th e y  have n o t  b een  q u o ted  and th e  v a r i a n c e  

a t t r i b u t a b l e  t o  them  h a s  been  in c lu d e d  i n  th e  e r r o r  v a r i a n c e .

Where p r o b a b i l i t i e s  o f  th e  s i g n i f i c a n c e  of 

d i f f e r e n c e s  have f a l l e n  below th e  c o n v e n t io n a l  0 .0 5  l e v e l ,  

b u t  a r e  s t i l l  s u f f i c i e n t l y  low to  be s u g g e s t iv e  I  have 

g iv e n  th e  p r o b a b i l i t y  r a t h e r  t h a n  a s im p le  s ta te m e n t  o f  

s i g n i f i c a n c e .  S i g n i f i c a n c e  l e v e l s  and th e  i n t e r p o l a t i o n  

o f  p r o b a b i l i t i e s  have been  d e r iv e d  from th e  t a b l e s  o f  

F i s h e r  and  Y a te s ,  (1 9 4 8 ) .
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RESULTS

The f u l l  q u a n t i t a t i v e  r e s u l t s  o f  t h e  e x p e r i m e n t a l  

work on a p e r  diem b a s i s  form a c o n s i d e r a b l e  body o f  d a t a .  

These a r e  p r e s e n t e d  i n  e x te n s o  i n  t a b l e s  ( 3 1 ) - (4 1 )  i n  

a p p e n d ix  ( 3 ) ,  t o  which r e f e r e n c e  w i l l  be made i n  the  t e x t  

f rom t im e  t o  t im e .  I t  sh o u ld  n o t ,  however ,  be n e c e s s a r y  

t o  r e f e r  t o  t h e s e  d e t a i l e d  t a b l e s  f o r  a g e n e r a l  u n d e r s t a n d i n g  

o f  t h e  t e x t  which ,  i t  i s  b e l i e v e d ,  i s  a d e q u a t e l y  i l l u s t r a t e d  

by th e  f i g u r e s  and summary t a b l e s ,  d e r i v e d  from t h e  p r im a r y  

d a t a  by summing and a v e r a g i n g  ove r  s e r i e s  o f  up t o  5 d a y s .

The d a t a  f a l l  i n t o  t h r e e  m ajor  g ro u p s ,  th o s e  

co n ce rn ed  w i t h  ene rg y  b a l a n c e ,  n i t r o g e n  b a la n c e  and w a te r  

b a l a n c e  and a r e  c o n s i d e r e d  i n  t h a t  o r d e r .
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ENERGY hdf  ArQiJSM

The f u l l  d a t a  on e n e rg y  m e tab o l i sm  a r e  g iv e n  i n  

t a b l e s  ( 3 1 ) - ( 3 6 )  a p p en d ix  ( 3 ) .  The p r im a r y  d a t a  o f  t h e  

r e s p i r a t o r y  exchange ,  from which th e  e n e rg y  e x p e n d i t u r e  

i s  d e r i v e d  by th e  methods a l r e a d y  d e s c r i b e d  (pp Utf.) a r e  

a v a i l a b l e  i n  t a b l e s  (32) and (33) a p p e n d ix  ( 3 ) .

E nerg y  M etabo l ism  i n  R e p r o d u c t iv e  R e s t

D a i l y  Energy E x p e n d i tu re

The en e rg y  e x p e n d i tu r e  p e r  24 h r .  i n  th e  non

p r e g n a n t  c o n d i t i o n  i s  q u i t e  v a r i a b l e .  This  can  be 

s e e n  i n  f i g .  (27) i n  which th e  n o n - p r e g n a n t  p e r i o d s  f o r  

f e m a le s  524 and 525 a re  p r e s e n t e d  i n  h i s t o g r a m  form, 

and i n  f i g .  (28) i n  th e  p r e l i m i n a r y  n o n -p re g n a n t  p e r i o d  f o r  

fem ale  377.  W i th in  any g iv e n  c o n s e c u t iv e  s e r i e s  o f  days 

t h e  mean v a r i a t i o n  i n  e n e rg y  e x p e n d i tu r e  amounts t o  6 .5  p e r  

c e n t ,  o f  t h e  g e n e r a l  mean.

W ith in  b road  l i m i t s  the  en e rgy  e x p e n d i tu r e  v a r i e d  

w i t h  t h e  bodyweight  o f  th e  a n im a l .  This  v/eight v a r i a t i o n  

i s  n o t  a lways o b se rv a b le  i n  th e  d a y - t o - d a y  w e igh t  changes 

b u t  i s  a p p a r e n t  i n  the  b r o a d  w eigh t  groups  formed by t n e
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means o f  th e  d i f f e r e n t  n o n - p r e g n a n t  p e r i o d s .  I n  some c a s e s  

t h e  d a y - t o - d a y  en e rg y  e x p e n d i t u r e  does a p p e a r  t o  f o l l o w  th e  

bodyw eigh t  c h a n g e s , t a b l e s  (51) and ( 3 5 ) ,■ but  h e r e  th e  

bodyw eigh t  changes  a r e ,  i t  i s  b e l i e v e d ,  more t r u l y  a s s o c i a t e d  

w i t h  a c c i d e n t a l  r e s t r i c t i o n  of  food  and w a t e r  i n t a k e ,  w h i l e  

t h e  c o r r e s p o n d i n g  changes i n  e n e rg y  e x p e n d i tu r e  a r i s e  i n  g r e a t  

p a r t  from th e  f a l l  i n  a c t i v i t y  which n o r m a l ly  accompanies  

su c h  r e s t r i c t i o n .  Such o c c a s i o n a l  d e t a i l e d  c o r r e sp o n d e n c e  

o f  m e t a b o l i c  r a t e  and bodyweight  does n o t  f i t  th e  g e n e r a l  

M .R .-bodyw eigh t  l i n e  found f o r  rt r u e f w e igh t  v a r i a t i o n .

The ave rage  v a lu e s  f o r  ene rg y  e x p e n d i t u r e  a r e  p l o t t e d  

a g a i n s t  t h e  c o r re s p o n d in g  ave rag e  bodyweights  i n  f i g .  ( 2 9 ) .

Even f o r  t h e s e  ave rage  v a lu e s  I t  can be s e e n  t h a t  th e  s c a t t e r  

i s  c o n s i d e r a b l e .  This  i s  t o  be e x p e c te d  s i n c e  the  e f f e c t  

o f  i n d i v i d u a l  v a r i a t i o n  I s  v e r y  p rom in en t  i n  su c h  a sm a l l  

group o f  a n i m a l s .  In  a d d i t i o n ,  i t  must be remembered t h a t  

h e r e  t o t a l  m e tab o l i sm  i s  b e in g  c o n s i d e r e d ,  and t h i s  c o n s i s t s  o f  

two m a jo r  components each  v a r y i n g  w i t h  bodyweight  i n  a 

d i f f e r e n t  way. One, the  b a s a l  m e t a b o l i s m ,v a r i e s  w i t h  a 

f r a c t i o n a l  power o f  th e  bodyw eigh t ,  s a y  0 .7 5 ;  th e  o t h e r ,  

t h e  m e ta b o l i s m  o f  p h y s i c a l  a c t i v i t y ,  p r o b a b ly  v a r i e s  more 

n e a r l y  d i r e c t l y  w i t h  the  bodyw eigh t ,  t h a t  i s  w i t h  th e  mass 

moved. A f u r t h e r  component o f  the  m e tabo l i sm ,  t n e  s p e c i f i c  

dynamic a c t i o n ,  w a l l  be more n e a r l y  r e l a t e d  t o  t h e  food 

i n t a k e  t h a n  t o  th e  bodyweight as such .

The intercept on th e  en e rgy  e x i s  g±ven oy the
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l i n e a r  r s ^ i G o s i o n  ©equation to  t h e s e  dau&? f i g .  (29) and. 

t a b l e  ( l )  , i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  z e r o .  'the a p p a r e n t  

i m p l i c a t i o n  o f  t h i s ,  t h a t  t h e  e n e rg y  p r o d u c t i o n  a t  z e r o  

bodyw eigh t  i s  p o s i t i v e ,  i s  m e re ly  an i n d i c a t i o n  t h a t  t h i s  

l i n e a r  r e g r e s s i o n  l i n e  c a n n o t ,  l e g i t i m a t e l y ,  be e x t r a p o l a t e d  

b a ck  t o  z e r o .  The i n t e r c e p t  i n  t h i s  e q u a t i o n ,  however ,

(1 3 .4  C a l . )  i s  commensurate w i t h  t h a t  g iv e n  by B e n e d i c t * s  

(1938) l i n e a r  r e l a t i o n  f o r  B.M.R. and bodyweight  i n  th e  

a l b i n o  r a t  (7 C a l . ) .

A r i s e  i n  t h e  mean e n e rg y  e x p e n d i tu r e  o c c u r r e d  

from t h e  f i r s t  t o  th e  second n o n - p r e g n a n t  p e r i o d s ,  t h a t  i s  

w i t h  t h e  f i r s t  p reg n an cy  i n t e r v e n i n g .  This  can  be s e e n  

f o r  fem a le s  524 and 525 i n  f i g -  (27)•  This  change i s  

l a r g e l y  a c c o u n ta b l e  t o  change i n  bodyw eigh t ;  a f t e r  t h e  

f i r s t  p r e g n a n c y  th e  bodyweight  had r e a c h e d  a  p l a t e a u ,  and  

i n  fem ale  525,  t h e r e  was no f u r t h e r  a p p r e c i a b l e  a l t e r a t i o n  

i n  the  mean n o n -p re g n a n t  e n e r g y  e x p e n d i t u r e .  The pronounced  

d rop  i n  t h e  e x p e n d i tu r e  o f  female  524 i n  th e  t h i r d  non-  

p r e g n a n t  p e r i o d  i s  a s s o c i a t e d  w i t h  th e  f a l l  and in c o m p le te  

r e c o v e r y  i n  bodyweight  o f  t h i s  an im al  a f t e r  t h e  m ethanol  

p o i s o n i n g .

V a g in a l  smears were made d a i l y  f o r  most o f  bue non-  

p r e g n a n t  p e r i o d s  b u t  o n ly  w i t h  fem ales  524 and 525 were t h e s e  

p e r i o d s  o f  s u f f i c i e n t  l e n g t h  t o  cover  a com ple te ,  o r  n e a r l y

com ple te  o e s t r o u s  c y c l e .

I n  f i g .  (30) the  m e ta b o l i c  r a t e s  f o r  e ach  day  o f
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t h e  n o n - p r e g n a n t  p e r i o d s  of  f e m a l e s  -524 and 525 a r e  p l o t t e d  

i n  o r d e r  o f  r e c o r d i n g .  I t  can  be s e e n  t h a t ,  w i t h i n  any 

one p e r i o d  f o r  an y  one r a t ,  the  change i n  m e t a b o l i c  r a t e  

fo l lo w e d  a f a i r l y  smooth c o u r s e .  An e x c e p t i o n  t o  t h i s  

i s  t h e  t h i r d  p e r i o d  o f  fem ale  524 .  Also g iv e n  i n  t h e s e  

g rap h s  i s  the  p o s i t i o n  i n  t ime o f  t h e  o bse rv ed  o c c u r r e n c e  

o f  v a g i n a l  o e s t r u s .  The one p o i n t  o f  th e  v a g i n a l  c y c l e  

o f  t h e  r a t  which I  have found t o  be f i r m l y  i d e n t i f i a b l e  

a s  r e g u l a r l y  r e c u r r e n t  I s  t h a t  o f  p r o - o e s t r u s  ( n u c l e a t e d  

e p i t h e l i a l  c e l l s  and c o r n i f i e d  c e l l s  w i t h o u t  l e u c o c y t e s )  

and t h e  t ime o f  o e s t r u s  has  been  f i x e d  from t h i s .  I t  

may be n o t e d ,  however ,  t h a t  t h i s  v a g i n a l  o e s t r u s  does n o t  

n e c e s s a r i l y  c o in c id e  w i t h  th e  o t h e r  o b se rved  c r i t e r i a  o f  t h e  

o n s e t  o f  h e a t  d e te rm in e d  by o v a r i a n  o e s t r u s .  T h is  l a c k  

o f  c o r r e sp o n d e n c e  be tween  v a g i n a l  and o v a r i a n  o e s t r u s  has  

b e e n  o b se rv ed  by o th e r  w orkers  (Freed  et_ a l ,  1937, 1939) , 

who have  a l s o  o bse rved  t h a t  o v a r i a n  d y s f u n c t i o n  o f  d i e t a r y  

o r i g i n  may n o t  be a t  a l l  r e f l e c t e d  by th e  v a g i n a l  c y c l e .

I f  the  o c c u r re n c e  o f  t h i s  p r o - o e s t r u s  s t a g e  o f  the  

v a g i n a l  c y c le  be t a k e n  as  a f i x e d  p o i n t  i n  th e  o e s t r u s  c y c l e ,  

w h e th e r  o r  n o t  c o r r e s p o n d in g  t o  th e  o n se t  o f  h e a t ,  and th e  

m e t a b o l i c  r a t e  c u rv e s  o f  f ig *  (30) be b ro u g h t  t o g e t h e r  so 

t h a t  t h i s  p o i n t  o f  th e  c y c le  c o in c id e s  I n  e a c h ,  f i g .  (31) 

i s  o b t a i n e d .  Here i t  can  be s e en  t h a t  the  m e t a b o l i c  r a t e s  

do form a f a i r l y  w e l l  d e f i n e d  c y c le  a bo u t  t h i s  oes t rus '*  

p o i n t .  The v e r t i c a l  d i s p l a c e m e n t  o f  th e  s e p a r a t e  c u r v e s  

a l o n g  t h e  e n e r g y  a x i s  i s  l a r g e l y  due t o  bodp ...ej.g n t  a r j. xc r e n c e s .
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I t  can a l s o  be s e e n  t h a t  th e  o e s t r u s  p o i n t  l i e s  

I n  th e  a s c e n d i n g  wave of  t h e  c y c l e  i n  fem ale  525, and 011 

t h e  d e s c e n d in g  wave I n  female  524. This  forms a d d i t i o n a l  

e v id e n c e  t h a t ,  a l t h o u g h  th e  v a g i n a l  changes a r e  c y c l i c a l ,  

the  s t a g e s  a re  n o t  n e c e s s a r i l y  a c o n s t a n t  I n d i c a t i o n  o f  t h e  

s t a g e  o f  t h e  f u n c t i o n a l  c y c l e .  I t  a p p e a r s  p o s s i b l e  t h a t  

t h e  peak m e tab o l i sm  p e r i o d  might  be th e  p e r i o d  o f  h e a t  as  

I n d i c a t e d  by t h e  i n c r e a s e d  a c t i v i t y  o f  t h e  a n im a l ,  and t h a t  

t h e  c o r n i f i e d  c e l l  s t a g e  o f  th e  v a g i n a l  c y c le  may v a r y ,  a t  

l e a s t  be tw een  I n d i v i d u a l s ,  f rom t r o u g h  t o  t r o u g h  on e i t h e r  

s i d e  o f  t h e  m e t a b o l i c  p e a k .

A pronounced d i u r n a l  v a r i a t i o n  was o b se rv e d  i n  

t h e  r a t e  o f  consum ption  of oxygen which was h i g h e r  d u r i n g  

th e  h o u r s  o f  d a r k n e s s ,  1 0 .0 0  p .m. t o  1 0 .0 0  a . m . ,  t h a n  

d u r i n g  th e  d ay ,  1 0 .0 0  a .m .  t o  10 .00  p .m. T h is  d i u r n a l  

change h a s  n o t  been analysed I n  d e t a i l  b u t  i t  can  be s e e n  

i n  a n  example of t h e  c o n t in u o u s  oxygen r e c o r d ,  f i g .  (32) .

I n  t h i s  f i g u r e  the  g r e a t l y  i n c r e a s e d  slope o f  t h e  oxygen 

c onsum pt ion  t r a c e  d u r i n g  th e  n i g h t  can  be c l e a r l y  s e e n .

The d i f f e r e n c e  be tw een  day and n i g h t  oxygen consum ption  

r a t e s  was, i n  g e n e r a l ,  a b o u t  10 p e r  c e n t .  The r e a s o n  

f o r  t h i s  d i u r n a l  v a r i a t i o n  l i e s  i n  t h e  g r e a t l y  I n c r e a s e d  

a c t i v i t y  o f  t h e  a n im a l s  d u r i n g  th e  n i g h t .  H e r r in g  and 

Brody (1938) have shown t h a t  i t  i s  e x t r e m e ly  d i t f i c u l t y  

t o  s u p p r e s s  t h i s  d i u r n a l  v a r i a t i o n ,  r e q u i r i n g  b o th  i n t e r m i t t e n t  

f e e d  ing  and c o;- i I n u o u  s 1 i  g h t .
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D a i ly  Food Energy I n t a k e

The food i n t a k e , e x p re s s e d  as t o t a l  h e a t  o f  

c o m b u s t io n ,  i n  th e  n o n - p r e g n a n t  c o n d i t i o n ,  i s  'shown i n  

h i s t o g r a m  form i n  f i g .  ( 3 3 ) .  A f u r t h e r  example i s  shown 

i n  th e  p r e l i m i n a r y  p e r i o d  i n  f i g *  (2 8 ) .  Comparison o f  

f i g s .  (27) and (33) shows t h a t  t h e  v a r i a t i o n  i n  food 

e n e r g y  i n t a k e  from day t o  day  was v e r y  much g r e a t e r  t h a n  

th e  v a r i a t i o n  i n  e n e rg y  e x p e n d i t u r e ;  i n  any  g i v e n  s e r i e s  

o f  c o n s e c u t i v e  days t h e  v a r i a t i o n  amounts t o  18 p e r  c e n t ,  

o f  th e  g e n e r a l  mean.

O e s t r u s  V a r i a t i o n .

ho c o n s i s t e n t  v a r i a t i o n  i n  food  i n t a k e  w i t h  

s t a g e s  o f  t h e  o e s t r u s  c y c le  i s  d i s c e r n i b l e  from th e  d a t a ,  

c o n s i d e r e d  e i t h e r  i n  r e l a t i o n  t o  t h e  p o i n t  o f  v a g i n a l  

o e s t r u s  o r  the  p o i n t  o f  maximum m e ta b o l i c  r a t e .

V a r i a t i o n  w i t h  Energy e x p e n d i t u r e .

Comparison o f  f i g s .  (27) and (33) i n d i c a t e s  a n

a p p ro x im a te  co r re sp o n d e n ce  between ene rg y  in/cake and
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e x p e n d i tu r e *  I n  f i g .  (34) th e  e n e rg y  I n t a k e  i s  p l o t t e d  

a g a i n s t  the  e n e rg y  e x p e n d i tu r e  f o r  a l l  a n im a l s  b o t h  non

p r e g n a n t  and p r e g n a n t .  That  t h e r e  was some a s s o c i a t i o n  

can  be s e e n ,  b u t  i t  was e x t r e m e ly  s l i g h t ;  o ve r  th e  g r e a t e r  

number o f  d a t a  t h e r e  i s  no obvious  a s s o c i a t i o n .  Prom 

i n s p e c t i o n '  o f  t h i s  s c a t t e r  d iag ram  i t  h a s  n o t  b een  c o n s i d e r e d  

p r o f i t a b l e  t o  f i t  a r e g r e s s i o n  l i n e *  B o th  o f  t h e s e  v a r i a b l e s  

w i l l ,  o f  c o u r s e ,  show a r e f l e c t e d  r e l a t i o n  from t h e i r  

s e p a r a t e  r e l a t i o n s  t o  bodyw eigh t .

R e l a t i o n  t o  N o n - p r o t e in  R*<4 *

I n  f ig *  (35) t h e  t o t a l  food e n e rg y  h as  been  

p l o t t e d  a g a i n s t  t h e  n o n - p r o t e i n  r e s p i r a t o r y  q u o t i e n t *  A l l  

t h e  d a t a  f o r  fem a le s  524 and 525 have been  i n c l u d e d  i n  t h i s  

d i a g r a m  as no d i f f e r e n c e  was found i n  t h i s  r e l a t i o n  be tw een  

th e  p r e g n a n t  and th e  n o n - p r e g n a n t  d a t a .  The r e g r e s s i o n  

e q u a t i o n  f o r  th e  combined d a t a  h a s  been c a l c u l a t e d  and shows 

a s i g n i f i c a n t  r e l a t i o n  be tween th e  two v a r i a b l e s ,  t a b l e  (2 ) .  

T h is  c o n f i rm s  th e  f i n d i n g  of  Dewar and Newton (1948b) ,  b u t  

t h e  p a r a m e t e r s  o f  the  r e g r e s s i o n  e q u a t i o n  a re  d i f f e r e n t  

t o  t h o s e  found by  t h e s e  a u th o r s *  The d i f i e r e n t  s lo p e  

o f  th e  r e g r e s s i o n  l i n e  found h e re  I s ,  of  c o u r s e ,  n o t  

c o m p a ra b le  w i t h  t h e  s l o p e s  found f o r  n i c e ,  v h r c h  consume



o n ly  a b o u t  15 p e r  c e n t ,  of  th e  food used  by a r a t .  Dewar 

and Newton found a d i f f e r e n c e  i n  t h e  s lo p e  o f  th e  r e g r e s s i o n  

l i n e  be tween  th e  two mice which  t h e y  s t u d i e d ,  which may be 

due t o  a d i f f e r e n c e  i n  e f f i c i e n c y  o f  food u t i l i s a t i o n .  Prom 

i n s p e c t i o n  o f  t h e  d a t a  p l o t t e d  s e p a r a t e l y  f o r  f em a le s  524 and 

525 1 c o n s i d e r e d  t h a t  i n  t h i s  c ase  t h e r e  was no a p p r e c i a b l e  

d i f f e r e n c e  be tw een  t h e  s l o p e s  f o r  t h e  two a n i m a l s .

The I n t e r c e p t  o f  th e  r e g r e s s i o n  l i n e  on th e  R . 4 . 

a x i s  i s  0 .76V, and th e  one v a lu e  on t h e  g raph  c o r r e s p o n d i n g  

t o  a p p r o x i m a t e l y  z e ro  food i n t a k e  shows a c o r r e s p o n d i n g  R.Q. 

o f  0.75* The t h e o r e t i c a l  i n t e r c e p t  would ,  o f  c o u r s e ,  be 

0 .7 0 7 ,  and  t h a t  I s  s u b s t a n t i a l l y  th e  v a lu e  found by Dewar 

and Newton f o r  t h i s  c o n s t a n t  o f  the  e q u a t i o n  f o r  one a n im a l .  

I n  f a c t  t h e  d i f f e r e n c e  be tw een  the  p r e d i c t e d  R . 4 . rs a t  z e r o  

food  i n t a k e  be tw een  the  two i n v e s t i g a t i o n s  i s  s i g n i f i c a n t l y  

d i f f e r e n t  s t a t i s t i c a l l y ,  b u t  I n  any  case  i t  i s  no t  t o  be 

e x p e c t e d  t h a t  t h e  n o n - p r o t e i n  R.ty. f o r  a whole day  would 

d rop  t o  a minimum I n  one day*s s t a r v a t i o n .  The c a r b o h y d r a t e  

s t o r e s  I n  the  l i v e r  and t h e  c a r b o h y d r a t e  r e s i d u e s  i n  t h e  gu t  

from the  p r e v i o u s  d a y !s f e e d  have s t i l l  t o  be u t i l i s e  • • The 

g ly c o g e n  s t o r e s  a lways n o r m a l ly  e x i s t e n t  must be e x p e c te d  t o  

d i s p l a c e  t h e  p h y s i o l o g i c a l  curve  o f  t h i s  r e l a t i o n  a lo n g  tn e  

R . 4 « a x i s  so  t h a t  th e  p h y s i o l o g i c a l  i n t e r c e p t  on th e  R . 4 . a x i s  

would be g r e a t e r  t h a n  0-707.



D a i l y  .Energy Balance

The e n e rg y  b a la n c e  I n  a l l  th e  n o n - p r e g n a n t  p e r i o d s ,  

f i g .  (36) was i r r e g u l a r ,  The mean v a lu e  was n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f rom z e ro  i n  th e  f i r s t  n o n - p r e g n a n t  p e r i o d  b u t  was 

s i g n i f i c a n t l y  p o s i t i v e  i n  th e  second  n o n - p r e g n a n t  p e r i o d ,  

t a b l e  (6 ) .  This  i s  u n e x p ec ted  s i n c e ,  i n  t h e  f i r s t  p e r i o d  

g row th  was a c t i v e  and t h e  s t o r e d  e n e rg y  o f  g rowth  m igh t  be 

e x p e c t e d  t o  a p p e a r ,  w h i le  i n  t h e  second  p e r i o d  t h e  bodyw eigh t  

h a d ,  s u b s t a n t i a l l y ,  rea ch e d  a p l a t e a u .

These ,  and a l l  o t h e r  en e rg y  b a l a n c e s  i n  t h i s  work ,  

a r e  s u b j e c t  t o  c o n s i d e r a b l e  b u t  unknown d i s t o r t i o n  due t o  t h e  

amount ,  and hence  en e rg y  e q u i v a l e n t ,  o f  t h e  gu t  c o n t e n t s ,  

e s p e c i a l l y  a t  th e  b e g in n in g  and  end o f  a s e r i e s .  I t  must a l s o  

be n o t i c e d  t h a t  th e  e n e rg y  b a l a n c e s  given I n  f i g u r e s  and t a b l e s  

h e r e  a r e  thermodynamic b a l a n c e s  and I n c lu d e  a m o ie ty  o f  

u n u t i l i s a b l e  e n e rg y  c o r r e s p o n d in g  t o  th e  n i t r o g e n  in c re m e n t  

o f  th e  o rgan ism .  T h is  m o ie ty  may be p o s i t i v e  o r  n e g a t i v e  

a c c o r d i n g  a s  th e  n i t r o g e n  in c re m e n t  i s  p o s i t i v e  o r  n e g a t i v e .

W ith in  I n d i v i d u a l  s e r i e s  the  e n e rg y  b a la n c e  

c o r r e s p o n d e d  d i r e c t l y  t o  t h e  bodyweight  i n c r e m e n t .  Th is  

can b e s t  be s e e n  i n  ‘the p r e l i m i n a r y  p e r i o d  I n  f i g .  (38) • T h is  

c o r re sp o n d e n c e  I s  p r o b a b ly  l a r g e l y  a r e f l e c t i o n  o f  change i n  

mass o f  g u t  c o n t e n t s .
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O e s t r u s  V a r i a t i o n

No c o n s i s t e n t  v a r i a t i o n  has  b e en  d i sc e rn e d ,  w i t h  

s t a g e  o f  the  o e s t r u s  c y c l e .

V a r i a t i o n  w i t h  In t a k e  and E x p e n d i tu r e

The g r e a t  v a r i a t i o n  i n  e n e rg y  b a la n c e  and i n  e n e rg y  

i n t a k e ,  f rom day t o  day ,  compared w i t h  t h e  r e l a t i v e l y  sm a l l  

v a r i a t i o n  i n  t h e  en e rg y  e x p e n d i tu r e  s u g g e s t s  t h a t  t h e  

m agn i tude  and d i r e c t i o n  of  th e  en e rg y  b a la n c e  w i l l  be 

d e te r m in e d  by  t h e  I n t a k e  r a t h e r  t h a n  by th e  e x p e n d i t u r e .

T h is  I s  con f i rm ed  by com par ison  o f  f i g s .  (2 7 ) ,  (33) and 

(36) f rom w hich  I t  can be s e e n  t h a t  th e  e n e rg y  b a la n c e  

v a r i a t i o n s  c o r re sp o n d  c l o s e l y  w i th  t h e  peaks  and t r o u g h s  

o f  th e  e n e r g y  I n ta k e  h i s t o g r a m .  This  c o r r e s p o n d e n c e ,  

a g a i n ,  i s  c e r t a i n l y  p a r t l y  due t o  t h e  change I n  mass o f  

g u t  c o n t e n t s  frcm day t o  d a y ,  and t h e  component o f  t h e  

a s s o c i a t i o n  a t t r i b u t a b l e  t o  p h y s i o l o g i c a l  e n e rg y  b a l a n c e  

i s  p r o b a b l y  s m a l l .

S t a r v a t i o n

As a I r e  ad y p o i n t  e d ou t , p • 174 } f  e nia 1 e 522
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v o l u n t a r i l y  s t a r v e d  h e r s e l f  d u r i n g  th e  5 - d a y  n o n - p r e g n a n t  

p e r i o d  f o r  w hich  she was on e x p e r im e n t .  I t  must be n o t e d  

t h a t  t h i s  i s  t h e  o n ly  p a r t  o f  t h e  work from which  a  p i c t u r e  

o f  th e  m e ta b o l i sm  d u r in g  s t a r v a t i o n  can  be o b t a i n e d ,  an d ,  

b e in g  b ased  on one an im al  f o r  a r e l a t i v e l y  s h o r t  p e r i o d ,  

may n o t  be t r u l y  r e p r e s e n t a t i v e .  A l s o ,  t h e  cause  o f  t h i s  

v o l u n t a r y  s t a r v a t i o n  i s  q u i t e  unknown* I t  may be t h a t  some 

p a t h o l o g i c a l  o r  abnormal  i n i t i a l  c o n d i t i o n  o f  t h e  an im al  

h a s  d i s t o r t e d  the  s im ple  s t a r v a t i o n  e f f e c t ,  b u t  i t  may be 

rem arked  t h a t  th e  sub seq u e n t  h i s t o r y  o f  t h e  an im al  showed 

no g ro s s  s i g n  o f  a b n o r m a l i t y .

E nergy  E x p e n d i tu r e .

The en e rg y  e x p e n d i t u r e  was low on th e  f i r s t  d ay ,  

27 G al* ,  r o s e  on th e  second  day  t o  36 Ca l .  and t h e n  f e l l  

s t e a d i l y  t o  a f i n a l  l e v e l  o f  25 .2  Gal .  p e r  24 h r . ,  v id e  

t a b l e  ( 3 5 ) .  This  f i n a l  l e v e l  i s  s t i l l  c o n s i d e r a b l y  g r e a t e r  

t h a n  th e  e x p e c te d  b a s a l  r a t e  f o r  t h i s  b odyw e igh t ,  15 C a l . ,  

a s  g iv e n  by  B e n e d i c t  (1938) .

E nergy  I n t a k e  •

The e n e rg y  I n ta k e  I n  t h i s  c a s e ,  v id e  t a b l e  (5 5 ) ,
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was c l o s e l y  a s s o c i a t e d  w i t h  the  e n e rg y  e x p e n d i t u r e ,  The 

i n t a k e  on t h e  f i r s t  day  was 13• 6 Ca t .  w i t h  an  i n c r e a s e  on th e  

second  day  t o  39 .1  G a l . ,  c o r r e s p o n d i n g  w i t h  t h e  i n c r e a s e  i n  

e x p e n d i t u r e .  T h e r e a f t e r  t h e  f a l l  i n  i n t a k e  was r a p i d ,  

b e in g  e f f e c t i v e l y  z e r o  on t h e  f o u r t h  and  f i f t h  d a y s .

E nerg y  B a la n c e .

The e n e rg y  b a la n c e  d u r i n g  t h i s  p e r i o d  o f  s t a r v a t i o n  

was a lways n e g a t i v e ,  t h e  m agni tude  o f  t h e  l o s s  c l o s e l y  

f o l l o w i n g  th e  changes i n  e n e rg y  i n t a k e ,  vide t a b l e  ( 3 5 ) .

N o n - p r o t e i n  R.ty .

The R.ty. had dropped t o  0 .73  by th e  f o u r t h  day ,  

and. on t h e  f i f t h  day f e l l  t o  0 . 5 4 .  H ere ,  w i t h  t h e  low fo o d  

i n t a k e s  o ve r  a  p e r i o d  o f  5 d a y s ,  and e f f e c t i v e l y  z e r o  i n t a k e  

f o r  3 days  t h e  h e p a t i c  g ly co g e n  s t o r e s  would c e r t a i n l y  have 

b e e n  e x h a u s t e d .  Such low R . ^ . ' s  have n o t  i n f r e q u e n t l y  b e e n  

o b se rv e d  by o t h e r  workers  b u t  have o f t e n  been  a t t r i b u t e d  

t o  e x p e r i m e n t a l  e r r o r  (P o u l to n ,  1938) •

The low R . ty .1s ob se rv ed  i n  h i b e r n a t i n g  a n im a l s  

may be due t o  a c o n v e r s io n  o f  f a t  t o  c a r b o h y d r a t e ,  a l t n o u g h  

B e n e d i c t  and Lee (1938) ,  on th e  b a s i s  oi s n o r t  p e r i o d  o t u d i e s ,  

h o l d  them t o  be s p u r i o u s  and due t o  ca roo n  d ioxxde  r e u e n t i o n
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I n  t h e  t i s s u e s .  T h is  l a t t e r  e f f e c t  i s  u n l i k e l y  t o  o c c u r  

t o  any  c o n t in u e d  e x t e n t ,  as  i t  i s  d i f f i c u l t  t o  s e e  how th e  

an im a l  cou ld  compensate  such  an a c i d o s i s  as would o c cu r  I f  

c a r b o n  d io x id e  were r e t a i n e d ,  a t  t h i s  r a t e ,  f o r  a day  o r  more. 

N e i t h e r  i s  e i t h e r  s u g g e s t i o n  l i k e l y  t o  be th e  com ple te  

e x p l a n a t i o n ,  i n  th e  p r e s e n t  c a s e ,  when t h e  e n e r g y  e x p e n d i t u r e  

i s  s t i l l  so  much above b a s a l .  I t  seems more l i k e l y  t h a t  th e  

low R*ty. may be th e  r e s u l t  o f  in c o m p le te  com bus t ion  o f  

f a t s  t o  i n t e r m e d i a t e  m e t a b o l i t e s .

Liner gy M etabol ism  i n  P r e g n a n c y *

D a i l y  Energy E x p e n d i t u r e .

R e l a t i o n  t o  N on-pregnant  L e v e l s .

I t  can be s e en  from f i g s .  (27) and (28) t h a t  th e  

d a i l y  e x p e n d i tu r e  d i d  no t  show a g r e a t  i n c r e a s e  ove r  non

p r e g n a n t  l e v e l s .  P ig .  (28) shows o n ly  a s l i g h t  i n c r e a s e  

ove r  r e s t i n g  l e v e l s  a t  th e  l a t t e r  end of  p re g n a n c y  w i t h  no 

a p p a r e n t  I n c r e a s e  d u r in g  t h e  g r e a t e r  p a r t  o f  g e s t a t i o n .

I n  f i g .  (40) th e  mean e n e rg y  e x p e n d i tu r e  f o r  

3 -d a y  p e r i o d s  f o r  fem ales  524 and 525 a r e  p l o t t e d .  Again  

t h e  a b s o l u t e  I n c r e a s e  i n  e x p e n d i tu r e  i s  low, 9 p e r  c e n t . ,  

b u t  t h e  change i s ,  i n  f a c t ,  s t a t i s t i c a l l y  s i g n i f i c a n t ,
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(P« 0 * 0 1 ) ,  as  can  be s e e n  frcm th e  a n a l y s i s  i n  t a b l e  (3) th e  

s t a n d a r d  e r r o r  o f  a 3 -d a y  p e r i o d  b e in g  1 . 1  C a l .

D i u r n a l  V a r i a t i o n .

T h is  o c cu rs  d u r i n g  p re g n a n c y  b u t ,  i n  g e n e r a l , . 

t o  a l e s s e r  e x t e n t  t h a n  i n  r e p r o d u c t i v e  r e s t .  The d i r e c t i o n  

Is  the  same, a r i s e  i n  oxygen consum ption  d u r i n g  t h e  n i g h t .

The d i f f e r e n c e  be tw een  oxygen consum ption  d u r i n g  th e  n i g h t  and 

t h e  day was a b o u t  5 -10  p e r  c e n t . ,  b u t  d u r i n g  t h e  second  

p r e g n a n c y  t h i s  v a r i a t i o n  was f r e q u e n t l y  a lm o s t  c o m p le t e ly  

s u p p r e s s e d .  An example o f  t h e  oxygen consum ption  r e c o r d  

found  i n  p re g n a n c y  i s  g i v e n  i n  f i g .  (37) .

V a r i a t i o n  w i t h  Stage  o f  G e s t a t i o n .

P i g .  (2 8 ) ,  from th e  d a t a  from female  377,  shows a n  

I n c r e a s e  i n  m e t a b o l i c  r a t e  i n  t h e  l a s t  few days o f  g e s t a t i o n .  

P i g .  ( 3 9 ) ,  f o r  fem ale  443,  shows a more p ronounced  and 

s t e a d i e r  i n c r e a s e ,  b e g in n in g  a t  l e a s t  by th e  4 t h  d a y ,  b u t  

s t i l l  s m a l l .  Pig* (40 ) ,  h o w e v e r ,  shows a g r a d u a l  I n c r e a s e  

t h r o u g h o u t  t h e  vyhole o f  p re g n a n c y ,  w i t h  a c o n s i d e r a b l e  I n c r e a s e  

be tw een  the  n o n - p r e g n a n t  p e r i o d  and t h e  f i r s t  p r e g n a n t  p e r i o d  

on t h e  g r a p h ,  d a y s  10 t o  1 2 . The r i s e  t h e r e a f t e r  was n o t
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s i g n i f i c a n t ,  bu t  a s i g n i f i c a n t  f a l l  i n  t h e  mean e n e r g y  

e x p e n d i t u r e  i s  shown be tw een  t h e  second  and t h i r d  p r e g n a n t  

p e r i o d s ,  and  t h i s  i s  a l s o  shown by th e  d a t a  f o r  fem a le  445.

The o v e r a l l  change be tw een  p e r i o d s ,  i n  f i g .  (40) 

and t a b l e  (3),  was n o t  g r e a t ;  t h e  maximum mean p r e g n a n t  l e v e l  

I s  109 p e r  c e n t ,  o f  t h e  mean n o n - p r e g n a n t  l e v e l .  The changes  

d u r i n g  p re g n a n cy ,  compared w i t h  e ac h  o t h e r  and w i t h  t h e  non

p r e g n a n t  p e r i o d  a r e ,  however ,  s i g n i f i c a n t  (P = 0 .0 1 ) .

E f f e c t  o f  P a r t u r i t i o n .

On th e  l a s t  day o f  s t u d y ,  d u r i n g  t h e  f i r s t  

p r e g n a n c y  o f  female  524, p a r t u r i t i o n  commenced and t h e  e n t i r e  

l i t t e r  was d e l i v e r e d  by t h e  end o f  t h a t  p e r i o d .  For t h e  

6 h r .  p r i o r  to  t h e  b e g in n in g  o f  p a r t u r i t i o n  i n  t h i s  an im al  

t h e r e  was a g r e a t  i n c r e a s e  i n  m e t a b o l i c  r a t e ,  b u t  t h e r e  

a p p e a r e d  t o  b e  no pronounced  i n c r e a s e  i n  a c t i v i t y  d u r i n g  

t h i s  p e r i o d .  This  h i g h  m e t a b o l i c  r a t e  was m a i n t a i n e d  

t h r o u g h o u t  p a r t u r i t i o n ,  b u t  a f t e r  t h e  b i r t h  o f  a l l  t h e  

young t h e  t o t a l  m e ta b o l ic  r a t e  o f  m other  and young f e l l  

s l i g h t l y  a l t h o u g h  i t  was s t i l l  w e l l  above th e  normal p r e g n a n t  

r a t e .  These changes in  th e  m e ta b o l i c  r a t e  b e f o r e ,  d u r i n g  

and a f t e r  p a r t u r i t i o n  a r e  r e s p o n s i b l e  f o r  t h e  v e r y  h i g h  e n e r g y

e x p e n d i t u r e  found, i n  the  l a s t  day  o f  t h i s  p reg n a n c y ,  v id e  

f i g .  (2 7 ) .
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I n  the  c o r r e s p o n d i n g  day o f  t h e  f i r s t  p re g n a n c y  of  

fem ale  525 p a r t u r i t i o n  d i d  no t  b e g in  u n t i l  t h e  end o f  t h e  

24 hr. p e r i o d .  The f i r s t  pup was n o t  d e l i v e r e d  u n t i l  a b o u t  

2 h r s . a f t e r  t h e  an im al  was removed from t h e  cham ber .  I n  

t h i s  c a s e ,  however ,  t h e r e  was no i n c r e a s e  i n  m e t a b o l i c  r a t e  

d u r i n g  t h e  immediate  a n t e - parturn p e r i o d .  I n  t h e  second  

p re g n a n c y  of  t h e s e  a n im a l s ,  p a r t u r i t i o n  d i d  n o t  b e g in  u n t i l  

some h o u rs  a f t e r  t h e  a n im a l s  were t a k e n  o f f  e x p e r im e n t ,  so 

t h a t  the  immediate  a n t e - pa r tum  p e r i o d  was n o t  o b s e r v e d .  

D ur ing  t h e  l a s t  day o f  s t u d y  d u r i n g  t h e  second  p re g n a n c y  

no pronounced, i n c r e a s e  i n  m e ta b o l i c  r a t e  was o b s e r v e d .

With female  377,  a l s o ,  th e  young were b o r n  w h i l e  

th e  an im al  was on e x p e r im e n t ,  b u t  a g a i n  no p ronounced  

change I n  e n e rg y  e x p e n d i tu r e  was o b s e r v e d ,  v id e  f ig*  (28)•

V a r i a t i o n  vvith P a r i t y .

I n  f i g .  (40) t h e  energy  e x p e n d i tu r e  o f  f e m a le s  

524 and 525 a re  shown f o r  t h e  f i r s t  and  second p r e g n a n c i e s  

g0p0, n n t e l y * The d i f f e r e n c e  m  en e rg y  e x p e n d i tu r e  be tw een

th e  two p r e g n a n c i e s  i s  sm a l l  bu t  i s  s t a t i s t i c a l l y  s i g n i f i c a n t ,  

t a b l e  (3) . The s t a n d a r d  e r r o r  o f  the  means p l o t t e d  i n  t h i s  

g r a p h  i s  1 .1  Cal« from which  i t  can be se en  t h a t  t n e  i i r s t  

and second n o n -p re g n a n t  p e r i o d s  a re  s ig n a . f i c a n c l  ,y a i u .  erenfc ,
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b u t  uhe cu rves  come t o g e t h e r  d u r i n g  the  p r e g n a n t  p e r i o d s  

s u g g e s t i n g  t h a t  th e  r i s e  i n  m e ta b o l i c  r a t e ,  r e l a t i v e  t o  t h e  

n o n - p r e g n a n t  leveL, i s  l e s s  i n  th e  second p re g n a n c y .  The 

i n t e r a c t i o n  be tw een  p e r i o d  and p a r i t y ,  how ever, i s  n o t  

s i g n i f i c a n t .

D a i l y  Food Energy  I n t a k e .

V a r i a t i o n  w i t h  Energy E x p e n d i tu r e .

• This  h a s  a l r e a d y  been  d e s c r i b e d ,  p l 8 9 •

R e l a t i o n  t o  Non-pregnan t  L e v e l s .

D a i l y  food e n e rg y  i n t a k e  ro s e  im m e d ia te ly  a f t e r  

c o i t u s  and c o n t in u e d  t o  r i s e ,  a l t h o u g h  i r r e g u l a r l y ,  u n t i l  

a b o u t  th e  e i g h t e e n t h  day o f  p reg n a n cy .  T h e r e a f t e r  the  

food  i n t a k e  d e c l i n e d  r a p i d l y .  These changes i n  food i n t a k e  

a r e  b e s t  s e e n  i n  f i g .  (2 8 ) ,  showing the  food i n t a k e  of  

fem ale  377. I n  f i g .  (41) th e  average  i n t a k e s  f o r  fem ale  

443  a r e  shown, and h e re  th e  d e c l i n e  i n  th e  l a s t  d ays  o f  

p re g n a n c y  was n o t  so p ronounced .

As i n  th e  n o n -p re g n a n t  p e r i o d s  the  d a y - t o - d a y  

v a r i a t i o n  i n  e n e rg y  i n ta k e  d u r i n g  p regnancy  was v e ry  much
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g r e a t e r  t h a n  th e  v a r i a t i o n  i n  e x p e n d i t u r e ,  c f  f i g s .  (2 7 ) and 

( 3 3 ) ,  b u t  th e  i n c r e a s e  due t o  p re g n a n cy  was s i g n i f i c a n t l y  

g r e a t e r  t h a n  t h i s  v a r i a t i o n .

I n  f i g .  (42) th e  mean i n t a k e s  f o r  f em a le s  524 and 

525 a r e  shown and t h e  a n a l y s i s  o f  t h e s e  d a t a  i n  t a b l e  (4) 

show t h a t  th e  d i f f e r e n c e s  be tw een  th e  food i n t a k e s  i n  

d i f f e r e n t  p e r i o d s  o f  p reg n an cy  a r e  s i g n i f i c a n t .  The 

maximum l e v e l  o f  food i n t a k e  d u r i n g  p re g n a n c y  shown by 

t h e s e  d a t a  i s  137 p e r  c e n t ,  of th e  mean n o n - p r e g n a n t  l e v e l .

V a r i a t i o n  w i t h  N o n - p r o t e i n  R.ty.

The food i n t a k e  and t h e  R.'t£. v a ry  t o g e t h e r  i n  

p r e g n a n c y  as  i n  r e p r o d u c t i v e  r e s t ,  v id e  f i g .  ( 3 5 ) .  I n  

p r e g n a n c y ,  h o w e v e r /  t h i s  i s  e s p e c i a l l y  p ronounced  d u r i n g  

th e  t e r m i n a l  d e c l i n e  i n  fo o d  i n t a k e .  I n  f i g .  (28) can  

be s e e n  how c l o s e l y  t h e  R .^ .  f o l lo w s  th e  food i n t a k e  d u r i n g  

t h i s  phase  o f  p reg n a n c y .  The d a t a  from fem a le s  524 and 525, 

i n  f i g .  (43) and a n a l y s e d  i n  t a b l e  (5 ) ,  show t h a t  t h i s  

change I n  R*^. I s  r e a l .

V a r i a t i o n  w i t h  P a r i t y .

The d a t a  from fem ales  524 and 525 a r e  p l o t t e d  f o r
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th e  f i i  s t  and  s scond  p r e g n a n c i e s  s e p a r a t e l y  i n  f i g *  (42) •

Here i t  c an  bG scon  t h a t  th e  ene rg y  intakG i n  thG sGccnd 

prGgnancy was g r e a t e r ,  over  th e  whole g e s t a t i o n  p e r i o d ,  

t h a n  i n  the  f i r s t *  The i n t a k e  i n  t h e  f i r s t  n o n - p r e g n a n t  

p e r i o d  was l e s s  t h a n  t h a t  i n  the  second  so t h a t  t h e  mean 

r i s e  f rom th e  n o n - p r e g n a n t  l e v e l  was l e s s  i n  t h e  second  

p r e g n a n c y .  Also  the  f a l l  a t  t h e  end o f  t h e  f i r s t  

p r e g n a n c y  was much g r e a t e r  t h a n  i n  t h e  second* The 

d i f f e r e n c e  i n  i n t a k e  be tw een  t h e  f i r s t  and second  p r e g n a n c i e s  

i s  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t a b l e  ( 4 ) ,  and so ,  a l s o ,  i s  

t h e  i n t e r a c t i o n  be tw een  p a r i t y  and  p e r i o d  o f  p reg nancy  

i n d i c a t i n g  t h a t  t h e  d i f f e r e n c e  i s  n o t  a s im ple  d i s p l a c e m e n t .  

I t  would a p p e a r ,  t h e r e f o r e ,  t h a t  th e  d i f f e r e n c e s  be tw een  

t h e  two p r e g n a n c i e s ,  i n  r a t e  o f  r i s e  o f  food i n t a k e  and  i n  

r a t e  o f  f a l l  I n  i n t a k e  a t  t h e  end o f  p reg n an cy  a r e  r e a l .

D a i ly  Energy  Ba lance

R e l a t i o n  t o  N on-pregnant  L e v e ls

I t  can be seen  from f i g .  (36) t h a t  th e  e n e rg y  

b a l a n c e  i s  v e r y  v a r i a b l e  I n  p reg n a n cy ,  b u t  a l s o  th e  v a r ia b - io n  

i s  r a t h e r  l e s s  h ap h az a rd  t h a n  i n  the  n o n -p re g n a n t  c o n d i t i o n .  

I n  f i g s .  (44) and (45) and i n  t a b l e  (6 ) i t  can  be s e e n  t h a t
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t h e  e n e rg y  r e t e n t i o n  l e v e l s  were s i g n i f i c a n t l y  h i g h e r  

d u r i n g  t h e  g r e a t e r  p a r t  o f  p reg n a n cy .

The cum ula t ive  en e rg y  b a la n c e  cu rve  f o r  fem ale  

377,  f i g *  (3 8 ) ,  fo l lo w s  c l o s e l y  t h e  cu m u la t iv e  bodyweight  

c u r v e ,  f i g *  (4 6 ) ,  f o r  t h a t  an im al  d u r i n g  p re g n a n c y .

I n  t h e  l a s t  days o f  p re g n a n c y ,  however ,  th e  c u m u la t iv e  

b a l a n c e  f e l l ,  due t o  t h e  g r e a t  r e d u c t i o n  i n  food i n t a k e  

o ve r  t h i s  p e r i o d .

Pig* (44) f o r  fem ale  443 shows t h e  e n e rg y  

b a l a n c e  t o  r i s e  su d d e n ly ,  w i t h i n  a few days o f  c o i t u s ,  which  

c o n f i r m s  t h e  appea ran ce  g iv e n  i n  f i g .  (38) , and t h e n  t o  

r e m a in  c o n s t a n t  u n t i l  a bou t  t h e  1 8 th  day o f  g e s t a t i o n ,  

when t h e r e  was a c o n s i d e r a b l e  f a l l  i n  b a la n c e  t o  a l e v e l  

s t i l l  above th e  n o n - p r e g n a n t .  Pig* (4 5 ) ,  f o r  f em a le s  524 

and 525, shows e s s e n t i a l l y  t h e  same form, b u t  f o r  b o t h  

a n im a l s  th e  f a i l  d u r in g  t h e  l a s t  days was t o  a d e f i n i t e l y  

n e g a t i v e  v a lu e  i n  the  f i r s t  p regnancy ;  t h i s  i s  shown a l s o  

by i n s p e c t i o n  o f  f ig *  (36) i n  which the  i n d i v i d u a l  d a i l y  

b a l a n c e s  f o r  t h e s e  an im a ls  a re  p r e s e n t e d .

The bodyweight  was m a in t a in e d  o r  i n c r e a s e d  i n  th e  

l a s t  days o f  p reg nancy ,  i n  s p i t e  o f  th e  f a i l  o r  r e v e r s a l  o f  

th e  e n e rg y  b a l a n c e ,  so t h a t  over  the  whole o f  pregnancy The 

c o r re sp o n d e n c e  between bodyweight inc rem en t  and e nergy  

in c r e m e n t  i s  n o t  so r e g u r a r  as  was found f o r  th e  n o n - p r e g n a n t  

c o n d i t i o n .  T h is  can  be s e e n  by comparison of  f i g s .  (58) 

and ( 46) .
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V a r i a t i o n  w i t h  I n t a k e  and. h x p e n d i t u r e .

P i g .  (36) and a com par ison  o f  f i g s .  (27) and ( 3 3 ) 

shews t h a t ,  a s  i n  r e p r o d u c t i v e  r e s t ,  t h e  d i r e c t i o n  and  

m agn i tude  o f  t h e  d a i l y  e n e rg y  b a la n c e  was a lm o s t  e n t i r e l y  

d e te r m in e d  by t h e  e n e rg y  I n t a k e .

V a r i a t i o n  w i t h  P a r i t y .

The d i f f e r e n c e s  i n  t h e  mean e n e r g y  b a l a n c e s  

b e tw een  t h e  f i r s t  and second p r e g n a n c i e s  f o r  f em a le s  524 

and 525 a r e  sh o rn  i n  f i g .  (45) and a n a ly s e d  i n  t a b l e  (6 ) . 

The I n i t i a l  n o n - p r e g n a n t  e n e rg y  b a la n c e  was g r e a t e r  I n  th e  

second  t h a n  i n  th e  f i r s t  p e r i o d ,  the  second p re g n a n c y  curve  

b e in g  d i s p l a c e d  a lo n g  t h e  e n e rg y  a x i s .  I t  a l s o  a p p e a r s ,  

h ow ever ,  t h a t  t h e  form o f  i n c r e a s e  i n  e n e rg y  b a la n c e  I s  

d i f f e r e n t  I n  th e  second p re g n a n c y ,  showing a c o n t in u e d  

i n c r e a s e  th r o u g h o u t  the g r e a t e r  p a r t  o f  g e s t a t i o n  i n s t e a d  

o f  r e m a in in g  s u b s t a n t i a l l y  c o n s t a n t  a f t e r  t h e  i n i t i a l  

p o s t - c o i t a l  r i s e .  The f a l l  i n  e nergy  b a la n c e  a t  t h e  end  

o f  t h e  second p regnancy  was r e l a t i v e l y  s m a l l  compared 

w i t h  t h a t  i n  t h e  f i r s t  p reg n an cy  f o r  t h e s e  a n im a l s ,  b u t  i t  

i s  commensurate w i t h  t h a t  found f o r  female  443,  f i g .  ( 4 4 ) .

Again  t h e  p r e g n a n c y - p e r i o d  i n t e r a c t i o n  component- o f  bhe 

a n a l y s i s ,  t a b l e  (6 ) ,  i s  s i g n i f i c a n t ,  snowing utiao ub.ese
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changes  I n  form o f  th e  b a la n c e  c u r v e s ,  a s  o p p o s e d ' t o  t h e  

s im p le  d i s p l a c e m e n t  change,  a r e  r e a l .

P a r t i t i o n '  o f  Energy Gain Between Mother and C on cep tu s .

I t  i s  o n ly  from th e  d a ta  on female  377 t h a t  a com ple te

p i c t u r e  o f  t h i s  p a r t i t i o n  c an  be o b t a i n e d .  A p p ro x im a t ion s

c an ,  how ever ,  be made t o  th e  t o t a l  e n e rg y  g a i n  o f  t h e  m a t e r n a l  

o rg an ism  I n  the  o t h e r  an im a ls  by measurements  o f  t h e  c o n t a i n e d  

a r e a s  i n  f i g s .  (44) and (45) .

These measured  and e s t im a t e d  v a lu e s  f o r  t o t a l

e n e r g y  g a i n  a r e  p r e s e n t e d  i n  t a b l e  (7)•  A lso  g iv e n  i n

t h i s  t a b l e  a r e  th e  t o t a l  w e ig h ts  o f  young b o r n  i n  e a c h  c a s e .  

Us ing  th e  d a t a  on th e  c o m p o s i t i o n  o f  t h e  new-born  r a t ,  g i v e n  

by WIddowson (1950) ,  and th e  h e a t s  o f  com bust ion  o f  th e  

c o m b u s t ib le  components of  t h e  body, e s t i m a t e s  of  t h e  h e a t  

o f  com bus t ion  o f  t h e  new-born  have been  d e r i v e d  f o r  e a c h  

o f  the  s i x  p r e g n a n c i e s  c o n s i d e r e d .  I t  can be s e e n  t h a t  

i n  e a c h  c ase  l e s s  t h a n  one t h i r d  of  th e  t o t a l  ene rg y  g a i n  

was d i v e r t e d  t o  t h e  f o e t u s ,  a mean d i v e r s i o n  o f  20 p e r  c e n t .

S t r i c t l y  i t  i s  u n n e c e s s a r y  t o  c o n s i d e r  t h e  e n e r g y  

d i v e r t e d  t o  t h e  f o e t a l  membranes ,  i n  t n e  r a t ,  s i n c e  t h e s e  

a r e  c o m p l e t e l y  ea . ten  by  t h e  m o th e r  a f t e r  p a r t u r i t 3 . c n ,  and, 

therefore , c o n t r i  ou te  final-s-y t o  t h e  t r u e  ma oe m o l  ene-ipy
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g a i n .  I n  cable ( 7 ) ,  however ,  tne  t o t a l ,  p l a c e n t a l  w e igh t  

i n  each p reg nancy  has  been  computed from th e  number o f  

young, assumed t o  be e q u a l  to  th e  number o f  p l a c e n t a e ,  

and th e  av e rag e  weight  of the p l a c e n t a  a t  t e rm ,  found  

from t h e  d a t a  p r e s e n t e d  l a t e r  i n  t h i s  t h e s i s .  Prom t h e s e  

. e s t im a t e s  and e s t i m a t e s  o f  t h e  t o t a l  d r y  m a t t e r  p e r c e n t a g e  

o f  th e  p l a c e n t a  a t  te rm ,  t a b l e  ( 3 ) ,  and assum ing  t h a t  the  

h e a t  o f  com bust ion  of t h e  p l a c e n t a l  d r y  m a t t e r  i s ■a d e q u a t e l y  

r e p r e s e n t e d  i f  th e  d r y  m a t t e r  i s  c o n s i d e r e d  e n t i r e l y  as 

p r o t e i n ,  e s t i m a t e s  o f  the  e n e rg y  e q u i v a l e n t  o f  t h e  p l a c e n t a e  

have beeir  der ived .  Prom t h e s e  l a s t  i t  c an  be s e e n  t h a t ,  

even  r e g a r d i n g  t h e  p l a c e n t a l  en e rg y  a s  l o s t  t o  t h e  m o th e r ,  

t h e r e  i s  s t i l l  a g a in  t o  t h e  m a te r n a l  t i s s u e s  o f  a b o u t  75 

p e r  c e n t ,  of  the  t o t a l  en e rg y  r e t a i n e d  d u r i n g  p reg n a n c y .  The 

a s s u m p t io n  o f  t h e  p l a c e n t a l  d r y  m a t t e r  as  b e in g  e n t i r e l y  

p r o t e i n  i s  n o t ,  I  b e l i e v e ,  l i a b l e  t o  i n t r o d u c e  any g ro ss  

e r r o r  t o  t h e  ene rg y  e s t i m a t e ,  s i n c e  th e  h e a t  o f  c om b us t io n  o f  

p r o t e i n ,  5 .65  Cal .  p e r  g . ,  forms a rough  av e rag e  betv/een 

t h a t  o f  f a t  and c a r b o h y d r a t e .  Heat  o f  com bust ion  o f  p r o t e i n  

was u s e d  h e r e ,  i n  p r e f e r e n c e  t o  th e  b i o l o g i c a l  e n e rg y  v a lu e  

o f  p r o t e i n ,  4 .1  Gal .  p e r  g . ,  t o  make th e  measure  comparable

w i t h  t h e  energy  b a la n c e  d a t a ,  c_f p .  •

I t  may be no ted  t h a t  i n  females  524 and 525, th e  

t o t a l  e n e rg y  g a i n  i n  th e  second  p regnancy  i s  e s t im a ted ,  t o  

be a lm o s t  tw ic e  a s  g r e a t  as  t h a t  i n  th e  i i . s c  p r e g n a n c y ,
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a l t h o u g h  th e  t o t a l  w e ig h t  o f  young b o rn  was only ' a b o u t  

h a l f  t h a t  i n  th e  f i r s t  p r e g n a n c y .  This  p ro d u c e s  a 

g r e a t l y  i n f l a t e d  t r u e  m a te r n a l  e n e r g y  g a i n  i n  t h e  second 

p r e g n a n c y .
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NITROGEN METABOLISM.

As a l r e a d y  p o i n t e d  o u t ,  p .  133, o r i g i n a l  d a t a  

on n i t r o g e n  m e tab o l i sm  have o n ly  been  r e c o r d e d  f o r  fem a le s  

522,  524 and 525, The n i t r o g e n  c o r r e c t i o n  f o r  t h e  

d e r i v a t i o n  o f  en e rg y  e x p e n d i tu r e  f o r  t h e  s t u d i e s  on o t h e r  

an im als . ,  was found from f i g *  ( 4 8 ) ,  r e l a t i n g  n i t r o g e n  

e x c r e t i o n  t o  fo o d  i n t a k e .

The f u l l  d a t a  on n i t r o g e n  m e tab o l i sm  a r e  g i v e n  

i n  t a b l e  (38)•  The d a t a  on th e  n i t r o g e n  c o n t e n t  o f  

d i f f e r e n t  b a t c h e s  of  f o o d ,  u sed  i n  t a b l e  ( 3 8 ) ,  may be found  

i n  t a b l e  (29) •

N i t r o g e n  M etabo l ism  i n  R e p r o d u c t iv e  R e s t .

D a i ly  N i t r o g e n  I n t a k e .

This f o l lo w s  th e  c o u rse  o f  food i n t a k e ,  w i t h  

o n ly  s l i g h t  d e v i a t i o n  due t o  v a ry in g  n i t r o g e n  c o n t e n t s  

o f  t h e  f o o d  b a t c h e s ,  so the  v a r i a t i o n s  i n  n i t r o g e n  

i n t a k e  a r e  e f f e c t i v e l y  i d e n t i c a l  w i t h  tho3e  i n  e n e rg y  

I n t a k e  a l r e a d y  d i s c u s s e d ,  pp. 18-9 und 200.



V a r i a t i o n  w i t h  Pood I n t a k e .

U r in a r y  n i t r o g e n  I s  p l o t t e d  a g a i n s t  foo d  i n t a k e  

i n  f i g .  (48) • The r e g r e s s i o n  e q u a t i o n s  f o r  t h i s  r e l a t i o n  

i n  t h e  n o n -p reg n a n t  and p r e g n a n t  c o n d i t i o n  have b een  computed 

s e p a r a t e l y  and a re  g iv e n  i n  f i g .  (48) and i n  t a b l e s  (8a) and 

( 8 b ) . The two s e t s  o f  d a t a  a r e  s i g n i f i c a n t l y  d i f f e r e n t  

b u t  th e  r e g r e s s i o n  e q u a t i o n  t o  t h e  combined d a t a  I s  a l s o  

g i v e n ,  t a b l e  ( 8 c ) , as t h e  c o r r e c t i o n  i n  t h e  e n e r g y  m e ta b o l i sm  

e q u a t i o n  f o r  t h e  o t h e r  s t u d i e s  has  b een  d e r i v e d  from i t .

The i n t e r c e p t  of th e  r e g r e s s i o n  e q u a t i o n  to  t h e  non

p r e g n a n t  d a t a  on th e  n i t r o g e n  e x c r e t i o n  a x i s  i s  90 m g. ,  t h a t  

i s  f o r  z e ro  fo o d  i n t a k e  or  t h e  endogenous n i t r o g e n  e x c r e t i o n .  

This  i s  s i g n i f i c a n t l y  h i g h e r ,  c f  t a b l e  ( 8 a ) ,  t h a n  th e  

a v e r a g e  v a lu e  o f  46 mg. p e r  diem f o r  endogenous n i t r o g e n ,  

d e r i v e d  f r  cm B ro d y fs (1945) ' e q u a t i o n  f o r  r a t s  o f  200 g.

O e s t r u s  V a r i a t i o n .

No a s s o c i a t i o n  be tw een  u r i n a r y  n i t r o g e n  and s t a g e  o f  

t h e  o e s t r u s  c y c le  has  b e e n  found .
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D a i ly  F a e c a l  N i t r o g e n  E x c r e t i o n .

The d a y - t o - d a y  v a r i a t i o n  i n  t h e  n i t r o g e n  c o n t e n t  

o f  t h e  f a e c e s  was n o t  g r e a t  and a p p e a re d  random (v id e  p .  ) . 

The t o t a l  f a e c a l  n i t r o g e n  was l a r g e l y  d e te rm in e d  by t h e  t o t a l  

w e ig h t  o f  t h e  f a e c e s ,  ctT t a b l e  (38)1

I n  f ig *  (49) th e  d r y  f a e c a l  w e ig h t  h a s  b e en  p l o t t e d  

a g a i n s t  the  food i n t a k e  f o r  a l l  th e  d a t a .  I t  can  be s e e n  

t h a t  t h e r e  i s  a c l o s e  c o r r e l a t i o n  be tw een  t h e  two v a r i a b l e s  

w i t h  a r e l a t i v e l y  sm a l l  r e s i d u a l  v a r i a n c e .  The I n t e r c e p t  

on the  f a e c e s  a x i s ,  t h a t  i s  the  f a e c a l  w e ig h t  a t  z e r o  food  

i n t a k e ,  i s  0 .7 5  g. which I s  s i g n i f i c a n t l y  g r e a t e r  t h a n  z e r o ,  

t a b l e  (9 )•  T h is  “endogenous" f a e c a l  w e ig h t  i s  a b o u t  25 

p e r  c e n t ,  o f  t h e  average  t o t a l  f a e c a l  w e i g h t .

D a i l y  N i t r o g e n  B a l a n c e .

D i f f e r e n c e  from Zero*

The d a i l y  n i t r o g e n  b a la n c e  f o r  t h e  normal  non

p r e g n a n t  p e r i o d s  s t u d i e d  was v a r i a b l e ,  a s  shown i n  f i g .  ( 5 1 ) ,  

b u t  the  mean b a la n c e  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from z e r o ,  

c f  t a b l e  (1 1 ) .
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He l a  t  I o n  t o  Bodyweight In c re m en t .

Comparison o f  f i g s .  (47) and (50) shows a g e n e r a l  

c o r re sp o n d e n c e  be tween  n i t r o g e n  b a la n c e  and bodyweight  

i n c r e m e n t ,  b u t ,  as  w i t h  t h e  e n e rg y  b a l a n c e ,  i t  i s  p r o b a b l e  

t h a t  much o f  t h i s  a p p a r e n t  a s s o c i a t i o n  i s  a  r e f l e c t i o n  of  

v a r i a t i o n  i n  mass o f  gu t  c o n te n t s *

O e s t r u s  V a r i a t i o n *

No a s s o c i a t i o n  be tween  n i t r o g e n  b a la n c e  and 

s t a g e  of  t h e  o e s t r u s  c y c le  h as  been  found*

V a r i a t i o n  w i t h  I n t a k e  and Loss*

Of th e  I n g e s t e d  n i t r o g e n  80 p e r  c e n t ,  was fo un d  t o  

have  b e e n  a b s o r b e d .  This  i s  abou t  the  e x p e c te d  a b s o r p t i o n  

and i n d i c a t e s  t h a t  t h e  amount of  u r i n a r y  n i t r o g e n  t a k e n  up 

by th e  f a e c e s  I s  n o t  l a r g e ,  c f  p .  (131) .

Comparison of f i g .  (3 3 ) ,  which  p a r a l l e l s  n i t r o g e n  

i n t a k e ,  w i th  f i g s .  (50) and (51) f o r  u r i n a r y  n i t r o g e n  l o s s  

and n i t r o g e n  b a la n c e  r e s p e c t i v e l y  show t h a t  the  m easured
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n i t r o g e n  b a la n c e  was l a r g e l y  d e te rm in e d  by th e  v a r i a t i o n s  

i n  i n ta k e *  The u r i n a r y  l o s s ,  a l t h o u g h  p a r t l y  governed  by 

th e  i n t a k e ,  was much more c o n s t a n t  t h a n  th e  l a t t e r .

S t a r v a t i o n

The d a t a  f o r  u r i n a r y  n i t r o g e n  l o s s  f o r  t h e  5 -d ay  

p e r i o d  on female  522 have been  in c lu d e d  i n  th e  n o n - p r e g n a n t  

r e g r e s s i o n  l i n e  o f  f i g .  (4 8 ) ,  and do n o t  d e p a r t  s i g n i f i c a n t l y  

from t h i s  g e n e r a l  e q u a t io n .

The n i t r o g e n  b a la n c e  i n  t h i s  s t u d y  was c o n s i s t e n t l y  

and s i g n i f i c a n t l y  n e g a t i v e  t h r o u g h o u t ,  f a l l i n g  t o  a minimum 

o f  -108 mg. on t h e  f o u r t h  d a y .  The n i t r o g e n  l o s s  

f o l lo w e d  t h e  bodyweight  l o s s ,  c f  s e r i a l  n o s .  73-77 i n  

t a b l e s  (38) and (41 ) .

The u r i n a r y  n i t r o g e n  l o s s  f e l l  t o  a  minimum o f  64 

mg. on th e  f i f t h  day .  This  was th e  lo w e s t  u r i n a r y  n i t r o g e n  

l o s s  r e c o r d e d  i n  t h i s  work,  b u t  a l t h o u g h  n e a r e r  t h e  v a lu e  

o f  46 mg.,  found from B r o d y 's  (1945) e q u a t i o n  f o r  

endogenous n i t r o g e n  e x c r e t i o n ,  i s  s t i l l  c o n s i d e r a b l y  h i g h e r  

t h a n  any o f  th e  i n d i v i d u a l  v a lu e s  f o r  t h i s  bodyweight  r ang e  

from w hich  Brody d e r i v e d  h i s  e q u a t i o n .
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N i t r o g e n  Metabol ism i n  P regnancy .

D a i ly  N i t r o g e n  I n t a k e .

As i n  the  n o n - p r e g n a n t  s t a t e ,  t h e  n i t r o g e n  i n t a k e  

c o r r e sp o n d e d  to  t h e  food i n t a k e ,  and th e  d e s c r i p t i o n  o f  

t h e  changes i n  fo o d  energy  i n t a k e ,  p .  ( 2 0 0 ) ,  a p p ly  a l s o  

t o  n i t r o g e n .  That i s ,  t h e r e  was a 37 p e r  c e n t ,  i n c r e a s e  

i n  d a i l y  n i t r o g e n  i n t a k e  w i t h  g r e a t  d a y - t o - d a y  v a r i a t i o n .  

A ls o ,  c o r r e s p o n d i n g l y  t h e r e  was a r a p i d  f a l l  i n  n i t r o g e n  

i n t a k e  i n  t h e  l a s t  days o f  p reg n a n c y .

D a i ly  U r in a ry  N i t r o g e n  E x c r e t i o n .

R e l a t i o n  t o  Non-pregnant  L e v e l s .

U r in a r y  n i t r o g e n  underwent  no marked change d u r i n g  

t h e  g r e a t e r  p a r t  o f  p re g n a n cy ,  as shown i n  f i g s .  (50) and 

( 5 2 ) .  This c o n s t a n c y  o c c u r re d  i n  s p i t e  o f  t h e  a l t e r a t i o n  

i n  food  i n t a k e .  The f a l l  i n  u r i n a r y  n i t r o g e n  which 

o c c u r r e d  i n  t h e  l a s t  days o f  p regnancy ,  however ,  c o r r e s p o n d s ,  

i n  t im e ,  w i t h  th e  f a l l  i n  food in take*
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V a r i a t i o n  with. Pood I n t a k e .

The r e g r e s s i o n  o f  u r i n a r y  n i t r o g e n  on food  i n t a k e  

I n  p reg n a n cy  i s  shown i n  f i g .  (48) f and th e  a n a l y s i s  o f  

i t s  s i g n i f i c a n c e  i n  t a b l e  (8b ) .  The s lo p e  o f  t h e  

r e g r e s s i o n  l i n e  i n  p reg n an cy  was s t e e p e r  t h a n  i n  th e  non

p r e g n a n t  s t a t e  and  t h e  d i f f e r e n c e  i s  s i g n i f i c a n t .  The 

i n t e r c e p t  on th e  n i t r o g e n  a x i s ,  f o r  z e ro  food I n t a k e ,  i s  

31 mg. which i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from B ro d y Ts 

b a s a l  va lu e  o r  from z e r o ,  b u t  i s  s i g n i f i c a n t l y  d i f f e r e n t  from 

the  non- p r  e gnant  i n t  e r  c e p t .

As shown i n  f i g .  (5 2 ) ,  t h e  u r i n a r y  n i t r o g e n  

showed l i t t l e  change u n t i l  a r a p i d  f a l l  began a b o u t  t h e  

1 6 t h  o r  1 7 th  day o f  g e s t a t i o n .  This  f a l l  was s t a t i s t 

i c a l l y  s i g n i f i c a n t ,  t a b l e  (1 0 ) ,  and i n  b o t h  a n im a ls  th e  

u r i n a r y  n i t r o g e n  was r e d u c e d ,  f i n a l l y ,  t o  a lm o s t  minimum 

l e v e l s ,  ^50 mg. or  54 p e r  c e n t ,  o f  n o n - p r e g n a n t  l e v e l s .

V a r i a t i o n  w i t h  P a r i t y .

The a n a l y s i s  o f  t h e  v a r i a t i o n  i n  u r i n a r y  n i t r o g e n ,  

t a b l e  (1 0 ) ,  shows a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  be tw een  

th e  f i r s t  and second p r e g n a n c i e s .  The p e r io d -p re g n a n c y  

i n t e r a c t i o n  i s  a l s o  s i g n i f l e a n t . I t  can be s e e n  f rom  l i g .

(52) t h a t  th o se  d i f f e r e n c e s  l a r g e l y  r e s i d e  i n  t h e  d i f f e r e n c e
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i n  i n i t i a l ,  jLe n o n - p r e g n a n t  l e v e l s ,  and a l s o  i n  t h e  g r e a t  

d i f f e r e n c e  be tw een  th e  two p r e g n a n c i e s  i n  r a t e  o f  d e c l i n e  

i n  th e  l a s t  days o f  g e s t a t i o n .  The f a l l  i n  u r i n a r y  

n i t r o g e n  was much more p ronounced  i n  t h e  f i r s t  p r e g n a n c y .

D a i ly  F a e c a l  N i t r o g e n  E x c r e t i o n .

The f a e c a l  mass ,  and  hence  th e  f a e c a l  n i t ro g e n -  

v a r i e d  w i t h  t h e  food in t a k e  i n  p reg n a n cy  a s  i n  t h e  non

p r e g n a n t  c o n d i t i o n .  'The r e g r e s s i o n  e q u a t i o n  o f  f a e c a l  

w e ig h t  on food w e igh t  f o r  t h e  combined n o n - p r e g n a n t  and 

p r e g n a n t  d a ta  i s  g i v e n  i n  f ig *  (49) and t a b l e  (9)•  

I n s p e c t i o n  o f  th e  g r a p h ic  a r r a y s  p l o t t e d  s e p a r a t e l y  showed 

no a p p a r e n t  d i f f e r e n c e  be tween th e  s e t s  o f  d a t a  d u r i n g

p re g n a n c y  a n d  r e s t .

T h is  a s s o c i a t i o n  of  f a e c a l  mass and food i n t a k e  

c o n t i n u e d  d u r in g  th e  d e c l i n e  i n  food i n t a k e  a t  t h e  end 

o f  p re g n a n c y .  This  is  c l e a r l y  shown by th e  mean food 

i n t a k e s  and f a e c a l  w e ig h ts  i o r  th e  l a s t  seven  days  o f

p re g n a n c y  p l o t t e d  i n  f i g .  (5 3 ) .  The f a l l  i n  f a e c a l  mass 

i n  the  l a s t  days was so pronounced as  t o  be a p p a r e n t  w i t h 

o u t  any  g r a p h i c  c o n s t r u c t i o n ,  as shown by uhe pnooograpn  

i n  f i g .  (5 4 ) .
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D a i ly  N i t r o g e n  B a l a n c e .

R e l a t i o n  t o  Non-pregnant  L e v e l s .

I t  can be seen  from f i g .  (55) and t a b l e  ( l l )  

t h a t  t h e  n i t r o g e n  b a la n c e s  d u r i n g  p re g n a n c y  were s i g n i f 

i c a n t l y  h i g h e r  t h a n  th o s e  d u r in g  r e s t  a t  a l l  p e r i o d s  o f  

b o t h  p r e g n a n c i e s .  P ig .  (5 1 ) ,  however ,  shows t h a t ' t h e  

b a l a n c e s  f o r  i n d i v i d u a l  days were v e r y  v a r i a b l e .

R e l a t i o n  t o  Bodyweight In c re m en t .

Comparison o f  f i g s .  (47) and (51) shows t h a t  t h e  

n i t r o g e n  b a la n c e  p a r a l l e l e d  th e  bodyweight  in c re m e n t  o f  

t h e  a n i m a l ,  b u t  a g a i n  t h i s  was p r o b a b ly  l a r g e l y  due t o  t h e  

v a r i a t i o n  i n  mass o f  gu t  c o n t e n t s .

V a r i a t i o n  w i th  Stage of  G e s t a t i o n .

F ig .  (51) shows t h a t ,  a l t h o u g h  th e  n i t r o g e n  

b a l a n c e s  w ere ,  i n  g e n e r a l ,  p o s i t i v e  th ro u g n o u t  p reg n a n cy  

t h e r e  was a uronounced f a l l  m  r e t e n t i o n  of  n i t r o g e n  d.oou’G 

th e  1 7 t h  t o  t h e  1 9 th  day of  p regnancy  w i t h  r e c o v e r y  

t h e r e a f t e r .
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I n  f i g .  (56) the  n i t r o g e n  b a l a n c e s  f o r  t h e  l a s t  

s e v e n  days  of  p reg n ancy  have been  p l o t t e d  s e p a r a t e l y  f o r  

each  p reg n an cy  and each  a n im a l .  I n c l u d e d  i n  t h i s  f i g u r e  

a r e  th e  b a l a n c e s  f o r  th e  t h i r d ,  u n f r u i t f u l ,  p r e g n a n c i e s .

I t  can  be s e e n  h e r e ,  t h a t , w i t h  one e x c e p t i o n ,  th e  n i t r o g e n  

b a l a n c e  had dropped  t o ,  o r  below z e ro  on th e  1 8 th  o r  1 9 t h  

day  o f  g e s t a t i o n .  Prom t h i s  minimum l e v e l  th e  b a l a n c e s  

r a p i d l y  r e c o v e r e d  t o  s i g n i f i c a n t l y  p o s i t i v e  l e v e l s  by  th e  

2 0 th  or  2 1 s t  day .  nven i n  th e  e x c e p t i o n a l  i n s t a n c e ,  th e  

second  p reg n an cy  o f  female  525, t h e r e  i s  some s u g g e s t i o n  

o f  a d e c l i n e  w i th  su b seq u e n t  r e c o v e r y .

I n  f i g .  (57) i s  shown th e  mean curve  o f  n i t r o g e n  

b a la n c e  a lo n g  w i th  th e  s c a t t e r  d iag ram  of  t h e  i n d i v i d u a l  

b a l a n c e s .  T h is  shows a minimum mean n i t r o g e n  b a la n c e  o f  

23 mg. o c c u r r i n g  on th e  1 8 t h  day of g e s t a t i o n .  The 

s c a t t e r ,  however ,  i s  ve ry  l a r g e ,  and t h e  t r u e  s c a t t e r  o f  

b a la n c e  v a lu e s  i s  e x a g g e ra t e d  by th e  V a r i a t i o n  i n  t h e  day  

o f  g e s t a t i o n  a t  which th e  minimum was a t t a i n e d .  The 

a n a l y s i s  of t h e  d a t a  f o r  the '  f i r s t  two p r e g n a n c i e s ,  t a b l e  

( 1 2 ) ,  shows a v e ry  low l e v e l  o f  s i g n i f i c a n c e  f o r  v a i i a t i o n  

b e tw een  d a y s ,  P = 0 .2 .  I t  may be n o t e d ,  however ,  t h a t  

t h i s  a n a l y s i s  In c lu d e s  t h e  one e x c e p t i o n a l  s e r i e s ,  mid 

e x c l u d e s  th e  t h i r d ,  u n f r u i t f u l  p r e g n a n c i e s .
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V a r i a t i o n  w i th  I n ta k e  and L oss .

Comparison of  f i g s .  (3 3 ) ,  (50) and (51) shows 

t h a t  the  n i t r o g e n  b a la n c e  was p a r a l l e l e d  i n  g e n e r a l  t r e n d  

by b o th  i n t a k e  and l o s s ,  b u t  i n  d e t a i l  o n ly  by i n t a k e .

The g e n e r a l  a s s o c i a t i o n  w i t h  n i t r o g e n  l o s s  I s  p r o b a b l y  

l a r g e l y  a c c o u n ta b l e  t o  th e  a s s o c i a t i o n  be tween  I n t a k e  and 

■ l o s s .

In  f i g .  (53) th e  mean n i t r o g e n  b a l a n c e ,  mean 

food I n t a k e  and mean f a e c a l  l o s s  a r e  p l o t t e d  f o r  t h e  l a s t  

s e v e n  days o f  g e s t a t i o n .  I t  can  be seen  t h a t ,  whereas  th e  

n i t r o g e n  b a la n c e  r e a c h e d  i t s  minimum Value a t  t h e  1 8 t h  d ay ,  

t h e  food  In t a k e  and f a e c a l  l e s s ,  and hence  th e  n i t r o g e n  

i n t a k e  and  f a e c a l  n i t r o g e n  l o s s  c o n t in u e d  t o  d e c l i n e  

u n t i l  t h e  2 0 th  day of g e s t a t i o n .  This  r e c o v e r y  o f  the  

n i t r o g e n  b a la n c e  t o  p o s i t i v e  l e v e l s  must ,  t h e r e f o r e ,  be 

e n t i r e l y  a ch iev e d  by th e  f a l l  i n  u r i n a r y  n i t r o g e n  d u r i n g  

t h i s  p e r i o d  b e in g  a t  a g r e a t e r  r a t e  t h a n  th e  f a l l  i n  food 

i n t a k e .  T h is  i s  confi rm ed by th e  obse rv ed  s i g n i f i c a n t  

d i f f e r e n c e  be tween t h e  c o e f f i c i e n t s  f o r  t h e  r e g r e s s i o n  of  

u r i n a r y  n i t r o g e n  on food i n t a k e  i n  t h e  p r e g n a n t  and non

p r e g n a n t  c o n d i t i o n ,  p .  (214 ) .
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V a r i a t i o n  w i th  P a r i t y .

There was 110 s i g n i f i c a n t  d i f f e r e n c e -  be tw een  

th e  n i t r o g e n  b a la n c e s  d u r i n g  t h e  f i r s t  and seco n d  

p r e g n a n c i e s ,  v id e  f i g .  (§5) and t a b l e  (1 1 ) .

P a r t i t i o n  of  n i t r o g e n  Grain be tween  Mother and C oncep tu s .

The same methods have  been  u se d  t o  a s s e s s  t h i s  

p a r t i t i o n  as  have been  d e s c r i b e d  f o r  p a r t i t i o n i n g  the  

e n e r g y  g a in .  I n  t h i s  c a s e ,  however ,  o n ly  f o u r  p r e g n a n c i e s  

a r e  a v a i l a b l e  f o r  t h e  e s t i m a t e  and a l l  t o t a l  n i t r o g e n  

g a in s  have had t o  be e s t i m a t e d .  These e s t i m a t e s  a r e  

p r e s e n t e d  i n  t a b l e  (13) •

I t  can be s e e n  t h a t  h e r e  a bou t  80 p e r  c e n t ,  o f  

t h e  t o t a l  n i t r o g e n  have been  d i v e r t e d  t o  the  embryo and 

a s s o c i a t e d  s t r u c t u r e s  i n  the  f i r s t  p reg n a n cy .  I n  t h e  

second  p reg n an cy  the  f r a c t i o n  d i v e r t e d  t o  t h e  embryo was 

o n ly  40 p e r  c e n t .  These e s t i m a t e s  exc lude  su ch  n i t r o g e n  

as  may be p r e s e n t  i n  th e  a ra n io t ic  f l u i d  a t  te rm .  Due t o  

th e  f a l l  I n  t o t a l  r e t e n t i o n  i n  t h e  second p reg n a n cy  th e  

a c t u a l  amounts  o f  n i t r o g e n  go ing  to  t h e  m a te r n a l  t i s s u e s  

were o f  t h e  same o rd e r  o f  magnitude  i n  b o th  p r e g n a n c i e s ,  

a b o u t  400 and  70C mg. r e s p e c t i v e l y .  The e n : r g e t i c
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e q u i v a l e n t  o f  t h i s ,  e x p re s s e d  as  p r o t e i n ,  i s  14 and 25 

C a l .  r e s p e c t i v e l y ,  a sm a l l  f r a c t i o n  o f  t h e  t r u e  m a t e r n a l  

e n e r g y  g a in .
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v/ATan m e t a b o l i s m

The f u l l  d a t a  on w a te r  m e tab o l i sm  a re  g i v e n  

i n  t a b l e s  (3 9 ) ,  (40) and (4 1 ) .  I n  t a b l e s  (39) and  (40) 

a r e  g iv e n  t h e  d i r e c t l y  observed  d a t a  and t h e  c o r r e c t i o n s  

f o r  i n s t r u m e n t a l  w a te r  l o s s .  I n  t a b l e  (41) i s  g i v e n  th e  

w a te r  b a la n c e  d e r i v e d  from t h e  e q u a t i o n  o f  P e t e r s  jet a l ,

Cf p .  (160  ) ,  and  t h e  g raphs  and a n a l y s e s  o f  w a t e r  b a la n c e  

have  b e e n  c o n s t r u c t e d  from t h i s  i n d i r e c t  b a l a n c e .

W ater  M etabol ism  i n  R e p ro d u c t iv e  B e s t .

D a i ly  Water I n t a k e .

F l u i d  W ater .

The d a i l y  i n t a k e  o f  f l u i d  w a te r  showed g r e a t  

v a r i a t i o n .  This  can be s e en  i n  f i g s *  (58) and (5 9 ) .  

W i t h i n  any s e r i e s  o f  days th e  d a y - t o - d a y  v a r i a t i o n  

amounted t o  30 p e r  c e n t ,  o f  t h e  mean* Some o f  t h i s  

v a r i a t i o n  has  been caused by a i r  l o c k s  d e v e lo p in g  I n  th e  

w a t e r  b o t t l e  w i t h  a r t i f i c i a l  r e s t r i c t i o n  o f  waber I n t a k e ,  

b u t  whenever t h i s  occurred  th e  w a te r  inbahe  on t h e  

subseauent dav was g r e a t l y  increased. however, even
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e x c l u d in g  th e s e  d i s t o r t i o n s  due t o  t e c h n iq u e  th e  norm al  

v a r i a t i o n  i n  w a te r  i n t a k e  by t h e  an im a ls  was l a r g e .

In  f i g .  (60) the  d a i l y  ’w a te r  i n t a k e  h a s  been  

p l o t t e d  a g a i n s t  th e  d a i l y  food  i n t a k e .  I n s p e c t i o n  o f  

th e  g r a p h i c  a r r a y  shows t h a t  t h e  a s s o c i a t i o n  i s  n o t  

c l o s e  and no r e g r e s s i o n  e q u a t i o n  h as  been  f i t t e d  t o  them* 

Such a s s o c i a t i o n  as does  e x i s t  i s  due t o  t h e  extreme 

p o i n t s  i n  th e  a r r a y .  When th e  food or  w a te r  i n t a k e  was 

e x t r e m e l y  r e d u c ed  t h e  w a te r  o r  food i n t a k e  dropped 

c o r r e s p o n d i n g l y .

No c o n s i s t e n t  v a r i a t i o n  was obse rved  w i th  s t a g e  

o f  t h e  o e s t r u s  c y c l e .

Me t  ab o l i  c W ater .

The e s t im a t e  o f  m e t a b o l i c  w a t e r ,  o r  w a t e r  o f  

o x i d a t i o n ,  i s  d e r i v e d  a c c o r d i n g  t o  a s i m i l a r  e q u a t i o n  t o  

t h a t  u s e d  f o r  t h e  d e r i v a t i o n  o f  en e rg y  e x p e n d i t u r e , c f  

p .  ( 1 6 6 ) .  C o n sequ en t ly ,  t h i s  w a te r  so u rc e  shows th e  

same v a r i a t i o n s  as the  e n e rg y  e x p e n d i t u r e ,  v id e  p .  ( 184 )

The m e ta b o l i c  w a te r  made up abou t  20 - 25 p e r  

c e n t ,  o f  t h e  t o t a l  w a te r  i n t a k e ,  t a b l e  (59) , bub t i i s  

f r a c t i o n  i s  v e ry  v a r i a o l e  due t o  the  v a r i a b i o n  i n  f-Luid 

w a te r  i n t a k e • The d a i l y  w e igh t  o f  m e t a c o l i c  wacer a lo n e
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Food M o is tu re .

The m o is tu r e  c o n te n t  o f  t h e  food  was f a i r l y  

c o n s t a n t ,  cf  ̂ t a b l e  (2 9 ) ,  a t  a bo u t  10 p e r  c e n t ,  o f  t h e  

f r e s h  food  w e i g h t .  The c o n t r i b u t i o n  of  t h e  food 

m o i s t u r e  t o  t h e  t o t a l  w a te r  i n t a k e  was,  t h e r e f o r e ,  v e r y  

v a r i a b l e  and th e  d e s c r i p t i o n  o f  th e  v a r i a t i o n  i n  food  

i n t a k e ,  p .  ( 189) can be t a k e n  t o  a p p ly  a l s o  t o  food 

m o i s t u r e .  Mean food  m o is tu r e  made up 6 p e r  c e n t ,  o f  

t h e  mean t o t a l  w a te r  i n t a k e

D a i ly  W ater  l q ss.

V a p o u r is e d  Water .

As a l r e a d y  s t a t e d ,  p .  ( 1 7 1 ) ,  th e  v a p o u r i s e d  

w a t e r  l o s s  has  had t o  be c o r r e c t e d  f o r  t h e  i n s t r u m e n t a l  

w a t e r  l o s s  w h ich  o c c u r r e d .  To t h i s  e x t e n t ,  t h e r e f o r e ,  

t h e s e  e s t i m a t e s  may be c o n s id e r e d  as  unproven .  A lso ,  

p .  ( 1 5 9 ) ,  t h e  measured p a r t i t i o n  o f  w a te r  l o s s  i n t o  i t s



-  224 -

The v a p o u r i s e d  w a te r  l o s s  ( c o r r e c t e d  and 

r e d u c e d  t o  a p e r  24 h r .  b a s i s )  was q u i t e  v a r i a b l e ,  as  

can  be seen  i n  f i g .  (58) f o r  female  377, and i n  f i g .  (61) 

f o r  fem ales  524 and 525. The d a y - t o - d a y  v a r i a t i o n  

amounted t o  9 .5  p e r  c e n t ,  o f  th e  mean. The amount showed 

no pronounced  a s s o c i a t i o n  w i t h  bodyweight  or- w i t h  e n e r g y  

e x p e n d i t u r e .  The mean v a p o u r i s e d  w a te r  i n  th e  non

p r e g n a n t  c o n d i t i o n  f o r  fem ales  524 and 525 amounted t o  

1 5 .0  g.

U r i n a r y  W ater .

U r i n a r y  w a t e r ,  w i t h  a mean d a i l y  o u tp u t  o f  6 g. 

i n  t h e  n o n - p r e g n a n t  c o n d i t i o n ,  was v a r i a b l e  and showed a 

t e n d e n c y  t o  f o l l o w  th e  v a r i a t i o n s  i n  f l u i d  w a t e r  i n t a k e ,  

a s  can be  s e e n  from f i g .  (58) and from a com par iso n  o f  

f i g s .  (59) and (6 2 ) .  The d a y - t o - d a y  v a r i a t i o n  w i t h i n  any 

g iv e n  n o n -p re g n a n t  s e r i e s  was 25 p e r  c e n t ,  of  t h e  mean.

F a e c a l  W ater .

The d a i l y  l o s s  o f  w a te r  i n  f a e c e s  was a l s o

v a r i a b l e  a s  can  be s e e n  i n  th e  pre lim:u ia .ry  p e r i o d  o f  f i g .  

(58) f o r  fem ale  577,  The amount o f  w a t e r  by  t n i s  r o u t e
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how ever ,  c o n t r i b u t e d  t o  t h e  t o t a l  l o s s  was o n iy  1 . 5  g .  

o r  a b o u t  5 p e r  c e n t . ,  and i s  o f  sm a l l  r e l a t i v e  im p o r t a n c e .

D a i l y  Water B a la n c e .

D i f f e r e n c e  from Zero .

P i g .  (63) shows t h a t  t h e  d a i l y  w a t e r  b a la n c e  was 

v e r y  v a r i a b l e .  The mean v a l u e s ,  shown i n  f i g s .  (71) and 

( 7 2 ) ,  were n o t  l a r g e  and,  as  can be s e e n  from t h e  a n a l y s i s  

i n  t a b l e  (1 7 ) ,  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from z e r o .

R e l a t i o n  t o  Bodyweight In c re m e n t .

Comparison o f  f i g s .  (63) and (47) shows an  

a p p ro x im a te  d i r e c t  co r re sp on d en ce  between w a t e r  b a la n c e  

and bodyweight  in c r e m e n t ,  and i n  f i g s .  (70) and (46) t h e  

cumuMase w a te r  b a la n c e  and bodyweight inc rem en t  c u rv es  

can  be seen  t o  fo l lo w  e ac h  o t h e r  i n  form. Again ,  t h e r e  

i s  no way of  t e l l i n g  how much o f  t h i s  c o r re spo n dence  i s  

due t o  change i n  mass o f  gu t  c o n te n t s  and how mucn i s  

due t o  t r u e  p h y s i o l o g i c a l  g a in  of  body w a t e r .
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O e s t r u s  V a r i a t i o n .

No c o n s i s t e n t  v a r i a t i o n  was o b se rv ed  w i t h  s t a g e  

o f  t h e  oestrosias c y c l e .

V a r i a t i o n  w i t h  In ta k e  and L o ss .

Comparison o f  f i g s .  ( 5 9 ) /  (61) and (62) shows

t h a t  b o th  th e  t o t a l  w a te r  i n t a k e  and th e  t o t a l  w a t e r  l o s s

were  v a r i a b l e ,  and th e  c o rre sp on d en ce  be tween  t h e  I n t a k e

and the  b a la n c e  v a r i a t i o n s  i s  no t  any more a p p a r e n t  t h a n

t h a t  be tw een  l o s s  and i n t a k e .  The u r i n a r y  w a t e r  l o s s ,

o f  c o u r s e ,  f o l lo w e d  q u i t e  c l o s e l y  th e  f l u i d  w a t e r  i n t a k e

so  i t  i s  p o s s i b l e  t h a t  th e  u r i n a r y  w a te r  v a r i a t i o n s

c o n t r i b u t e d  s u b s t a n t i a l l y  t o  t h e  d i r e c t i o n  and magnitude  

o f  th e  w a te r  b a l a n c e .  ' I t  seems l i k e l y ,  however ,  f rom

i n s p e c t i o n  o f  the  f i g u r e d  r e p r e s e n t a t i o n  o f  t h e  v a r i a t i o n s ,

t h a t  t h e  w a te r  b a la n c e  has  been  p r e d o m in a n t ly  d e te r m in e d

by v a r i a t i o n s  i n  w a te r  i n t a k e ,  a l t h o u g h  n o t  n e c e s s a r i l y

e n t i r e l y  by v a r i a t i o n s  i n  f l u i d  w a te r  i n t a k e .
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S t a r v a t i o n *

W ater  I n t a k e .

The w a t e r  I n t a k e  o f  fem ale  522 f e l l  d u r i n g  t h e  

l a s t  4 days  o f  s t u d y ,  from a l e v e l  o f  1 8 .4  t o  6 . 8  g.

The i n t a k e  on th e  f i r s t  day  was o n ly  6 .3  g . ,  as  a  r e s u l t  

o f  a  w a t e r  b o t t l e  b lo c k a g e .  T h is  f a l l  c o r r e s p o n d e d  t o  

t h e  f a l l  i n  food i n t a k e .

W ater  L o ss .

The t o t a l  w a te r  Igb s f e l l  from 17 t o  13 g .  by 

t h e  t h i r d  day o f  s t a r v a t i o n .  About 1 g. o f  t h i s  d e c l i n e  

i n  w a te r  l o s s  d e r i v e d  from a f a l l  I n  u r i n a r y  w a t e r ,  and  

th e  r e m a in d e r  from a n  immediate  f a l l ,  by th e  second  day ,  

i n  v a p o u r i s e d  w a t e r  l o s s .  B o th  i n t a k e  and l o s s  r e c o v e r e d  

s l i g h t l y  on the  l a s t  day of t h e  p e r i o d ,  a l t h o u g h  th e  f o o d  

i n t a k e  c o n t in u e d  t o  f a l l .

The f u l l  d a ta  on water  i n t a k e  and l o s s  f o r  t i l l s  

p e r i o d  a r e  p r e s e n t e d  under  s e r i a l  numbers 75 - 77 In  

t a b l e s  (39) and (40) r e s p e c t i v e l y .



Water m etab o l i sm  i n  Pregnancy*

D a i ly  Water  I n t a k e .

F l u i d  Water-

I t  can  be s e en  from f i g s .  (64) and (65) and 

t a b l e  (14) t h a t  th e  f l u i d  w a t e r  i n t a k e  showed a c o n s i d e r a b l e  

and s i g n i f i c a n t  i n c r e a s e ,  56 p e r  c e n t . ,  d u r i n g  p re g n a n c y .  

This  I s  a r a t h e r  g r e s . t e r  I n c r e a s e  t h a n  t h a t  found  i n  food 

i n t a k e ,  37 p e r  c e n t . ,  b u t  as  a l r e a d y  p o i n t e d  o u t ,  p . ( 222 ) ,  

and f ig *  (60) t h e r e  a p p ea rs  t o  be no c lo s e  a s s o c i a t i o n  

be tw een  t h e  two I n c r e a s e s .

As shown i n  f i g .  (5 8 ) ,  the  w a te r  i n t a k e  o f  

fem a le  377 r o s e  i r r e g u l a r l y ,  b u t  q u i t e  d e f i n i t e l y ,  from 

th e  d a t e  o f  c o i t u s  u n t i l  a b o u t  t h e  1 5 th  day o f  p re g n a n c y .  

T h e r e a f t e r ,  t h e r e  was a d e c l i n e  t o  a p p ro x im a te ly  non- 

p r e g n a n t  l e v e l s  a t  te rm .  I n  t h e  case  o f  fem ale  445,  f i g .

( 6 4 ) ,  t h e  w a te r  I n t a k e  had r i s e n  by 36 p e r  c e n t ,  a t  t h e  

3 r d - 6 t h  days  o f  g e s t a t i o n  b u t  showed no a p p r e c i a b l e  mean 

change t h e r e a f t e r  and no t e r m i n a l  d e c l i n e .  I n  fem ales  

524 and 525, f i g .  (65 ) ,  i n t a k e  had a t t a i n e d  a lm o s t  I t s  

maximum l e v e l  by t h e  f i r s t  p regnancy  p e r i o d ,  bu t  i t  i s  

n o t  known w he th e r  t h i s  was achieved, gradually or  im m e d ia te ly
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t o  n o n - p r e g n a n t  l e v e l s ,  o c c u r r e d ,  a t  l e a s t  i n  t h e  f i r s t  

p r e g n a n c y ,  i n  the  l a s t  days o f  g e s t a t i o n .

A l though  t h e r e  was t h i s  t e r m i n a l  d e c l i n e ,  t h e  

i n t a k e  f a l l i n g  over the  c o u rse  o f  t h r e e  or  f o u r  d a y s ,  

t h e r e  was no marked d i s c o n t i n u i t y  i n  t h e  i n t a k e  c o r r e s p o n d i n g  

w i t h  the  o n se t  o f  p a r t u r i t i o n .

The cu rves  of i n t a k e  i n  t h e  f i r s t  and  second  

p r e g n a n c i e s  of fem ales  524 and 525 a r e  a l s o  g i v e n  i n  f i g .

(65) , b u t  i t  can  be s e en  from t a b l e  (14) t h a t  t h e r e  was 

no s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e  two p r e g n a n c i e s .

F l u i d  'w ater  i n t a k e  was,  however ,  one o f  t h e  o n ly  t h r e e  

v a r i a b l e s  examined,  a l l  components o f  t h e  w a t e r  ex chang e ,  

i n  w h ich  a s u g g e s t i v e  d i f f e r e n c e  was found be t? /een  fe m a le s  

524 and 525 (P = 0 .1)  .

M e ta b o l i c  Water and Food M o i s tu r e .

The v a r i a t i o n s  i n  t h e s e  d u r in g  p re g n a n c y  have  

n o t  b e e n  graphed or  a n a ly s e d  s p e c i f i c a l l y ,  b u t  I t  c an  be 

s a f e l y  assumed t h a t  changes i n  m e ta b o l i c  w a t e r  w i l l  

p a r a l l e l  t h e  changes i n  ene rg y  e x p e n d i t u r e ,  and changes  

I n  food  m o i s tu r e  w i l l  p a r a l l e l  t h e  e n e rg y  i n t a k e .  I n  

t h e  fo r m e r ,  vhich contributes t h e  greater amount o f  w a t e r
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t o  the  t o t a l  i n t a k e ,  t h e  i n c r e a s e  due t o  p re g n a n c y  w i l l  

n o t  be l a r g e ;  i n  th e  l a t t e r  th e  i n c r e a s e  due t o  p3?egnanc 

w i l l  be l a r g e r  b u t  t h e  amount o f  w a t e r  c o n t r i b u t e d  t o  

th e  t o t a l  i n t a k e  i s  s m a l l e r ,  a maximum o f  a b o u t  2 g«

D a i ly  Water L o s s .

V a p o u r i s e d  Water .

F i g s .  (58) and (66) show th e  v a p o u r i s e d  w a te r  

l o s s  d u r i n g  p regnancy  f o r  fem a le s  377 and 443 r e s p e c t i v e l y .  

I t  c a n  be seen  t h a t  t h e  change I n  t h i s  component o f  t h e  

w a t e r  exchange was s l i g h t .  There was, however ,  a 

t e n d e n c y  t o  in c re a s e ,  w i t h  a d e c l i n e  i n  th e  l a s t  days  of  

g e s t a t i o n .

S u b s t a n t i a l l y  the  same t r e n d  I s  shown i n  f i g .

(67) f o r  f e m a le s  524 and 525, b u t  i t  can  be s e e n  from t a b l e  

(15) t h a t ,  a l t h o u g h  th e  maximum i n c r e a s e  ove r  t h e  non

p r e g n a n t  l e v e l  was on ly  4 p e r  c e n t ,  t h e  i n c r e a s e  i s

s i  g n i f  l e a n t .

Table  (15) a l s o  shows t h a t  th e  d i f f e r e n c e

b e tw een  s u c c e s s iv e  p re g n a n c ie s  was s i g n i f i c a n t  a lb i iougn ,  

as. s e e n  i n  f i g .  (67) ,  i t  was sm all  a b s o l u t e l y .  ihe  

d e c l i n e  I n  v a p o u r i s e d  w a te r  -toss i n  t n e  io.,_>t o o!
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g e s t a t i o n  was g r e a t e r  i n  t h e  f i r s t  t h a n  i n  t h e  seco n d  

p r e g n a n c y ,  and t h e  s i g n i f i c a n t  p r e g n a n c y - p e r i o d  i n t e r 

a c t i o n  i n d i c a t e s  t h a t  th e  d i f f e r e n c e  be tw een  p r e g n a n c i e s  

was n o t  s im p ly  one o f  d i s p l a c e m e n t .

Aga in ,  t h e  d if ference  be tween  a n im a l s  was 

s i g n i f i c a n t  t o  a  s u g g e s t i v e  l e v e l ,  P 9 0 .0 6 5 .

U r i n a r y  W ater .

I n  female  377 no a p p r e c i a b l e  a l t e r a t i o n  i n  

u r i n a r y  w a te r  l e s s  was found d u r i n g  p reg n a n cy ,  a p a r t  from 

d a y - t o - d a y  v a r i a t i o n ,  f i g .  (58 ) .  I n  female  443, f i g .

( 6 8 ) ,  a mean i n c r e a s e  of  3 .5  g.  was found i n  u r i n a r y  w a t e r  

d u r i n g  the  g r e a t e r  p a r t  o f  p re g n a n cy ,  b u t  a d e c l i n e ,  

a lm o s t  t o  no n -p reg n a n t  l e v e l s  o c c u r re d  i n  t h e  l a s t  3 days  

o f  g e s t a t i o n .

The u r i n a r y  w a t e r  ics se s  o f  fem ales  524 and 525, 

f i g .  (69) , showed s u b s t a n t i a l l y  th e  same t r e n d s  a s  t h a t  

o f  fem a le  443, b u t  the  i n i t i a l  u r i n e  volumes were g r e a t e r  

and. t h e  a b s o l u t e  i n c r e a s e  d u r i n g  p regnancy  r a t h e r  s m a l l e r ,  

2 . C - 2 . 5  g. The mean i n c r e a s e  above th e  n o n -p re g n a n t  

l e v e l  w a s  40 p e r  c e n t . ,  l e s s  t h a n  th e  i n c r e a s e  i n  w a t e r  

i n t a k e  r e l a t i v e l y ,  and o n ly  one t h i r d  o f  t h e  I n c r e a s e  i n  

i n t a k e  a b s o l u t e l y .  I t  can be seen  f rom  t a b l e  (16) ona b
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t h e  i n c r e a s e s  d u r in g  p regnancy  were h i g h l y  s i g n i f i c a n t  

(P<0.CC1).
The d i f f e r e n c e  i n  amount o f  u r i n a r y  w a t e r  be tw een  

r a t s  was h i g h l y  s i g n i f i c a n t ,  and so a l s o  was t h a t  be tw een  

s u c c e s s i v e  p r e g n a n c i e s .  The d i f f e r e n c e  be tw een  r a t s  i s  

f u r t h e r  con f i rm ed  by compar ison  b f  t h e  u r i n a r y  w a t e r  l o s s e s  

shown i n  f i g s .  (5 8 ) ,  (62) and (68 ) .  The p r e g n a n c y - p e r i o d  

i n t e r a c t i o n  i n  th e  a n a l y s i s  i s  a l s o  s i g n i f i c a n t ,  so t h e  

d i f f e r e n c e  between p r e g n a n c i e s  i s  u n l i k e l y  t o  be e n t i r e l y  

due t o  s im ple  d i s p l a c e m e n t .  That  d i s p l a c e m e n t  i s  a 

m a jo r  component o f  th e  d i f f e r e n c e  can be s e e n  i n  f i g .

( 6 9 ) ,  b u t  i t  can  a l s o  be s e e n  h e re  t h a t  th e  d e c l i n e  i n  

u r i n a r y  v /a ter  i n  th e  l a s t  t h r e e  days o f  g e s t a t i o n  was 

s i g n i f i c a n t l y  g r e a t e r  i n  the  f i r s t  t h a n  i n  t h e  second  

p re g n a n c y  (S .E .  o f  p e r i o d  mean -  0 .56 g«) .

F a e c a l  W ater .

I n  a l l  an im als  s t u d i e d  th e  f a e c a l  w a t e r  showed 

a g e n e r a l  a s s o c a t i o n  w i t h  t h e  t o t a l  mass o f  f a e c a l  m a t e r i a l  

b u t  the  v a r i a t i o n  was g r e a t ,  c f  t a b l e  (40 ) .  The so u rc e  

o f  t h i s  v a r i a t i o n  p ro b a b ly  l i e s ,  t o  a g r e a t  e x t e n t ,  i n  

norm al  v a r i a t i o n s  i n  f a e c a l  c o n s i s t e n c y ,  b u t  may a l s o  

i n v o l v e ,  t o  a v a r i a b l e  d e g r e e ,  t h e  a u s o r p u io n  oi  iu  i n a i y
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w a t e r  by th e  f a e c e s .

The f a e c a l  w a te r ,  as m easured ,  shown i n  f i g *

(0 8 ) f o r  female  377, showed no c o n s i s t e n t  v a r i a t i o n  d u r i n g  

p re g n a n c y .  A lso ,  s in c e  t h i s  w a te r  a c c o u n t s  f o r  o n ly  

a b o u t  5 p e r  c e n t ,  o f  t h e  t o t a l  w a t e r  l o s s  any v a r i a t i o n s  

have o n ly  a s l i g h t  a b s o l u t e  e f f e c t  on t h e  w a t e r  b a la n c e *

D a i ly  Water  B a la n c e .

R e l a t i o n  t o  Non-pregnant  L e v e l s .

I t  can be se en  from f ig * '  (63) t h a t  th e  w a te r  

b a l a n c e  over  th e  l a s t  sev en  days o f  p reg nancy  i s  g r e a t e r  

t h a n  th e  b a la n c e  i n  th e  im m e d ia te ly  p r e c e d i n g  non

p r e g n a n t  p e r i o d ,  b u t  i t  can  a l s o  be se en  t h a t  t h e  b a la n c e  

d u r i n g  p regnancy  i s  n o t  n e c e s s a r i l y  n o t i c e a b l y  p o s i t i v e .  

T hus ,  i n  the  second p regnancy  of  female  524 th e  mean 

b a l a n c e  i n  the  l a s t  seven  days was on ly  s l i g h t l y  above 

z e r o  b u t  th e  b a la n ce  i n  the  im m ed ia te ly  p r e c e d i n g  non

p r e g n a n t  p e r i o d  was p re d o m in a n t ly  n e g a t iv e *

Table (17) shows t h a t  the  p r o b a b i l i t y  o f  th e  

i n c r e a s e  i n  w a te r  balance  d u r in g  p regnancy  oe ing  r e a l  i s  

low ,  a l t h o u g h  s u g g e s t iv e  (P r  0 *1 . f o r  d i f f e r e n c e  be tw een

p e r i o d s )  .
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V a r i a t i o n  w i th  Stage  o f  G es ta t io n *

I n  f ig*  (70) i s  p l o t t e d  th e  c u m u la t iv e  w a t e r  

b a l a n c e  d u r in g  p reg n an cy  o f  female  377* A ccu m ula t io n  

o f  w a te r  d i d  n o t  b e g in  u n t i l  th e  1 5 th  day  o f  p re g n a n c y .  

Comparison o f  t h i s  f i g u r e  w i t h  f ig *  (46) shows t h a t  w a t e r  

g a i n  c o n t r i b u t e d  n o th in g  t o  the  w e ig h t  g a i n  o f  th e  a n im a l ,  

20 g . ,  o r  40 p e r  c e n t  o f  th e  f i n a l  w e igh t  g a i n ,  w h ich  

h ad  o c c u r r e d  up t o  the  1 5 th  day .

I n  f ig *  (71) i t  c an  be s e e n  t h a t  the  w a te r  

b a l a n c e  d u r i n g  the  p regnancy  o f  female  445 d id  n o t  

become p o s i t i v e  or  n o t i c e a b l y  h i g h e r  t h a n  th e  non

p r e g n a n t  l e v e l s  u n t i l  a sudden i n c r e a s e  be tw een  th e  1 8 t h  

and 2 0 th  days o f  g e s t a t i o n .  I n  fem ales  524 and 525, 

how ever ,  the  g r e a t e r  p a r t  o f  such  I n c r e a s e  i n  b a la n c e  as  

o c c u r r e d  had  appeared  by the  9 th  d a y  of  g e s t a t i o n ,  a t  

l e a s t  i n  th e  f i r s t  p regnancy ,  f i g .  (72 ) .

A f a l l  i n  d a i l y  w a te r  b a la n ce  o c c u r re d  a t  

t h e  end o f  a l l  p r e g n a n c ie s  e x c e p t  t h a t  o f  female  443.

The ex trem e  f a l l  i n  b a lance  w h ich  p roduced  th e  f a l l  i n  

t o t a l  o rg an ism ic  w ater  shown i n  f ig*  (70 ) ,  and t h e  l a r g e  

n e g a t i v e  b a la n c e  shown i n  f i g .  (63) f o r  t h e  l a s t  d a y  of  

t h e  f i r s t  p regnancy  of female 524 was due t o  th e  g r e a t  

w a t e r  l o s s  o c c u r r i n g  d u r i n g  p a r t u r i t i o n  and  p r o o a o r y
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l a r g e l y  due bo t h e  d r y i n g  o f  f o e t a l  membranes b e f o r e  

t h e i r  i n g e s t i o n  by t h e  m o th e r .  The n e g a t i v e  b a l a n c e  

which o c c u r r e d  on t h e  2 1 s t  day o f  th e  f i r s t  p r e g n a n c y  

o f  fem ale  525, f i g .  (63) , was due t o  a n  a i r  l o c k  i n  t h e  

w a t e r  b o t t l e  on t h a t  day .

V a r i a t i o n  w i t h  In t a k e  and L oss .

The i n c r e a s e  of  over  50 p e r  c e n t ,  i n  w a t e r  

i n t a k e  d u r i n g  p reg n an cy ,  c o n t r a s t e d  w i t h  i n c r e a s e s  o f  

4 and 40 p e r  c e n t ,  i n  v a p o u r i s e d  and u r i n a r y  w a te r  r e s p e c t 

i v e l y ,  t a b l e s  (14 ) ,  (15) and (1 6 ) ,  shows t h a t  the  w a te r  

g a i n  d u r i n g  p regnancy  was a c h ie v e d  by an i n c r e a s e  i n  w a t e r  

i n t a k e ,  w i th o u t  a c o r r e s p o n d in g  r i s e  i n  w a t e r  l o s s e s .

I t  i s  n o te w o r th y ,  however ,  t h a t ,  a l t h o u g h  th e  w a t e r  i n t a k e  

i n c r e a s e d ,  o r  s t a r t e d  t o  i n c r e a s e  -immediately a f t e r  c o i t u s ,  

t h i s  r i s e  was o f f s e t  by th e  i n c r e a s e  I n  u r i n a r y  w a t e r  l o s s  

u n t i l  a b o u t  t h e  l a s t  t h i r d  o f  g e s t a t i o n .  The i n c r e a s e  i n  

v a p o u r i s e d  w a te r  d u r in g  t h i s  p e r i o d  was so s l i g h t  as  t o

be n e g l i g i b l e ,  c f  f i g .  (67 ) .

V a r i a t  io n  w i t h  P a r i t y .

The w a te r  b a la n c e  was v e ry  much lo w e r  i n  t h e
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second  t h a n  i n  th e  f i r s t  p regn an cy  o f  f em a le s  524 and 

525. I t  can be s e e n  i n  f i g .  (72) t h a t  i n  th e  second  

p re g n a n c y  the  w a te r  b a la n c e  d i d  n o t  r i s e  s i g n i f i c a n t l y  

above z e r o ,  b u t  the  f i n a l  l e v e l  o f  b a la n c e  was s i g n i f 

i c a n t l y  h i g h e r  t h a n  th e  Im m edia te ly  p r e c e d i n g  non

p r e g n a n t  b a l a n c e .  I t  i s  shown i n  t a b l e  (17) t h a t  th e  

p a r i t y  v a r i a t i o n  i s  b a r e l y  s i g n i f i c a n t ,  P = 0 .03  f o r  

d i f f e r e n c e  be tw een  p r e g n a n c i e s . Fig* (72) s u g g e s t s  

t h a t  t h i s  d i f f e r e n c e  may no t  be e n t i r e l y  one o f  d i s 

p l a c e m e n t ;  th e  r e l a t i v e  r i s e  i n  b a la n c e  by  th e  f i r s t  

p r e g n a n t  p e r i o d  i s  s i g n i f i c a n t  i n  t h e  f i r s t  p reg nancy  

and  n e g l i g i b l e  i n  th e  second .  The p r e g n a n c y - p e r i o d  

I n t e r a c t i o n  component o f  th e  v a r i a n c e  i s ,  however ,  

i n s i g n i f i c a n t ,  c f  t a b l e  (17) .

P a r t i t i o n  o f  Water b a i n  be tw een  Mother and Conceptus*

The same methods have  been  used  t o  a s s e s s  t h i s

p a r t i t i o n  as have been  d e s c r i b e d  f o r  p a r t i t i o n i n g  th e  

e n e r g y  g a i n .  The e s t i m a t e s  of th e  p a r t i t i o n  a re

p r e s e n t e d  i n  t a b l e  (13) •

I n  no case  I s  t h e r e  any ev idence  thav  the

p r e g n a n t  o rganism makes a n e t t  w a te r  g a m ,  a l t n o u g h

t h e r e  was,  in  a l l  cases, a g ro s s  energy/ g a i n .  T ha t  i s ,

t h e  t o t a l  w a te r  g a in  d u r in g  p regnancy  e i t h e r  b a r e l y
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a c c o u n te d  f o r ,  o r  was in ad e q u a te  t o  a c c o u n t  f o r  the  

t o t a l  w a te r  r e q u i r e d  f o r  t h e  c o n c e p tu s . Thus,  i n  the  

s t u d y  on female  377, th e  t o t a l  w a t e r  g a i n  d u r in g  

p re g n a n c y  was 28 g.  whi le  the  t o t a l  w e ig h t  o f  embryos 

and p l a c e n t a e  a t  t e r m  was 38 g.  This  w e ig h t  o f  

embryonic  m a t e r i a l  c o n t a i n s  about  33 g.  o f  w a t e r ,  a n d  

t h i s  i s  e x c l u s i v e  o f  t h e  w a t e r  o f  a m n io t ic  f l u i d  and 

f o e t a l  membranes o t h e r  t h a n  t h e  p l a c e n t a .  Even t a k i n g  

i n t o  c o n s i d e r a t i o n  th e  f a c t  t h a t  t h e  mother  r e c o v e r e d  

some o f  t h i s  w a t e r ,  t h a t  from th e  f l u i d  and membranes, 

t h e  t o t a l  w a t e r  l o s s  a t  b i r t h  e n t i r e l y  u sed  up the  w a te r  

g a in e d  d u r i n g  pregnancy .

The e s t i m a t e s  o f  the  t o t a l  w a te r  g a i n  of  the  

o t h e r  i n c o m p l e t e l y  covered p r e g n a n c ie s  i n d i c a t e  t h a t  t h e  

g a i n  was b a r e l y  adequa te  t o  meet  even th e  f o e t a l  r e q u i r e 

ments  and  t h i s  p o s i t i o n  i s  found  i n  an e x a g g e r a t e d  form 

i n  t h e  second pregnancies,  e v en  a l t h o u g h  t h e s e  y i e l d e d  o n ly  

f o u r  young. This means t h a t ,  a t  b e s t ,  the  m a te r n a l  

o rg an ism  p o s t  par tum  v/as i n  a s t a t e  o f  p r e c a r i o u s  w a te r  

e q u i l i b r i u m ,  and,  a t  w o r s t ,  was i n  a s t a t e  o f  a c u te  

d e h y d r a t i o n  t o  t h e  e x t e n t  o f  a wa ter  l o s s  o f  23 g«
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I t  can be seen  from f i g -  (4 6 ) ,  shewing t h e  

c u m u la t iv e  bodyweight f a r  .female 377,  t h a t  t h e  body

w e ig h t  i n c r e a s e d  f a i r l y  u n i f o r m ly  from th e  b e g in n in g  

t o  th e  end o f  g e s t a t i o n .  The s l i g h t  a c c e l e r a t i o n  i n  

r a t e  o f  growth i n  w e i g h t ,  o c c u r r i n g  a t  a b o u t  'the 1 6 th  

day o f  g e s t a t i o n ,  can be r e l a t e d  t o  a s i m i l a r ,  though  

l e s s  p ronounced ,  a c c e l e r a t i o n  o c c u r r i n g  a t  t h e  same 

t ime i n  energy  g a in ,  f i g -  (38 ) ,  b u t  i s  more s t r i k i n g l y  

r e l a t e d  t o  t h e  i n i t i a t i o n  of  w a t e r  r e t e n t i o n  a t  t h i s  

s t a g e  o f  g e s t a t i o n ,  f i g -  (70 ) .

For t h e  o th e r  a n im a ls  bodyweights  a r e  n o t  

a v a i l a b l e  th r o u g h o u t  g e s t a t i o n  so  t h e  p o i n t s  of  

i n i t i a t i o n  of  increment  a re  n o t  known. I t  can be 

s e e n  from f i g s .  (73) and (7 4 ) ,  however,  t h a t  t h e  body

w e ig h t s  fear t h e s e  an im als  i n c r e a s e d  p r o p o r t i o n a l l y  t o  

t h e  t im e  I n t e r v a l  s i n c e  c o i t u s .  Comparison of  f i g s .

(73) and (71) shows t h a t  the  bodyweight o f  fem a le  443

I n c r e a s e d ,  d u r i n g  t h e  g r e a t e r  p a r t  o f  p reg nancy ,

i n d e p e n d e n t l y  o f  w a te r  ga in -

The bodyweight g a in  of fem a le s  524 and 525

was v e r y  much l e s s  in  the second p regnancy  t n a n  i n  th e

f i r s t ,  f i g -  (74)* This i s  und ou b ted ly  due ,  I n  p a r t ,  t o

th e  s m a i l e r  t o t a l  w e igh t  of young i n  t h e  second p reg n a n e ie
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b u t  compar ison  of f i g .  (74) w i t h  f i g .  (72) and t a b l e  (18) 

s u g g e s t s  t h a t  a g r e a t  p a r t  o f  t h i s  r e d u c t i o n  i n  bodywei gh t  

g a i n  i n  t h e  second p regnancy  was due t o  the  a b s e n t  o r  

n e g a t i v e  w a t e r  g a i n  which o c c u r r e d .

In  t a b l e  (19) a re  assem bled  th e  e n e rg y ,  w a t e r  

and n i t r o g e n  b a la n c e s  a n d  t h e  bodyweight  i n c r e m e n ts  d u r i n g  

th e  n o n - p r e g n a n t  and p re g n a n t  p e r i o d s  of  f em a le s  524 and 

525. To r e d u c e ,  as f a r  as p o s s i b l e ,  the  i r r e g u l a r i t y  

p ro du ced  by  the  d a y - t o - d a y  v a r i a t i o n  th e  summed b a l a n c e s  

and in c re m e n ts  over  3- to  5 -day  p e r i o d s  have been  g iv e n .  

S u b t r a c t i n g  t h e  w a te r  ba lan ce  from th e  bodyweight  in c rem en t  

l e a v e s  t h a t  p a r t  o f  t h e  bodyweight in c re m e n t  a c c o u n ta b l e  

t o  d r y  m a t t e r  in c re m e n t .  A c e r t a i n ,  b u t  unknown f r a c t i o n  

o f  t h e  d ry  m a t t e r  increm ent  must be a c c o u n ta b le  t o  m in e ra l  

i n c r e m e n t ,  b u t  i t  i s  u n l i k e l y  t h a t  m in e r a l  g a in  t h r o u g h o u t  

p re g n a n c y  amounts to  more t h a n  2 g . ,  or  a b o u t  0 .25  g.  ov e r  

a 3 -d a y  p e r i o d .  (Cf Hummel e t  a l ,  1936) .  The rem a in d e r  

o f  th e  d ry  m a t t e r  b a la n c e  must be a c c o u n ta b le  t o  p ro x im a te  

p r i n c i p l e s .

I t  can be s e en  from t a b l e  (19) t h a t ,  i n  g e n e r a l ,  

t h e  e n e rg y  b a la n ce  a g re e s  f a i r l y  c l o s e l y  w i t h  t h e  d r y

m a t t e r  component of t h e  bodyweight in c r e m e n t .  For  s e v e r a l  

p e r i o d s ,  however ,  a n e g a t iv e  energy  b a la n c e  c o r m s p o n d s  uo 

a p o s i t i v e  we i g h t  in c rem en t ,  and t h i s  occurs  a f t e r  removal

f ro m  b o t h  e n e rg y  and weight of t h e  e i i e c  c ox n x t r o g e n  

b a l a n c e .  Thus,  i n  the  t h i r d  p e r i o d  the  f i r s t  p r e g n a n c y
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of  female  524, the  n o n - p r o t e i n  ene rg y  b a la n c e  was found t o  

be -5 0  Gal. and the  p r o t e i n - f r e e  d ry  bodyweigh t  b a l a n c e  

was iound to be + 1 . 4  g. There app ea rs  t o  be o n ly  one 

way i n  which t h i s  cou ld  o c c u r ,  a p a r t  from e x p e r i m e n t a l  

e r r o r ,  and t h a t  i s  by th e  s im u l ta n eo u s  com bus t ion  o f  

f a t  and s t o r a g e  of  c a r b o h y d r a t e .  I n  t h i s  p a r t i c u l a r  

i n s t a n c e  such  a p ro c e d u re ,  i n  i t s  s i m p l e s t  form would 

e n t a i l  t h e  combustion o f  6 .9  g. f a t  and th e  s t o r a g e  of 

8 . 3  g .  c a r b o h y d r a t e ,  over th e  t h r e e  day p e r i o d ,  above 

t h e  com bus t ion  of  a w eigh t  and en e rg y  e q u i l i b r a t e d  m i x t u r e .

No d a t a  have been o b ta in e d  which would e n a b le  

a d i r e c t  com puta t ion  of  the  c a rb o h y d ra te  and f a t  s t o r e d .

The amounts o f  th e s e  s u b s ta n c e s  burned o r  s y n t h e s i s e d  

have  been  computed, t a b l e  (4 1 ) ,  b u t  th e  measurement o f  

b a la n c e s  o f  t h e s e  su b s ta n c e s  i n d i v i d u a l l y  r e q u i r e s  

d e t a i l e d  knowledge of  th e  f a t  and c a rb o h y d ra te  c o m p o s i t i o n  

o f  th e  food and f a e c e s ,  and t h i s  has  n o t  been  o b t a i n e d .
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METHANOL P0I 3 QNING.

The a c c i d e n t a l  3 -d ay  p e r i o d  o f  m ethano l  

p o i s o n i n g  o f  female  524 has  a l r e a d y  been  m en t ioned  

(p. 116 and 176).  The d a t a  f o r  th e  e n e rg y ,  n i t r o g e n  

and w a te r  m etabo l ism  over  t h i s  p e r i o d  can be found 

u n d e r  s e r i a l  numbers 107 - 109 I n  th e  d e t a i l e d  t a b l e s .  

The d i a g n o s i s  o f  methanol  p o i s o n i n g  was made, i n i t i a l l y ,  

on the  c i r c u m s t a n t i a l  e v id en ce  t h a t  m ethanol  checks had 

b e e n  made on th e  c a l o r i m e t e r  im m edia te ly  p r e v i o u s  t o  

t h i s  p e r i o d .  Add i t iona l ly ,  a t  t h e  end of  the  t h i r d  d ay ,  

how ever ,  a f a i n t  a c r i d  sm e l l  o f  a c e ta ld e h y d e  cou ld  be 

d e t e c t e d  i n  th e  u r i n e  and i n  the  w a te r  a b s o r b i n g  tu b e s  

o f  th e  a b s o r b in g  t r a i n .  Also a f a i n t  sm e l l  o f  m ethano l  

c o u ld  be d e t e c t e d  i n  th e  animal  chamber i t s e l f .

During t h i s  p e r i o d  the  food in ta k e  f e l l  t o  

a lm o s t  z e ro  by th e  t h i r d  day ,  t a b l e  (34) .  The e n e rg y  

e x p e n d i tu r e  a l s o  f e l l  r a p i d l y ,  from 41 C a l .  t o  28 Gal. 

p e r  24 h r .  w h i le  the  e nergy  b a la n ce  f e l l  t o  -30  Gal. on 

t h e  t h i r d  day. The n o n - p r o t e i n  K.ty. dropped t o  0 .75  

on t h e  t h i r d  day,  i n d i c a t i n g  ohat some c a r b o h y d r a te  was 

s t i l l  b e in g  u t i l i s e d .  T ins i s  t o  be e x p ec ted  s i n c e  tn e  

food i n t a k e  on the  second d a j  was a p p r e c i a b l e ,  1 4 . 6

The d a i l y  n i t r o g e n  i n t a k e  d u r in g  t h i s  p e r i o d

showed a r a p i d  f a l l  from 530 t o  5 m g. ,  c o r r e s p o n d i n g  go
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t h e  f a l l  i n  food i n t a k e .  The d a i l y  n i t r o g e n  l o s s  i n  th e  

u r i n e  f e l l  from 271 t o  68 mg. T h is  p roduced  a f a l l  i n  

n i t r o g e n  b a l a n c e ,  over  t h e  o -d ay  p e r i o d ,  t o  -96  mg. p e r  

d iem.

The w a te r  exchange fo l lo w e d  a c o u rse  r a t h e r  

d i f f e r e n t  from t h a t  found d u r i n g  th e  5 -day  p e r i o d  o f  

11 s i m p l e 11 s t a r v a t i o n  and d e h y d r a t i o n  i n  female  522. The 

w a t e r  i n t a k e  f e l l  on t h e  second  day from 21*6 g.  t o  5 .6  g. 

b u t  r e c o v e r e d  on th e  t h i r d  day t o  no rm al .  C o r re sp o n d in g  

t o  th e  f a l l  i n  r e s p i r a t o r y  gaseous  exchange th e  e l i m i n a t i o n  

o f  v ;a ’p o u r i s e d  w a te r  a l s o  showed a marked f a l l ,  from 1 5 .6  

t o  8 .6  g . ,  on th e  t h i r d  day .  The u r i n a r y  w a t e r ,  however ,  

was m a i n t a i n e d  a t  normal l e v e l s  t h r o u g h o u t .  W ith  th e  

h ig h  u r i n e  volume the  w a te r  b a la n c e  rem ained  n e g a t i v e  on 

th e  t h i r d  day  i n  s p i t e  o f  t h e  r e c o v e r y  i n  f l u i d  w a t e r  

i n t a k e  and the  f a i l  i n  v a p o u r i s e d  w a te r  l o s s .

During  t h i s  p e r i o d  t h e  animal l o s t  27 g .  o r  12 

p e r  c e n t ,  o f  i t s - i n i t i a l  bodyw eigh t .  I n  f i g .  (75) i s  

shown th e  curve o f  bodyweight  d u r in g  and f o r  20 days a f t e r  

t h e  p o i s o n i n g  i n c i d e n t .  I t  can be s e e n  t h a t  t h e  an im al  

c o n t i n u e d  t o  lo s e  'weight f o r  o days a f t e r  i t s  removal  

f rom t h e  c a l o r i m e t e r ,  e n t a i l i n g  a t o t a l  we igh t  l o s s  ox 

50 g. or  22 p e r  c e n t ,  o f  i t s  i n i t i a l  bodyw eigh t .  Recovery  

o f  t h i s  w e ig h t  was slow and in c o m p le te .

By t h e  t h i r d  day i n  t h e  c a l o r i m e t e r  t h e  a n i m a l  f s



ap p ea ra n c e  was u n t h r i f t y ,  i t s  c o a t  was s t a r i n g ,  and i t s  

a c t i v i t y  was n e g l i g i b l e .  A ppearance ,  c o a t  c o n d i t i o n  and  

a c t i v i t y  a p p ea re d  f u l l y  r e c o v e r e d  w i t h i n  two days a f t e r  

I t s  r e t u r n  t o  th e  animal h o u s e ,  a l t h o u g h  i t s  bodyweigh t  

c o n t i n u e d  t o  d e c l i n e .

A f t e r  10 d a y s ,  when th e  bodyweigh t  had  r e c o v e r e d  

t o  207 g.  o r  90 p e r  c e n t ,  o f  t h e  i n i t i a l  w e i g h t ,  t h e  a n im a l  

a p p e a re d  p e r f e c t l y  h e a l t h y  and n o rm a l ,  and  was b r o u g h t  

back  i n t o  th e  ex p e r im e n t .



PLACENTAL GROWi'H IN THE RAT.

Review o f  t h e  L i t e r a t u r e  -

I t  has  been  w e l l  e s t a b l i s h e d  f o r  t h e  r a b b i t ,  

s h e e p ,  g o a t  and man t h a t  the  p l a c e n t a  s t o p s  growing a 

c o n s i d e r a b l e  t ime b e fo r e  t e rm .  The a c t u a l  t ime o f  

c e s s a t i o n  o r  s low ing  o f  growth v a r i e s  w i t h  t h e  s p e c i e s .

The m ajo r  a v a i l a b l e  d a t a  on p l a c e n t a l  g rowth  have been  

summarised by B a r c r o f t  (1946) .  A lso ,  B a r c r o f t  and Young 

(1945) showed t h a t  I f  t h e  g e s t a t i o n  of  th e  r a b b i t  be 

p ro lo n g e d  by t h e  subcu taneous  i n j e c t i o n  o f  c h o r i o n i c  

g o n a d o t r o p i n  and p r o g e s t e r o n e  the  f o e t u s e s  c o n t in u e d  t o  

grow, b u t  the  p l a c e n t a e ,  a l t h o u g h  m a in ta in e d  w i t h o u t  

e x c e p t i o n a l  d e g e n e r a t i v e  ch an g e s ,  showed no f u r t h e r  I n c r e a s e  

i n  s i z e .

I t  seemed p o s s i b l e  t h a t ,  i f  t h e r e  i s  a c e s s a t i o n ,  

o r  even  a pronounced, f a l l  i n  th e  r a t e  o f  growth  o f  th e  

p l a c e n t a  o f  the  r a t  b e fo r e  the  end o f  g e s t a t i o n ,  a t  t h e  

t im e  when th e  growth r a t e  o f  t h e  f o e t u s  i s  a t  a maximum, 

t h e  change might  show some r e f l e c t i o n  i n  th e  g e n e r a l  .pat 'oern 

of  t h e  m a t e r n a l  m etabol ism .
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i t s  maximum w e igh t  b e f o r e  t e rm ,  b u t  th e  e v id e n c e  i s  

s l i g h t e r  t h a n  f o r  t h e  s p e c i e s  m en t ion ed  abo v e ,  and  i s  

n o t  c o m p le te ly  i n  c o n co rd .  I n c i d e n t a l  d a t a  r e c o r d e d  

by F l e x n e r  and Pohl  (1941c) i n d i c a t e  t h a t  t h e  maximum 

p l a c e n t a l  w e igh t  i n  th e  r a t  i s  a c h i e v e d  a t  a b o u t  1 9 .5  

days g e s t a t i o n ;  t h e y  found no w e ig h t  i n c r e a s e  be tw een  

1 8 .7  and 2 0 .9  days g e s t a t i o n .  The measurement  o f  a 

t im e  s c a l e  i n  such a s h o r t  g e s t a t i o n  p e r i o d  i s  l i a b l e  

t o  e r r o r ,  a n d  i t  seems u n l i k e l y  t h a t  th e  g e s t a t i o n  age 

c an  be f i x e d  t o  w i t h i n  0 .1  o f  a day  w i t h  any  d e g re e  o f  

r e l i a b i l i t y .  However, r e f e r r i n g  th e  p l a c e n t a l  w e igh t  

t o  th e  f o e t a l  w e igh t  w i th  e l i m i n a t i o n  of  t h e  t im e  s c a l e  

shows t h a t  the  f o e t a l  w e ig h t  i n c r e a s e d  from 1 . 4  t o  3 .6  g. 

w i t h o u t  any  c o r r e s p o n d in g  i n c r e a s e  i n  t h e  p l a c e n t a l  w e i g h t .  

F l e x n e r ,  in d e e d ,  su g g e s t s  a f a l l  i n  p l a c e n t a l  w e ig h t  

c o r r e s p o n d in g  t o  the  f o e t a l  w e ig h t  i n c r e a s e  f r a n  2 . 5  t o  

5 g . ,  w i t h  r e c o v e r y  o f  p l a c e n t a l  w e igh t  t h e r e a f t e r .

Leonard  (1945) found mean p l a c e n t a l  w e ig h ts  o f  362 mg. 

a t  19 days and 558 mg. a t  22 days g e s t a t i o n ;  t h i s  d o es  

n o t  i n d i c a t e  any c e s s a t i o n  o f  growth d u r i n g  t h e  2 0 t h  day ,  

b u t  no d a t a  a re  g iv en  f o r  t h e  I n t e r v e n i n g  p e r i o d .  P r i t c h a r d  

and H ug g e t t  (1947) found t h a t  the  s u r v i v i n g  r a t  p l a c e n t a ,  

a f t e r  e x p e r im e n ta l  f o e t a l  d e a th ,  s to p p e d  growing a t  a b o u t  

16 d a y s  g e s t a t i o n .  The s i z e  of  t h e  p l a c e n t a  was m easured  

as  t h e  a r e a  o f  a c e n t r a l  p l a c e n t a l  s e c t i o n .  I t  must be 

n o t e d  he r e , however, t h a t  ueonard  found t n a t  th e  p l a c e n t a l
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w e ig h t  a t  22 d a y s ,  when th e  f o e t u s  had  b e en  removed 

s u r g i c a l l y  was o n ly  141 mg. compared w i t h  558 mg. a t  

no rm al  t e r m .

I n  v iew o f  t h e  above d i s a g r e e m e n t  c o n c e r n i n g  

th e  form o f  p l a c e n t a l  growth i n  t h e  r a t ,  i t  was d e c i d e d  t o  

i n v e s t i g a t e  t h e  m a t t e r  f u r t h e r .

A n im a ls .

Two s e r i e s  o f  Hooded W is ta r  r a t s  were u s e d .

One, a g e n e r a l  s e r i e s  o f  13 f e m a le s ,  was used  t o  o b t a i n  

a  g e n e r a l  p i c t u r e  o f  t h e  form o f  p l a c e n t a l  g row th .  The 

o t h e r  s e r i e s  c o n s i s t e d  o f  9 a n im a ls  i n  t h r e e  s e t s  o f  t h r e e  

l i t t e r - m a t e s  from which i t  was hoped t o  o b t a i n  i n f o r m a t i o n  

on t h e  e f f e c t  o f  p a r i t y  on p l a c e n t a l  g ro w th .  The 

c h a r a c t e r i s t i c s  o f  a l l  t h e  a n im a ls  used  a r e  g i v e n  i n  t a b l e  

( 2 8 ) ,  a p p e n d ix  ( 2 ) .  '

Me thod s «

The an im als  were f e d  on th e  s t o c k  d i e t  41 used  

i n  t h e  m e ta b o l i c  work. They were m a in t a in e d  i n  t h e

a n im a l  house  under  t iie  norma j. s t o c k  conui. o .-.ono • ha bos
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and t im es  of  m at ing  were d e te r m in e d  by t h e  a p p e a ra n c e  

of  v a g i n a l  sm ears ,  vide p . (177 ) •  The a n im a l s  were 

k i l l e d  a t  v a r i o u s  t im es  from th e  1 2 t h  t o  t h e  22nd day  

a f t e r  m a t in g ,  a s  shown i n  t a b l e  ( 2 0 ) .  I n  t h e  l i t t e r -  

mat e s e r i e s ,  e ac h  s e t  o f  l i t t e r - m a t e s  was a s s i g n e d ,  a t  

r a n d o m ,  t o  be k i l l e d  on th e  1 5 t h ,  1 8 t h  o r  2 1 s t  day  o f  

g e s t a t i o n .  Animals w i t h i n  a l i t t e r - m a t e  s e t  were 

a ss igned . ,  a t  random, t o  be k i l l e d  on th e  a p p r o p r i a t e  

day  o f  th e  f i r s t ,  second  or  t h i r d  p re g n a n c y .  I n  a l l  

c a s e s  the  t h i r d  p regn an cy  f a i l e d .

Of the  g e n e r a l  s e r i e s ,  p r e g n a n c y  f a i l e d  I n  

5 a n im a l s ,  o r  38 p e r  c e n t .  I n  o.ne of  t h e s e  a n i m a l s ,  

fem ale  431, k i l l e d  on th e  1 6 th  day  of  g e s t a t i o n ,  a f u l l  

complement o f  r e s o r p t i o n  s i t e s  was v i s i b l e  t o  t h e  naked 

e y e ,  c o r r e s p o n d in g  t o  the  f u l l  number o f  c o r p o r a  l u t e a  

p r e s e n t  i n  the  o v a r i e s .

The an im a ls  were k i l l e d ,  on t h e  a p p o i n t e d  d a y s ,  

by c o a l  g a s .  The abdomen was opened a lo n g  th e  m i d - l i n e

and  the  u t e r u s  removed, s e v e r i n g  j u s t  below th e  c o r n u a l  

j u n c t i o n  and  a t  the  p o i n t s  o f  emergence of  t h e  F a l l o p i a n  

t u b e s  from th e  u t e r i n e  h o r n s .  The m e s e n te r y  and a t t a c h e d  

f a t  were c a r e f u l l y  cut  away. The f u l l  u t e r u s  was weighed 

r a p i d l y ,  and t h e  c o n cep tu ses  were d i s s e c t e d  o u t .  Below 

th e  g e s t a t i o n  age of  14 days i t  was n o t  found p o s s i b l e  t o  

o a r t  the  p l a c e n t a  c l  easily from the u o e r i n e  wa.ii., «.nd oni.y



one measurement i s  a v a i l a b l e  f o r  12 days  g e s t a t i o n .  At 

g e g t a t I o n  ages o f  14 days and abo v e ,  g e n t l e  b l u n t  d i s s e c t i o n  

was s u f f i c i e n t  to  e n su re  c l e a n  s e p a r a t i o n .

mach concep tu s  was d i s s e c t e d  from th e  u t e r u s  and 

a l l  w e igh ings  made o f  t h a t  embryo and p l a c e n t a  b e f o r e  th e  

n e x t  c o n cep tu s  was removed. This  p r e v e n t e d  any a p p r e c i a b l e  

d e s i c c a t i o n  o f  t h e  l a s t  embryos and p l a c e n t a e  t o  be weighbd

Whenever i t  c o u ld  be d i s s e c t e d  o u t  w i t h o u t  

r u p t u r i n g  th e  a m n io t ic  s a c ,  th e  e n t i r e  c o n c e p tu s  was weighed 

on a beam b a l a n c e . This  was n o t  a lways p o s s i b l e ,  

e s p e c i a l l y  I n  t h e  l a t e r  s t a g e s  o f  g e s t a t i o n  when t h e  a m n i o t i c  

f l u i d  h a s  l a r g e l y  r e s o r b e d  and has  b een  r e p l a c e d  by a 

Wharton*s j e l l y - l i k e  s u b s t a n c e ,  and t h e  amnion becomes v e r y  

f r a g i l e  w i t h  th e  f i r s t  s u r f a c e  d e s i c c a t i o n  on b e in g  exposed  

t o  t h e  a i r .

The amnion was t h e n  s l i t  and th e  embryo removed,  

t h e  s u r f a c e  o f  th e  l a t t e r  d r i e d  w i t h  f i l t e r  p a p e r  and t h e  

embryo t h e n  weighed on a 10CC mg. t o r s i o n  b a l a n c e .  A f t e r  

18 days g e s t a t i o n  the  embryos were too  heav y  f o r  th e  c a p a c i t y  

o f  t h i s  b a la n c e  and weTe weighed on t h e  beam b a l a n c e .  The 

u m b i l i c a l  cord  and the  rem nants  o f  th e  amnion were c a r e f u l l y  

d i s s e c t e d  from th e  p l a c e n t a  which was t h e n  w e ig h ed  on the  

t o r s i o n  b a l a n c e ,  a g a i n  a f t e r  b l o t t i n g  e x c e s s  f l u i d  o f f  th e  

s u r f a c e .

A f t e r  weighing the  i n t a c t  u t e r u s ,  b u t  b e fo re
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o f  corpora, l u t e a  i n  e ach  was c o u n te d ,  d i s t i n g u i s h i n g  r i g h t  

and l e f t .  The numbers o f  embryos i n  th e  r i g h t  and l e f t  

h o rn s  o f  the  u t e r u s  were a l s o  r e c o r d e d .

The e n t i r e  p r o c e s s ,  from th e  rem ova l  o f  t h e  u t e r u s  

t o  c o m p le t io n  o f  th e  w e ig h ing s  to o k  from 10 t o  20 r a i n . ,  

d ep end in g  on th e  number o f  embryos p r e s e n t .  I n  a l l  c a s e s  

2 t o  4 embryos and p l a c e n t a e  were n o t  w e ig h ed ,  t h e  c o n c e p tu s  

b e in g  c u t  o f f ,  complete  w i t h  i t s  p o r t i o n  o f  u t e r i n e  w a l l  f o r  

imm ers ion  i n  f i x a t i v e  f o r  h i s t o l o g i c a l  e x a m in a t io n .

R e s u l t s .

The f u l l  d e t a i l  o f  t h e  o r i g i n a l  o b s e r v a t i o n s  i s  

p r e s e n t e d  i n  t a b l e  (4 2 ) ,  g i v i n g  84 p l a c e n t a l  and f o e t a l  

w e ig h ts  from 14 a n im a l s .  No d i f f e r e n c e  was d e t e c t e d  be tw een  

th e  f i n d i n g s  f o r  th e  f i r s t  and second  p r e g n a n c i e s  i n  t h e  

l i t t e r - m a t e  s e r i e s ,  and so a l l  th e  r e s u l t s  have b e en  combined 

I n  one s e r i e s .  The mean v a lu e s  f o r  w e ig h ts  o f  f o e t u s ,  

p l a c e n t a  and c o n c e p tu s ,  w i t h  th e  t o t a l  w e ig h t  o f  t h e  i n t a c t  

u t e r u s ,  f o r  each  an im al  a r e  p r e s e n t e d  i n  t a b l e  (2 0 ) .

The w e ig h ts  o f  f o e t u s e s  and p l a c e n t a e ,  r e s p e c t i v e l y  

i n c r e a s e d  from about  140 and 115 mg. a t  14 days  t o  5000 

and 500 mg. a t  22 days g e s t a t i o n .  The w e ig h ts  o f  b o t h  

embryos and p l a c e n t a e ,  w i t h i n  a g iv e n  p re g n a n c y  and b e tw e en  

d i f f e r e n t  pregnane: 'es  . o f  th e  same g e s t a t i o n  age wore v e r y
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c o n s t a n t  up t o  th e  1 8 th  day o f  g e s t a t i o n .  T h e r e a f t e r  t l  

s c a t t e r  o f  w e ig h ts  i n c r e a s e d  g r e a t l y .  This  c a n  r e a d i l y  

s e e n  from th e  t a b l e  o f  o r i g i n a l  d a t a ,  b u t  i s  a l s o  a p p a re i  

from t h e  mean v a l u e s  p l o t t e d  i n  f i g s .  (76) and  ( 7 8 ) .  V.i 

any one p r e g n a n t  u t e r u s  a t  any g e s t a t i o n  age l i t t l e  c o n s i  

t e n t  r e l a t i o n  was found be tw een  t h e  f o e t a l  w e igh ts  a n d  t h  

c o r r e s p o n d in g  p l a c e n t a l  w e ig h t s .

I n  f i g s .  (7 6 ) ,  (7 7 ) ,  (7 8 ) ,  (8 0 ) ,  ( 81) a n d  (82) 

o n l y  mean v a lu e s  f o r  f o e t a l  and p l a c e n t a l  w e ig h t s  f ro m  ea 

an im al  have been  p l o t t e d .  The f i t t e d  c u rv e s  i n  t h e s e  

f i g u r e s ,  how ever ,  have been  computed from t h e  o r i g i n a l  

o b s e r v a t i o n s .  The a n a l y s e s  o f  th e  r e g r e s s i o n s  a r e  giver , 

t a b l e s  ( 2 1 ) ,  (22) and (23) .

The f o e t a l  w e igh ts  show a b r a d y a u x e t i c  fo rm  o f  

growth  w i t h  t im e ,  a s  shown i n  f i g .  (7 6 ) ,  which  I s  t o  be 

e x p e c te d  from t h e  g e n e r a l l y  known form o f  mammalian 

embryonic  growth .  The mean co ncep tus  w e i g h t ,  t h e  embryo 

w i t h  a l l  membranes and w a t e r s ,  a l s o  p l o t t e d  I n  f i g .  ( 7 6 ) ,  

f o l lo w s  a p a r a l l e l  course  a t  l e a s t  up t o  th e  1 8 t h  day  o f  

t e s t a t i o n  which was t h e  l a t e s t  t ime a t  which thes t;

c o u ld  r e l i a b l y  be m easured .

I n  f i g • (77) a r e  p l o t t e d  th e  v a lu e s  f o r  t h e  t o t  

w e ig h t  o f  t h e  p regn an t  u t e r u s  d i v id e d  by th e  niunoer o f  er; 

p r e s e n t .  Again the  same form o f  growth I s  d e m o n s t r a t e d ,

b u t  d i s p l c  ced a b o r t  1 g.  up 'cno s a . a
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g r e a t e r  a c c e l e r a t i o n  o f  growth.*.

The growth  o f  the  p l a c e n t a  can be s e e n ,  i n  f ig *  

(78 ) ,  t o  be i s o a u x e t i c ,  t h a t  i s  l i n e a r  w i t h  t i m e .  ‘The 

a n a l y s i s  o f  t h e  r e g r e s s i o n  e q u a t i o n  t o  th e  d a t a  shows t h a t  

r e g r e s s i o n  a c c o u n ts  f o r  75 p e r  c e n t ,  o f  th e  t o t a l  v a r i a n c e .  

The p l o t t e d  means i n  t h i s  f i g u r e  show some s l i g h t  i n d i c a t i o n  

o f  a d i s c o n t i n u i t y  a t  a b ou t  18 d a y s ,  b u t  l i i s  may be m e r e ly  

a r e f l e c t i o n  of  t h e  g r e a t e r  s c a t t e r  o f  i n d i v i d u a l  w e ig h ts  

b e g in n i n g  a t  t h i s  t im e .

There i s  no i n d i c a t i o n  o f  any s lo v o n g  o f  g rowth  

up t o  th e  2 1 s t  day of  g e s t a t i o n .  The mean p l a c e n t a l  w e ig h t  

f o r  th e  one p reg n a n t  u t e r u s  examined on t h e  22nd day  i s  

i n f l a t e d  by the p r e s e n c e  o f  one v e r y  heavy  p l a c e n t a ,  908 mg. , 

and so  th e  appea ran ce  of  c o n t i n u a t i o n  o f  p l a c e n t a l  g rowth  

up t o  t h e  22nd day may be s p u r i o u s .

The e q u a t i o n  found f o r  th e  r e g r e s s i o n  o f  p l a c e n t a l  

w e ig h t  on t im e i s : -

P (mg.) ss 46. 3 T(days)  -  556

The c o n s t a n t  t e rm ,  556, i s  o b v io u s ly  m e a n in g le s s  i n  t h i s

e q u a t i o n  s in c e  p l a c e n t a t i o n  i n  th e  r a t  i s  n o t  i n i t i a t e d  u n t i l

a b o u t  t h e  9 th  day o f  g e s t a t i o n ,  Bridgeman (1948) . The

i n t e r c e p t  o f  t h e  l i n e  on th e  P a x i s  a t  12 days  g e s t a t i o n ,

however ,  i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from the  o b se rv ed

w e i g h t  on t i n t  day ,  a s  snown i n  ‘oaoie  ( s i )  .

I n  f  i ; • (82) p l a c c n t a i  w e i g n t s  nave  s e e n
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p l o t t e d  a g a i n s t  the  c o r r e s p o n d i n g  f o e t a l  w e i g h t s .  This  

d e v ic e  e l i m i n a t e s  p o s s i b l e  d i s t o r t i o n s  i n t r o d u c e d  by 

i n a c c u r a t e  e s t i m a t i o n  o f  th e  e q u iv a l e n c e  o f  g e s t a t i o n  a g es  • 

A ga in ,  th e  same b r a d y a u x e t i c  form o f  f o e t a l  g rowth  i s  shown. 

I f  t h e  p l a c e n t a l  growth be a c c e p t e d  as  i s o a u x e t i c  t h e n  th e  

a p p a r e n t  s low ing  of p l a c e n t a l  r e l a t i v e  t o  f o e t a l  g row th  can  

be t a k e n  a s  e n t i r e l y  due t o  th e  a c c e l e r a t i o n  o f  f o e t a l  

g row th .

The choice  o f  forms o f  e q u a t i o n  which  w i l l  most  

a d e q u a t e l y  r e p r e s e n t  t h e  n o n - l i n e a r  cu rv es  i n v o l v i n g  f o e t a l  

g rowth  can  b e s t  be  made by  c o n s i d e r i n g  t h e  l o g a r i t h m i c  

r e l a t i o n  .between f o e t a l  and  p l a c e n t a l  w e i g h t s .  For  

s i m p l i c i t y  some c o n s t a n t s  a re  o m i t t e d  from th e  f o l l o w i n g  

t h e o r e t i c a l  e q u a t i o n s .

I f  the  p l a c e n t a l  g rowth  w i t h  t im e  be a c c e p t e d  as  

l i n e a r ,  and  t h e  f o e t a l  growth w i t h  t ime be assumed t o  be 

e x p o n e n t i a l  the  r e l a t i o n s  can be r e p r e s e n t e d  b y : -  

P :  a 4 bT F -  cekT

The j o i n t  r e l a t i o n ,  e l i m i n a t i n g  t im e ,  can  t h e n  be r e p r e s e n t e d  

i n  t h e  fo rm :-

P -  r  + s l o g  P 

I n  f i g .  (79) a b s o lu te  p l a c e n t a l  w e ig h t  I s  p l o t t e d  a g a i n s t  

l o g  f o e t a l  w e i g h t ,  and i t  c an  be se en  t h a t  th e  curve  d e p a r t s  

m arked ly  from th e  l i n e a r  form. I t  th u s  a p p e a r s  thaw, an

e x p o n e n t i a l  e q u a t i o n  w i l l  n o t  ado qu--. be j.y r e p x e s e n o  o±io aa.ua 

on f o e t a l  growth .
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I f ,  a l t e r n a t i v e l y ,  H u x l e y ' s  a l l c r n e t r i c  e q u a t i o n  be 

p ro p o se d  f o r  t h e  r e p r e s e n t a t i o n  o f  f o e t a l  g ro w th ,  th e  

r e l a t i o n s  become: -

P -  a + bri  P a  cT^

giv ing a j o i n t  r e l a t i o n  o f  t h e  f o r m : -

l o g  P -  r  + s l o g  P

I n  f i g *  (80) l o g  p l a c e n t a l  w e ig h t  i s  p l o t t e d  a g a i n s t  l o g  

f o e t a l  w e igh t  and i t  can  be s e e n  t h a t  t h i s  r e l a t i o n  i s  

s u b s t a n t i a l l y  l i n e a r .  The a n a l y s i s  o f  t h e  r e g r e s s i o n  I n  

t a b l e  (22) shows t h a t  the  r e g r e s s i o n  a c c o u n ts  f o r  80 p e r  c e n t ,  

o f  t h e  t o t a l  v a r i a n c e .  The e q u a t i o n  found  t o  t h i s  r e g r e s s i o n

o f  lo g  p l a c e n t a l  w e igh t  on l o g  f o e t a l  w e ig h t  i s : -

l o g  P = 1 .076  4 0 .4 3 8  l o g  P 

This c a n  be c o n v e r te d  t o  t h e  a b s o l u t e  form g i v i n g : -

P (mg*) z 11*9 F ( m g . ) ^ * ^ ^

I n  f i g .  (81) lo g  f o e t a l  w e ig h t  i s  p l o t t e d  a g a i n s t

l o g  t im e  and t h e  r e g r e s s i o n  e q u a t i o n  f o r  t h e  l o g a r i t h m i c

form o f  t h e  a l l o m e t r i e  e q u a t i o n  r e l a t i n g  f o e t a l  w s ig h t  and 

t ime i s  a l s o  g i / e n : -

l o g  P s 8 .4 1 4  l o g  T — 7*56o 

Aga in  the  l o g a r i t h m i c  r e l a t i o n  i s  s u b s t a n t i a l l y  l i n e a r ,  th e  

r e g r e s s i o n  removing over  90 p e r  cent* of  the  t o t a l  v a r i a n c e ,  

c f  t a b l e  (23) * This  can be c o n v e r te d  t o  t h e  a b s o l u t e  form

g i v i n g : -  8*414
T(days)

x ('■"& 1 oGoGCGCO



-  254 -

Prom th e  r e l a t i o n s  be tween p l a c e n t a l  w e ig h t  and 

t i m e ,  and  f o e t a l  w e ig h t  and t im e ,  a n o t h e r  form o f  th e  

r e l a t i o n  b e tw ee n  p l a c e n t a l  weigh t  and f o e t a l  w e ig h t  can  

be d e r i v e d :  -
0 .1 19

P(m g.) = 367 F (m g .) -556

I n  f i g *  (82) th e  l i n e  to  t h i s  e q u a t i o n  i s  drawn,  a lo n g  w i t h  

t h e  l i n e  t o  t h e  e q u a t i o n  d e r i v e d  from th e  d i r e c t l y  computed 

l o g a r i t h m i c  r e g r e s s i o n  eq u a t io n *  I t  can  be s e e n  t h a t  b o th  

f i t  t h e  d a t a  c l o s e l y .  The d e t a i l e d  d i f f e r e n c e  i n  form i s  

d u e ,  i n  g r e a t  p a r t ,  to. the  n e g l e c t  o f  c o n s t a n t s  w h ich  would 

have  irade th e  a n a l y s i s  v e r y  u nw ie ld y .

The w e ig h ts  o f  the  empty p r e g n a n t  u t e r u s  i n  e ac h  

an im al  were  e s t im a t e d  as t h e  t o t a l  w e ig h ts  o f  t h e  p r e g n a n t  

u t e r i  l e s s  th e  t o t a l  co n ce p tu s  w e ig h ts  c o n ta in e d  by e ac h .  

These empty w e ig h ts  a re  p l o t t e d  a g a i n s t  g e s t a t i o n  age i n  

f i g .  (85) a lo n g  w i th  f i v e  w e ig h ts  o f  n o n - p r e g n a n t  u t e r i .

I t  c an  be s e e n  t h a t  t h e r e  was l i t t l e  i n c r e a s e  i n  u t e r i n e  

w e ig h t  up to t h e  1 4 th  day o f  g e s t a t i o n .  T h e r e a f t e r  t h e r e  

was a sha rp  i n c r e a s e  i n  w e ig h t  t o  t h e  1 5 th  o r  1 6 th  d ay ,  

f o l l o w e d  by a s low er  r a t e  o f  growth t o  t e r m .  R eyno lds  

(1949) p r e s e n t s  a curve o f  s i m i l a r  form f o r  th e  g rowth  of  

the  p r e g n a n t  u t e r u s  i n  the  r a t ,  b u t  the  i n c r e a s e  shown t h e r e  

a t  a b o u t  th e  1 5 t h  day of g e s t a t i o n  i s  much l e s s  p ronounced  

t h a n  t h a t  i n d i c a t e d  by t h e  p r e s e n t  e s t i m a t e .  A lso ,

R e y n o ld s  1 c u r v e  shows o n ly  a s l i g h t  t e n d e n c y  t o  d e c e l e r a t i o n



of  g row th  i n  t h e  l a s t  d a y s ,  and even  t h i s  t e n d e n c y  i s  o n ly  

a p p a r e n t  f o r  sm a l l  l i t t e r s .

The p o i n t  o f  r a p i d  i n c r e a s e  i n  w e ig h t  o f  t h e  empty  

u t e r u s  c o r r e sp o n d s  i n  t ime t o  th e  p e r i o d  o f  maximum 

a c c e l e r a t i o n  o f  f o e t a l  and c o n c e p tu s  g ro w th ,  c f  f i g *  ( 7 6 ) .  

The l a t e r  i n h i b i t i o n  o f  u t e r i n e  growth  o c c u r s ,  how ever ,  

when t h e  r a t e  o f  f o e t a l  g rowth  i n  w e ig h t  i s  a lm o s t  a t  a 

maximum. I t  seems p o s s i b l e ,  t h e r e f o r e ,  • t h a t  th e  r a p i d  

i n c r e a s e  i n  u t e r i n e  w e igh t  may be due t o  t h e  s t i m u l u s  t o  

g rowth  formed by the  a c c e l e r a t i n g  d i s t e n t i o n  p ro du ced  by t h e  

g ro w th  of t h e  c o n c e p tu s .  The l a t e r  i n h i b i t i o n  o f  u t e r i n e  

grov/th , i f  t h i s  e f f e c t  be r e a l ,  may be due t o  t h e  growth  

i n h i b i t i n g  e f f e c t  o f  o e s t r o g e n s ;  o r  i t  may b e ,  i n  p a r t ,  

a m e c h a n ic a l  e f f e c t  r e s u l t i n g  from th e  r e l e a s e  o f  t e n s i o n  

a f t e r  t h e  c o n v e r s io n  o f  t h e  concep tu s  f rom a s p h e r i c a l  t o  

a n  ovoid  form, Reynolds (1949) .

I t  must be n o te d  t h a t  many more measurements  o f  

u t e i i n e  w e ig h t  must be made b e f o r e  th e  d e t a i l e d  form o f  

g row th  shown i n  f ig *  (85) can be c o n f i rm ed ,  and th e  

a c c e l e r a t i o n  and i n h i b i t i o n  p h a se s  shown t o  be r e a l  or

s p u r i o u s .
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DISCUSSION AND INTEGRATION

The f i n d in g s  from t h i s  w ork, w i th  r e s p e c t  t o  

th e  en e rg y  exchanges o f  th e  r a t ,  a r e  i n  g e n e r a l  ag reem en t  

w i th  e x p e c ta t i o n  from p re v io u s  w ork . The t o t a l  e n e rg y  

e x p e n d i tu r e ,  which has n o t  p r e v i o u s ly  been  m easu red  o v e r  

such  lo n g  p e r i o d s ,  shows some i n c r e a s e ,  10 p e r  c e n t . ,  i n  

s p i t e  o f  th e  r e d u c t io n  i n  p h y s i c a l  a c t i v i t y .  I t  seems 

p o s s i b l e ,  t h e r e f o r e ,  a s  su g g e s te d  e a r l i e r ,  p .  ( 2 0 ) ,  t h a t  

th e  b a s a l  in c r e a s e  d u r in g  p regn an cy  i n  th e  r a t  may be 

r a t h e r  l a r g e r  th a n  th e  15 p e r  c e n t ,  r e p o r t e d  f o r  human 

p r e g n a n c i e s .  On th e  o th e r  hand th e  d i u r n a l  v a r i a t i o n  

i n  m e ta b o l ic  r a t e ,  p resum ably  due to  the  v e ry  o b v io u s ,  

a l th o u g h  unmeasured i n c r e a s e  i n  a c t i v i t y  d u r in g  th e  n i g h t ,  

co v e red  a ran g e  o f  on ly  abou t 10 p e r  c e n t . o f  th e  mean 

e x p e n d i tu r e .  Thus i t  a p p e a rs  t h a t  a c t i v i t y  I n  t h e  r a t  

may be perform ed a t  a h ig h  e f f i c i e n c y ,  t h a t  i s  w i th  a 

sm a ll  energy  increm en t o ve r b a s a l ,  a l th o u g h  t h i s  

s u g g e s t io n  i s  a t  v a r i a n c e  w i t h  a c c e p te d  b e l i e f  r e g a r d i n g  

m u sc u la r  e f f i c i e n c y .  A ls o ,  i t  must be c o n s id e re d  t h a t  

p ro b a b ly  a c o n s id e ra b le  f r a c t i o n  o f  th e  i n c r e a s e  In  t o t a l  

e n e rg y  e x p e n d i tu re  i s  a t t r i b u t a b l e  to  the  i n c r e a s e  i n  

S .D .A . c o r re sp o n d in g  t o  th e  in c re a s e d  foo d  i n t a k e .
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The in c r e a s e  found i n  food  i n t a k e  i s  r a t h e r  

l a r g e r  th a n  t h a t  r e p o r t e d  by p r e v io u s  w o rk e r s ,  37 a s  

a g a i n s t  0 -  30 c e n t .  The p r e s e n t  wro r k ,  how ever ,  

shows a s u b s t a n t i a l  s i m i l a r i t y  i n  form  o f  t h e  i n c r e a s e  

I n  food i n t a k e ,  t h a t  i s  a r a p i d  i n c r e a s e  a f t e r  c o i t u s  

w i th  a s lo w er  r i s e  t h e r e a f t e r  c o n t in u in g  u n t i l  t h e  a n t e 

partum  d e c l i n e  b e g in n in g  a b o u t  th e  1 6 th  d a y .

The e x c e ss  o f  the  i n c r e a s e  i n  i n t a k e  o v e r  th e  

i n c r e a s e  i n  e x p e n d i tu re  a c c o u n ts  f o r  t h e  c o n t in u o u s ly  

p o s i t i v e  en e rg y  b a la n c e  w hich  was m a in ta in e d  d u r in g  th e  

g r e a t e r  p a r t  o f  p re g n a n c y .  The c lo s e  p a r e l i e l i s m  

o b se rv ed  i n  th e  form and m agnitude  o f  in c re m e n t  be tw een  

en e rg y  b a la n ce  and bodyw eight i s  o f  p a r t i c u l a r  i n t e r e s t  

i n  t h a t  a lm o s t  th e  whole o f  t h e  bodyw eight in c re m e n t  up 

t o  ab o u t  th e  15t h  day o f  g e s t a t i o n  can  be a c c o u n te d  f o r  

a s  in c re m e n t  i n  p ro x im a te  p r i n c i p l e s .  Of t h e  t o t a l  

bodyweight g a in  a t  te rm  i n  the  f i r s t  p re g n a n c y ,  i n c l u d i n g  

embryos and a s s o c i a t e d  s t r u c t u r e s ,  o f  t h e  o r d e r  o f  h a l f  

i s  a c c o u n ta b le  to  e n e r g y - y i e ld in g  d r y  m a t t e r  g a i n .

I f  th e  embryonic s t r u c t u r e s  a lo n e  be c o n s i d e r e d ,  

o n ly  one f i f t h  o f t h e i r  w e ig h t i s  d ry  m a t t e r ,  so t h a t  

abou t two t h i r d s  of the  t o t a l  energy  g a in  d u r in g  p re g n a n c y  

m ust go t o  m a te rn a l  t i s s u e s .

The f in d in g  t h a t  an a p p r e c ia b le  f r a c t i o n  o f  the  

t o t a l  e n e rg y  g a in  i s  r e t a in e d  by th e  m a te r n a l  t i s s u e s  i s  

n o t  u n e x p e c te d  from p re v io u s  e v id e n c e .  I t  i s ,  p e r h a p s ,
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s u r p r i s i n g  t h a t  a s  l i t t l e  a s  one t h i r d  o r  l e s s  o f  t h e  

t o t a l  en e rg y  g a in  sh o u ld  be d i v e r t e d  t o  em bryonic  t i s s u e .  

T h is  f i n d i n g ,  how ever, does go some way to w a rd s  d e s c r i b i n g  

th e  c o m p o s it io n  o f  th e  perm anent w e ig h t  in c re m e n t  known 

t o  o ccu r  a f t e r  t h e  f i r s t  p re g n a n c y ,  lta s  many young hu sb an d s  

have r e a s o n  to  know” (C h e s ley ,  1 9 4 4 ).
The e v id en ce  g iv en  o f  an  even  l a r g e r  e n e rg y  

Increm en t d u r in g  th e  second p reg n a n cy  when, i n  b o th  c a s e s  

s t u d i e d ,  th e  number o f  young was l e s s  th a n  h a l f  t h a t  i n  

th e  f i r s t  p reg n an cy , i n d i c a t e s  t h a t  t h e  s t im u lu s  t o  e n e rg y  

o r  p ro x im a te  p r i n c i p l e  r e t e n t i o n  i s  n o t  d ep en den t on th e  

mass of the  embryonic t i s s u e s *  T h is  d o es  n o t ,  o f  c o u r s e ,  

n e c e s s a r i l y  mean t h a t  the  s t im u lu s  i s  n o t  of em bryonic  

o r i g i n .  I t  i s  q u i t e  p o s s ib l e  t h a t  i f ,  f o r  e x a m p le ,  t h e  

s t im u lu s  a r i s e s  from  th e  p l a c e n t a l  horm ones, one p l a c e n t a  

can  produce  a s  ad eq ua te  a s t im u lu s  a s  t e n .  On th e  o t h e r  

hand , the  f a c t  t h a t  the  energ y  r e t e n t i o n  was c o n t in u o u s  

from t h e  b e g in n in g  of p regn an cy  a rg u e s  i n  fa v o u r  of th e  

r e t e n t i o n  s t im u lu s  b e in g  o f  m a te rn a l  o r i g i n .

The a p p a re n t  p a r i t y  e f f e c t s  found f o r  e n e rg y  

i n t a k e -9 e x p e n d i tu re  and b a la n c e  can no t l e g i t i m a t e l y  be 

e x t r a p o l a t e d  beyond the  p r e s e n t  s e r i e s  o f  e x p e r im e n ts  

w i th o u t  f u r t h e r  showing. T h is  c a v e a t  h o ld s  a l s o  f o r  a l l  

th e  o th e r  p a r i t y  e f f e c t s  o b se rv e d .  P a r i t y  i t s e l f  i s  

a s s o c i a t e d  w ith  a number o f  o th e r  v a r i a b l e s ,  and t h e
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e f f e c t s  a p p a r e n t ly  shown may e a s i l y  be a t t r i b u t a b l e  t o  a 

r e f l e c t e d  a s s o c i a t i o n  w i th ,  f o r  exam ple , age o r  number o f  

y o ung . In  th e  c ase  o f  t  he e n e rg y  e x c h a n g e s ,  where 

i n v a r i a b l y  t h e r e  was i n c r e a s e  i n  the  second p re g n a n c y  w i t h  

a c o in c id e n t  d ro p  i n  number o f young , i t  seems u n l i k e l y  

t h a t  number o f  young i s  an  im p o r ta n t  f a c t o r *  The e f f e c t  

o f  age has  y e t  t o  be exam ined, and Ivlayer* s ( 1 9 4 9 ) p o s t u l a t e  

o f  th e  change i n  d i r e c t i o n  o f  t i s s u e  s y n t h e s i s  w i th  age 

s u g g e s t s  t h a t  t h e  l a t t e r  may p la y  a t  l e a s t  some p a r t  i n  

a l t e r i n g  t h e  s t im u lu s  f o r  en e rg y  r e t e n t i o n  d u r i n g  p r e g n a n c y .  

T h is  p o s s i b i l i t y  i s  f u r t h e r  fa v o u re d  by t h e  f a c t  t h a t  no 

p a r i t y  e f f e c t  was observed  i n  n i t r o g e n  r e t e n t i o n ,  w i t h  

th e  c o r o l l a r y  t h a t  th e  en e rg y  r e t e n t i o n  I s  l a r g e l y  i n  t h e  

form o f  f a t  s t o r a g e .  The h ig h  R .Q . ' s  w hich  o c c u r re d  

d u r in g  th e  g r e a t e r  p a r t  o f  p regn an cy  a l s o  c o n f irm  t h i s .

The m ost s t r i k i n g  a s p e c t  o f th e  n i t r o g e n  

m etab o lism  d a ta  i s  the  d e c l i n e  and r e c o v e r y  o f  th e  p o s i t i v e  

n i t r o g e n  b a la n c e .  The b a la n ce  reaches i t s  lo w e s t  l e v e l  

a t  ab o u t th e  19t h  day  o f  g e s t a t i o n ,  and i t  a p p e a rs  t h a t  th e  

d e c l i n e  i s  p r i m a r i l y  due t o  th e  f a l l  i n  food in ta k e  

b e g in n in g  abou t th e  16 th  d a y .  The so u rce  o f  th e  

r e c o v e r y  i n  n i t r o g e n  b a la n ce  l i e s  i n  th e  f a l l  I n  u r i n a r y  

n i t r o g e n  w hich  o c cu rs  a t  a g r e a t e r  r a t e  w i th  f a l l  i n  food  

i n t a k e  d u r in g  pregpancy  th a n  d u r in g  r e p r o d u c t iv e  r e s t .

A lthou gh  th e  sou rce  o f  th e  re c o v e ry  c an  be 

e s t a b l i s h e d  from the  d a t a ,  th e  s t im u lu s  i s  unknown*
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The p o s s i b i l i t i e s  of horm onal i n f l u e n c e s  i n i t i a t i n g  and 

m a in ta in in g  n i t r o g e n  r e t e n t i o n  d u r in g  p reg n a n cy  have 

a l r e a d y  been d i s c u s s e d ,  ( p . p .  2 7 - 3 0 ) .  I t  i s  p o s s i b l e

t h a t  a s i m i l a r  horm onal c o n t r o l  may induce  th e  f a l l  I n  

u r i n a r y  n i t r o g e n .

I t  must be s t r e s s e d  t h a t  t h i s  d e c l in e  and 

r e c o v e ry  o f  th e  n i t r o g e n  b a la n c e  i n  th e  l a s t  t h i r d  o f  

p reg n an cy  has  n o t  been found to  be s t a t i s t i c a l l y  s i g n i f i c a n t  

a t  c o n v e n t io n a l  l e v e l s  o f  p r o b a b i l i t y .  The g r e a t  

s c a t t e r  observed  i s  l a r g e l y  d u e ,  how ever, t o  t h e  tim e 

r e l a t i o n s  o f  th e  d e c l i n e ,  and no t on ly  to  th e  e x i s t e n c e  

o r  e x t e n t  o f  th e  d e c l i n e .  T h is  v a r i a t i o n  i n  th e  

g e s t a t i o n  age o f  th e  minimum n i t r o g e n  b a la n c e  makes the  

d a t a  d i f f i c u l t  to  a n a ly s e  a d e q u a te ly .

Because t h i s  change In  n i t r o g e n  b a la n c e  i s  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  i t  can no t be a c c e p te d  on th e  

p r e s e n t  e v id e n c e .  The p r e s e n t  f i n d i n g s ,  how ever, t a k e n  

a lo n g  w i th  the  i n d i c a t i o n s  from p re v io u s  work o f  a 

minimum n i t r o g e n  b a la n ce  i n  m id -p regnancy  i n  th e  b i t c h ,  

a r e  s u f f i c i e n t l y  s u g g e s t iv e  to  encourage  a f u r t h e r  

i n v e s t i g a t i o n  o f  th e  n i t r o g e n  m etabo lism  d u r in g  p reg n a n cy  

i n  th e  r a t  and o th e r  l a b o r a to r y  a n im a ls .

A part  from t h e  one or two days o f  low or n e g a t iv e  

n i t r o g e n  b a la n c e  abou t th e  19t h  day o f  g e s t a t i o n ,  th e  

b a la n c e  was u n ifo rm ly  p o s i t i v e  a t  a l l  p e r io d s  o f  p reg n a n cy  

s t u d i e d .  The e s t im a te d  t o t a l  b a la n c e  f o r t  he whole
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o f  p regnancy  shows a g r e a t  e x c e s s  o v e r  t h a t  r e q u i r e d  f o r  

em bryonic t i s s u e s , ,  The e x c e s s  was r e l a t i v e l y  g r e a t e r  

i n  th e  second p regnancy  where th e  number o f  young was l e s s ,  

b u t  th e  t o t a l  n i t r o g e n  r e t e n t i o n  i n  th e  second p re g n a n c y  

was l e s s .  The summed r e s u l t  o f th e s e  c h an g es  i s  t h a t  

the  t o t a l  a b s o lu te  amount o f  n i t r o g e n  r e t a i n e d  by th e  

m a te r n a l  o rgan ism  was a p p ro x im a te ly  the  same i n  e a c h  

pregpancy, ab o u t  400 to  600 mg. N i t ro g e n  r e t e n t i o n  c a n ,  

t h e r e f o r e ,  on ly  acco u n t f o r  2 .5  to  4 g .  o f  a n y  e x c e s s  

w e ig h t  g a in  o f  the m other over th e  w e ig h t  o f  u t e r i n e  

c o n t e n t s .  S i m i l a r l y ,  i t  a c c o u n ts  f o r ,  a t  m o s t ,  30  p e r  

c e n t ,  o f  the  t o t a l  m a te r n a l  energy  g a in .

The f i n a l  m a te r n a l  n i t r o g e n  g a in  i s  i n  a g reem en t 

w i th  t h e  i n d i c a t i o n s  o f p re v io u s  w ork, e s p e c i a l l y  t h a t  o f  

Bar ( 1907)0  The a p p ea ran ce  o f  a n i t r o g e n  g a in  makes

i t  d i f f i c u l t  t o  e x p la in  th e  r e p r o d u c t iv e  f a i l u r e  o f  th e  

e x p e r im e n ta l  a n im a ls  on the  b a s i s  o f  any common 

n u t r i t i o n a l  d e f i c i e n c y  s in c e  d isp la c e m e n t  to  a n e g a t iv e  

n i t r o g e n  b a la n ce  i s  commonly an  e a r l y  s i g n  o f  such 

d e f i c i e n c y *  Even a l th o u g h  the  p a r t i c u l a r  e n d o c r in e

r e l a t i o n s  e x i s t i n g  d u r in g  p regnancy  m ight e n a b le  a 

n i t r o g e n  g a in  to  occu r  in  a c o n d i t i o n  of n u t r i t i o n a l  

d e f i c i e n c y  which would n o rm a lly  produce  n e g a t iv e  n i t r o g e n  

b a la n c e ,  i t  i s  no tew o rthy  t h a t  th e  b a la n c e  was n o t  

s i g n i f i c a n t l y  d i f f e r e n t  from z e ro ,  o r  was p o s i t i v e  d u r in g



th e  non-pregnan t p e r i o d s .

A p a r t  from the s p e c i a l  changes i n  n i t r o g e n  

b a la n c e  o c c u r r in g  i n  th e  l a s t  days  o f  g e s t a t i o n ,  th e  

p o s i t i v e  n i t r o g e n  b a la n c e  w hich  o c c u r re d  o v e r  th e  g r e a t e r  

p a r t  o f  g e s t a t i o n  i s  e n t i r e l y  a t t r i b u t a b l e  t o  th e  i n c r e a s e  

i n  food i n ta k e  d u r in g  p re g n a n c y .  The i n c r e a s e  i n  food 

i n ta k e  of 37 p e r  c e n t ,  amounts t o  an  a b s o l u t e  i n c r e a s e  

i n  i n t a k e  o f  ab ou t 5 g** or 125 mg. n i t r o g e n .  T aking  

a c c o u n t  o f  th e  i n c r e a s e  i n  f a e c a l  mass and n i t r o g e n ,  

c f  p .  (215)* t h i s  g iv e s  an in c r e a s e d  n i t r o g e n  a b s o r p t i o n  

o f  a b o u t  80 to  90 T^e i n c r e a s e  i n  u r i n a r y

n i t r o g e n  e x c r e t i o n ,  5 Pe r  c e n t . ,  r e d u c e s  th e  n i t r o g e n  

r e t e n t i o n  f u r t h e r ,  t o  abou t 70 m g., w hich  f i g u r e  

c o m p le te ly  co v ers  the  ob se rv ed  i n c r e a s e  i n  n i t r o g e n  b a l a n c e .

The f in d in g s  on th e  p a t t e r n  of w a te r  m e tab o lism  

i n  p regnancy  a re  v e ry  much l e s s  i n  a c c o rd ,  t h a n  th o s e  on 

en e rg y  and n i t r o g e n  m etab o lism , w i th  a p r i o r i  e x p e c t a t i o n  

from  p re v io u s  w ork . E x p e c ta t io n  was n e c e s s a r i l y  from  

I n d i r e c t  e v id e n c e ,  and no o th e r  com parable  d i r e c t  d a t a  

a r e ,  so f a r ,  a v a i l a b l e  f o r  any a n im a l ,

The w a te r  b a la n c e  i n  r e p r o d u c t iv e  r e s t  was 

e f f e c t i v e l y  z e r o .  On t h e  o th e r  hand a l l  the  com ponen ts , 

b o th  o f  in ta k e  and l o s s ,  c o n t r i b u t i n g  to  the  b a la n c e  

showed g r e a t  v a r i a t i o n .  T h is  was a l s o  t r u e  o v e r  th e  

p e r io d  o f  c o n s i s t e n t  w a te r  r e t e n t i o n  d u r in g  p re g n a n c y .

I t  i s  a p p a r e n t ,  t h e r e f o r e ,  t h a t  no r e l i a b l e  e s t im a te



o f  th e  d i r e c t i o n  o r  m agn itude  of th e  w a te r  b a la n c e  c an  be 

o b ta in e d  from  m easurement o f  i n ta k e  o r  o f  o u tp u t  o n ly ,  o r  

m ere ly  o f  f l u i d  w a te r  e x c h a n g e s .  A mean p o s i t i v e  d a i l y  

w a te r  b a la n c e  of 4 g« , th e  maximum o b se rv ed  am ounts t o  

on ly  13 p e r  c e n t ,  o f  th e  t o t a l  d a i l y  i n t a k e  o r  o u tp u t  o f  

w a te r ,  and t h i s  cou ld  be c o m p le te ly  masked b y  one component 

o f  g a in  o r  l o s s  u n le s s  th e  b a la n c e  be e s t im a t e d  from  the  

t o t a l  w a te r  o r  d r y  m a t t e r  ex ch a n g e .

The t o t a l  h e a t  e l im in a te d  by v a p o u r i s a t i o n  o f  

w a te r ,  assum ing  a l l  th e  w a te r  so m easured  t o  be v a p o u r i s e d  

from  th e  a n im a l ,  amounts to  ab o u t 2 2 ,5  Pe r  c e n t ,  o f  the  

t o t a l  en ergy  e x p e n d i tu r e .  T h is  i s  i n  c lo s e  agreem ent 

w i th  th e  f i n d in g  o f  Greene and Luce (1931) who g iv e  a n  

a v e ra g e  v a lu e  o f  23*8 p e r  c e n t .

There i s  no way o f  p a r t i t i o n i n g  t h i s  v a p o u r i s e d  

w a te r  l o s s  i n t o  th e  f r a c t i o n s  a r i s i n g  from the  lu n g s  and 

from  the  s k i n .  I t  i s  p o s s i b l e ,  how ever, on the  b a s i s  

o f  s e v e r a l  a s su m p tio n s ,  to  d e r iv e  an  e s t im a t e  o f  t h i s  

f r a c t i o n .

I f  t h e  mean t i d a l  a i r  and r e s p i r a t i o n  r a t e  

r e s p e c t i v e l y ,  be ta k e n  a s  1 ,5  m l.  and. 80 p e r  m in . ,  a s  

g iv e n  by McCutcheon (1 9 5 1 ) ,  th e  t o t a l  d a i l y  v e n t i l a t i o n

o f  the  r a t  becom es;-

( 1 ,5  x  60 x 60 x  2 4 ) / l0 0 0  « 130 l i t r e s  ( a p p ro x im a te ly )

I f  i t  be f u r t h e r  assumed t h a t ,  under th e  c o n d i t i o n s  o f  t h e  

e x p e r im e n t ,  a i r  was i n s p i r e d  a t  25°C and 75 p e r  c e n t .



r e l a t i v e  h u m id i ty ,  and e x p i r e d  a t  37°C and 100 p e r  c e n t ,  

r e l a t i v e  h u m id i ty ,  th e n  th e  l o s s  o f  w a te r  by  th e  r a t  p e r  

l i t r e  o f  v e n t i l a t e d  a i r  would b e j -  

0 .045  -  0 .018  -  0 .027  g .

T h is  g iv e s  a t o t a l  d a i l y  l o s s  o f  w a te r  v ap o u r  i n  th e  

e x p ir e d  a i r  o f  a b o u t  3©4 g* o r  23 p e r  c e n t ,  o f  the  t o t a l  

l o s s  o f  v a p o u r is e d  w a t e r .  T ennen t (1946) found  a l o s s  

v i a  t h e  lung s  o f  46 p e r  c e n t ,  i n  an  u n a n a e s t h e t i s e d  and 

26 p e r  c e n t ,  i n  an a n a e s t h e t i s e d  a n im a l .

There i s  e v id e n c e  f o r  man t h a t  t h e  e x p i r e d  a i r  

i s  n o t  f u l l y  s a t u r a t e d  w ith  w a te r  v a p o u r  a t  37°C , b u t  c an  

be c o n s id e re d  a s  e q u iv a le n t  to  a i r  f u l l y  s a t u r a t e d  a t  

34°C ( G a l e o t t i ,  1912; O sborne, 1 9 1 3 ) .  I f  c o r r e s p o n d in g  

v a lu e s  f o r  the  r a t  be s u b s t i t u t e d  i n  th e  above 

c a l c u l a t i o n s ,  t h e  r e s p i r a t o r y  w a te r  l o s s  i s  low ered  to  

17 p e r  c e n t ,  o f  th e  t o t a l  v a p o u r is e d  w a te r  l o s s .

The g r e a t  d i s c r e p a n c y  betw een t h i s  e s t im a t e  and 

t h a t  of Tennent i s  n o t  n e c e s s a r i l y  r e a l .  McCutcheon* s 

a v e rag e  f o r  t i d a l  a i r  i s  p o s s i b l y  r a t h e r  low, and he 

r e c o r d s  a wide r a n g e ,  up t o  6 m l .  T h is  ra n g e  c o m p le te ly  

c o n ta in s  th e  d is c re p a n c y  o f  t h e  e s t i m a t e s .

No ev id en ce  was found i n  any s tu d y  t h a t  t h e  t o t a l  

c u m u la t iv e  w a te r  b a la n c e  d u r in g  p reg n an cy  was i n  e x c e s s  o f  

th e  r e q u i r e m e n ts  o f  t h e  c o n c e p tu s e s  and , i n  g e n e r a l ,  i t  

h as  been  found th a t  the g ro s s  w a te r  g a in  was l e s s  t h a n  

t h a t  r e p r e s e n te d  by the  u t e r i n e  c o n te n ts *  T h is
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f i n d in g  i s  i n  d i r e c t  c o n t r a d i c t i o n  t o  th e  w a te r  g a in  

commonly assumed on th e  b a s i s  o f  bodyw eight g a i n ,  and a l s o  

on the  b a s i s  o f  t h e  h a e m o d i lu t io n  known t o  o c c u r  d u r in g  

p reg nancy  i n  the  r a t .  The bodyw eight g a in  was i n  e x c e s s  

o f  th e  a c c r e t i o n  o f  u t e r i n e  c o n t e n t s ,  but t h i s  e x c e s s  i s  

a c c o u n ta b le  to  the  m a te rn a l  g a in  i n  p ro x im a te  p r i n c i p l e s .

There i s  th e  p o s s i b i l i t y  o f  s p e c i e s  d i f f e r e n c e ,  

f o r  t h e r e  i s  no re a s o n  to  suppose t h a t  t h e  r a t  i s  s i m i l a r  

t o  man i n  t h i s  r e s p e c t .  There i s  wide v a r i a t i o n  i n  

t h e  i n d i r e c t  ev idence  f o r  w a te r  g a in  d u r in g  p re g n a n c y  

even  w i t h i n  one s p e c i e s ,  and i t  would be p a t e n t l y  

u n j u s t i f i a b l e  to  a t te m p t  to  r e f e r  th e s e  f i n d i n g s  t o  

mammalian p regn ancy  i n  g e n e r a l .

In  v iew , a l s o ,  o f th e  a b n o rm a l i ty  o f  th e  

r e p r o d u c t iv e  p ro c e s s  shown i n  t h i s  work by th e  f a i l u r e  

o f  a l l  t h i r d  p re g n a n c ie s  and t h e  r a t h e r  u n s a t i s f a c t o r y  

perfo rm an ce  i n  th e  second p r e g n a n c ie s ,  i t  c a n n o t  be 

a s s e r t e d  t h a t  th e  form o f w a te r  b a la n c e  o b se rv ed  h e re  

i s  a norm al o r  u s u a l  f e a t u r e  o f p reg n an cy  even  i n  t h e  

r a t .  The form  o f  w a te r  b a la n ce  o b se rved  im p l i e s  a 

c o n s id e r a b le  d eg ree  of d e h y d ra t io n  o f  the  m a te r n a l  t i s s u e s .  

T h is  I s  a c c e n tu a te d  by th e  s im u lta n e o u s  a c c r e t i o n  to  the  

m a te r n a l  organism  o f en ergy  y i e l d i n g  d ry  m a t t e r  t o  th e  

e x t e n t  o f  ab ou t 5 *“ p e r  c e n t ,  o f th e  t o t a l  i n i t i a l  

bodyw eight o f  t h e  a n im a ls ,  o r  up to  25 p e r  c e n t ,  o f  th e  

i n i t i a l  body d ry  m a t t e r .
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The e v id e n c e s  o f  z e ro  o r  n e g a t iv e  m a te r n a l  w a te r  

g a in ,  c o - e x i s t i n g  w i th  an e x c e s s  m a te r n a l  bodyw eigh t g a in  

w hich  i s  s u b s t a n t i a l l y  a c c o u n ta b le  t o  e n e r g e t i c  d r y  m a t t e r  

g a in ,  i s  how ever, s u g g e s t iv e *  The a n im a ls  showed no 

e x t e r n a l  s ig n  t h a t  th e  d e h y d r a t io n  t o  w hich  th e y  had  been  

s u b je c te d  was a n y th in g  o th e r  t h a n  n o rm a l .  The o n ly  

e v id e n c e  o f  a p a t h o l o g i c a l  c o n d i t i o n  was i n  fem ale  5^ 4 ,  

i n  w h ich  t h e r e  was fo u n d ,  on p o s t  mortem e x a m in a t io n ,  

heavy  l e u c o c y t i c  i n v a s io n  o f  th e  r i g h t  o vary  and tu b e  

w i th  an  o v a r i a n  c y s t .  T h is  was e v i d e n t l y  o f  r e c e n t  

o r i g i n  and t h e  l a s t  m e ta b o l ic  s tu d y  to  be c o n s id e r e d  i n  

t h i s  w ork  from  t h i s  a n im a l  was made a b o u t  a m onth b e f o r e  

th e  a n im a l  was k i l l e d .

I t  has  a l r e a d y  been  su g g e s te d  t h a t  th e  f a i l u r e  

i n  r e p r o d u c t iv e  pe rfo rm an ce  may have been  o f  n u t r i t i o n a l  

o r i g i n ,  The h ig h  in c id e n c e  o f  f a i l e d  g e s t a t i o n s ,  

e s p e c i a l l y  i n  th e  l a t e r  p r e g n a n c ie s ,  combined w i t h  th e  

in f r e q u e n c y  o f  o b s e r v a t i o n  o f  a c t u a l  r e s o r p t i o n  s i t e s  

su g g e s t  t h a t  i f  r e s o r p t i o n  was th e  cause  o f  f a i l e d  

p reg nancy  t h e n  i t  o c c u r re d  e a r l y  i n  g e s t a t i o n  o r  t h a t  

th e  f a i l u r e  was one o f  i m p l a n t a t i o n .  These e v e n t s  

co u ld  be caused  by v i ta m in  E d e f i c i e n c y  o r  by d e f i c i e n c y  

o f  e s s e n t i a l  f a t t y  a c i d s .  The p re s e n c e  i n  t h e  d i e t

o f  1 p e r  c e n t ,  cod l i v e r  o i l  makes th e  d e f i c i e n c y  o f  

e s s e n t i a l  f a t t y  a c i d s  u n l i k e l y .  A lso  none o f  th e  o th e r
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l e s i o n s  t y p i c a l  o f  t h i s  d e f i c i e n c y  appeared . I t  i s ,  

on the o ther  hand, noteworthy th a t  the o r i g i n a l  form o f  

D ie t  41 conta ined  2 per c e n t ,  cod l i v e r  o i l  but th a t  t h i s  

was reduced to  1 per c e n t ,  because o f  the developm ent  

o f  muscular d ys trop h y , due to  v ita m in  E d e f i c i e n c y ,  

d e v e lo p in g  i n  s u c k l in g  young o f  mice r e c e i v in g  t h i s  d i e t ,  

Bruce (1950)* There i s  some ev id en ce  th a t  th e  mouse 

may be more t o le r a n t  o f  v i ta m in  E d e f i c i e n c y  than the  r a t ,  

s in c e  male mice do not d eve lo p  t e s t i c u l a r  d e g e n e r a t io n  

on an E d e f i c i e n t  d i e t ,  R u s s e l l  (1 9 4 8 ) ,  but no work has  

been done on the r e l a t i v e  minimum p r o t e c t iv e  l e v e l s  o f  

t h i s  v ita m in  for  the two s p e c i e s ,  Bruce’ s (1950) r e v i s e d  

D ie t  41 was t e s t e d  alm ost e x c l u s i v e l y  on mice and I f  

th e se  have a g r e a te r  to le r a n c e  then  the d is c r e p a n c y ,  

between her f in d in g s  and the inadequacy o f  the d i e t  fo r  

r a t s  found by me might be e x p la in e d .

The e x i s t e n c e  o f  m a te r n a l  d e h y d r a t io n  s u g g e s t s  

a sodium o r  p o ta s s iu m  d e f i c i e n c y  and th e  w ork  o f  H eppel 

and Schm idt (1 9 3 8 ) ,  v id e  p ,  35# p a r t i c u l a r l y  i n d i c a t e s  

th e  l a t t e r .  T h is  q u e s t i o n  h as  n o t  been  i n v e s t i g a t e d  

a n a l y t i c a l l y .  There  I s  e v id e n ce  t h a t  t h e  s t o c k  r a t s  

used  h e re  show a p r e f e r e n c e  f o r  d i l u t e  s a l i n e  a s  a 

d r i n k i n g  f l u i d .  T h is  i s ,  how ever, v e ry  s l i g h t  e v id e n c e  

o f  d e f i c i e n c y  a s  i t  i s  a common p r e f e r e n c e  o f  r a t  

c o lo n ie s  and i s  r a p i d l y  l o s t  i f  a d e q u a te  s u p p l i e s  o f  

d i l u t e  s a l i n e  a r e  made a v a i l a b l e  a lo n g  w i th  f r e s h  w a t e r .
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(Randoin  e t  a l ,  1 9 5 0 ) ,

A g a in s t  th e  p o s s i b i l i t y  t h a t  th e  m a t e r n a l  

d e h y d r a t io n  may be th e  r e s u l t  of some n u t r i t i o n a l  o r  

o th e r  a b n o rm a l i ty  a s s o c i a t e d  w i t h  the  r e p r o d u c t i v e  f a i l u r e ,  

i s  t h e  f a c t  t h a t  o n ly  p r e c a r i o u s  m a te r n a l  w a te r  e q u i l i b r i u m  

was m a in ta in e d  by fem ale  377  a l th o u g h  she r e c e i v e d  a s t o c k  

d i e t  known t o  be a d e q u a te  f o r  c o n t in u e d  r e p r o d u c t i o n .

I t  i s  p o s s i b l e  t h a t  th e  c o n d i t i o n s  o f  th e  

ex p er im en t  p la y e d  some p a r t  i n  th e  p r o d u c t io n  o f  

d e h y d r a t i o n .  T h is  i s  u n l i k e l y ,  how ever, a s t h e  h ig h  

h u m id i ty  i n  the  a n im a l  chamber would n o t  f a v o u r  w a te r  l o s s .  

The p a r i t y  changes i n  v a p o u r i s e d  and u r i n a r y  

w a te r  l o s s  and i n  w a te r  b a la n c e ,  w i th  no s i g n i f i c a n t  

change i n  w a te r  in t a k e  show t h a t  th e  r e d u c t i o n  o f  w a te r  

g a in  i n  th e  second p reg n a n cy  r e s i d e s  i n  th e  i n c r e a s e  i n  

l o s s e s  and n o t  i n  a f a l l  i n  i n t a k e .  Much o f  t h i s  

r e d u c t i o n  i n  w a te r  g a in  i s  r e f e r a b l e  t o  th e  s m a l le r  

number of young i n  th e  second p r e g n a n c ie s ,  and t h e r e  may 

be no t r u e  p a r i t y  change a s  su c h .

I t  I s  o f  i n t e r e s t  t o  note, t h a t  the  a p p e a ra n c e  

o f  p o s i t i v e  w a te r  b a la n c e s  d u r in g  p reg n a n cy  c o r r e s p o n d s ,  

i n  t im e  t o  th e  p e r io d  o f  a c c e l e r a t e d  g row th  o f  th e  em b ry o s . 

I t  i s  a l s o  about t h i s  t im e  t h a t  th e  p l a c e n t a  i s  a t t a i n i n g  

i t s  m a tu re  form , so t h a t  on t h i s  e v id e n c e  e i t h e r  f o e t u s  o r  

p l a c e n t a  may su pp ly  th e  s t im u lu s  f o r  w a te r  r e t e n t i o n .
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Newton’ s f i n d i n g s ,  d e s c r ib e d  e a r l i e r ,  p ,  (35)> s u g g e s t  

t h a t  th e  p l a c e n t a  i s  th e  a c t i v e  s t r u c t u r e .  I t  i s  a l s o  

a t  t h i s  tim e t h a t  th e  u t e r u s  shows i t s  a c c e l e r a t e d  g row th  

p e r io d  so t h a t ,  w h a tev e r  th e  s t im u lu s  p ro d u c in g  th e  

w a te r  r e t e n t i o n  i t  o c c u rs  a t  th e  tim e when w a te r  

r e q u ire m e n t  by th e  u t e r u s  and c o n te n t s  becomes a p p r e c i a b l e *  

I t  a p p e a r s  l i k e l y ,  t h e r e f o r e  t h a t ,  a l th o u g h  th e  r e t e n t i o n  

o f  e n e rg y  f i n d s  i t s  s t im u lu s  p ro b a b ly  I n  th e  m a te r n a l  

o rg an ism , w a te r  r e t e n t i o n  i s  more p r o b a b ly  u n d e r  th e  

c o n t r o l  o f  em bryonic a c t i v i t i e s *  The te rm  em bryonic  i s  

used  h e re  to  i n c lu d e  a l l  f o e t a l  m em branes, a l t h o u g h  t h e r e  

i s  some e v id e n c e  t h a t  t h e  o r i g i n  o f  some o f  th e  p l a c e n t a l  

c e l l s ,  w hich  may be engaged i n  the  e n d o c r in e  a c t i v i t y  

o f  t h e  p l a c e n t a ,  may be m a t e r n a l .

A p a r t  from t h i s  a s s o c i a t i o n  i n  tim e o f  w a te r  

b a la n c e  d i r e c t i o n  and em bryonic  g row th , no r e l a t i o n  h a s  

b een  o b se rv ed  betw een  em bryonic  g row th  and m a te r n a l  

e x c h a n g e s .  The f a i l u r e  t o  show any s lo w in g  o f  p l a c e n t a l  

g row th  i n  th e  r a t  means t h a t  i f  m a te r n a l  exch an g es  a r e  

r e l a t e d  t o  r a t e  o f  p l a c e n t a l  g row th  th e  r e l a t i o n  m ust be 

i n v e s t i g a t e d  i n  some o t h e r  a n im a l ,  su ch  a s  t h e  r a b b i t e

I t  i s  n e c e s s a r y  to  n o te  h e re  t h a t  th e  w et w e ig h t  

o f  th e  p l a c e n t a  i s  a r e l a t i v e l y  c ru d e  m easure  of 

p l a c e n t a l  s i z e  and may b e a r  no v e r y  c lo s e  r e l a t i o n  t o  

f u n c t i o n a l  p l a c e n t a l  s i z e .  The l a t t e r  w i l l  be 

d e te rm in e d  by th e  t o t a l  v a s c u l a r  a r e a  f o r  p h y s i o l o g i c a l
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exchange betw een  m o the r  and f o e t u s ,  and a l s o  by th e  

p e r m e a b i l i t y  o f  th e  i n t e r v e n i n g  t i s s u e  membranes* The 

t o t a l  m a t e r i a l  exch anges  be tw een  m other and f o e t u s  may 

a l s o  b e ,  t o  a c o n s i d e r a b le  e x t e n t ,  in d e p e n d e n t  o f  even  

su ch  a m easure  o f  p h y s i o l o g i c a l  p l a c e n t a l  s i z e ,  s i n c e  

t h e y  must be un d e r  th e  i n f lu e n c e  o f  th e  r a t e s  o f  m a te r n a l  

and f o e t a l  b lo o d  flow® N e v e r t h e l e s s ,  F l e x n e r ' s

d e m o n s t r a t io n  o f  th e  t r a n s f e r  r a t e  o f  io n s  a s  b e a r i n g  a 

c l o s e r  r e l a t i o n  t o  th e  a b s o l u t e  g row th  r a t e  o f  th e  p l a c e n t a  

t h a n  t o  t h a t  o f  th e  f o e t u s ,  i n d i c a t e s  t h a t  th e  s im p le  

w e ig h t m easure  may n o t  be v e ry  f a r  removed from  a t r u e r  

p h y s i o l o g i c a l  m easure o f p l a c e n t a l  s iz e *

I t  i s  n o t  p o s s i b l e ,  from  th e  d a t a  a v a i l a b l e ,  to  

make any d e t a i l e d  a s s e s s m e n t  o f  th e  p a r t i t i o n  o f  t h e  r i s e  

i n  en e rg y  e x p e n d i tu r e  betw een  the  m a te r n a l  t i s s u e s  and the  

em bryonic  t i s s u e s .  The s m a l l e r  i n c r e a s e  i n  e n e rg y

e x p e n d i tu r e  i n  th e  second p r e g n a n c ie s ,  6 a s  compared w i th  

14 p e r  c e n t ,  i n  th e  f i r s t  p r e g n a n c ie s  s u g g e s t s  t h a t  the  

mass of em bryonic t i s s u e  may p l a y  th e  dom inant r o l e 0 

On th e  o t h e r  hand , i n  a l l  p r e g n a n c ie s  t h e r e  was a f a l l  

i n  m e ta b o l ic  r a t e  i n  th e  l a s t  t h r e e  d ay s  o f  p re g n a n c y  

when the embryonic t i s s u e  i s  r e a c h i n g  i t s  maximum m ass , 

w h i le  th e  r i s e  i n  m e ta b o l i c  r a t e  o c c u rs  e a r l y  i n  p re g n a n c y ,  

a t  l e a s t  by th e  Jth d a y ,  when th e  mass o f  th e  em bryonic  

t i s s u e  i s  n e g l i g i b l e .
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Even i f  th e  i n c r e a s e  i n  m e ta b o l i c  r a t e  w ere  

p re d o m in a n t ly  m a te rn a l  an i n c r e a s e  i n  r a t e  p e r  u n i t  m ass 

o f  t i s s u e  canno t be i n f e r r e d  when th e  g r e a t  and c o n t in u o u s  

a d d i t i o n  o f  t i s s u e  mass t o  th e  m other  be c o n s id e re d *

I f ,  how ever, th e  g r e a t e r  p a r t  o f  th e  t i s s u e  m ass a c c r u i n g  

t o  th e  m other be f a t ,  a s  t  he e v id e n c e  i n d i c a t e s ,  t h e n  th e  

m e ta b o l ic  r a t e  o f  the  a d d i t i o n a l  t i s s u e  may be low 0
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SUMMARY

(1) The r e l e v a n t  l i t e r a t u r e  on th e  e n e rg y ,  n i t r o g e n  and 

w a te r  m e tab o lism  d u r i n g  p reg n a n cy  i s  d i s c u s s e d *

(2) The m ethods employed i n  th e  p r e s e n t  w ork , t o  

i n v e s t i g a t e  th e  m e ta b o l ism  d u r in g  p re g n a n c y  i n  th e  r a t  

a r e  d e s c r i b e d  i n  d e t a i l ,

(3 )  The c o n s t r u c t i o n  o f  a r e s p i r a t i o n  c a l o r i m e t e r  f o r  tbe 

m easurem ent o f  th e  t o t a l  m e tab o lism  f o r  c o n t in u e d  

s u c c e s s iv e  p e r io d s  o f  24  h r*  i n  th e  r a t  i s  d e s c r i b e d  i n  

d e t a i l ,

(4 )  The o p e r a t io n  o f  t h i s  in s t r u m e n t  i s  d e s c r i b e d  i n  

d e t a i l *

(5) T h e o r e t ic a l  c o n s id e r a t io n s  i n  the  com putation o f  

energy exchanges from th e  form o f  data ob ta in ed  are  

s ta te d *  The i n t e r p r e t a t io n  o f  th ese  exchanges i s  

d isc u sse d *

( 6 ) The r e s u l t s ,  w i th  i l l u s t r a t i v e  d ia g ra m s ,  a r e  p r e s e n t e d  

o f  a t o t a l  o f  173 d a y s 1 s tu d y  o f  th e  m e ta b o l ism  o f  th e  

hooded r a t .  These r e s u l t s  c o v e r  s i x  p r e g n a n c ie s  and  

s i x t e e n  3 “ to  5~ &a7  p e r i o d s  o f  r e p r o d u c t iv e  r e s t ,

They in c lu d e  d a t a  on th e  com ponents o f  e n e rg y ,  n i t r o g e n  

and w a te r  ex ch ange ,

(7 )  E nergy  e x p e n d i tu re  was fo u n d  to  r i s e  by 10 p e r  c e n t , ,  

food e n e rg y  in ta k e  by 37 p e r  c e n t ,  and e n e rg y  b a la n c e  was 

found t o  be c o n s i s t e n t l y  p o s i t i v e  d u r in g  p re g n a n c y .
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(8 ) N i t ro g e n  b a la n c e  was p o s i t i v e  i n  a l l  p a r t s  o f  

p reg n an cy  i n  w hich  i t  was s t u d i e d .  Some e v id e n c e  was 

found f o r  a d e c l in e  i n  n i t r o g e n  b a la n c e  to  n e a r  z e ro  a t  

a b o u t  t h e  19 t h  day  o f  g e s t a t i o n ,  w i t h  s u b s e q u e n t  r e c o v e r y  

t o  p o s i t i v e  l e v e l s .

(9 )  W ater b a la n c e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  

z e ro  u n t i l  a b o u t  th e  15t h  day  o f  g e s t a t i o n .  T h e r e a f t e r

t h e r e  was a c o n s i s t e n t  w a te r  g a in  by th e  p r e g n a n t  o rg a n is m . 

No e v id e n c e  was found  o f  a m a te r n a l  w a te r  g a in  d u r i n g  

p re g n a n c y ,  and i n  f i v e  o u t  o f  th e  s i x  p r e g n a n c ie s  t h e r e  

was e v id e n c e  o f  d e h y d r a t io n  o f  th e  m a te r n a l  t i s s u e s .

W ater i n t a k e ,  v a p o u r i s e d  w a te r  l o s s  and u r i n a r y  w a te r  l o s s  

ro s e  d u r in g  p reg n a n cy  by 56 , 4 and 40 p e r  c e n t ,  r e s p e c t i v e l y

(10) S i g n i f i c a n t  i n c r e a s e s  i n  e n e rg y  e x p e n d i tu r e ,  i n t a k e  

and b a la n c e ;  i n  r e s p i r a t o r y  q u o t i e n t  and i n  v a p o u r i s e d  

and u r i n a r y  w a te r  l o s s e s ,  w i t h  d e c r e a s e s  i n  f l u i d ' w a t e r  

i n t a k e ,  w a te r  b a la n c e  and bodyw eight in c re m e n t  were found 

betw een th e  f i r s t  and secon d  p r e g n a n c i e s .  I t  i s  

p o in te d  o u t ,  how ever, t h a t  t h e s e  changes  may n o t  be t r u e  

p a r i t y  e f f e c t s ,  and may be d u e ,  i n  p a r t ,  t o  a s s o c i a t e d  

change i n  l i t t e r  s i z e .

(11) D ata  a re  p r e s e n te d  on the  g row th  o f  t h e  r a t  f o e t u s  

and p l a c e n t a .  The g row th  o f  the  f o e t u s  can  be 

r e p r e s e n t e d  by an  a l l o m e t r i c  e q u a t i o n .  The g ro w th  o f  

th e  p l a c e n t a  was found to  be l i n e a r  w i t h  t im e ,  and no 

ev id e n c e  was found o f  any c e s s a t i o n  o r  s lo w in g  o f  g row th
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b e fo re  th e  end of g e s t a t i o n .

(12) The s i g n i f i c a n c e  of t h e s e  r e s u l t s  i s  d i s c u s s e d . ,  and 

an  a t t e m p t  i s  made to  a s s e s s  t h e i r  g e n e r a l  v a l i d i t y  a s  

r e p r e s e n t a t i v e  o f  t h e  p a t t e r n  o f  p re g n a n c y  i n  th e  r a t .
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Table (1)

REGRESSION OF DAILY ENERGY EXPENDITURE ON BODYWEIGHT.

R e p ro d u c t iv e  R e s t  — c f  F ig*  (29)*  N = 14

T h e o r e t i c a l  l i n e a r  e q u a t io n ,  where E i s  d a i l y  e n e rg y

e x p e n d i tu r e  i n  C a l .  and W i s  bodyw eight i n  g .  -

E -  a f  b (W -  W)

Computed l i n e a r  e q u a t io n  -

E = 3 3 .1 5  f  0 .118  (w -  1 6 7 .5 )

ie  E = 1 3 .3 8  t  0.118W

A n a ly s is  o f  R e g r e s s io n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b from  

z e r o .

Source of 
V a r ia n ce

Crude
S q u a res

D .F . Mean 
Square  s

V a r ia n c e  t  P 
R a t io

R e g re s s io n 39 1 .889 4 1 391 .8 8 9 4 4 8 .8  7 . 0  < 0 .0 0 1

R e s id u a l 96 .5469 12 8 .0 2 8 9

T o ta l 488.2363 15

S ta n d a rd  E r r o r  o f  a -  0 .757

S ta n d a rd  E r r o r  o f  b -  O.OI69

S ta n d a rd  E r r o r  o f  I n t e r c e p t  on E a x i s  « 2 ,9 5



Table  (2)

REGRESSION OP RESPIRATORY QUOTIENT ON POOP ENERGY INTAKE

c f  P ig .  (3 5 ) .  N = 96 

T h e o r e t i c a l  l i n e a r  e q u a t io n ,  where R i s  r e s p i r a t o r y  q u o t i e n t ,  

and E i s  d a i l y  food  e n e rg y  in t a k e  i n  Gal.

R s a  4 b(E  -  E)

Computed l i n e a r  e q u a t io n  -

’ R -  1 .0 1 2  4 0 .00376 (E 65.07)

i e  R * 0 .7 67  0.00376E

A n a ly s i s  o f  r e g r e s s i o n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b from  z e r o .

Source o f  
V a r ia n c e

Crude
Squares

D.P . Mean
Squares

V a r ia n c e
R a t io

t  P

R e g r e s s io n 0.4831 1 0.4831 1 0 2 .8 1 0 .1  < 0 .0 0 1

R e s id u a l 0 .442 0 94 0.0047

T o ta l 0 .9251 95

S ta n d a rd  E r r o r  o f  a = 0.00699

S ta n d a rd  E r r o r  o f  b -  0 .000371

S ta n d a rd  E r r o r  o f  I n t e r c e p t  on R a x i s  ■ 0 .0252

D i f f e r e n c e  o f  o b se rv ed  from  t h e o r e t i c a l  i n t e r c e p t  on R a x i s  = 0 .06

t  o f  d i f f e r e n c e  e 2 .3 8  P « 0*02



T able  (3)

ANALYSIS OP VARIANCE OP ENERGY xiXPENDITURE -  Females 524 and 525

COuJ2;

Source o f  
V a r ian ce

Crude
S q u a res

D .P . ' Mean 
S qu ares '

V a r ia n c e
R a t io

P

Between
R a ts

5 • Id 1 5 .13

Between 
P re g n a n e ie s

194* SI 1 194 .81

Betw een
P e r io d s

99.62 3 33 .2

E r r o r 294 .24 40 7 .3 5

Completed
T o ta l

59b•80 45

O r ig in a l
T o ta l

572 .89 45

Between 
P r e g s . 

(C o rrec ted )

187 .9 5 1 187 .95 2 5 .5 7 < 0 .0 0 1

B et we en 
P e r io d s  • 

(C o rrec ted )

96 .12 3 32 .0 4 4 .36 0 .0 1

O v e ra l l  Mean s 42*5 C al.

S ta n d a rd  E r ro r  of P e r io d  Mean = 1 .1 1  C a l.

Maximum Mean P re g n an t  L eve l i s  109 p e r  c e n t ,  o f  N'.P.



Table (4)

ANALYSIS OP VARIANCE OP POOD ENERGY INTAKE -  Fem ales  524 

and 525 K -  48

Source  o f  
V a r ia n c e

Crude 
Square  s

D .F . Mean
S q u a res

V a r ia n c e
R a t io

P .

Between
R a ts

8 2 .9 5 1 8 2 .9 5

Between 
P re g n a n c ie s

4205*64 1 4205 .64

Between
P e r io d s

5626.33 5 187 5 .44

P r e g . - P e r io d  
I n t e r a c t i o n

1618 .57 5 559 .52

E r r o r 3131.43 57 84 .65

Completed
T o t a l

14664*92 45

O r ig in a l
T o ta l

13828.52 45

Between 
P r e g s . ( C o r r .

3965 .92 1 5965 .92 4 6 .8 6 < 0 .0 0 1

Between 
P e r io d s ( C o r r

5505.65
. )

5 176 8 .54 2 0 .9 0 < 0 .0 0 1

I n t e r a c t i o n  
( C o r r . )

1526.51 5 508 .77 6 .0 1 0 .002

O v e ra l l  Mean -  68*4 Cal*

S ta n d a rd  E r r o r  o f  P e r io d  Mean -  3*75 C a l .  

Maximum Mean P re g n a n t  L ev e l  i s  137 p e r  c e n t ,  

o f  N .P.



Table  (5)

a na ly sis  o p  variance op non- p r o t e in  respira to ry  quotient

N s  48 -  fem a le s  524 and 525

Source  o f  
V a r ia n ce

Crude
S qu ares

D .P . Mean
Squares

V a r ia n c e
R a t io

P

Between
R a ts

0 .0420 1 0 .0 4 2 0

Between
P re g n a n c ie s

0.1542 1 0.1542

Between
P e r io d s

0.1158 3 0 .0386

P r e g - P e r io d
I n t e r a c t i o n

0.0482 3 0 .0161

E r r o r 0 .0571 37 0 .0015

Completed
T o ta l

0 .4175 45

O r ig in a l
T o ta l

0 .3992 45

Between 
R a ts  (C o r r .)

0 .0402 1 0 .0402 2 6 .8 < 0 .00 1

Between 
P re g s .  (C o rr .

0 .1475
)

1 0 .1 475 98 .3 < 0 .0 0 1

Between 
P e r io d s  (Con?

0.1108
.)

3 0 .0369 2 4 .6 < 0 .001

P re g .  P e r io d  0 .0461  
I n t e r a c t i o n  (C o r r . )

3 0 .0154 1 0 .3 < 0 .0 0 1

O v e ra l l Mean s 1 .0 2
S tan d ard . E r r o r o f  P e r io d  Mean = 0 .0 1 6
Maximum Mean r r •egnant L eve l i s  102 pe r  c e n t ,  o f  P



T able  (6)

a n a ly sis  of variance OP ENERGY BALANCE - Females 524 and 525

N a 48

Source  o f  
V a r ia n c e

Crude
S quares

D .P . Mean
Squares

V a r ia n c e
R a t io

P

Between
R a ts

30 .5 6 1 30*56

Between 
P re g n an c ie  s

1311 .48 1 13 11 .48

Between
P e r io d s

2474.82 3 824.94

P r e g . - P e r i o d  
I n t e r a c t i o n

1066 .45 3 355 .48

E r r o r 1229 .10 37 33 .22

Completed
T o ta l

6081.85 45

O r ig in a l
T o ta l

5771.49 45

Between 
P r e g s i ( C o r r . )

1 2 4 4 •o9 1 1244 .59 37 .46 < 0 .00 1

Between 
P e r io d s  (Corr

23 48 .6 0 3 782 .8 7 23 .57 < 0 .001

P r e g . - P e r io d  
(C o r r .)

1012 .06 3 337 .35 10 *15 < 0 .0 0 1

O v e ra l l  Mean s 8 .5  C a l.

S tandard . E r r o r  o f  P e r io d  Mean a 2 .5 5  G al.

Maximum Mean P re g n a n t  L evel i s  565 p e r  c e n t . o f  N.P.
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T ab le  (8a)

REGRESSION OP URINARY NITROGEN ON INGESTED POOD WEIGHT.

N o n -p re g n a n t  S e r i e s  -  c f  P ig .  (4 8 ) .  N s 36 

T h e o r e t i c a l  l i n e a r  e q u a t i o n ,  where N i s  u r i n a r y  n i t r o g e n  i n  

mg. and  P i s  i n g e s t e d  fo o d  i n  g .

N = a + b (P  -  P)

Computed l i n e a r  e q u a t io n .

N s 262 1 3 .9 5  (P -  12 .3 4 )

i e  N = 90 4 1 3 .9 5 P

A n a ly s i s  o f  R e g r e s s io n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b from  z e r o .

S ou rce  o f  
V a r ia n c e

Crude
S q u a re s

D .P . Mean
S quares

V a r ia n c e
R a t i o

t  P

R e g re ss  io n 245949 1 245949 216 1 4 .7  <0.001

R e s id u a l 38738 34 1139

T o ta l 284687 35

S ta n d a rd  E r r o r  o f  a  = 5 .6 2 5  

S ta n d a r d  E r r o r  o f  b = 0 .9 4 9

S ta n d a rd  E r r o r  o f  I n t e r c e p t  on N a x i s  = 1 2 .9 9



T ab le  (8b)

REGRESSION OP URINARY NITROGEN ON INSISTED POOD WEIGHT.

Pregnant S e r ie s  -  c f  P ig .  ( 4 8 ) .  N -  62

T h e o r e t ic a l  l in e a r  e q u a tio n , where N i s  u r in ary  n itr o g e n  in  

mg. and P i s  in g e s te d  fo o d  in  g .  -  

N -  a + b (P -  F)

Computed l in e a r  e q u a tio n  -

N = 332 + 1 7 .2 9  (P -  1 7 .4 3 )  

i e  N -  31 +  17 .29F  

A n a ly s is  o f  R e g r e s s io n . D if fe r e n c e  o f  c o e f f i c i e n t  b from  

z e r o .

S o u rce  o f  
V a r ia n c e

Crude 
Square  s

D .P . Mean V a r ia n c e  t  P 
S q u a re s  R a t io

R e g r e s s io n 349349 1 349349 135 1 1 .6  < 0 .0 0 1

R e s id u a l 155073 60 2 5 8 5

T o t a l 504422 61

Standard E rror o f  a -  6 .457  

Standard E rror o f  b -  1 .4 9

Standard E rror o f  In te r c e p t  on N a x is  « 2 6 .7 0

D if fe r e n c e  betw een  b (n on -p regn an t) and b (p regn an t) -  3 •34-

Standard e r r o r  o f  d i f f e r e n c e  * 1 .2 8 ;  t  -  2 .6 ;  0 .0 2 >  P>0o01



T ab le  (8c)

REGRESSION OP URINARY NITROGEN ON INGESTED POOD WEIGHT.

Combined S e r i e s  -  c f  P ig .  (4 8 ) .  N -  98

T h e o r e t i c a l  l i n e a r  e q u a t i o n ,  where N i s  u r i n a r y  n i t r o g e n  I n  

mg. and P i s  i n g e s t e d  fo o d  i n  g .

N -  a  +  b (F  -  P)

Computed l i n e a r  e q u a t io n  -

N -  295 +  1 4 . 5 2 (P -  15 .56 )  

i e  N a  69 +  1 4 .5 2 P

A n a ly s is  o f  R e g r e s s io n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b from  z e r o .

Source  o f  
V a r ia n c e

Crude
S q u a res

D .P . Mean
S quares

V a r ia n c e  t  P 
R a t i o

Re g r e s s i o n 636827 1 636827 286 1 6 .9  4 0 .0 0 1

R e s id u a l 214037 96 2230

T o t a l . 850864 97

S ta n d a rd  E r r o r  o f  a  -  4 .7 7

S ta n d a rd  'E r r o r  o f  b -  0 .8 5 9

S ta n d a rd  E r r o r  o f  I n t e r c e p t  on N a x i s  « 1 4 .1 9



T ab le  (9)

REGRESSION OP FAECES WEIGHT ON POOD WEIGHT

c f  P i g .  (4 9 ) .  N = 163

T h e o re t ic  a l  l i n e a r  e q u a t i o n ,  where E i s  f a e c a l  e x c r e t a  i n  

g .  and F i s  fo o d  i n t a k e  i n  g .

E = a 4 * b ( P - P )

Computed l i n e a r  e q u a t io n  -

E -  2 .9 1 2  +  0 .1 5 4 (P -  1 4 .0 3 )  

i e  E a 0 .7 5 2  + 0 .1 5 4 F  

A n a ly s i s  o f  R e g r e s s io n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b from  z e r o .

Source  o f  
V a r ia n c e

Crude
S qu ares

D .P . Mean
S quares

V a r ia n c e  t  P 
R a t io

Re g re  s s i  on 94 .7683 1 94.7683 2 7 8 .7  1 6 .7  < 0 .001

R e s id u a l 54 .9655 161 ' 0 .3 4

Tot a l 14 9 .7338 162

S ta n d a rd  E r r o r  o f  a = 0 .0457

S ta n d a rd  E r r o r  o f  b s  0 .00921

S ta n d a rd  E r r o r  o f  I n t e r c e p t  on E a x i s  = 0 .137



Table ( 1 0 )

ANALYSIS OP VARIANCE OF TOTAL URINARY NITROGEN - Fem ales

524 and 525 N = 48

Source o f  
V ariance

Crude 
Square s

D .F . Mean
Squares

V ariance
R atio

P .

Between
R a ts

1 1 9 0 1 1 1 9 0

Between
P reg n a n cies

73868 1 73868

Between
P e r io d s

72393 3 24131

P r e g .-P e r io d  
I n te r a c t io n

5 2 5 5 8 3 17519

E r r o r 7 6 0 9 2 37 2057

Completed
T o ta l

2 7 6 1 0 1 45

O r ig in a l
T o ta l

267473 45

Between  
P r e g s . (Corr

71556
. )

1 71556 3 4 .7 9 <0 . 0 0 1

Between 70127  
P er io d s  (C o r r .)

3 23376 1 1 .3 6 < 0 .0 0 1

I n te r a c t io n  
(C orr. )

50913 3 16971 8 . 2 5 < 0 .0 0 1

O v e r a ll Mean -  3^5

Standard E rror o f  P er iod  Mean -  18*5 mg*

Maximum Mean Pregnant L ev e l i s  105 per c e n t ,  o f  N.P



T able (11)

ANALYSIS OF Va riance OF NITROGEN BALANCE -  Fem ales 524 and 325

N = 48

S ource  o f  
V a r ia n c e

Crude
S q u a re s

D .F . Mean V a r ia n c e  
S q u a res  R a t io

P

B etw een
R a ts

1430 1 1430

Betw een
P r e g n a n c ie s

560 1 560

Betw een
P e r io d s

36037 3 12012 4 .0 9 0*012

E r ro r 114124 40 2930

Com pleted
T o ta l

152151 45

O r i g i n a l
T o ta l

156813 45

O v e ra l l  Mean r  5 4 .3  mg*

S ta n d a rd  E r r o r  o f  P e r io d  Mean s  21*7 mg*

Maximum Mean P re g n a n t  L eve l i s  690 p e r  cen t*  o f  N*P*



Table (12)

ANALYSIS OP VARIANCE OP NITROGEN BALANCE FOR LAST SEVEN 

DAYS OP GESTATION* Fem ales 5 2 4  and 525

N -  28

S ou rce  o f  
V a r ia n c e

Crude
S q u a re s

D .F . Mean
S q u a re s

V a r ia n c e
R a t io

P .

Betw een
Days

1 8 ,8 8 0 6 3 U 7 1 .7 6 0 . 2

P r e g - P e r io d
I n t e r a c t i o n

2 4 , 6 9 8 6 4116 2 .3 1 0 . 1

E r r o r 2 4 ,9 8 7 14 1785

T o t a l 6 8 ,5 6 5 26

O vera ll Mean -  74 mg.

Standard E rror o f  Day Mean -  16 mg0
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Table (14)

ANALYSIS OF VARIANCE OF FLUID WATER INTAKE -  Fem ales  524 

and 525„ N s  4 8 .

Source o f  
V ariance

Crude 
Square s

D .F . Mean
Squares

V ariance
R atio

P .

Between
R ats

5 7 .2 0 1 57 .2 0

Between
P reg n a n c ies

2*61 1 2 .6 1

Between
P er io d s

445 .69 3 1 4 7 .9 0

E rror 84 1 .88 40 2 1 .0 5

Completed
T o ta l

1545 .58 45

O r ig in a l
T o ta l

1521.05 45

Between  
R ats (C orr*)

56 .17 1 56 .17 2 .6 7 0 .1

Between  
P er io d s  (Corr

4 55 .70
. )

3 145 .23 6 .8 9 0 .0 0 1

O v e r a l l  Mean -  18*7 g .

S ta n d a rd  E r r o r  o f  P e r io d  Mean -  1*87 g .  

Maximum Mean P re g n a n t  L e v e l  i s  156 P®** c e n t*  

o f  N .P .



T ab le  (15)

ANALYSIS 0?  Variance  OP VAPOURISED aATER aOSS ( C o r r e c t e d )

Females 524 and 525

N = 48

S ource  o f  
V a r i a n c e

Crude 
Square  s

D .F . Mean
S quares

V a r ia n c e
R a t i o

P

Between
R a t s

3 .7 4 1 3 .7 4

Between
P r e g n a n c i e s

3 7 .4 6 1 37 .46

Between
P e r i o d s

21 .4 9 3 7 .1 6

Pre g- Pe r i  od 
I n t e r a c t i o n

2 4 .5 3 £ 8 . 1 8 5

E r r o r 37 .31 37 1 .0 1

Completed
T o t a l

1 2 4 .5 3 45

O r i g i n a l
T o t a l

119 .5 5 45 -

Between 
R a ts  ( C o r r . )

3 .5 9 1 3 .5 9 3 .5 5 0 .0 6 5

Between 
P r e g s . ( Ccsr r  •

35 .96
)

1 35 .96 3 5 .6 0 < 0 .0 0 1

Between 2 0 .6 3  
P e r i o d s  ( C o r r . )

3 6 .8 8 6 .8 1 •■0.001

I n t e r a c t i o n
( C o r r . )

2 3 .5 5 3 7 .8 5 7 .7 7 < 0 .0 0 1

O v e r a l l  Mean r  15-2  g .

S t a n d a r d  E r r o r  o f  P e r i o d  Mean r  0 .4 1  g.

Maximum Mean P r e g n a n t  L e v e l  i s  104 p e r  c e n t ,  o f  N.P*



Table (16)

ANALYSIS OF VARIANCE OF URINARY WATER LOSS -  Fem ales 

524 and 5 2 5  

N -  48

Source o f  
V ariance

Crude
Squares

D .F . Mean
Squares

V ariance
R a tio

P .

Between
R ats

4 5 .7 0 1 4 3 .7 0

Between
P reg n a n cies

104*43 1 104 .4 3

Between
P er io d s

88 # 3 0 3 2 9 .4 3

P reg -P erio d
I n te r a c t io n

25*28 3 8 .4 3

E rror 68 #42 37 1 .8 5

Completed
T o ta l

5 3 0 .1 3 45

O r ig in a l
T o ta l

3 1 0 .8 3 45

Between  
R a ts(C o rr •)

4 1 .1 4 1 4 1 .1 4 2 2 .2 4 < 0 .0 0 1

Between  
P r e g s .(C o r r  •)

9 8 .3 2 1 9 8 .3 2 5 3 .1 5 < 0 .0 0 1

Between  
P er io d s (Corr

8 3 .13
. )

3 2 7 .7 1 1 4 .9 8 <0 .0 0 1

I n te r a c t io n  
(C orr0 )

2 3 . 8 0 3 7 .9 3 4 .2 9 0 . 0 1

O v era ll Mean « 7*5 g .

Standard E rror o f  P eriod  Mean r 0 ,5 6  g .

Maximum Mean Pregnant L ev e l i s  140 per cen t#  
o f  N .P .



T ab le  (17)

ANALYSIS OP variance OP WATER BAlaNCE — Females 524 and 525

N ii 00

S ource  o f  
V a r i a n c e

Crude
Squares

D.P . Mean
Squares

V a r ia n c e
R a t i o

P

Between
R a ts

7 .5 2 1

Between
P r e g n a n c i e s

1 1 0 .4 1 1 1 10 .41 5 .3 4 0 .0 3

Between
P e r i o d s

1 4 0 .2 5 5 46 .7 5 2 .2 6 0 .1 0

E r r o r 8 2 6 .7 4 40 2 0 .6 7

Completed
T o t a l

1 0 84 .9 2 45

O r i g i n a l
T o t a l

1 08 2 .47 45

O v e r a l l  Mean -  +1*8 g .

Standard.  E r r o r  o f  P e r i o d  Mean s  1*86 g .  

Mean N on -p re g n an t  B a la n ce  s  -0*89  g .  

Maximum Mean P r e g n a n t  B a lan ce  * + 3*58 g .
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Table (21)

REGRESSION OP PIACENTAL WEIGHT ON GESTATION AGE.

c f  P i g .  ( 7 8 ) .  N -  84

T h e o r e t i c a l  l i n e a r  e q u a t io n ,  where P i s  p l a c e n t a l  w e ig h t  

i n  mg. and  T i s  g e s t a t i o n  age i n  d a y s : -  

P = a  f  b (T -  7 )

Computed l i n e a r  e q u a t i o n : •»

P = 280 ♦ 4 6 .3  (T -  1 8 .0 6 )

i e  P = 46 .3T  -  556 

A n a l y s i s  o f  R e g r e s s i o n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b from  

z e r o .

S o u rce  o f  Crude D .P . Mean V a r ia n c e  t  P
V a r ia n c e  S q u a re s  S q u a res  R a t io

R e g r e s s io n  1219602 1 1219602 230 1 5 .2  < 0 .00 1

R e s i d u a l  435056 82 5306

T o t a l  1654658 83

S ta n d a r d  E r r o r  o f  a = 7*95 

S ta n d a r d  E r r o r  o f  b -  3»05

S ta n d a rd  E r r o r  o f  I n t e r c e p t  on P a x i s  f o r  (T r  12) -  

2 0 .2 6



T ab le  (22)

REGRESSION OP LOG. PL AGENT Ai WEIGHT ON jjOG. POETAl vLilGHT.

c f  P i g .  ( 8 0 ) .  N -  84

T h e o r e t i c a l  l i n e a r  e q u a t i o n , . where f . . i s  l o g ( f o e t a l  w e i g h t 'm g . )  

and  p i s  l o g ( p l a c e n t a l  w e ig h t  mg.)

p ■ a  + b ( f  -  f )

Computed l i n e a r  e q u a t i o n  -

p -  2 .5 8  ♦ 0 . 4 3 8 ( f  -  2 .9 8 )  

i e  p ta "1 .076  f  0 . 4 3 8 f

A n a l y s i s  o f  R e g r e s s i o n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b f rom z e r o .

Source  o f  
Var i a n c e

Crude
S quares

D.P . Mean
Squ a res

V a r ia n c e
R a t i o

t  P

R e g r e s s i o n 4 .8367 1 4 .8367 322 1 7 .1 9  <0 .001

Re s i d u a l 1 .2 3 3 9 82 0 .0 1 50

T o t a l 6 .0706 83

S t a n d a r d  E r r o r  o f  a e 0 .0133  

S t a n d a r d  E r r o r  o f  b s  0 .0244

Taking  P a s  f o e t a l  w e ig h t  i n  mg. and P a s  p l a c e n t a l  w e ig h t  i n  

mg.,  t h e  above l o g a r i t h m i c  r e l a t i o n  c an  be c o n v e r t e d  t o  

th e  d i r e c t  r e l a t i o n : -

P = 1 1 .9  P0 .4 3 8



Table (2 3 )

REGRESSION OP LOG. FOETAL WE I  CUT ON LOG. GESTATION ACS.

c f  P i g .  ( 8 1 ) .  N = 84

T h e o r e t i c a l  l i n e a r  e q u a t io n ,  where f  i s  l o g  ( f o e t a l  w e ig h t  ng. 

and t  i s  lo g  ( g e s t a t i o n  age d a y s )  -  

f  -  a t  b ( t  -  ¥ )

Computed l i n e a r  e q u a t io n  -

t  = 2 .9 8  ♦ 8 .4 1 4  ( t  -  1 . 2 5 3 ) 

i e  f  -  8 .4 1 4 t  -  7 .563

A n a l y s i s  o f  R e g r e s s i o n .  D i f f e r e n c e  o f  c o e f f i c i e n t  b

from  z e r o .

S ou rce  o f  Crude D .P . Mean V a r ia n c e  t  P
V a r ia n c e  S q u a re s  S q u a re s  R a t io

R e g r e s s io n  23*3719 1 2 3 .3719  1021 3 1 .9 5  < 0 .0 0 1

R e s i d u a l  1 .8759  82 0 .0229

T o t a l  25 .24 78  83

S ta n d a rd  E r r o r  o f j a  = 0*0165

S ta n d a rd  E r r o r  o f  b -  0.2.63

T a k in g  P a s  f o e t a l  w e ig h t  i n  mg. and T a s  g e s t a t i o n  age I n

d a y s ,  th e  above l o g a r i t h m i c  r e l a t i o n  c a n  be c o n v e r te d  to

th e  d i r e c t  r e l a t i o n  -  8 .4 1 4
F s  T

3 6 4 6 0 0 0 0



APPENDIX I

E x p e r im e n ta l  P ro c e d u re s



P ro c e d u re  f o r  D a i ly  C hange-over i n  O p e ra t io n

o f  R e s p i r a t i o n  C a lo r i m e t e r .

Order  o f  P r e l i m i n a r y  Work.

(1)  Weigh c h a rg e d  food  b o x ,

(2 )  Weigh soda  a s b e s t o s  t u b e s .

(3 )  Weigh guard  anhydrone  t u b e .

(4 )  Weigh d r y  a n im a l  f r a m e .

(5)  Weigh d r y  u r i n e  f u n n e l .

(6)  Weigh d r y  a n im a l  c a n n i s t e r .

(7)  P i l l  w a t e r  b o t t l e .  E n su re  d e l i v e r y  tu b e  o f  b o t t l e  

f u l l  o f  w a t e r .  Dry o u t e r  s u r f a c e  o f  w a te r  b o t t l e  

t h o r o u g h l y .  Weigh w a t e r  b o t t l e .

(8)  Weigh w a t e r  a b s o r p t i o n  t u b e s ,  (one CaClg and one 

a n h y d r o n e ) .

(9 )  P u t  a b o u t  10 m l ,  1 N f l a s k .  Wash

down n e c k  o f  f l a s k  w i t h  d i s t i l l e d  w a t e r .  Dry I n s i d e  

n e ck  o f  f l a s k .  Weigh u r i n e  f l a s k .

O rder  o f  E v e n t s  d u r i n g  C h a n g e -o v e r .

(1) S w i t c h  o f f  oxygen r e c o r d i n g  drum and r e c o r d  t im e  and 

s p i r o m e t e r  r e a d i n g .  Remove drum; remove t r a c e ;  renew 

p a p e r  and smoke.

(2) S w i t c h  o f f  pump and a d j u s t  to  s t a n d a r d  p o i n t  of  p h a s e .



(3)  Record t i m e ,  s p i r o m e t e r  r e a d i n g ,  b a r o m e t r i c  p r e s s u r e  

and c a b i n e t  t e m p e r a t u r e .

(4)  Turn  t a p  T- t o  manometer p o s i t i o n .

(5)  S w i t c h  o f f  f a n .  Open d o o r  o f  c a b i n e t ,  c l o s e  U - tub e  

s t o p p e r  t a p s ,  r e c o r d  chamber t e m p e r a t u r e .

(6)  P l a c e  f r e s h  chamber on i n s i d e  sp a re  r a c k .  Remove

u se d  a n im a l  chamber t o  o u t s i d e  r a c k ,

(7)  T urn  t a p  T^ t o  oxygen i n l e t  p o s i t i o n  and l e t  s p i r o m e t e r

f i l l  s lo w ly  from oxygen c y l i n d e r .  Close  c a b i n e t .

The s p i r o m e t e r  i s  watched d u r i n g  the  su b s e q u e n t  work 

and when f u l l ,  Tp I s  r e t u r n e d  t o  o r i g i n a l  p o s i t i o n  

and t h e  c y l i n d e r  v a l v e  c l o s e d .

(8)  Open u sed  a n im a l  cham ber .  Remove w a te r  b o t t l e .  Remove 

r a t  and p l a c e  i n  w e ig h in g  c a n n i s t e r  .  R ep la ce  l i d  o f  

chamber b u t  do n o t  b o l t  down.

(9)  Weigh r a t  i n  c a n n i s t e r .

(10) T r a n s f e r  u se d  a n im a l  chamber t o  i n s i d e  r a c k  and f r e s h

chamber t o  o u t s i d e  r a c k .

( i d  A t t a c h  u r i n e  f u n n e l  t o  f r e s h  a n im a l  chamber and I n s e r t

u r i n e  f u n n e l  and a n im a l  r a c k  w i t h  a t t a c h e d  food  box .

T r a n s f e r  r a t  t o  f r e s h  a n im a l  chamber ,

(12) P l a c e  f r e s h  w a te r  b o t t l e  i n  a n im a l  chamber.  B o l t  down 

l i d .  Record  t im e  .

(13) P l a c e  f r e s h l y  lo a d e d  a n im a l  chamber i n  p o s i t i o n .  Remove 

u sed  a n im a l  chamber t o  o u t s i d e  r a c k .

(14) Remove u se d  a b s o r b i n g  t r a i n .  Rep la  ce w i t h  f r e s h

ab s or h i  ng t  r  a i n .



(15)

( 1 6 )

(17)

( 18 )

(19)

( 2 0 )

(21)

( 1 )

( 2 )

( 3 )

(4)

(5)

( 6 )

(7)

A t t a c h  d u c t s  to  an im al  chamber and t o  a b s o r b i n g  t r a i n .  

Record a n im a l  chamber t e m p e r a t u r e .  Open s t o p p e r  t a p s  

i n  a b s o r b i n g  t r a i n .

S w i t c h  on pump and c lo s e  d o o r  o f  c a b i n e t .

G radua te  oxygen r e c o r d  p a p e r .

P l a c e  drum i n  c a b i n e t .  A d ju s t  drum to  s u i t a b l e  h e i g h t  

and appose  w r i t i n g  p o i n t  to  drum w i t h  plumb l i n e .

S w i t c h  on drum and le a v e  u n t i l  ru n n in g  sm o o th ly .

D u r in g  t h i s  p e r i o d  w a tch  the  manometer l e v e l  f o r  any 

i n d i c a t i o n s  o f  l e a k s  i n  the a p p a r a t u s .

Record  t im e ,  s p i r o m e t e r  r e a d i n g ,  c a b i n e t  t e m p e r a tu re  

and b a r o m e t r i c  p r e s s u r e .  Turn T^ to  s p i r o m e t e r  

p o s i t i o n .

Order o f  E v e n t s  a f t e r  C h ange-ove r .

Remove a n im a l  frame from used  chamber and p l a c e  th e  

f o i m e r  on c l e a n  s h e e t  o f  p a p e r .

Remove u r i n e  f u n n e l .  Shake d ry  food o f f  f u n n e l  on t o  

th e  same s h e e t  of  p a p e r .  P la c e  u r i n e  f u n n e l ,  i n v e r t e d ,  

on p a p e r  so t h a t  no f l u i d  i s  l o s t  f rom  i t .

Remove u r i n e  f l a s k .

T r a n s f e r  f a e c e s  from g r i d  o f  frame to  an im al  w e ig h in g  

c a n n i s t e r .  Shake d r y  food from frame on to  p a p e r .

We i g h  u r i  ne f  l a  s k .

Weigh u r i n e  f u n n e l  and t h e n  p l a c e  i n  mouth o f  f l a s k .  

Weigh a n im a l  f r a m e .



(8)  Sc rap e  c o n ta m in a te d  food from a n im a l  fram e i n t o  u r in e  

f u n n e l .  Wash frame and f u n n e l  r e s i d u e s  i n t o  u r i n e  

f l a s k .

(9) Weigh w a t e r  a b s o r b in g  t u b e s .

(10) Weigh c a n n i s t e r  w i t h  m o is t  f a e c e s .  P u t  c a n n i s t e r  and 

f a e c e s  i n  d r y i n g  o ven .

(11) Weigh w a te r  b o t t l e *

(12) Weigh food  b o x .

( l j )  W eigh soda  a s b e s t o s  and guard t u b e s .

(14) B rush  d ry  s c a t t e r e d  food  r e s i d u e s  from  chamber onto

p a p e r .  W eigh combined d ry  food r e s i d u e s .

(15) Wash o u t  e x h a u s te d  U - tu b e s .

(16) A n n o ta te  and  v a r n i s h  oxygen consum ption  t r a c e .

(17) P r e p a r e  u r i n e  f o r  n i t r o g e n  e s t i m a t i o n ,  c f  p .  (130)

(18) Weigh d r i e d  f a e c e s  a f t e r  24 h r .  d r y i n g .



P ro c e d u re  f o r  R e c h a rg in g  S p i r o m e t e r .

(1 )  Turn  t h e  t a p  t o  connec t  oxygen i n l e t  t o  s p i r o m e t e r ,  

so d i s c o n n e c t i n g  i t  from  the  s p i r o m e t e r .

(2 )  R ecord  t im e  and s p i ro m e te r  r e a d i n g .

(3 ) T urn  th e  t a p  Tg t o  co n n ec t  s p i r o m e te r  t o  oxygen c y l i n d e r

i n l e t .  P i l l  s p i ro m e te r  to  th e  r e q u i r e d  l e v e l .  R e s to r e  

Tg t o  no rm al p o s i t i o n .

(4) Leave axoparatus f o r  15 m in .  d u r in g  which tim e the  

Oxygen u sag e  can  be s e e n  by th e  f a l l  i n  p r e s s u r e  i n  

t h e  cham ber c i r c u i t  shown by th e  w a te r  manometer .

(5 ) R ecord  c a b i n e t  te m p e ra tu re  and b a ro m e tr ic  p r e s s u r e .

(6 ) R ecord  s p i r o m e te r  s c a le  r e a d in g  and tim e a f t e r  Vj m in .

(7 ) T urn  th e  t a p  T^ f i r s t  t o  nm a n o m e te r -s p i ro m e te r !* p o s i t i o n ,

to  a l lo w  th e  manometer to  r e t u r n  to  i t s  r e s t i n g  l e v e l .

Then t u r n  T^ t o  ” s p i ro m e te r  on lyw p o s i t i o n .

(8 ) Keep a p p a r a t u s  u n d e r  o b s e r v a t io n  f o r  a f u r t h e r  15 m in . 

p e r i o d .



P ro c e d u re  f o r  R e p la c in g  E x h a u s te d  o r  Blocked 

_________________ A b s o rb in g  T u b es ._____________

S w itc h  o f f  pump m o to r .

T urn  t h e  t a p  T^ t o  c o n n e c t  the  oxygen I n l e t  t o  th e  

m anometer and to  d i s c o n n e c t  i t  from th e  s p i r o m e t e r .  

A d ju s t  t h e  p h a se  o f  th e  pump so t h a t  the  p r e s s u r e  i n  

the  chamber c i r c u i t  i s  e q u a l  to  the  a tm o s p h e r ic  

p r e s s u r e .

S e a l  the  d u c t  sys tem  on b o th  s i d e s  o f t  he a b s o r b in g  t r a i  

o r  on b o th  s i d e s  o f  th e  tu b e  to  be r e p l a c e d ,  by u se  of 

th e  t a p  s t o p p e r s  i n  s u i t a b l e  U - tu b e s  o r by c la m p in g  th e  

ru b b e r  c o n n e c t io n s  be tw een  the  t u b e s .

R e p la ce  t h e  r e l e v a n t  tu b e  by a w eighed , unused  t u b e .  

U n s e a l  th e  a b s o r b in g  t r a i n  and r e - s t a r t  the  pump.

A llow  T^ t o  re m a in  i n  i t s  a l t e r e d  p o s i t i o n  u n t i l  t h e  

m anom eter r e g i s t e r s  a s l i g h t l y  re d u c e d  p r e s s u r e  i n  the  

chamber c i r c u i t .  Then t a p  the  s p i ro m e te r  back i n t o  

th e  c i r c u i t .



Procedure for Bomb Calorimetry.

The s i l i c a  c r u i c i b l e ,  u se d  to  c a r r y  t h e  p e l l e t e d  

m a t e r i a l ,  i s  w eighed w i th  a 6 cm. l e n g t h  o f  f u s e  w i r e .  

The m a t e r i a l  t o  be b u r n t  i s  p e l l e t e d  i n  t h e  p r e s s  

w i t h  t h e  f u s e  w ire  embedded i n  i t .

The p e l l e t e d  s u b s ta n c e ,  w i t h  th e  fu s e  w i r e ,  i s  p l a c e d  

i n  th e  c r u c i b l e  and th e  whole w e ig h ed . The d i f f e r e n c e  

be tw een  th e  w e ig h ts  found i n  (1 )  and (3 )  g iv e s  th e  

w e ig h t  o f  s u b s ta n c e  u s e d .

The c r u c i b l e  w i th  p e l l e t  i s  a t t a c h e d  to  t h e  s p r in g  

h o ld e r  form ed by th e  c o n t a c t s  i n  th e  bomb c a p .  The 

e n d s  o f  the  fu se  w ire  a re  bound to  t h e  c o n t a c t s .

A l i g h t  f i lm  o f  s i l i c o n e  g re a s e  i s  a p p l i e d  t o  the  

o u t s i d e  r im  o f  the  bomb body .

The cap i s  sc rew ed  o n to  th e  body of th e  bomb and 

l i g h t l y  t i g h t e n e d  w ith  a l a r g e  s p a n n e r .

The bomb i s  f i l l e d  w i th  oxygen to  25 a tm o sp h e re s .

The c a l o r i m e t e r  v e s s e l  i s  f i l l e d  to  th e  ap p ro x im a te  

l e v e l  w i th  t a p  w a te r  a t  about 15°C . W ater i s  added  

o r  w ith d raw n  by a p i p p e t t e  u n t i l  t h e  v e s s e l  i s  

e x a c t l y  b a la n c e d  by th e  s t a n d a r d  w e i ^ i t  • The v e s s e l  

i s  t h e n  p l a c e d  i n  the  w a t e r - j a c k e t  o f th e  a p p a r a t u s .  

The l e a d s  from  th e  i g n i t i o n  u n i t  a r e  bound t o  th e  

e x t e r n a l  c o n t a c t s  on th e  bomb c a p ,  and th e  bomb i s  

c a r e f u l l y  lo w e re d  i n to  the  c a l o r i m e t e r  v e s s e l ,  and 

a r r a n g e d  to  s i t  i n  th e  bo ttom  c e n t r e  o f  th e  v e s s e l .



(10) The s t i r r e r  i s  f i t t e d  to  th e  d r i v i n g  m echanism and

th e  p o s i t i o n  o f  th e  bomb a d j u s t e d  so t h a t  the  s t i r r e r

c l e a r s  th e  bomb.

(11) The th e rm o m e te r  i s  c a r e f u l l y  p a s s e d  i n t o  th e  c a l o r i m e t e r  

v e s s e l ,  t h r o u g h  the  s p r i n g  c l i p  on the  s t i r r e r  s u p e r 

s t r u c t u r e ,  u n t i l  i t  r e a c h e s  th e  s t a n d a r d  im m ersion  

m a rk .  The th e rm o m ete r  i s  a lw ay s  t h e  l a s t  p a r t  o f  th e  

a p p a r a t u s  t o  be s e t  i n  p l a c e  and th e  f i r s t  p a r t  t o  be 

rem oved a t  t h e  end o f  a n  e s t i m a t i o n .

(12) The s t i r r e r  m o to r i s  sw itch ed  on and th e  s t i r r e r  i s

a l lo w e d  to  i n n ,  a t  about 1 c y c le  p e r  s e c . ,  f o r  a b o u t  5 m in .

T h is  a l lo w s  th e  te m p e r a tu re  r e l a t i o n s  of t h e  d i f f e r e n t  

p a r t s  o f  the  a p p a r a t u s  to  become s t e a d y .

(13) The th e rm o m ete r  r e a d i n g  i s  r e c o rd e d  a t  \  m in .  i n t e r v a l s  

f o r  t h r e e  m in . ,  o r  u n t i l  t h e  r a t e  o f  r i s e  o r  f a l l  o f  

t e m p e r a tu r e  h a s  b e e n  s u b s t a n t i a l l y  c o n s t a n t  f o r  t h r e e  min*

(14) The i g n i t i o n  s w i tc h  i s  d e p re s s e d  a t  the  e n d  o f  the  t h r e e  

m in .  p r e - p e r i o d  and t h e  te m p e ra tu re  i s  r e c o rd e d  a t  \  m in .  

i n t e r v a l s  u n t i l  th e  r a t e  o f  te m p e ra tu re  f a l l  h a s  b e en  

s t e a d y  f o r  t h r e e  m in .  The s t i r r e r  m otor i s  sw itc h e d  o f f .

(15) The a p p a r a t u s  i s  d i s m a n t le d  i n  th e  r e v e r s e  o r d e r  o f  

a s s e m b ly .  On rem oving  th e  cap  from  th e  bomb th e  i n s i d e  

o f  the  bomb i s  c l o s e l y  i n s p e c t e d  fo r  s i g n s  o f  s c a t t e r e d  

m a t e r i a l  o t h e r  th a n  a s h ,  o r  any o th e r  s i g n  o f  in co m p le te  

c o m b u s t io n .



Example o f  Com putation o f  Heat o f  Combustion

FQod Sample -  Batch A, D ie t  41

W eight o f  food  sample -  1*881 g*

Temperature r e a d in g s  a t h a lf-m in u te  in t e r v a l s .

P r e - ig n i t io n  
Tem peratures 

°C .

1 7 .5 7
1 7 .5 6 8
1 7 .5 6 8
1 7 .5 6 8  
1 7 .5 6 5  
1 7 .5 6  
1 7 .5 5 8  >
1 7 .5 5 6  
1 7 .5 5 4

t n-
1 7 .5 7 4

i t
0.002

i ( t  4- tn_)_
11

0 .0 2 2  -n t
P

Observed tem perature r i s e  -  t n -  t  -  3*348  

C o r re c tio n  -  nv t kP -  0 .022  + 0 .0429

= 0 .0649

C orrected  tem perature r i s e  -  3*413 

W ater e q u iv a le n t  o f  c a lo r im e te r  ;  2285 8*

T o ta l h e a t  produced -  7 .7 9 9  Cal*

T o ta l h ea t p er  g .  food * 4 .1 4 6  C a l.

H eat o f  com bustion p er  g .  food  a t  c o n sta n t  volume

H eatin g  P eriod  
Temperature s 

°C.

1 7 .8 5
1 8 .9 0  
2 0 .1 0  
2 0 .5 3  
2 0 .8 0  
2 0 .8 8  
2 0 .9 0 5
2 0 .9 1
2 0 .9 1  

1 2 0 .9 1

= 202.695

r 1 9 .2 2 8

n

C o o lin g  P eriod  
Tem peratures 

°C.

20 .90 2
20.896
20.89
20.881
20.876
2 0 .8 7
2 0 .8 6
2 0 .8 5 3

t  =
1

V1 = 
k -

2 0 .8 7 9

0 .0 0 7

= -1 9 3 .3 1 4 Z  0 .0 0 1 5



m e t a b o l ic  d a t a

Rat No. Pregnancy No. O estrus D ie t

I n i t i a l  End

Date
Time

B arom etric P ressu re  
Chamber Temperature

O2 Con- Sp irom eter 1
sumpti on Sp irom eter 2

Sp irom eter 1 A

HpO Tube H 1
Absorption Tube H 2

COg Tube C 1
Absorption Tube C 2

Chemical H2 0 Tube CH 1 .• • • • • • • • •
Absorption Tube CH 2

Spirom eters Tube D 1
Driers Tube D 2

Rat and Box $ 0 .
Faeces w t» Box 4* F aeces

Food Box No.
Waste on Tray

Urine F la sk  ^ o .

prinking
ratm* B ott l e  No .
•   ..........

N otes



METABOLIC DATA

Hat No. 52 5 P r e g n a n c y  No. 3 O e s t r u s  D i e t  S to c k

Date
Time

B a ro m e t r i c  P r e s s u r e  
Chamber T em pera tu re  

( C a b in e t  T em p era tu re )

I n i t i a l

1 4 /3 /5 2
1 . 5 °  p.m.
763 mm. 
2 1 .2 ° C .
22 .1°C .

P i n a l

I 5 /3 /5 2
2 . 1 5  p .m .  
754 mm,
2 6 . 0°C . 
2 5 .2 °C .

02 Con
sum pt ion

S p i r o m e te r  1 
S p i r o m e t e r  2 
S p i ro m e te r  1 A

2 5 . 3 5
2 5 .2 1
2 4 .1 0

5 .5 8
3*93

1 3 .6 5

H20 Tube H 1 
A b s o r p t i o n  Tube H 2

213 .974
109.921

1 2 8 .4 7 3
2 1 1 .6 4 0

CO2 Tube C 1 
A b s o r p t i o n  Tube C 2

211 .484 2 2 7 . 3 9 5

Chemica l  
HpO Absorp  
t  i o n

Tube CH 1 
-Tube CH 2

100.727 101 .9 21

S p i r o m e t e r
D r i e r s

Tube D 1 
Tube D 2

Rat  and 
F a e c e s  Wt.

(Box *• R a t )  
Box F a e c e s

455 .46 4 5 6 .8 5
165 .531

Food (Box f  Food) 
Waste on T ray

186 .070 163.296  
6 .6 4 1

U rine F l a s k  No. 54.667 6 1 .6 1 4

D r in k in g
Water B o t t l e  No. I 6O.596 1 4 3 .8 2 5

N o t e s /



N otes

B. F u n n e l 9 4 .9 8 9  B. Frame 270 .5 4 5
E . F u n n e l 95*358 E . Frame 271 .463

Box 4- D ried  F a e c e s  164 .929  
Dry w e ig h t o f  Box 162 .847

Open 02 changed 02 changed CaCl2 changed

2 .1 0  pm. 1 1 .3 0  pm. 9*00  am. 9*30 am. 

open T j open

1 1 .4 5  pm. 9*15 Pm*

2 2 .4 °  760 2 2 . 3 ° 757

Drum o f f  

2 . 0 0  p m .  

S p . 14 .0 8



APPENDIX 2  

T a b le s  o f  T e c h n i c a l  D a ta



T a b le  (24$)

CALIBRATION OP SPIROMETER I  

c f -  P ig  (12)

Volume

m l.

S c a le
R ead in g

cm-

Volume 

ml •

S ca le
R eading

cm-

Volume 

ml •

S c a le
R ead ing

cm-

0 1 -0 0 1600 9 .0 5 3200 1 7 .3 0

100 1 .4 0 1700 9 .6 0 3300 1 7 .8 0

200 1 -9 0 1800 1 0 .1 0 3400 1 8 .5 0

300 2 .4 5 1900 1 0 .6 0 3500 1 8 .8 0

400 2 .9 5 2000 1 1 .1 0 3600 1 9 .3 5

500 3 .4 5 2100 1 1 .6 0 3700 1 9 .8 5

600 3 .9 5 2200 1 2 .1 5 3800 2 0 .3 5

700 4 .4 5 2300 12 .6 5 3900 2 0 .8 5

800 4 .9 8 2400 1 3 .1 5 4000 2 1 .4 0

900 5 .5 0 2500 1 3 .7 0 4100 21 .9 5

1000 6 .0 0 2600 1 4 .2 0 4200 2 2 .4 5

1100 6 .5 0 2700 1 4 .7 0 4300 2 2 .9 5

1200 7 .0 0 2800 1 5 .2 0 4400 2 3 .45

1300 7 .5 0 2900 1 5 .7 5 4500 2 4 .00

1400 8 .0 5 3000 1 6 .2 5

1500 8 .5 5 3100 1 6 .8 0



olume

Ml.

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

T a b le  (24b)

CALIBRATION op SPIROMETER I I  

c f .  P ig .  (13)

S c a le
R ead in g

cm.

1.00

1 .3 0

1 .8 0

2 .3 0  

2 .8 0  

3 -5 0

3 .8 0

4 .5 5

4 .8 5

5 .5 0

5 .8 0

6 .3 0

6 .8 5

7 .3 5

7 .8 5
8 .3 5

V olume 

m l.

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

2700

£g©0

2900

3000
3100

S c a le
R eading

cm.

8 .8 5

9 .4 0

9 .9 0

1 0 .4 0

1 0 .9 5

1 1 .4 5

1 1 .9 5

1 2 .4 5  

12 . 95 

13..45

1 4 .0 0

1 4 .5 0

1 5 .0 0

1 5 .5 0

1 6 .0 0

1 6 .5 0

Volume

ml.*

3200

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

S c a le
R ead in g

cm.

1 7 .0 0

1 7 .5 0

1 8 .0 0

1 8 .5 0

1 9 .0 0

1 9 .5 0

2 0 . 0 0

2 0 .5 0

2 1 . 0 0

2 1 .5 5  

2 2 .0 5  

2 2 .6 0

2 3 .1 0  

2 3 .6 0  

2 4 .1 5
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Table (26)

HALDANE GAS ANALYSES.

P e r  c e n t .  
°2 

1 9 .8 8

1 9 .9 7

1 9 .7 3

1 9 .7 7

1 8 .9 2

2 0 .0 5

2 0 .2 4

P e r  c e n t .  
C02

0 .5 9

0 .6 3

0 .7 5

0 .7 1

1 .6 1

0 .0 0

0 .0 0

Source  o f  Sample

In ta k e  o f  a b s o rb in g  t r a i n
u it tt it

Animal Chamber 3 m in . a f t e r  
Pump s to p p e d .

O u tle t  from  a b s o rb in g  t r a i n
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T a b le  (28)

A nim als Used i n  M e ta b o lic  Work*

R at No.

377

407
408
415

443
444
445

522
524
525

D ate o f  
B i r t h

2 9 /1 /5 0

2 0 /8 /5 0
2 0 /8 /5 0
2 1 /8 /5 0

2 8 /1 2 /5 0 )
2 8 /1 2 /5 0 )
2 8 /1 2 /5 0 )

Age a t  
F i r s t  u se  

days

97

64
86
94

150
179
169

2 /7 /5 1 )  102
2 /7 /5 1 )  109
2 /7 /5 1 )  125

Age a t  
F i r s t  M ating  

days

163

154
163
165

120
135

Age a t  End 
E x p erim en t 

days

258

70
90

104

■ 176 
180 
178

108
295
263

A nim als Used i n  Growth S tu d ie s

356 2 7 /1 /5 0 626
366
408

2 9 /1 /5 0  
2 0 /8 /5 0

677
418

431 2 8 /9 /5 0 368
434 3 1 /1 2 /5 0 ) 274
435 3 1 /1 2 /5 0 ) 280
436 3 1 /1 2 /5 0 ) 275
437 3 1 /1 2 /5 0 336
438 3 1 /1 2 /5 0 ) 283
439 3 1 /1 2 /5 0 ) 276
440 3 1 /1 2 /5 0 ) 287
444 2 8 /1 2 /5 0 337
454 2 4 /1 /5 1 260
457 2 4 /1 /5 1 259
460 2 6 /2 /5 1 ) 218
461 2 6 /2 /5 1 ) 227
462 2 6 /2 /5 1 ) 220
466 1 8 /3 /5 1 211
479 2 4 /3 /5 1 197
490 2 5 /3 /5 1 195
491 2 5 /3 /5 1 195
532 2 /7 /5 1 155
561 7 /1 1 /5 1 122

638
689
432
384
292
355 
446 
352
356 
297 
449 
356
278
279 
342 
242 
275 
225 
219 
212 
213 
169 
134

B ra c k e te d  g roups a re  l i t t e r m a t e  g ro u p s .



Table (2 9 )

COMPOSITION OF DIETS

R ow ett B a tch es  o f  D ie t  41
I n s t*  A B C D E

N itro g e n  2 9 .3  2 7 .6  2 6 .8  2 4 .8  2 6 .1  2 6 .4
m g « /g .

L ip id  4 .6     4 . 2 --------------------- -
g .  p e r  c e n t*

H eat o f  4 .0 4  4 .1 7  4 .0 9  4 .0 3  4 .0 3  4 .0 0
C om bustion
C a l* /  g .

W ater 1 2 .0  9 .7  9*4 1 0 .0  1 2 .1  1 0 .2
g .  p e r  c e n t .



T a b le  (30)

MOI3TI3Kfl CONTFNT OP 3CATTKRFD POOD.

Wet Wt. 
In c re a se  
in  Funnel

g-

Dry Wt. 
I n c r e a s e  
In  F unnel

g-

Dry Food 
p e r  c e n t ,  
o f  Funnel 
I n c r e a s e

0-489 0 .2 2 1 4 5 .2

0-462 0 • o08 6 6 .7

0-322 0 .1 8 6 5 7 .8

0.326 0 .1 9 7 6 0 .4

0-326 0 .1 9o 5 9 .2

0 .260 0 .1 7 3 6 6 .5

0.279 0 .1 4 5 5 2 .0

0.360 0 .2 5 1 6 4 .2

0.560 0 .3 4 2 6 1 .1

0.374 0 .2 1 5 5 7 .5

0.700 0 .4 4 8 6 4 .0

0.315 0 .1 3 8 4 4 .1

0.435 0 .2 2 1 5 0 .8 .

0.438 0 .2 3 1 5 2 .7

0.194 0 .0 9 2 4 7 .4

0.187 0 .1 1 9 6 3 .6

Means 5 7 .4

Means f o r c o n v e r s io n 6 3 .0
to  f r e s h  fo o d -

wet W t. D ry Wt. Dry Pood
In c re a s e  In c r e a s e  p e r  c e n t ,
i n  Frame i n  Frame o f  Frame

g* g« In c re ;

1 .192 0 .7 5 2 6 3 .1

1 .3 8 2 1 .0 6 6 7 7 .1

0 .842 0 .6 9 3 CO CO •

0 .476 0 .3 0 7 6 4 .5

0 .4 3 1 0 .2 7 8 6 4 .4

0 .697 0 .4 6 4 6 6 .5

0 .502 0 .386 7 6 .8

0 .652 0 .571 5 6 .9

5 .404 2 .5 8 7 7 6 .0

0 .488 0 .3 9 4 8 0 .7

1 .8 9 9 1 .3 3 6 7 0 .7

0 .566 0 .362 6 4 .0

0 .7 1 8 b .4 2 9 5 9 .8

0 .7 4 9 0 .6 3 3 84 . 5

0 .3 6 8 0 .276 7 5 .0

0 .5 4 8 0 .3 8 8 7 0 .8

7 1 .9  

7 9 .0



APPENDIX 3  

D e t a i l e d  T a b le s  o f  E x p e r im e n t a l  R e s u l t s
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_ ĵ-iv-oj
rH

NV rHGO VO KV_d* 
•  •  •

c\j C\J C\J 
CM OJ OJ

C LfNH 
CO CJNO 
OOOO ON 

•  •  •
O O O

o -
•

O  LTNtH 
IfMTsvOo—c-—c—

c\l OJ CM 
•  •  •

CM CM CM 
OJ CM CM

LfN[— D— 
COGO H  

•  •  •
VO IV-NV

CO tV-Lfs 
CJVCO OV 
COCOOO 

•  •  •
o o o

0 -
•

- d - O  ITS 
LfN LfNLfN

O  CM OJ 
•  •  •

H  CM CM 
OJ CM CM

O  LfNOJ 
OJ [H rH 

•  •  •
LfN LfNLfN
CM CM OJ

O'—LfN[>- 
V O O H  

•  •  •
[■— o  LfN 

I H

CM OJ KV 
CO O  O  

•  •  •
OJ KVKV 
CM CM CM

GO VO CO 
rH OJ rH 
OVOVOV

CM KV OJ

rH rH rH
OJ CM OJ

VO LfNOJ 
KV O  LTV 

•  •  •
CO OVO 

I H

OVCO H  
O  r l  CM 
OVOV ON

CO CM KV
v o  tv - iv -

HJ-iC" 
O  C— rH 

•  •  •
KV OJ _zj* 

H

VO CO o v  
- z t o v v o  

•  •  •
KV CM OJ 
OJ CM CM

0 —d"H
H O O
OVOVOV

OOO o o o

_ztLCVCM 
•  •  •

GO KV H  
VO VO vO 
O - O - IV-

vO CM VO KV KV KV

CM i—I rH
CM OJ OJ

q CO O  
H O O  

•  •  •
LfN LfN LfN 
CM OJ CM

o j  CM CM 
OJ CM CM

H  KVKV 
KV O  O '  

•  •  •
KV KV LfN

H

H  O —d" 
CM H  O
ON OVOV

o o o  o o o

OJ CO KV 
O-vO VO

KVVO CM O  KV KV

H  CM CM 
OJ OJ CM

O -  LfN Q
_d*CM H  

•  •  •
LfN LO LfN
CM OJ OJ

oco_d-
LfNKV O  

•  •  •
LfN O  OV t

VO i—I VO
v o  CM O - 

•  •  •
CM CM O - 
OJ CM H

KVLfNQN
CO CO CO 
0 0  COCO 

•  •  •
o o o

LfNKV

v o  LfNVO

OJ LfN o  
•  •  •

OJ H  H
CM CM CM

KV KV C 
OJ _ z f H

VO 0  o
1 H

KV KV LfN 
OVCO CO 
CO COCO 

•  •  •
o o o

VO VO LfN

CO

•3
o v

- p f
s<
H

o  CM LfN 
•  •  •

O  cm H
OJ CM CM

£>- LfN C— 
KV H  O  

•  •  •
LfNLfN O
CM cm OJ

H
LfN
H



C\J KNCM 
CD KMTs 

0 « •
_ 4 r H  i 1 

rH

LfN C\J UN 
-^ -C T n CM 

•  •  •
LfNrH CM 

i—I

CM CD _H - 
C O C O  CM 

• •  •
_ 4  i—1 CM 

H

n n c Q CM 
KN CM O "  

• • •
ltncm  cm

rH

i N - c o d -  
_ 4 - d r'C^ 

•  •  •
VO CM CM 

rH

LCXD H  
K N  rH  

•  •  •_d-CM i—I 
rH

O  IN— KN 
O  L fX O  

•  •  •
M ) CM ON

LTXD ON 
LfNCM CM 

•  •  •
CM CM OJ 
CM CM CM

O O O  KN 
LfN CM KN 

•  •  •
CM CM CM 
CM CM CM

CD O M )  
rH  CM i—! 

• •  •
CM CM OJ 
CM CM CM

0 - 0 0  NO 
L fN ^j-L fN  

•  •  •
CM CM CM 
CM CM CM

KN CM KN 
LCXD IN— 

•  •  •
CM rH  rH
CM CM CM

v o  v o  o -  
V O CD  C— 

•  •  «
H  H  H
CM CM cm

L f M X D  
CD V OCD 

•  •  •
r~i r~i r~i
CM CM CM

- d ’ ONVO 
CD 0 0  0 0  
0 0  0 0 0 0

N O V O  O  
OOO O  CO
cocooo

CM _z3"LfN
cocooo 
0 0  GO 0 0

CM LfNVO 
ON ON0 0
00 coco

L f \_ j - N A
v o  v o  v o
0 0  CD 0 0

o o o  o o o  o o o  o o o  o o o

LCNLCN^f- 
V O V O V O  
0 0 0 0  0 0

O - z tC M
IN-

CO GO CO

o o o  o o o

VO CM CM NN LfN

IN-CD GO
d - d - d

0 0  LfNNN
d v d - d  
IN—IN— IN-

CO O -

NN L f v  ON

NN rH  
•  •

d d  O
LfN LfN LfN
IN— IN— IN—

CM O  CM 
NN NN NN 
IN-IN— IN—

NNON CM rH  VO rH

NNCM LfN 
K N K N K N

CO O N O  
K N K N d

CM NN O  
•  •  •

CM H  CM 
CM CM CM

o  CM o  CO IN -LfN LSNOO LfN CM O O O

CM H  CM 
CM CM CM

i—I i—I CM
CM CM CM

CM rH CM 
CM CM CM

CM CM CM 
CM CM CM

0 0  LfNKN O V O  O

CM CM KN 
CM CM CM

KNCM NN 
CM CM CM

LfN O  O  
_ d  LfN O  

•  •  •
LfNrH NN 

rH

LfN IN-CM 
rH  rH  O  

•  •  •
VO CM KNi—1

D— KNKNd-H co  • • •
LfN CM KNi—I

0 0  LfNVO 
ON LfNKN 

•  •  •

CO t N - O  
d C O  KN • •
IN-CM

KN LfNvO 
O  IN-CO 

•  •  •
LfN CM CM 

rH

_ d - d
O N O N O  

•  # •
v o  CM H  

rH

O N - d O N
cocoooooooco

LfNVO VO
co co co
0 0  CO GO

CM CM d -  coooco 
oo co co

VO CM LfN 
0 3  O N O Nooooco

CO L f N d  
0 0  VOVO
cocooo

o o o  o o o  o o o  o o o  o o o

CM LfNLfN 
VOVO voooooco

CO 0 4  
v o  IN-IN
CO COCO

o o o  o o o

KNVO CM • • •
vO  O -C O  
- d _ d d  
£N— IN— IN—

CM KN LfN CO O -

KN KN LfNCOCO Lfv

LfN K N rH  KN

o n -d - d
_ d  LfN LfN
IN -IN -IN -

ON CM O
_ 4 k n k n  C—• CN— c

CM KN O N  L fN rH vO

CM KNCM 
KNKNKN 
0 - 0 - 0 -

LfNCO ON 
KNKNKN 
0 - 0 - 0 *

O  CM KN CM O  CM LfNCO IN— LfN LOGO O  CM O

rH CM rH
CM CM CM

CM CM H  
CM CM CM

rH  rH  rH
CM CM CM

CM Nl H  
CM CM CM

CM CM CM 
CM CM CM

CM CO LfN v o  O V O

KNCM CM 
CM CM CM

CM KNCM 
CM CM CM

IN- O -  
KNCM O  

•  •  •
LfNLfNLfN 
CM CM CM

CM LfN O  
_ d - H  CM 

•  •  •
LfN LfN LfN
CM CM CM

LfN 0 - 0 -  
H  H  O  

» • •
LfN LfN LfN
CM CM CM

o - o o -  
_ d ° J  h  

•  •  •
LfN LfN LfN
CM CM CM

O -CM  UN 
KNCM rH  

•  •  •
LfN LfN LfN
CM CM CM

KN O -  IN— 
rH CM rH 

•  •  •
LfN LfN LfN
CM CM CM

en-  H - 4
rH ON O  • • •
L fN H -JJN  
CM Cm CM



ON O r H  _̂ -OJVO 
• • •

C—CM _d"i—I

OJ O  IN- 
OJ ONNO 

•  » •
ON OJ i—I

NO ON VO 
LfN UNDO 

• • •ON-d-H
H

EN-Qn H  
OJ OJ CO 

• • •OV-d-CM
rH

00 ON rH LT\ 0_c|- 
• • •

o o  _d*_d*H

C\J O '-^  
VO KNrH 

• •  •
OJ CM OJ

I—1

ONOO OJ LTV 
rH rH VO 00 

• •  • •
o j  o  o j  cm

CM H

LfNrH ON 
ONOO IN- 

•  •  •
CM Oj rH 
OJ CM OJ

OJ KNLfN 
CO IN-vO 

• • •
OJ OJ rH 
OJ CM OJ

K N O  LfN 
CO VO O  • • •Ol Oloo 
OJ OJ i—|

O  LOCO 
v o  LfN ON • • •
CM CM IN- 
OJ OJ H

ON LfV O  
ON VO C— 

• •  •
OJ 0 J  rH 
CM OJ OJ

-d'QN-d*
LfNrH rH 

• •  •
OJ OJ rH 
CM CM CM

rH VO rH rH 
OJ KN LfNVO 

• • •  •
Ol OJ OJ H  
CM OJ OJ CM

LfN-d’CM
OOO
ON ON ON

CM ON VO 
O  CTnON 
ONOO 00

I?—00 CO 
00 ONON 0000 00

IN-VO CO 
ON ON ONooooco

IN—00 IN- 
O N O N O N  00 00 00

o o o  o o o  o o o  o o o  o o o

00 ON CM 
CN-EN-00 
00 GO CO 

•  •  •
o o o

CM CM 00 v o  
ON ON ON ON 
00 CO CO 00 • • • •
o o o o

rd
LfNOJ KN 00 CT\ IN-

CO GO IN- 
VOVO v o  
IN— IN— CN—

v o  KNCM 
v o  VO v o  
IN— IN— CN—

KN KN ON rH  CM LfN IN—

KN_d*—d*
VOVO VO 
C— D— IN—

KNKNKN 
VO VOVO 
IN-IN—IN-

KN_d"KN 
VO VO NO 
IN—IN—IN—

KNKN-d'

_ d "  IN-LfN  
• •  •

O  rH _ d "K N  
LfN LfN LfN UN

t o
VO IN -0 0

K N K N K N  
CM CM CM

N - L f N O  
•  •  •

KN K N _H - 
OJ CM CVJ

O  O  ON

" c ^ f c M

O  O C O  
•  •  •

_ d _ d - K N  
OJ CM OJ

O  ON o  
•  •  •

_ d ’ KN_H* 
CM OJ CM

LfN j-H 0 0  
•  •  •

OJ OJ i—1 
OJ OJ CM

LfN LfNOJ CM 
•  •  •  •

H  rH  H  H
OJ OJ CM CM

0 0  KN O  
CM _d"CM  

•  •  •
00 CM v o

i—1

CM K N lN - 
CM CM KN 

•  •  •
O  KNVO 
rH  rH

v O  i—1 i—I 
v o  H  CM 

•  •  •
O  LfNKN 
rH i—1

KN ON C 
KN IN—OJ 

•  •  •
O - d ’- d *
rH  rH

IT— LfN IN-
UN LfN O  

•  •  •
O N _ d V O

I—1

CO OJ ON 
ON VO IN- 

•  •  •
CM OJ KN 

rH

LfNOJ O l _ d -  
_ d N O  O N K N  

•  •  •  •
CM O l CM

CM Th

<D

0 0  L f N ^ t
o  o  o
ON ON ON 

•  •  •
O O  o

_ d C M  ON 
O  O  ON 
ON ONOO 

•  •  •
O O O

[N - in- c o
ON ON ON

O O O O C O  
•  •  •

O O O

0 0  IN—M3
ON ON ON 

0 0  0 0  0 0  
•  •  •-

O O O

o n  IN -0 0  
ON ON ON 

0 0  0 0  0 0  
•  •  •  

o o o

C O C O  ON 
IN -IN -IN - 

CO 0 0  0 0  
•  •  •

o o o

LfN CM CM 0 0  
0 0  ON ON ON 
0 0  O O O O  0 0  

•  •  •  •  
o o o o

• d

CO LfN CM 
•  •  •

v O O O O O  
V O V O  VO 
IN— IN— IN—

0 0  ON 
•  •

tN -vO  KN 
VO V O V O  
IN- IN -IN -

c—  KN 
•  •

CM K N _d" 
VOVO VO

K N O n H  
•  •  •

_d*K N  KN 
VO VOVO

rH LfN 
•  •

K N K N _d- 
VO VO VO 
IN -I N -N -

rH
•

OJ KNKN
_ d ‘_ d * _ d  
IN— C—  IN—

LfN_d- IN- 
•  •  •

_ d * o  H _ d "
_ d ’ LfN LfN UN

o

KNVO IN- 
•  •  •

NJ KN K N  
CM CM CM

CM IN-LfN 
•  •  •

KN KN K N  
CM CM CM

O N O  O  
•  •  •

K N _d"-d*  
CM CM CM

O O O

c ^ W

KN O  ON 
•  •  •

KN H-KN 
OJ OJ CM

CM L fN H  
•  •  •

CM 'CM OJ 
CM CM CM

0 J  LfN LfN CM 
•  •  •  •

H  H  H  rH 
OJ OJ CM O l

r*s,
P

IN - O  O  
CM CM H  

•  • •
LfNLfN M-
CM CM OJ

O n  O O O  
CM CM o  

•  •  •
LfNLfNjH- 
CM CM CM

U N O  o  
_ d C M  H  

•  •  •
UN U N O  
CM CM CM

N—_ d "N — 
H  H  O  

•  •  •
LfN U N O  
CM CM CM

IN- LfN IN- 
LfNOJ rH
• i  *

LfNLfN H- 
OJ OJ CM

c— IN-LfN
vo CM o  • • •
UNLfN H-
OJ CM CM

O  IN -K N IN - 
H  O  OJ O  • •  •  •
LfN LfN LfN H - 
CM OJ O J OJ

as

•
ON
LfN
rH

•
O

v o
rH

•
rH

VO
H

•
OJ

v o
H

•
KN

VO
rH

•
-d*vo
I—1

•
LfN

VO
H



16
6. 

25
41

 
21

.5
 

75
3*

5 
0*

89
6 

2.
35

 
21

.2
 

74
8*

3 
0.

89
0 

22
.7

7 
2.

09
 

25
.2

0 
21

.2
 

74
8*

3 
0.

89
0 

2.
o4

 
21

.0
 

74
6.

5 
0.

88
9 

22
.4

3 
1.

81
24

.1
0 

21
.0

 
74

6*
5 

0.
88

9 
13

.4
8 

21
.0

 
74

4*
6 

0.
88

6 
21

42
 

11
.9

4 O  LO'VO

« • *
KN OJ CM

1—1

C7NNQ rH 
VO H  IN- 

• « •
NN CM H  

H

ONNN_H- 
1—1 CM rH 

•  • •
_j-CM NN 

rH

4~cm  h -
0n 4— rH 

• •  •
CM H  NN

1—1

CM CM NN 
O  LfNrH 

•  •  •
LfNNNCM

rH

CM 4—KN 
LfN_2j-rH  

•  •  •
CM NO H

1—1

rH KNOO
O -cdh-ct  •  • •

NO CM KN 
rH

CO CM 4— 
O— 4— LfN 

•  •  •
CM CM H  
CM CM CM

-N K O _2t
NO NO NO 

•  •  •
CM CM H  
CM CM CM

ON ON rH 
ONNOGO 

• •  •
CM CM rH 
CM CM CM

N N O _ lt  
4-COCO  

•  • •
CM CM rH 
CM CM CM

CM ONON 
ON NO LfN 

•  •  •
CM CM rH 
CM CM CM

LfN ON LfN

•  • •
CM CM H  
CM CM CM

KN LfN4—
LfN 

•  • •
NJ CM rH 
CM CM CM

00 CO CT-v 
ON ON ON 
COCOOO 

•  •  •
O O O

ON ON ON 
ON ON ON 
COOOOO 

•  •  •
O O O

CO rH CM 
ON O  O  

CO ONON 
•  •  •

O O O

O O O  
ON ON ON 

•  •  •
O O O

ONO ON 
O  ONOO 
ONCOCO 

• •  •
O O O

o  o  4—
ON ONOO
o o o o c o  

•  •  •
0 0 0

CM_r}"KN 
ON ON ON 
OOOOCO 

•  •  •
0 0 0

LOCO 
• •

ONON O  
ITNLTNNO 
4— 4- 4—

LfN NO 
•  •

ON O  ON 
LfNNO ON

00 4 
• •

0  rH CM
NO NO NO

c— c—

N N H  LfN 
* •  •

—ch-M" NN 
NO NO NO
4— c— 4—

LfN CM LfN 
•  •  •

O  4“
NO LfNLfN
4— 4— 4

KNKNKN
LfN LfN LfN

GO NO 
• •

NO NO NO 
LfN LfN LfN
4— 4—4—

4- „ z j - K \  
•  •  •

(NJ CM CM 
CM CM CM

NN-^-NN 
•  • •

M CM CNJ 
CM CM CM

NO LfNLfN 
• • •

NJ CM M 
CM CM CM

LfN LfN NN 
• • •

CM cm CM 
CM CM CM

_rj-NNCM 
• •  •

CM CM KN 
CM CM CM

4— 4—0J 
• • •

OJ cm kn  
NJ cm CM

OOOO ON 
•  •  •

NJ NJ NJ 
CM NJ CM

_^J-KN NN 
NN IN— LfN 

• • •
NN CM NN 

rH

O  O  NN 
rH _ j- O  

• • •
_cj-CM NN

1—1

NO _^+LfN 
• • •

^ -C M ^ j-
rH

0 0  O  _ z t
CM ON LfN 

• • •
NN H  __̂ j-

CO KNLfN
u nq nn q  

• • •
LfNNNNN

H

KN 4— LfN 
00 CM LfN 

• • •
CM CM 

rH

-cJ-CM 0  
4— c— rH 

• •  •
VO OJ LT\ 

1—1

OOOOO 
O  ONON 
ONOO 00 

•  •  •
0 0 0

Q  ONON 
O  ONON 
ONOO CO 

•  •  •
O O O

ON CO H  
ONON 0  
COCO ON 

•  •  •
0 0 0

C M ^ t-J-
O O O
ON ON ON 

• •  •
O O O

_d-O N O
O  O  ON 
ON ONOO 

• • •
O O O

CM O  O  
ON ON ON 
CO CO CO 

•  • •
0 0 0

0  CM_cj-
CT\ON ON 

COCOOO 
•  •  •

O O O

NN LOGO 
•  • •

00 ONON
LfN UN LfN
c—■ cr— cn—

LfN
•

O  ON O  
NO LfNNO 
4 4 4—

LfN GO 
•  •

ON O  rH 
LfNNO NO 
4— 4— 4—

NO NN H  
• • •

CM _j-_j-
nONONO
c—c— r—

CM LfN CM 
• •  •

nn 0  cr—
NO NO LfN 
4— 4—4—

CM
•

_d"KN KN 
LfN LfN LfN
D—■ IC— L—

KN GO 
• •

NNNONO 
LfN ON LfN
4— 4- IN-

C 4—_zj* 
•  •  •

rH CM CM 
CM CM CM

H  KN_d" 
• • •

CM CM NJ 
CM CM CM

NNNO LfN 
* » *

NJ CM CM 
CM CM CM

KNLfN LfN 
•  • •

CM M CM 
CM CM CM

H ^ K N  
• •  •

CM NJ N1 
CM CM CM

NO 4— 4-

M M* nJ 
CM CM CM

CO 00 CO 
• •  •

NJ N1 NJ 
CM CM OJ

rH O  CM 
NN NN O  

• •  •
li"N LfN—j*
CM CM OJ

H  NN 4—
CM CM O  

•  • •
LfNLfNH-
CM CM CM

4— 4 1—1 
LfN CM CM 

•  •  •
LfNLTVH- 
CM CM CM

O  CM NO 
CM CM H  

•  •  •
LfNLfN H-
CM CM CM

LfNrH O  
KNCM ON 

•  •  •
L fN LfN H -
CM CM CM

4— 4— 0  
1—1 CM 1—1 

•  •  •
LfNLfN—H-
CM CM CM

O  CM KN 
CM 4— rH

N^oT'C^f

•
IN-
NO
rH

•
00
NO
rH

•
ON
NO
rH

•
O
c—
rH

•
rH
4—
H

•
CM
4—
H

•

c—
rH



ho
to

aCQ
Eh

d5

o
X
W

b
K
O

wos

os

© ©
S ©

—  3  CJSS 
■ n r l  O  -P  
v—'  O  O  *H >

•PJxJ w
bO CJg 

•H *rH O  cO 
w  © O  tr *g: c5

■P
H  W^  W s

jh  .h  CJ© 
® 0 Jh^ cu

CJ© 
i—l O ©  ^. © • ss

b o - p  rH  p  
O O *HEh >  PI

UN -—' rH 
<P O

CO 1-1 
KNEh 

—  CJ 1 
© O  (M 

^  • Eh
0 > _ x

ONPt
in-

P t
CO
LIN•
KN

IN-
COO

rH
UN
CO

5
o

P t

pi*
o n
ON

IN-

ON

D— 
C

P t•
UN

ON
CJ
00

•
o
rH

o
P t
ON

•
o

UN
0 0
ON

•
o

t

VO
KN
ON

•
o

VO
P t
ON

•
o

rH
rH
ON

•
o

P t
KN

P t
©

LT\

IN
IN-
KN

•
UN

rH
P t
rH

•
UN

ON
IN-

P t
•

UN

v o
v o
ON

•
UN

o
KN
rH

•
UN

3
IN-

•
O
i—1

O
KN

VO
o

O
rH

P t
VO
i—1 

•
o
rH

P t
KN
0 0

•
O
rH

VO
ON
D -

o
rH
rH

p f
rH

•
O
rH

a*

I—I

CJ
f tc r
i—» • i—i 

O UN K
&i—1

CJ rH rH CJ CJ 00 VO rH
KN IN- IN- N - ON UN ON UN
0 0 IN- CJ CJ CN- KN ON o• • a • • 1 • • 0
VO NO 00 00 IN- CO CO 0 0
rH 0 0 00 ON KN ON UN p t0 0 KN 00 CO UN p t ON KN
IN- IN- IN- N - P t 0 0 CJ vO• • • • • I • 0 •

P t P t UN UN UN UN vO UN

UN UN UN UN UN UN UN UN
i—1 i—1 rH rH rH i—1 rH rH
O o o O O 1 o O o• • • • • • • •
o o o o o o o o

1—1 IN- KN ON IN- ON ON CO
KN O P t rH VO rH rH P trH rH rH rH rH t i—) rH o

• • • • • • • •
o o o O O o o o

E j P t UN UN CJ CJ KNKN CJ CJ
>UN 1 o  o o  o o  o o  o

PS T O P t o  o o  o o  o o  o o  o o  o
M ^  •  f t •  • • • • • • • • • I  •  •
Oh O w o  o o  o o  o o  o o  o o  o
CO t I

UN UN
o  o  
o  o  

•  •
o  o

IN-CO 
V O vO  
KNOJ

VO O 
CJ ON 
KNOJ

CJ CJ O O O O 
• •

0  o
1 t

CJ OJ CJ CJ

IN- KN CJ IN- p t  rH CJ ON rH O O  UN
rH O KNCJ VO O 00 CJ 0NVD vO H
CNN- ONCN- vOVO KNKN o  o ONVO

•  • • • • • t •  • •  • •  •
CJ CJ CJ CJ CJ CJ KNCJ KNKN CM CM

OJ
f ta 1
ii—I
A

O rH 0NCJ rH CJ O N P t CJ o
HI UN 00 VO ONC— ONOO v o  CJ

• 0 •  • •  • •  • •  •

1
2 1--1

rH
rH rH 
rH rH •3  S ' p t  KN 

7h  rH
KNKN 
rH rH

ONCJ O  KN KNJN-
CJ OO CO UN rH CJ

•  • •  • a 0
D—rH UN UN UN K \
HI rH i—1 rH rH i—1

©

rH
©

♦H
U
©co

o
CJ KN

o
P t UN VO IN- CO ON



KN 0 0 KN ON CN- iH d - d CO - d rH
LfN d VO CM rH rH o o CM VO KNCTv ON 00 0 0 ON ON ON ON ON ON ON• • • • « 0 0 0 0 0 •
O o o o o o o o o o O

i—i v o - d VO VO CO KN CM , - d CO rH
-—' VO c— rH CO CO 1—1 O LfN ON CM o
T - i rH d CM ON ON ON CO - d vO t - vO

___ ' • • • • • 0 o 0 0 0 o
VO LfN d KN LfN LfN LfN LfN LfN UN UN

CM 0 0 KN O VO o _ d O ON LfN _ d<—" 0 0 CM KN 0 0 KN I—1 IN- CO LfN CM C“—
•H 1—i 0 0 KN CO CO ON d IN- CM KN o• • • • • 0 0 0 0 0 •

CM o CO IN- i—1 o rH o rH HI HI
rH 1—1 rH rH rH rH rH i—1 rH

O C"- - d VO VO i—1 VO KN - d HI d-—' k n d v o LfN CM LfN ON O v o CO ON
Ol CM CM ON 00 KN VO ON VO c— - d LfN• • • o o 0 0 0 0 0 o

ON CO VO VO ON 00 0 0 00 0 0 00 0 0

ON rH KN 00 VO d LfN o KN UN d
LfN c— C— ON CM LfN ON CM KN KN rH

/—' d C"~ CO IN- LfN o CM o £—1 ON O
bO 0 o • • • 0 0 0 0 0 #

V -' v o LfN - d - d VO v o vO VO vO LfN VO

LfN LfN LfN LfN LfN LfN LfN LfN LfN UN UN
i—1 rH rH rH rH rH i—1 rH rH rH rH

-—. o o O o O o o o o O o
• • • • 0 • 0 0 0 0 0

o o O o O o o o o o o

LfN KN IN- ON KN LfN IN- ON KN UN UN
ON
o

O
rH

rH
rH

LfN
rH

O
rH

rH
i—1

ON
O

ON
o

© • • • • • 0 • 0 0 • 0
o O o o O O o o O o o

d - d CM CM CM CM CM CM LfNLfN VOVO LfNLfN
o  o O  O O  O O  O o  o o  o o  o

o  o o  o o  o O  O O  O O  O o  o o  o o  o o  o o  o
13 0 0 •  m • 0 •  • 0 • 0 0 0 0 0 0 0 0 •  * 0 0
v>y o  o o  o o  o o  o o  o o  o o  o o  o o  o o  o o  o

I 1 1 I

L fN -d CM rH KNVO ONrH VO co rH ON c rv d LfNrH
LfN 0 V rH O ONvO KNCM r H - d 0 0  O n UN CM LfNKN

^  CM O KNKN COCO IN-CJn K N O c - o CM ON CM VO
O 0 0 0 • 0 0 0 0 0 0 0 0 0 0 # •

KNKN KNCM CM rH CM rH KNKN KNCM KNCM K\C\J

ovd co r -
rH C—

C\J KN 
Ol O  
H  C~~

i—I K N
tr v d
rH t —

kncm kncm kncm

J ’O
VQ o -  

•  0

v o  UN 
rH I—I

KNCO 
CTnvO 

•  •
VO i—1i—1 i—I

O'st- CH-d 
•  0

O  UN
o  tr- 

•  •

d ' 7'

IA D “  
O v d  

•  •
VO LfN 
rH r-i

KNLfN 
fONO • •
O n O
rH rH

VOd" 
VO 03 

•  •
VOdt—l̂ r—1

d^N  
v o  KN 

•  •
vo KN
rH rH

O C O  
! A O  

•  *
^Odi—I i—i

VO CM
ONt"—

r-4 OJ
i—I 0 \

LfNKN vo KN
i—{ r~i r-i t-i

O
rH

rH
rH

CM
rH

KN
rH

LfN
rH

VO
rH

c-
rH

CO
rH

Ov
rH

O
CM



c
UN
0 0

0
o

KN 
H  
ON  

’ 0
o

- d
UN
0 0

•
o

O
CM
ON

•
o

KN
0 0
CO

*
o

KN
O
ON

•
o

UN
KN
ON

•
o

UN
KN
ON

•
O

o
IN-
0 0
0

o
V

CM
UN
ON
0

O

OJ 
1—1 

- - d
o

u r \

LfN
KN
in-

o
LfN

- d
UN  
1—1 

•
LfN

d
LfN

•
UN

v o
CO
o

•
UN

0 0
CO
LfN

o
UN

0 0
in-

VO
0

UN

0 0
IN-

VO0
LfN

o
ON
CM

0
UN

t

0 0
ON
0 0

0
UN

r - i

O
i n -

•
o
I—1

ON
KN
KN

•
H
i—1

o
ON 
1—I 

•
o
H

KN
O
ON

•
o
I—1

IN-
LfN
o

e
o
H

5
O

•
H
H

UN
CM
CM

0
1--1
1--1

VO
CM
CM
0

H
H

ON
UN

- d0
o
H

I

CM
v O
VO

o
H
i—1

o
o
o

•
ON

n d
v o
ON

•
0 0

- d
H

VO
•

0 0

KN
UN
UN

•
CO

- d
KN
CM

•
0 0

O
- d
0 0

•
CO

KN
VO
VO

•
CO

CO
v o
VO0
CO

0 0
o -

v O
0

CO

CO
KN
UN

«
v O

i—1
- d
0 0

0
CO

CO
ON
CM

o
VO

KN
c—
CM

•

VO

CO
CM
o 0

v o

UN
0 0
ON

•
UN

CM
VO
i n -

•
UN

v o
0 0
H

•
v o

CM
VO
o •

VO

VO
VO
o •

VO

KN
IN-
O
0

VO

UN
IN-
UN

0
n d

IN-
0 0

0
VO

LfN
i—1
O0
o

LfN
H
O

o
o

UN
H
O•
o

UN
i—1
o

•
o

UN
i—1
O

0
o

LfN
H
O

•
o

UN
H
O0
o

UN
H
O

•
o

UN
H
O
0

O

UN
H
O

0
o

UN
H
O

e
o

CTN
i—1 
i—i 

•
o

IN-
o
H

•
o

ON
i—1 
i—1 

•
o

in-  
o  
1—1 
•

o

ON
H
i—! 

•
o

KN
- d
H

•
O

IN-
O
H

•
O

ON 
H  
■—i 
0

o

UN
ON
o 0
o

KN

•
O

i d
rH

•
o

1—) I—1
o  o  
o  o  0 •
0  o
1 1

LfN UN
o  o  
o  o• o
0  o
1 t

o  o  • •
o o

LfNLfN
o  o  
o  o  0 0
o  o

KNKN  
O  O
o  o  • 0
o  o

CM CM
o  o
O  O  

•  •
o  o

. - d - d -  
o  o  
o  o  

•  •
o  o

KNKN
o  o  
o  o  0 0
0  o
1 I

o  o
O 0

o  o

H  H  
O  O
o  o  0 0
o  o

_ d - d "  
o  o  
o  o  0 0
o  o

C M _ d  
KNKN  
OJ ON  

•  •
KNCM

O  H  
H  LfN 
KNOO 

•  o
KNCM

H  KN 
0 N O  
H  IN-

•  o
KNCM

VO o -
o _ d
H  IN— 

•  •
KNCM

H  H  
ONKN  
0 0  IN- 

o •
CM CM

u d  o
H  H  
CM CD 

•  •
KNCM

VOVO  
KNON  
H  (N-
0 o

KNCM

VO CM 
O  KN 
H  0 0  0 0
KNCM

O  KN 
i—1 UN  
CM IN- 

0  «
KNCM

o n v o  
v o - d *  
CM H

O 0
CM CM

ON CM 
^ d  £N- 
KNvO  

•  •
KNCM

CM ON  
LfNCO 

•  •
v o _ d
H  H

CM O -  
C JN -d  

•  •
v o _ d
H  H

H  OJ 
KNIN-

•  o
VO KN 
H  H

c o _ d
CO ON 

•  0
UN KN 
H  H

0 0  V 0
c— c o  

•  •
- d  KN 
H  H

KNVO
dj-C M

KNON  
O  H  

•  0
v o n t  
H  H

0 0  IN- 
CO KN 

« 0
U V d "  
H  i—1

H  C
—d" o n

0 o
VO KN 
H  HI

O  ON  
v o  CO 0 0
H  O  
H  H

CM VO 
H  UN  

o o  
c— rOi 
i—1 rH

*
i—1
CM

•
CM
CM

•
KN
CM

•
- d
CM

•
UN
CM

•
VO
CM

0
IN-
CM

0
CO
CM

0
ON
CM

0
O
KN

•
rH
K \



KN 00 CM CO KN 0 0 IN- ON CM H d ON
ON CM UN H o CM CO CO KN ON IN- v o OCO ON CO CO IN- ON CO CO o ON ON ON O• • • • • • 0 • e • • • •o o o o O o O o i—1 o O o Hi

IN- KN CM KN ON H UN d UN KNUN KN o O KN CM CO ON IN- ON VO CN- —4 'o ON CO KN IN- r-i CO CO UN r —1 CO H Hio • • • • • • • • CO • o KNv o UN UN UN d UN d UN d • d • •
d UN UN

V O
INOv

•
rHr-i

i—I
KN

H I
IN

d •
r—I
H

VO
CO

d «
o
H

ON
VO
KN

•
0 n

UN CO d
OJ UN UN
i—I v O  v O

o
H

ON I—I 
r—1

o

KN IN- O O ON rH CM O o•>—■* CO KN d ON UN rH v O ON ON
I VO r—1 N - CM UN ON 0 0 d CM• • • • • • • • •

ON ON ON ON ON IN c— ON V0

VO d VO H ON V0 CM rH CM
IN- ON H O CO KN o d O

bD I IN- KN 0 0 UN VO UN UN v O do • ’ • • « • • • •
VO vO v o VO VO UN UN v O d

UN UN UN UN UN UN UN UN UN
- i—1 H r - i ' r-i i—1 rH H H rH

<+H I o O o O o O O O O
• • • • • • • • o

o O o o o o o O o

ON KN ON CM KN o UN r~i rH
Hi d r-i UN d ON UN KN KN

® t r-i rH r-i H rH H i—1 rH r-i
s_/ • • m • • • • • •

o o O O O o o o O

CM CM CM CM d d d d d d KN d UN KN
/—, O  O O  o o  o o  o o  o r-i o O O
t j 1 f O  o O  O o  o o  o o  o O o O O
s_/ •  • • • •  • •  • ♦ • • • • •

o  o o  o o  o o  o o  o o o o o
1 I I

ON IN CM O IN- IN* On H IN -vO 00 VO o KN
d O N G N d d  CM d o c UNVO H KN UN
U N O CM ON UN i—1 KNON KNrH KN KN H t CM

o •  • •  • • • •  • •  • • • • •
'—' t  t KNKN KNCM KNKN KNCM KNKN UN UN VO d

d c M KNCM KNIN- CM KN V0 0 0 IN IN d
H  IN CO ON H  CO i—1 i i r-i tN- rH CM rH IN

/—% •  • •  ♦ •  • ■ • •  o • • • •
Xi 1 1 CO UN v o _ d 0 0  LfN £—UN IN- • IN IN KN rH

i—1 r*l H iT -l rH HI i—1 H H V O
Hi

CM CM KN CM

• • m • • • • • • *
cd CM KN d UN VO [N CO ON O i—1

' --' KN KN KN KN KN KN KN KN d d

IN- d  CO v o
CM H I rH  O
LfN VO ON UN

ON ON ON ON

ON

IN-
UN
CO

UN 
r-1
o

KN

4

CMOO

IN-
ON

VO

I—I
o

d
CM

CM

IN-

ON _ d
o  o
O  CM

UN

KN

d
CMCO

VO
VO

CO
IN

KN

Oi—1
CO N  4
UN KN CM
rH  d  LfN

•  •  •
- c

UN
VO
CM

UN UN

UN UN LfN
I—1 rH rH
o o o

• • •
o o o

IN KN UN
v O d UN
Hi rH rH

• • o
O o o

KN H i O O O O

KN d  
d  o n  
o  o

d  d  LfN UN

do
UN VO 
CM CM

UN
d



CM UN CM rH CM d o NO CM 0 0 CO rH KN rHKN d CM ON KN ON CM UN ON CM UN UN UN rH
4̂

ON• ON
o

ON
e

0 00 ON
0 t

ON0 o0 CO0 CO0
ON

0
ONa

ON
o

0 0
0

o0
v-x O O o o o o rH o o o o O o rH

IN KN KN IN ON o ON ON CO o o UN ON
O O KN UN NO CO o ON UN d d UN UN —4UN UN UN rH tN CN ON KN CM KN UN NO CN KN•r-a e e o 0 o t 0 0 _ 4 0 0 o • o 0UN UN UN UN UN UN UN 0 UN UN UN UN UN NO

d
CO ON CO NO UN 00 CM CN KN CM o CN CMCO IN KN rH o CM CO UN ON tN UN IN IN UN
CO CO ON ON d d NO IN KN UN ON i—I KN UN

•H 0 0 o 0 0 0 0 CN 0 0 o o 0 0o o O o rH f rH i—1 0 O o o r-i r-i CMrH rH rH rH rH rH rH CO rH rH i—I r-i r-i HI

H CO UN IN IN IN tN IN - 4 o CN KN KN rH
-~~t~ rH D vO d O IN O OJ d NO ON ON INX1 d KN UN CM CO KN CM d d CM CM d IN ON

0 o 0 0 o t • 0 0 0 0 o 0 e 0
0 0 0 0 CO 0 0 0 0 CO CO IN 00 CO 0 0 CO 0 0 0 0

IN rH rH UN 1—1 KN CM KN UN NO UN KN KN COO CM O CO ON rH ON 00 ON NO CO d UN CNw ON CO O IN 1—1 CO IN rH 00 IN IN ON i—i CM'w' 0 o 0 o 0 t # • 0 0 0 0 0 0 0
UN UN NO UN NO UN UN UN UN UN UN UN NO NO

UN UN UN UN UN UN UN UN UN UN UN UN UN.—. rH rH i—1 i—1 i—1 rH rH rH i—I i—I i—1 UN rH i—I
<H O O O O o I O O O o o O i—I o o>_« 0 0 0 0 0 0 0 0 0 0 0 o o 0

o O o o o o o O o o o 0 o o
o

IN UN CN ON KN rH KN ON 00 rH ON IN KN ON
® NO UN NO IN d KN rH d tN 1—i O 00 r-i—/ rH rH rH i—1 i—i I rH 7 h rH H O rH i—I O r-i0 0 o 0 0 0 0 0 0 0 0 0 0 0

O O O o o o o o o O o o o o

rH CM rH d CM d CM NO CM HI KN—̂■* o O O o O 7h O o O Q O
TO o O O o o O o o O o O O o o'_/ • 0 0 • 0 t 0 0 0 0 0 0 • 0 0

o o o o o o o o o o o O o o
1 1 t

NO ON CO tN KN UN o ON O NO ON O CO
4* CM d rH 0 0 KN NO CM d KN CM d CM UN

o IN NO 0 0 UN O NO NO o IN NO NO CO o rH
s_/ 0 o 0 0 # t 0 0 0 0 0 0 o o 0

UN UN UN UN NO UN UN UN UN UN UN UN NO NO

i n 0 0 d NO -4 NO KN rH ON NO 0 0 UN IN rH
CM 0 0 IN UN 00 ON IN 0 0 CM CN 0 0 CN CN d,— 0 0 0 0 0 0 0 • 0 0 0 0 0 0
ON CO ON CO o 1 CD 0 0 UN ON CO CO ON o rH
CM OJ CM CM KN CM CM CM CM CM CM CM KN KN

0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hi NO IN OO ON o i—i CM KN d UN NO c CO ON o

^  d d -J- d UN UN UN UN UN UN UN UN UN UN NO



•H

W

VD
CO
ON

CO
n v
C J

•
vo
CMKV
KV

•
CMi—1

rH

o
CTn

CM
NV

•
VO

LfN
rH
o

NV

<D

KV VO
KV CO iv-
CO O v O v
ON • •

e o o
o

CM o K \
O v rH rH
LfN KV IV-

• • •
LfN VO LfN

LfN LfN - d "
LfN D— O v
o 3 CM

• • •
rH CM rH
i—1 ■—1 rH

CO v O CO
CM L— VOi—1 i—1 NV

o • •
CO ON CO

CO rH v O
CO CM LfN
v o 3 0 0

o o •
LfN VO LfN

LfN LfN LfN
rH rH l—1
o O o

• • •
o o o

O v NV <—1
1—1 NV
r - i rH rH

• o •
o O o

o
NV
O V

•
o

-d-o
r - i

• f
o

ON
OV
CO

CO
CMi—I

LfN VO

NV

rH

3
CO

o

nj-O
VO

•
LfN

1—i LfN o
ov iH CO
o rH o

• • •
o CM rH
rH rH rH

LfN VO rH
-d " NV OVco IV-

• • •
iv- O v Ov

o NV CM
ON rH 3

CO v o
• « o

LTV VO VO

LfN LfN LfN
rH rH rH
o o O• • •
o o O

rH
KN
rH

n d- CO vo CO CO CO CO
LTN LfN o o _d* OV iv-
O v O n o v o v OV cv- CO VOo • • o • e o •o o o o o o o o

D— IV- H*
3

CO Ov rH 00 v o
CM CM rH LfN C -

-d *
rH OV

OV OV CM IV " ~ d ■ 3 nd*• • m • * • • o
VO VO C - VO vo - d - vo - d -

-d- -d* CM I—1 CM o 0v CO
OV ON CM CO VO _d" CO CO

v o VO KV CM i—1 CD VD CO• e • • o o • o
NV NV 3 NV CM CO CM CO
rH rH rH rH rH rH

LfN ON CM O CM LfN o OViv- CM O n ON VO n d " rH IV-
NV NV ON LfN rH LfN CM

*■ • • * • o o oo O o o O CO o ON
rH rH 1—1 I—i rH rH

O CO CM l—1 rH o LfN KV
VO CM ON rH (—i 0 0 - d - NV
CM CM VO rH ON rH VO

o • • • • ■ • •
IV- IV- c— IV- o - LfN CH- VD

LfN LTN LfN LfN LfN LfN LfN
rH rH LfN rH i—I rH rH rH
O O rH O o o O O• • O • • • • •
o O • o o o O oo

VO LfN NV rH ON ON NV LfN
CM ON 3 NV 1—1 rH OV
rH o i—i rH rH rH 7 h O• • • • 0 • o e
O o o O o o O o

1—1 CM rH rH -d- rH rH KV CM 1—i rH LfN KV
o O O o o O o O O o o o o

/— o O O o o o O o O o o o o o o
'd • • • • « • o • * • • • • • •
s_/ o o o o o o o o o o o o o o o

I I I 1 t t

0 0 VO -v i o NV rH LfN
VO LfN v o rH NV LfN OV

-—. rH LfN CM C— NV VO
o • * • • • o •

— / VO LfN VO LfN LfN VO VO

o LfN VO LfN C0 rH D— VO
CM rH NV VO IV - d - CO CM
rH rH LfN CM ON 00 CSV LfN

• • e • • • • •
o- c— IV- (V- VO LfN vO VO

NV O CM CSV VO o o
LfN - v t o rH CM o CM

• • • • • • •
rH CO CM CSV IV- nd- KV
NV CM NV CM CM NV NV

O IV- CM IV- VO 0J VO
-d * NV L fN VO 0 0 c— NV

» • • • • • • •
v o V0 0 0 IV- L fN ON L fN KV
NV NV NV NV KV CM KV KV

rH
VO

CM
VO VO

•  > • o • • • • • •
__d* LfN VO IV- 0 0 CSV o rH CM KV
VO VO VO vO VO VD IV- cv- IV- IV- IV-

LfN
IV"



r-i tv— CO o rH
3 L fN KV CM otv- UV ON ON ONo * • © 0
o o o O o

tv- CM o o CO
CO KV LfN LfN KV
ON ON ON CJN ON• 0 • © eo o o o o

o rH LfN ON o
IV VO i—i o rH
ON ON ON CO CO• • e • •
o o o o o

CJN CO n d CM IV-
CO rH VO KV KV
n d . rH ON VO CO

•r-3 • • • o •
^  n d KV LfN IV- VO

o CM VO tv- KV
ON ON IV- 3 L fN
CM rH KV CM IV-e • • • •iv- VO CO 00 IV-

CO ON CO v o KV
KV o I—1 ON oIV- - d ON CM CM

• • • 0 «
CO CO IV- IV- IV-

n d n d o CO v o CM
IV- VO ON 0 0 rH rH
c o rH IV- o LfN n d

•H • o • 0 • •
CO VO rH

i—1
LfN 
1—1

KV
rH 3

CO CM tv- LfN ON LfN
LTV ON CO LfN n d LfN

<•—>■ vO ON o 0 0 CO LfN
X 1 © o • • © 6

CO IV- ON rH
rH

o
rH

o  
1—1

ON KV CJN VO CM VO
LfN ON LfN ON ON CO
o LfN KV CM LfN KV

bO • • • • • •
vo LfN VO

LfN

CO IV- IV-

LfN LfN rH LfN LfN LfN
rH rH o i—i i—i rH
O O o o o O

• • o • © •
V-/ o O o o o

CM
d

O
CMi—i

0 >

ON

d

VO

LfN
r-i
O

•
o

o n d CO VO n d - d n d rH
VO o CM IV- CM L fN CM 3L fN KV KV CM VO vO n d© • © 0 m * 0 *
VO
i—1

vo
I—1

L fN
rH

IV-
rH

V0
rH

L fN
i—1 3 n d

i—1

CO CM VO c - i—i rH n d rH
ON O O IV- O IV- CO rH
L fN - d CO CO L fN KV CO iv—• • o • • o 0 0
CM CM i—i CM CM CM CM CMrH rH rH rH i—! i—i rH rH

VO ON CM r-i CO IV- VO L fN
rH IV- VO r - i n d L fN rH ON
CO VO CM o IV- vo o CO

« • • 0 • • ■ 0
CO CO CO ' ON CO CO ON CO

L fN L fN L fN L fN L fN L fN L fN L fN
rH rH rH rH i—I rH rH rH
O o O o o O O o

• • • e 0 0 • •
O o o o o o o o

rH n d KV ON LfN o ON
IV- CM 3 tv- CJN rH IV-—̂\ O i—1 o rH o O rH

© 0 0 0 0 0 0 0
o o o o o o O

ON VO 00 KV LfN IV- 1—1 IV-
rH IV- nd CO ON o KV o
rH o rH o O 1—1 rH I—i

0 0 . 0 0 0 0 0 0
o o o o o o o o

rH v o IV- CM CM rH CM KV KV n d rH
O o o o o O O O O o O

«■— O o o o o o o O o O O O o O o
0 0 0 0 0 • 0 • • m 0 0 0 0 0

o o o o 0
1

0
1

o O
1

o o o o o o o

CM n d L fN CM CJN KV co KN CO IV O L fN I—1 CJN KV
IV- U N ON O 0 0 VO

d
CO CO ON rH KV KV vo tv-

^  ON n d CM HI n d KV VO L fN o C JN V0 L fN CO tv-
O 0 0 o 0 # 0 0 0 0 0 0 0 0 e e

ON L fN vo CO tv- c- VO CO CO CD 0 0 0 0 CO 0 0 00

KV 00 CO CM CO nd VO
L fN CO rH 3 CM VO ON

*•—N 0 0 0 0 0 0 0
x> o IV- CM rH CO IV- CM
v_/ KV CM KV 3 KV KN KV

ON O CJN UV n d i—i n d LfN
KV CJN KN LfN rH vo KN 00

0 m 0 0 0 0 0 o

d - d
rH3 LfN

n d d
KV

3
LfN
n d d

/—<» • 0 o 0 • 0 0 0 0 o © 0 o o 0
cti vo IV- CO ON o rH CM KV n d LfN VO tv- CO ON o

^  IV- IV- IV- IV- CO CO CO CO CO 0 0 CO C0 CO CO CJN



CN- CT\ LfN o r-i c— CO
3 3 3 CO CO tr— LTV

-—» CO CO ON ON ON ON CT\M a o • • • • •
o o o o o O o

in- LfN r-i LfN 3 c - KN CO
c~— o LTN VO VO v o KN o
CJN K \ vO CO LfN KN VO 3• • • • • • • «
L ON CO CO CO CO C - CO

O VO 3 vO r i CM o KNiN- ON o CM KN 3 ON CM*■—* tN— KN HI LfN ON LfN o VO
•H o • o o • • o o
v_y» LfN CO tf - C— VO v o LfN VD

I—i r-i i—1 r i H r—i r-i r-i

3 LfN r-i CO ON c - KN VO
v o UN 0 0 CM VO KN 00 00
3 VO o ON 3 CM KN o

X3 o o • * • • • •
___ KN LfN KN CJ CM CM r i CM

r-i r-i r-i r-i r-i r-i r-i r i

C\J LfN 3 IN- VO KN VO CO
OJ LfN LfN 3 CM VO VO LfN
3 ON r-i o L LfN ON 3w * « • • o a • •

■>—> ON o ON ON CO CO IN- CO
HI

LfN LTN LTN LfN LTN LfN LTN LfN
r - i i—i r i r - i r i I—I r - i r - i

✓—«. o o O O o o O O« • e • 0 o « •
— ✓ o o o o o O o o

ON ON IN- o IN- r - i KN - d ■
r i c ~ vO LfN vo CN- CO CJ

.---- i—i o r - i i—i r - i r - i O r i
© e o o • o 0 o •

__' O o o o O o o o

CJN H
CM o 1—i KN IN- IN— - d * oo o CM r i CM 3 3 vo

0 • o O O ON ON ON
r-i r-i o • • o o e

r-i r i r i O o o
r-i CD CM r i LfN ON IN- LfN
LfN VO CM 3 LTN r i [N- IN-
CO VO r i KN LfN CM i—i 30 • • o • • • o
CO CO CO CD CD CO CO CD

CO IN- CO i—1 3 CD vo LfN
ON KN LfN ON r i 3 " VO LfN3 r i o 3 • ON CM r i IN-

o • 0 • • o • •
(N- IN— VO VO VO vo VO VO
r-i r-i r i 1—1 r i r i i—I r i

CM ON LfN CM r i IN- 3 ON
ON tN- VO IN o ON CO r i
CM KN KN IN- ON KN KN v o• o • • e a • •
CJ CJ r i i—i r i CM CM OJ
r-i r i r i r i r i r i r i r i

CM KN KN CO CD LfN VO i—iO VO LfN KN CM tN- VO KN
vO VO CJN CM KN VO VO CO• • o * o o 0 o
CO CO D- CO CO 0 0 CO CO

LfN LfN LfN LTN LfN LfN LfN LfN
i—t r i r i i—I r i r i i—1 r i
o o O o O O o O

e • • • • • • •
o o o o o o o o

LfN 3 ON LfN IN— VO CO IN—
LfN r i CM ON o tN- O n O
r i r i O o r i o O r i

« • • o • • « •
o o o o o o o o

r i v o VO KN LfN
o o o O O.■—■> o o o O o

«d • • o o •
o o o O o

1 t

r i KN r i KN
O O r i O
O o o O O

o 0 0 • •
o o o o o

3 CO KN KN
o o r i O
o o o o o o• • o • • «
o o o o o o

I I

IN- IN- CO ON On VO CO VO H r i LTN CO CO IN- vo ON
0 0 VO IN- IN- KN IN— VO r i CM KN o CM ON ON LfN o
CM CO ON CO LfN KN CO KN 3 LfN O n r i r i LfN LfN IN—

• » • • • • 0 0 • • • • • e • •
ON o

r i
CO CO CD CO IN- CD CO CO IN- CO CO CO CO CO

IN- LfN ON ON LfN CM CM r i LfN r i r i LfN r i LfN 3 CM
3 LfN CO KN VO 0 0 CM LfN O VO 3 LfN ON ON IN- LfN

-■—. • • • • 9 • • • • 9 • • o • e •
rQ IN-

3
LTN
LfN

LTN
3

LfN
3

KN
3

O
3

KN
3

KN
3

o
3

r i
3

r i
3 3

KN
3 d

• • • 9 •ctf r i CM KN 3 LfN
ON ON ON ON ON

0 * • • •
v o IN- 0 0 ON o
ON ON ON ON o

r i

9 « • • • •
r i CM KN 3 LfN VO
O O O o o O
r i r i r i r i r i r i



NV d tv- H
NV CM UV LTV

/—- Ov CO [V- Ov
a o a •

o o o o

tv- OV VD o
d o CO CM

,-- . LTV [V- o CO
•T-2 a e • a

D OV d VD

H tv- CO NV
CM CO tv- CO
Ov CM o d__«, • o e •

•H d i—1 CO NV
H H i—1

CO VD d Ov
LTV OV H d
LTN CO IV- CM

/—. a a • •
£ H Ov v - o
-_/ H H

CO LTV CO CM
CO CM OV IV-o O v KV H

W a a • a
CO VD LTV IV-

ov OV LTV u v
H H H H

,—. o O O O
u a a a a
'_^ o o o o

CM CO o tv -
vD CJV VD H
H o H O

© a a a •
'—' o o o o

CM H CMO O O
- —- O o O

a a •
o o o

OV H H o
o H CM d

'—■> Ov CO CM H
o a a a a

IV- VD LIV IV-

K \ OJ OV O
d  co VD UV

•  •  •  a
rQ o d  VD VD
^  , d  n v  cm n v

a a a a
IV- CO OV oo o o H
H H H H

VD tv- CO H CM
LIV CO NV VD OV
Ov OV OV Ov Ova a a a ao o O O o

d KV CM H CO
VD OV O H CM
O n O VD NV H

a a a a a
VD tv- VD c— Ov

0 0 NV CM NV cv-
VD CM LIV LIV dIV- o o d o

a a 0- a a
NV
H

NV
H d COi—1

NV UV KV NV NV
H IV- VD IV- LTV

d CM O CO H
a • a a a

o o o o NVH H H H H

IV- o CM OV d
c o OV d o o
CM ■—1 o vD CMa • • • •tv- c tv- IV- Ov

LTV LIV LIV LIV LIV
H H rH H H
O o o o O

• a a a a
o o o o o

ov v o NV OV o
OV CO CO v- do o o o o

a a • • •
o o o o o

CM CM UV CMo o 8 Oo o o O
• • • o a

o o o o 0
1

IV- IV- O H
IV- CO H UV
I—1 o ON UV H

a a 0 a a
IV- tv- VD v - Ov

CJV NV CJV OV CO
VO CM n r NV IV-

a a a a a
VD VD UV o s VO
NV NV NV NV d

a a a • •
H CM NV d UV
H H H H H
H H H H H

00 IV- VD H H cotv- co o CM d CO
CV OV CSV OV Ov CO

a . » a a a 0
o o o O o o

CO o v  o v  VD VD OJ
OV LTV NV VO GO NV
CO UV OJ LiV VD CO

•  o •  •  •  •
CO CO tv -  IV- CO c —

*—i *—i cm tv - oj d -
o v  OJ r l  LPi I V  CO
UV OV NV OV H i _d"

a •  a a a a
C—  VD - d  UV
t—1 H  H  i—1 i—I H

UV UV VD VC UV d
CJV OV H NV OV o
o v NV d IV- (—1 VO

a a a a a a
CM CM r-i H NV CM
H H r - i H H i—1

d d OV NV d O
ov tv- 00 ■—1 NV CM
o VD Ov CM CM CO

a o a a a a
ov 00 v - CO Ov CO

UV UV UV UV UV UV
H i—1 H H 1—i Ho o O o O o

a a a a a a
o o o o o o

d o d Ov H d
H d IV- VD CO CM
H o o o o H

a a a a a a
o o o o O o

CM CM v - H NV NV
O O o O O O
o O o o O o

a a a a a a
o 0

1
o o o o

NV H NV oo UV 00
VD CM Ov CM NV IV-
CJV v D CO H H vO

a a a a a a
00 CO tv- CO 0v CO

CM IV- LTN UV o VD
CO o NV UV tv- NV

a a a a a a
UV

d 3
o

d
H

d
VO
d

• • • e •
VD CO ON O H
HI H H H Ol
H H H H i H i H



H i en- NN
CM -4 * O
O 0 O

• • •
1—1 r-i 1—1

CO vo CO
*r-3 V O r-i 0
—  KN CO 1—)

• • •
EN- ON ON

v o  v o  in -
^  v o  O  ©
•H UN 4 "  O
' •• •  o •

4  ^  c o
H i i—HI rH!

UN HI 4
V r-i ON IN-

KN KN ON
*,_* • 0 0

O KN CM
H I r-i 1—1

CO 1—1 ON
/—s H i IN- IN-
W CM KN 0

V_/ • 0 •
D - ON ON

UN UN UN
^ ----X r i i—1 1—I

O O O
v _ x • • 0

O O O

0 O D—
*—>* ON UN O

© O O O<* • • •
O O O

CM
<— O
•d 0 O O

• • •
0 O O

1

KN CO IN-
■— . 1—i 0 UN

0 H KN O
• • •

IN- ON CN

VO CO 0
•-—> KN UN KN0 • •
v_^ VO N - VO

KN 4 4

H i HI 1—1

CM UN CM CO
IN- UN Et c—
CTN ON o n ON0 • • •
O O O 0

UN O
IN-

VO

IN- 
1—i 
O

O
EN
IN-

• « • 0
ON in- CO C -

O KN O CM
CO VO UN v o
0 1—i CO KN

0 • 0 •
CD UN UN UN
r-i t—i 1—i 1—i

CO 0 0 UN UN
KN D - CO UN

4 4 in - KNe 0 • •
KN H H r-i
1—I 1—1 r-i H

4  CNJ IN- v o
O  I A  4  4

- 4- o  4m o v
•  •  • •

ON CO CO c—

UN UN UN UN
H 1—1 1—i r~i
O O O O

• • • •
O O O O

UN O CM CM
UN ON O H
O O H H

• 0 • •
O O O O

UN KN CO CM
O O O O
O O O O

0 • • •
O O O 0

1

ON 4 CM H
CM CM CM CM
KN O n H CO

• • • •
ON c— 00 £■—

ON 1—i CM CO
VO UN UN ON

• • • •
en- O H ON
-4 4 4 KN

UN v O in- CO
CM CM CM CM
H i H 1—i H

O O UN VO
CO O 1—1 IN-
ON O H I CO0 0 0 0
O r~i r-i O

VO ON KN H
CO CM c— EN-
UN O 4 UN

• • • •
IN- CO 0 0 VO

NO KN H O
ON IN- UN ON
ON CO L— ON

• 0 • O
4 UN VO CM
H 1—1 H 1—i

NO r-i CO VO
UN IN- UN i—i
O 4 CO IN-

• 0 0 •
r-i H O O
r-i H H 1—i

tN IN- CO ON
KN CM ON ON
IN- O UN 4• • • 0
c— CO IN- IN-

UN UN UN UN
H 1—i r-i H
O O O O

• 0 • •
O O O O

I A  4  4  VO
-4  H f>- co
1 1 1 i H  1—1

•  •  •  •
o o o o

UN r-i H i KN

•  •  •  •
O O O O

I

4 IN- O UN
tN- ON H CJN
UN 0 0 4 CM

• • • •
c— (N- IN- IN-

CM IN CO ON
IN- K'S CO CM

• • • •
CO O IN IN
KN 4 K'S K S

ON O H CM
CM KN KN KN
H 1—i 1—i r~i

VO KN VO H
CM r-i KN IN-
ON O O ON• * • •
0 <—1 r-i 0

IN- 4 4 CD
CO v o CM CM
CO IN- CM O0 • 0 0
VO IN- CO CO

UN ON CO CM
r-i 4 UN IN-

'O KN CM CO
• • 0 e

KN UN VO UN
H H H H

CM ON KN H
KN -4” 4 CM"X) ON KN CO

• • • •
O O r-i 1—1
1—1 H H 1—1

O CM CO CM

3 -9
VO KN IN-
VO

•
ON

«
CM

•
IN- IN- IN- CO

UN UN UN UN
1—i r-i 1—1 r-i
O O O O

0 0 • •
O O O O

HI EN VO UN
KN vO KN ON
r-i H H O

• • • 0
O O O O

r-i r i O UN
O r-i H O
O O O O

• • • 0
O O O O
1 I t

UN CJN IN- IN-
ON VO CJN VO
CM 4 c - r-i• • • 0
I N I N t N CO

ON CO v o UN
CM H CO L—

• • • •
I N CO ON r-i
KN KN KN 4

KN 4  LfN VO
NN NN KN KN
1—I H  1—I 1—1



UN
(M
O

<D

TO

kn
d
r-i

KN

O

i—1
d
i n

i n

OJ
CO
ON

o
o

KN
UN
ON

3
CO

o
o

C\J
UN
CO

ON
ON
i n

-—. KN d r—i CO UN ON
• n O CM VD v o CM UN

—' r-i O O IN o r—1• • • • • •
CO CO CO VD IN- VD

o KN CH- O ON IN
—̂, CM VD KN CO CO (N-
•ri O CO ON KN CO r—i
s_« • • • • o •

VD UN UN KN KN CM
HI i—i r-i r—i r—i r—i

CM i—i ON i—i ON ON
-—- ON IN- CO ON CO r-i

CM VO o d £n O
>_' • • • © o •

r-i r-i CM r i r-i i—i
i—) r-i r—i r-i i—1 r-i

CM IN- O r—i o r—i
O NO v o d UN r-i
ON r—i - d o CM IN

.__ • • • • • •
IN CO CO 00 0 0 IN-

UN UN UN UN UN UN
✓—«. i—1 r—i i—i r~i r—i r—i
U o o o o o O

• • • • • •
o o o o o o

UN 
UN 
i—i

d
o
o

KN
ON
ON

IN
O
H

HI
o
o

i n
KN
KN

IN  CO

UN
ON
o

I—I

o

o
KN
ON

•
IN

IN
VD
i—i

KN
O
O

UN 
vD  
O  
■ •
CO

UN 
UN 
r—1

CM
O
O

ON
KN
UN

UN r—i d CO d ON vo KN r i
CM KN CO VD IN VD r—i KN o
CO O o o O ON o O o• • • • • • • • o
o r-i r—i rH r-i o I—i r i

UN

r i

KN v o VD KN d KN UN ON ININ c— KN VD ON CM tN o 0 0C— o r—i CM CM CM CM • VD• o o • • • • o *
IN- 00 ON ON ON CO ON r i ON

CO v o CM KN UN IN IN N CMVD VD VD r—i IN UN NN UN UN
KN ON O KN KN CM KN ON r io • • o • • © • •
UN UN CO CO CO VD CO ON ONr-i r—i r—i HI r-i r-i r i H r i

IN- UN UN ON CO r—i o IN O
VO ON -X —J CO VD KN UN VO KN
d r—i o KN KN r—i o ON OO• o • o o © • • m
KN r—i CM CM CM CM KN KN KNr-i r-i r—i t—i r-i r—i r i i—1 r i

d * d ON O UN ON CM d CO
CM KN CM IN- UN CO KN EN IN

d CO d VO VD d r i IN vO• • • » • • • * «
ON IN- CO 0 0 CO 00 ON ON ON

UN UN UN UN UN UN UN UN UN
r-i r—i 1—i t—i ■—1 r—i r i r i r i
O O o o o o o o oo • o • • • • • •
O o o o o o o o o

ON UN IN EN 00 CO tN
• a

ON
■—1 UN VO vD KN d O N
H H r-i r—i r-i r i r i I—I r i

• • • • • • • • •
O O o o o o o o o

VD d VD CM r—i d ON CM
O o O O o o o O

O O o o o o o o O
• • • • • • • • •

o o o 0
1

0
1

0
1

0
1

o o

o 00 KN d d tN VD CM
ON UN d ON o CM CM CO
CM vD CM d UN KN o V0 d

• • • • o • • * •
ON tN oo CO CO CO ON ON ON

CN
UN

VD
CO

CM
VD

d
UN

KN
CM

d
UN 5

UN
r i 3r

• • • • • • • • • •
—/  ON o CM o r i 0 0 IN ON CM KN

KN d d d d KN d KN d d

IN  1N  
d  i a  

•  •
KN CM

d  d

oo
o

r-i
CM

VO CTN
d  d

IN
d

CO
d

• • •
<• IN CO ON

ctf KN KN KN
'_' r i r i r i

r-i
- d
r-i
i
r-i

KN
d  d
r-i r-i

VD
d
i—i

IN- CO
d  d
r~i  r—i

•  •
ON o

_ d  LfN
r-i r~i

r~i 
UN 
r—i



X I—i VO o KN KN d ow LT\ d o CM i—1 IN- UN
O o o O O ON ON

• • • • • o •
i—1 H I—1 rHi i—i o o

,_s UN
• n O n VO ON H I CO 0 0 d*_■< KN d VO VO CM CM VO

• CO d UN o H CO
O o • • • • •
i—1 ON ON ON ON ON CO

i—1 UN o CM ON VO d•H LT\ VO CM o -d* d d
UP\ d IN- ON CO o UN

• • • • o • 0
O ON CO 0 0 D— CO IN-
CM I—1 H I—1 i—1 1—1 H

O KN c - UN CO UN KN
k n UN KN UN KN CO C -
rHi d UN KN c— KN KN

• • « o • e o
d KN KN KN CM KN KN
h i—1 H t—1 ■—1 HI H

CO d NN VO d IN- 0 0
t o CO h IN— d i—i VO UN

v_/ 0 0 d d KN CJN KN KN
• • • • • • •

ON ON ON ON CO O n ON

u r \ UN UN UN UN UN UN
/—» i—i i—1 H I—1 H i—1 H

o O O O O o O
'_' • e • • • • •

o o o o o o o

ON IN— 00 CO VO H CM
ON O d CO CM IN- i—1

© HI H i—i o H CO H
%__ .• • • e • e • •

o O o o o O O

H CM H H H CM
O o O i—1 o O

•d o o O o O o O
V_/ • • • • • • •

o o o o o o o
( I I

KN o I—1 KN CM CM KN
IN- O N H d vO CO KN

o VO CM KN CM C— CM CM
N_■■ • • • • » • •

ON O N O N ON CO ON ON

UN ON o UN ON UN o
<■—» d d VO CM IN- d CM
rO • • • • • • •

5 c -
d

IN-
d d

C~
d

C-
d

• • • • • • •
CM KN d UN VD IN- CO

CO UN UN UN UN UN UN UN
V-' H i—1 H H H H H

CM H o KN i—I
H CM VO UN d o IN— VO
O ON o CM CM H O o• • ON ON ON • • •
H O • • • H i—1 H

o o o

KN UN o UN CO
d
ON

H
d

o
UN

VO i—I UN i—1 CO UN IN - VO
VO d c— IN- KN • « ©» • • • • O o O
CO IN- VO VO IN- H H H

£■“ ON
d

v O v O UN UN VO
CM UN IN- O d KN UN
H VO KN CM VO ON CM O

• • • o • • • •
L— d KN KN d o i—I i—1
H i—i H I H H CM CM CM

CO H CM KN CO KN O VO
CM H d IN- CM VO H d
CM UN v O KN d IN- KN KN

• • o • • • • •
CM H O O H KN d

sH H H H H H H

IN- UN d ON IN- i—1 ON
UN UN UN ON KN KN
UN o CM ON VO O O• • • • o • • •
CO CO IN- IN- IN- ON o o

UN UN UN UN UN UN

I—1

UN

H

UN
H H H H H i—1 H H
O O O O O o O O

• • • • • • • •
o o o o o o o o

ON H CM KN UN d IN- VO
in- KN O UN o IN- UN CO
co H i—i o H CO O o

• • • • • • • •
o O o o O o o o

KN d H CM UN UN
o o O O o O
o o o o o O o O
• • • • • • • •

o o o o o o o o
1 1

o UN o H VO d IN- KN
VO o KN ON IN- d d KN
d ON KN H CO UN ON ON

• • • # • • • •
CO IN- c— IN- IN- ON ON ON

UN H IN— V0 V0 ON UN CO
CM d d c— CM IN- CO c—

• • • • • • • •
KN o c - V0 O 03 o o

d d KN KN d d .  -—J UN UN

• o e • • • • •
ON O H CM KN d UN VD
UN VO VO V 0 v O v O V 0 VO
H H H H H H H H



X ON UN KN KN IN- r—1
CO H IN- 0 0 d VO IN-
o O ON CO ON ON ON

o • « • * © •
r—1 H O O o o O

__. O CO o CO H o•1-3 KN CO ON ON ON UN ON
—/ VO CO 1—i VO VO CO d• • • VO • • •

O ON ON • CO CO CO
HI CO

„_, VO CO ON CO UN ON d
•H i—1 d VO KN ON ON CO
W O UN • H r—1 t—i d c—

• o • o • • •
H ON CO C— IN- C— VO
CM H i H i—1 i—1 H H

__„ CO D— KN C— HI d CM
S i d CM ON KN O CO ON
v - / ON ON d O CM o d

• o • • • • •
KN KN KN d KN KN CM
(—4 H HI H H HI HI

» HI VO CM KN CO VO CM
bO VO d d CM KN UN d

c— D— d CO CM H c—
o • • • • • o

ON ON ON ON CTN ON CO

UN UN UN UN UN UN UN
i—1 r~i HI H ■—1 HI H
O O O O o O O

*_s • • • • • • •
o o o O o o o

H IN— CM KN
■ 3

CO UN
-—» IN- vO UN CO 0 0 ON
<D O O O O HI o o

• • • • • • •
o o o o O o o

HI H IN- CM H
/—> O O O O O

o o o O O O O'—" • • • • • • •
o o o o O o o

1 I 1

UN d VO VO CM HI KN-—> IN- v o IN- CM O UN KN
o VO vO KN IN— r~i O VOs_/ • • • • m • •

ON ON ON CTN ON ON CO

vo o KN CM KN c— KN•—* d d CTN IN— UN CM r-1
& • • • • • * ©
v_' ON ON SN- ON VO VO d

d d d d d d d

• • • • • • •
IN- CO ON o r—1 CM KN

cd vo VO vo C— IN- c— CN-
v_^ H HI 1—1 r—1 r-4 H rHi



-p d
©

^  I—{ d o KN t—i CO ONs i cd d © • o KN VO CO CMo d so CM UTN O Lf\ CMo o o • • • • •
Eh Cd o CM o - CM I—1 CMi—1 H H

n t LTN O c— vO ON
C— VO O KN CO o
LTN o - o H o ON• • • a # •
o
H

CM
H

CO
■ 3

I—I 
i—i

LTN

I& © oCO
H  CS O

^  © © O •
bO d  !h  f e  bO

w *  d  o  
d  d  oa

[x, M  cd

O n ON (JN
i—I i—I tH
H i HI HI

H
H

•
O

ON o - d " o o ON 0 0
HI o c— ON CO c— CO
H  I H o o o o o

0 • • • • • •
O o o o o o o

^  © d  
oo ©

i—) cd <h
© ©  3  •

P  d  d  © bO
w  d  O  cd

d  d  ©
fo  M  S

*
o o

*•
o KN ON o - KN D— UN

ON
H

ON
H

ON
H

ON
H

KN
H t

UN
H

H
H

CM
i—1

CM
H• • • • • • • • • •

o o o o O O O O O O

ON
KN
H

a
PQ
C
Eh

O
H
EH
Put*=2

s
o
o

p
o
o
pH

i  
^  ©

© •
GO d
© o  
© o  • D“ ON VO O o CM c - CM

*
CO UN C—

© £ d  Id bD H t VO KN o CTN ON ON 0 0 o
8 )___© o KN ON H H H  t O o O HI CM

d d  © • • • • • • • • • • •
Cd H  © CM H O o H o o o o o o

£ © d  
© ©
© d  
©  d  • HI KN CM D— KN VO UN ON c—

d  g d  © bO c— 0 > C CM
i

H CM H KN UN 0 0
w  © o  © ON H t H H H H H KN CM CM

d d  © • • • • • • • • • • •
id H  3 CM CM O O Hi O O O O o o

o

d
©
d
©

- p  d  
h -P  o  
d  © O P o 

CO

bO

CM KN KN 00
c ON C CM
ON i—1 H

• • • •
CM CM o o

CO ~d* VO ON c—
H CM 1—1 UN CO
H H H 1 CM CM

• • • • •
O O O O o

K •
O P
m  <h^ *H

P  d  P  
w  o  • 

O -P

HI
cd •  

■ '  HI O 
cd d  

—  ©
CO

bO v O

c—

CO H +  
KN H

cm
H

ON
CO

cmH

u n  o  
KN KN 
CTN ON

H
H •3

CM KN n t  k n  v d

_d* o 0 0 UN ON i—I
00 VO ON o CM H
CO o CM v O LTN

• • • • • •
o KN CO - Z t Hi VO
H H H H

m • •
• o • o rH C\J

C~~ CO ON rH i rH I—i



.— - d ON O EH - d CH rH ON KN KN CO EH- KN ON ON _ d- d CO KN - d KN c o ON ON H - CH i—i O CO 1—1 KN CO
CO CM D— i—1 k n VO KN KN UN o - d CH- O KN UNo • • • • o • • • • • • • * o •

- d CM O H o i—1 CM ON KN C\] 1—1 CM rH KN k n KN
i—1 i—1 i—1 rH rH rH r-H rH HI rH H HI H rH

■<* O rH UN - d KN CO CM UN CM VD UN CO o  _ d CMbO rH CH- CH- UN CO vo IH- H d  d ON O CM 1—1 I d H■—̂ H O O o o o O i—! O H i—1 h  T—i i—1* • • • • • • • •  • • • • • • •
O o o o o o o O o  o o O o o  o O

.— . UN KN ON vO rH CO UN CM ON UN CM EH KN UN ON EH
P EH i—1 rH 0 0 KN o H 0 0 CM CM UN VO O IH- CM CH-
—^ i—1 i—1 H o H H H rH CM CM H H CM H CM H• • • • • • • • • • • • • • « •

o O O o O o O o O O O O O O O O

-— - d o UN o VO - d KN UN UN vo ON vo ON UN UN CM<D UN ON
d ON CM H ON CM IH- CH O ON UN C—

d J d
UN ON o H H O CM H o KN H CM i—1 r-H• • • • • • • • • • • • • • • •
rH o o o O O o O O H O O O o o o

^ —. D— KN KN - d O
d

CO UN r-H CM H CO CO rH o o
d VO UN 0 0 H VO H 0 0 CM VO ON

d
CM CM 1—1 CO

—̂ ON CM i—1 H H rH i—1 CM CM KN KN KN CM KN H
• • • • • • • • • • • • • • • •

rH rH O O O O o o O H O o o O O o

CO d KN d o
d

0 0 VO CM KN CM CO ON CM i—1 rH
v o UN CO i—i VO H CO CM VO ON d CM CM H CO

O ON CM i—1 H H i—1 H CM CM KN KN CM KN CM KN i—1
S_X- • • • • • • • • • • • • • • • •

r-H i—I O O o O O o o rH O O O O O o

VO - d KN UN KN KN d UN d UN VO ON VO ON ON
rH UN —d ON UN CM EH- O (—1 i—1 UN ON CM KN H
UN UN H KN IH- O v o o H O 0 0 ON d UN O O

« • • • • • • • • • • • • • • •
CO d rH H O CM CM o d UN H CM CM KN d drH rH H H r-H H H rH rH H H rH H H

m • • • • • • • • • * • • • •
© k n — d UN VO EH- CO ON o H CM KN d UN 'vO IH- CO

rH rH HI rH H rH rH CM CM CM CM CM CM CM CM CM



HI
ON
I—I 

e
0 -
1—1

VD
LTN
D—

o
kn
i—i

UN
d  CM 
LTN d

£"7 d

r—( 
t—1

LTV
LTN in- H CO H
LTV CM d KN C

a • o o •
o
I—1 VD H ON CO

VD
LT\
i—1

a
o
H

i—I
O
CM

•
H
i—1

UN
VD
GV

»
O
H

LT\
VD
KN

•
O
H

LTV
VD
CO

a
i—I
H

CO
u n

—d  
«

o
HI

tiO

o H  IN- UN
O  CTn KN
H  I O  H  H

o c IN- CM VD N * t o
*
CN- Tcn H

KN CO CM £H H L£N D~- k n ON i—1
H CM H CM K \ CM kn CM d KNa a • • • • • o • •
o o O O O O o o o O

kn
CM
CM

•
o

H
VD
H

Lf\
H

d HI C— UN H H CM o o d * OH CO o UN O KN O VO v o £— o
CM H CM d CM d UN KN UN KN D—' • •  ■ a • • • • a e • •
O O o o O O O o o O o

ON
d

IN- ON VD CM in- CM O UN CO d CO VD
a
KN

*
o ON

ON CO
d

CM VD IN- UN d IN- UN o d " KN EN- CO
© i—1 H CM H VO IN- KN UN VD d CO d d KNa I •  11 • • a « e a a a a a a a a

o o O O o H H o O o o CM o i—I o

o ON UN i—1 1—1 VD UN IN- CM 0 0 CM d CO ON KN*—N, UN KN CO CO H i—I H KN KN CM UN o 0 0 ON ON
TJ CM t CM I i—1 CM CM H CM d IN- 0 0 VD d d CO da a o a a a a a a a a a a a a

o O O o O CM CM o O O O KN o i—i o

H o VD CM 1—I VD VD IN- KN IN- VD UN KN 00 d
UN d 0 0 0 0 H H H KN KN CM VD ON O UN ON

o CM t CM f H CM CM i—1 CM d IN- CO KN KN CM CO d
a a • a a a a a a a a • a o o

o o O o O CM CM O o O o H o (—1 o

CM CM VD
O UN CO

#—>s O VD CM
d a a a
S—' 00 i—1 d

H H H

(___ a a a
Cfl ON O i—1

CM KN KN
CM
KN

d
CH
ON

•  •
KN
KN KN

VO VD KN O CO KN KN ON CM CO VD CM
VD d ON IN- ON ON UN CM 00 KN CO UN
O o H V0 CM CM ON CM UN CM VD VO

a o a a a a a a a a a a
CM 1—) o UN o O i—1 CM UN H UN H
Hi H H H H H H H H H H

• •  •
LPv VD C— 
hOi ^  IA

* o •
CO CT\ O
KN NA 4

H
d

CM KN d
d  d  d

LTv
d



ON CO IN- -s- ON
CM vo ON 7r\ dKN UN d d c—

• • • e o
ON o (M o r—i

r—i HI I—1 H

CO (M ON KN D— UN i—1
CO i—1 UN KN O d i—1
KN ON KN C - IN- ON IN-• • • • • • •

d HI d H ON KN ONH H H H

d
I—i

r—I

*  i *  1  , #  *
CM KN d f  KN ON 
UN d "  ^  - d  N^\

&0 H  CVJ CM CM KN
w >  •  •  •  •  •

o o o o o

*
UNo
CM

*
IN-
t-i
<M

* .CM
«o $

ON d o - dH ON UN UN CM CM
CM 1—1 t-i H H CM• • e • • •O o o o O o

KN UN CO ON CM
H KN KN CO VO

<Sh KN d d - d d
v_s • • • • •O o o o o

CM VO vo o ON UN H UN
CM CM CM VO IN- ON UN
KN KN KN CM CM i—1 KN0 o • • • o o •O o O o O O o O

* * * * * *
CO CM VO IN— KN CM—̂> ON IN- ON CM IN— VO

© KN d VO CO r—I IN-
V__/ • • • « m 1 •

O o o o r—i O

* ¥ * it
CO vo o UN VO ON CO
KN o H CM d VO UN
KN KN UN d KN CM d• • • • « • oO O o o O o O

VO CO ON CM CM CM
- d

VO H-—- VO H d ON CO IN- KN
•o LTN D— D- H KN CO d d• • • • « | • • •o O o H H o o o

D -
ON

VO

cmo
UN

CO Hi o
KN d  CD

d  KN UN 
•  •  •o o o

ON UN IN- VO CO ON D— VO O ON 1—I o-—* UN d O H CM VO d o ON KN d COo KN KN UN VO H IN— vo H o KN d KN UNX_✓ « • • • • i • • • • o « • •
o O O H CM O H o H O o o o

CO CO d 00 o - KN VD d ON HI d H VO
'—• KN CM UN d N— CO KN CM UN CO CO d c—
d CM VO ON H KN O H O o v o CO —L C“—
V_/ • • • • o 1 • • • o • • • •

O i—I KN KN UN VO d UN KN o d o UN
i—1 i—1 HI H H H H H Hi H H H

___ • • • • • • • • • • • • • •cC vo D"— CO ON O H CM KN d UN VO C CO ON
d d d d UN UN UN UN UN UN UN UN UN UN



IN- UN o UN O UN VO rH UN UN rH KN rH d KNKN CM d UN ON r ~1 ON UN VO KN CM rH UN VO rH
OJ H I v o KN o LfN [—1 OJ UN C - ON CO VO CM dXl o • • • • • • • e • • • • • •

'_' KN d CM d UN i—1 KN o '  VO KN
■ 3

KN o KN ON
r~1 r-5 rH r—1 rH i—1 rH rH rH i—1 rH CM

ON IN- CD o 00 o KN o UN ON UN VO KN e ON
y—"■ CO ON KN vo KN KN 00 VO rH o KN O o vo&0 CM rH CM 1—I CM CM i—1 CM rH CM CM CM i—i rH>—* o • • • • • • • • • • 0 • • •o o O o O O O o o o o o O o o

00 KN V d V UN i—1 KN KN CM O UN CM ON 00
UN rH IN- UN IN- V0 ON rH 00 KY KN IN- OJ UN VO<+H d KN KN CM KN KN CM d rH KN CM KN KN i—1 CMV_/ 0 • • • • • • • • • • o 0 0 0o O O O O O o o o O O o o o o

UN CD d CM VO 00 CM VO d UN rH vo KN CM CD
KN UN CD ON ON 00 ON d VO KN rH UN i—1 O CM
ON UN VO I—I CM d O o KN rH 00 UN rH KN IN-

0 0 0 0 0 - 0 0 0 0 • 0 0 0 0 o
o O o rH rH rH CM CM rH i—1 o rH UN O o

KN VO VO ON i—1 d CO O VO IN~ VO ON CM CM rH
y—* CD o VO o d 00 d ON CM KN CM VO IN- 00 CM

rH IN- CO UN V0 CO vo UN in- d o ON d KN ON
0 o 0 0 0 0 0 0 0 0 0 0 0 0 0

rH o o rH I—1 HI CM CM rH rH rH rH VO o O

KN IN- IN- o rH d CO O D— CO CO ON KN KN rH
y—«. 0 0 CO vo I—1 d CO d ON CM KN CM VO CN- CO CM
o rH D - 0 0 UN VO CD VO UN CN- d O ON d KN ON

0 0 0 0 0 0 0 0 0 0 0 0 o 0 0
rH O o rH rH rH CM CM rH H rH H VO o O

IN- ON IN- UN IN- ON IN- rH c— UN d o ON rH
CO rH VO rH rH d IN- rH O IN-

3
d KN

yO VO UN CM CM rH rH rH c - UN ON UN o CM
.  - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

UN UN d IN— 0 0 UN CO UN ON VO VO IN- CM d rH
rH rH rH rH rH H H rH rH H i—1 rH KN rH

—> 0 0 0 0 ' 0 0 0 0 0 0 0 0 0 0 0
cC O HI CM KN ■d UN V 0 IN- 0 0 ON o rH CM KN d
- y  VO VO VO V 0 V 0 VO VO VO VO VO IN - IN- D— c— IN-



ON KN d CM UN IN- CM O UN CO UN VO VO KN IN - ON KN
y—- KN H o O VO H I VD d VO UN i—1 v o d KN d H IN-
S i VO H o v O H C— d CM KN VO KN o VO UN KN O KN
^  uy • • 0 • • • • • • • • 0 0 • 0 0 0

O o o ON CM H d CM ON IN - ON CM IN - VO i—1 H I OJ
i—1 H H I H I H H I H CM i—1 H i—1 i—1 H I

ON VO o KN KN o 0 0 KN CM o v O H H i I— 1 UN ON CM
VO CM VO o d d EN CM KN CO c— r—I IN- VD UN UN Ow o H i o 1—I CM H CM H CM 1—1 H CM i—1 d H H CM

v__ / 0' 0 0 • 0 • 0 0 0 0 0 o 0 0 0 0 0
o O o o o o o O o o o O O o O O o

o o UN KN VO CM H UN ON VO o UN H H VO CO 1—1
,—«. H o ON vo CO CM ON vo CO CO KN IN- KN d UN CM
u H OJ o H KN OJ 1—1 KN CM CM KN CM c— CM co KN
> > 0 o 0 • • 0 • 0 0 0 0 0 0 0 0 o 0

o o o o o o O O O o o o O o o o O

ON KN 00 o o ON CO d ON o VO KN UN KN O i—1 KN.y ON O o CO CO d v o o c- IN d 00 KN CM IN - ON O
© CM H H o d VO CO v o KN IN- KN IN— KN IN- CM UN KN

0 0 0 0 0 0 0 • 0 0 e o 0 0 0 0 0
o O o CM o o o 1—I O O o O O CM O o O

CO O IN- c UN CM KN v 0 VO IN- KN d o CO
— « IN - KN KN v O H KN H UN 0 0 CO

3
o KN d

* 0  KN H H v D VO 0 0 H O d ON o d KN
. 0 0 0 0 0 0 0 0 0 0 o 0 0 o
O O O CM o O H CM o o O H o UN

VO
d
KN

CO
UN
IN -

CO
CO
KN

o o

0 0 H IN - ON KN UN UN IN- CM VO VO
..— * CN- KN KN CM 0 > CO ON UN UN v O UN

O KN H H CM d VO VO ON VO CM CM
V__ / 0 0 0 0 0 0 0 0 0 o 0

O O O H H CM KN CM CM CM UN

IN" IN- O o ON CM
d OJ KN o CM ON
KN o O KN O CO

• o 0 0 « 0
UN KN o UN v O v O

UN KN CTN d H H KN d
y —» 0 0 IN - O i—) CO ON O CM

KN d KN o KN H KN ON
\_y 0 o 0 0 • 0 0 0

H O O KN
H f t

UN
H

ON
H

v 0
H

CO
CM

VO
•

CM
CM

• d KN IN - ON IN" CM C 0 O
IN- ON CO CN- d IN" ON IN-
CO O d H £N- O IN- fN-

0 0 0 0 o 0 0 0
o UN CO H ON IN" IN- ON
CM CM CM CM H H H H

0 • . • 0 0 0
cd UN VD IN" CO ON O

IN- l> - IN - IN - IN - CO

- *  •  •  •  •
H i CM KN d  UN
CO 0 0  CO CO CO

0 0 0 0 ' 0 0
VO D— 0 0 ON o H
CO CO CO CO ON ON



i—1 vo VO ON d VO dUN ON KN d ON UN v o
y—■ O CO I N IN- d UN 0 0
s i • 0 • • • • ©
*»y d UN I N VO VO KN IN-

i—i rH rH H H H H

I N d I N 0 0 CM H
y—' i—1 o KN VO VO CM

bO UN CM H i—J H i—iV_/ • • - • m • • •
H o O o o O O

CM v o KN KN CM o H ON
ON CO d KN KN .—sj dUN o H CM VO UN

• o • o ' m d • o
O IN- ON o CO UN UN IN-
CM i—1 H CM H H i—1 H

CO UN d d ON UN H CJN
H O UN ON IN- d CO 0 0
H H o o CO o H o

• • a • • • • •
O O o o o o O o

I N d I N v o v o IN- CM IN- VO v o o VO CM 0 0 1—1
•—• i—1 CM i—1 KN VO UN ON CO VO CO UN CM IN- CO d
<<-1 O KN CM CM CM CM ■—I H i—1 o H H CO CM H
*_y • • • • • • • 0 • 0 • • o o •

KN O O O o O o O o o o O o o O

y-v UN ON VO ON UN vO H I N d d d IN- VO 0 0 o
© 0 0 0 0 UN O 0 0 IN- VO O £N- 0 0 CM O H d H

—y d UN KN O VO UN CM UN H d 1—i CM UN H CM
o • • • • • • • • • • • « • •

H o O H o o O o O o o O o O O

d UN IN- d CO CO UN O KN o O n UN H o ON
yN o UN UN ON c— KN KN UN CM CM UN VD VO ON VO
•d ON CN- d CM CO IN- KN VO CM VO r—i CM VO H CM

- • • • 0 • • 0 0 o • 0 0 0 • 0
H O o 1—1 o o O o O o o o o o o

CO ON o UN O d 1N-
o o ON KN UN O CM KN

s_y CM CO H d CM CO d
0 0 o 0 0 0 0

H UN UN CM H o o

o H IN- 0 0 UN v o r—i ON
IN- I N H IN- o IN- ON CO

d KN VO H d H o o0 0 o o 0 0 0 0
o O o O o O o o

H 00 ON CM IN- 00 KN
/—> V0 00 UN VO d H 00
rC2 CM UN KN KN UN H VO
v~y • 0 0 0 0 0 0

00 CM KN o CO UN CO
H CM CM CM H H H

.— - 0 0 0 o 0 o 0
03 CM KN d UN VO IN- 00

^ y  ON ON CJN ON ON ON ON

IN VO CO ON KN IN- i—1 IN-
00 KN ON CM CM CN VO KN
VO EN CM VO KN d ON 00

0 o 0 0 0 • 0 o
H IN o o ON v o UN IN
CM H CM CM H H H H

« • 0 0 0 # 0
O H CM KN d UN VO
O o O O o o o
H H H H i—i H H



1—1 O o CO
OJ d o f—1
IH v o CM IH

• • • •
CM kn O I—i
HI I—1

KN IH  Hi CO
—'  O  CH d  H -
w  h  o  o  73

_ ✓  •  •  •  •
o  o  o  o

d CM LTV LTV
VO CM VO KN

On H i—1 o CM
s_/ m • • •

o O o O

VO CM vo vO
-— - (—1 vo CM VO

© KN CM H KN
• • • •

O O O O

LT\ vo CM ON
— «. O kn VO VO

d KN H d
• • • ©

o o o o

d CM o IH
/ — ■ o o OJ CMo 00 H UN
v_/ o • • •

o o o H

H D~ ON
__~ CO CQ LTN

IH d tH
< • o •

KN
r~1

d O KN
H

o • • •
CH CO ON o
O o o 1—1
i—i HI r~i H

H IH EH 0 0 ON
ON O ON H - dUN UN UN CM KNe • • o o
KN UN ON - d o
H H Hi CM

UN i—1 H ON KN
O O KN O ON
H r—i r~i CM O• • o « •
O o o O o

EH _ d EH CM IH
VO ON CO KN - d
r—i H H KN H

» • • • •
o O O O O

VO - d EH ON ON
CM o CM CM IH
KN KN - d J d VO

• • • • •
O O o o o

CO 0 0 0 0 o o
H VO - d UN IH

H d KN UN UN co
• o • e •

o O o o o

- d VO IH IH KN
ON ON H IH O

- d ON UN V0 UN
o o • • •

i—1 o H H H

VO CO CM KN - dI—1 o IH KN CM
UN ON VO UN VO

• • • • •
UN VO t—i VO CM
H H H I HI CM

• • • • •
H CM KN —d UN
H H H 73 H
H H H i—i t - i

CM UN ON t—i ON CO
00 CM IH UN CO
KN VO KN D— ON

• • • • • «
IH IH i—I CM UN ON
H i—1 t—i i—1 H

VO - d UN KN UN
ON CO CM O COo o r—i t- i CM t - i

• • • • • o
o o o o o o

KN - d 0 0 _ d VO - dUN KN ON v o UN ON
i—1 H r—i H KN CM• • • • • e
o O o O O o

_ d o UN - d IH - do o CO o - d IH
CM KN KN CM KN KN

• • • * m •
O O O O o O

CM d - d i—i UN ON
VO
CM

•

0 0
KN

• •

VO
CM

• d
•

IH
- do

O o o o O O

UN H i—1 d UN c—
d O KN UN UN EH
CM H CM KN ON CH

• • m • o e
H Hi CM O o H

IH o o CM UN d
CM t—i CM H IH CM
ON t—i H d VO KN

• • • • • •
0 0 ON d bCN VO CM
H [—1 H H i—1 H

• • « « • •
VO IH CO ON O H
t—i i—i i—1 H CM CM
t~i H H H H H



CM ON UN
4 *  LTN OJ
D— H  OJ

VO O  
H  CM

IN-
i I

IN - C\j ON VO
C IN— O n  ON
r - i  CM UN L f\

CD
r-4

CM 4  UN
i—1 H  r- 1

c~ LTN VO CO UN i—1 in- KN oo 4 ON KN ON O ON KN VO
CO VO 4 KN KN ON KN KN KNo • • • • • • • o
v o c 4 CM CM ON C VO j~"4
1—1 I—l f—i H I H l—1 i—1 i—1 CM

IN - UN 4 o (—1
UN ON CM c— D-

bO H i o • t—1 H O
• • • • •

O o o o o

o VO o VO H CO
KN UN o 4 CD 4
H o CM KN H CM

• • • o  ' • eO o o o O o

UN
4

C—
ON

oo o
4

CM CM H i CM i—i
• e • • •

O o o o o

o 1—1 IC o KN c ON £N-
—* UN UN ON D— H o CO H

CM H I—i CM H CM o KN
>_s © • • o • o • •o O o O O O o O

O CD 4 CO ON CM IN- CM
UN CO ON CO CO i—1 H CM
UN CM KN KN KN KN KN CM

© • 0 • • o a •o o O o o o O O

EN
UN 8 ON UN VO H UN vo CM ON KN IN- KN KN o- VO

<— KN H CO UN CM IN KN 4 4 KN 00 CM UN o© 4 i—1 VO KN KN • IN- O CM VO 4 4 O CM KN
e • • • • • O • • • • 0 • • • o

O H O O o O H H H o H H CM CM i—1

0 0 o 4 4 CM o ON IN KN H UN H KN 4 4
»—* UN 1—i ON ON IN - UN CM IN- CM O CM O ON ON IN -

UN 4 D— 4 UN 4 KN CM KN VO CO CD O N UN CD v O
• • • • • a © • © e © • o • o •o H O o O O O CM H H O H H CM CM H

4 o H CM H
CO UN O KN KN
ON UN H UN CO

• e m • •
o O o O O

■—i CM ON IN- IN- 4
CO o o v O ON H
H I—i KN H KN 00

o • • • • •
o o H IN H CM

H

H H CN- IN- CM
O 4 co UN O
ON CO H 4 vo

• o o • m
CM KN o o H

CO 4 ON 4 O
1—1 o vo vo CM<—• KN ON O CM vO

• • • • •
CO H CD ON KN
H CM H H H

H H CM O KN KN
VO H ON ON CM 4
CM O O H KN ON

• • • • « •
UN VO o VO L— UN
H H KN CM i—1 H

IN- O  4 " c— COC IN- O _4 o
on 4  co cm 4

•  •  •  o  •
vo UN ON On  , 4  
i—l CM i—1 *—1 C\1

• • • • • • • • • • • • • • * • •
CM KN 4 UN VO IN - CO ON O H CM KN 4 UN VO IN

cd cm CM CM CM CM CM CM CM KN KN KN KN KN KN KN TO*
' —'  I—1 ‘ H H H H H H H H H r—1 H H H H H



CM CO KN 4 IN- 4
O CO UN i—i CO KN
CM ON VO o IN- O

• • o o o •
VO
H

LTN
HI

IN- ON 4 ON

H UN 4 4 UN
IN— CO ON r—1 IN-O CO 4 CO Hi• • © • •

VO CM CM r—i UN
H CM CM CM r—i

O CO CO UN CM
KN

n f
r—i IN- KN

O KN UN IN-
• e e a •

o H KN 4 CM
CM CM CM CM CM

o ON KN o CM KN UN CM ON 00 4 H UN KN CO IN'—■» CO CM CM IN- O CO 00 ON IN- H KN OJ CO rH CM IN-
bO r—i H r-i H CM H CM CM CM KN CM CM r-i 4 CM CM

<wS • • • • © • e • • • • « • • • •o O o O O O O O O O O O o o o O

UN 4 UN o o H CM 4 KN 4 CM r—i KN VO CM.•—■» CO o ON IN- CM ON UN v o o EN- UN ON UN VO
Oh CM CM t—i CM KN CM 4 4 UN KN KN CM VO KN

o o • • © • • • • • • • • • «o O o O O O O o O o O O O o O

o o 4 4 IN- 0 0 IN- ON ON UN V 0 O CM 4 ON KNo UN VO UN KN o ON CM VO KN CM KN CO r—i CO
© VO 0 0 CM ON 4 KN UN L"— CM k n VO ON KN C— o UN

• o o © •  • • • • • • • • • a • •
o o o O O r-i CM O 4 r-i CM H KN UN KN H

ON o CO KN O C— O O CM O ON CM KN UN t-H CJN
VO ON KN CM VO IN- KN VO UN IN- VO VO rH IN- CM

•O IN- o KN CM UN VO KN ON IN- KN 4 UN 4 CO O• © o • • • • • • • • • m • • •
O r—i o i—1 O H KN o UN H KN CM UN tN- KN CM

0 0 KN IN— UN UN CO 4 UN 4 CO KN ON tN - IN- UN
^ — . VO IN- KN rH IN- VO — 4 4 ON rH UN 4 CM UN KN
O c— CM 4 VO CO CM IN- CM 4 CM KN v o KN CM CO

o o • • • • • • • • © • * • • •
O CM H CM IN - VO CN- IN- KN UN VO i—!

H  .
UN IN* KN 4

o o
UN 4  
tN- CM 

•  •
C— CJN
H  t—i

IN-

CJN

KNUN
IN-

•
OJ
t- i

H
CM
CM

KN c— o IN- rH KN 4 4 CM ON
ON ON IN- ON VO CM rH 4 IN- CM
IN- KN v O ON CM UN KN CO CO 4

• • • • • • • • • • •
VO VO rH O CO 4 KN O VO H ON
rH CM KN KN CM CM KN KN KN KN CM

cd
•  o

CO ON 
KN KN
r - i  H

•  •  •
H  CM KN
4  4  4
H  H  H

•
IN-

•
00

•
CJN

4rH 4rH 7?

• * « *
o rH CM KN
UN UN UN UN
H rH r—i rH



ON UN CM NO NO NO NO ON CO CM CO O CM * .a UN
CQ

P -D— KN O o UN CM CM CO NN ON UN © 00 N0 CM■s* O OJ r-i NO CM o CM o NO O f r - K \ 3 o ‘-14 H, d • • o • • • • o • • 0 • • • * •
i—i
CM

O
CM

o
CM

0 0
r—i

0 -
1—i

D—■ 
r-i

ON rH
rH

rH
H

KN
H ■sf

NN
CM

UN
evj

pH
ftl

t -
H

UN c— C"- KN CM 00 rH NO fr~ UN UN UN HI M9 fy-—'■ -=t ON o KN KN KN UN CO CM CM 00 CM © 69 F-bO KN rH CM rH rH CM CM o rH H H CM CM cy• f4 ao © o • • • • • • • • * a * *
O O O O o O O o o O O © o © O ©

D— NN ON rH o CO ON c - CM 0N NN £-= ON H
--—* - i t i—i CM i—I rH IN ON KN O ON ON UN rH r n
<+H UN KN KN CM CM KS KN rH CM rH CM NN k n jsfM-N--+ • • • o o ' • • • • * 0 « * « * #

O O O O O O O © o O o © © © © ©

~  - 3
UN NO H - £ - c - _ = t UN rH 0 \ CM rH ON KN UN fcA
O D—

3
KN 0 0 CM VO UN NO rH f 4 m <99

© UN KN UN UN c— UN g*-* Lw CM CM S n KN e=- ON-
•+S 0 o • o 0 • 0 0 • « # m 9 9 # 0

rH CM O O o rH © © © H CM KN §4 rH ©

1—1 UN 0 0 KN ON rH CM rH NN © ■UN
KN

§=*■ n o
"W"

|KN
V - i t UN KN c - 0 3 ON CD NO © m NO

Oil
\V0

ON ON c— UN \ 0 CM VjD 0 N 0 N NO H i rH ON CM
V->" 0 o • • * # • 0 # 0 # 0 # 0 0 ' 0

rH CM o O o CM © © © rH NO •M iyA 01 OH /=H

rH UN LTN CM NO UN CM 0N gs=- .=# CM 
SA UN

CM -rt ©
t— CM UN oo CM - i t Oh. NO C© [KN 09

O CM CM KN - i t CD rH [KN CM 'CM UN m •Cil Vp
•  0  ' •  •  0  0  0  0  *  0  0  0  0  0  *  0tn ri tc% rH ©  UN iKN -S t NO ^  NO m  ©  NO ^-T

rH

.O

Ch.
©
'©11

CM
NO

o
-d*
’CM

CD
NO
NO

rH
lUN
lh -

ON
rH

IKN
O n
[KN

ON
©
CM

©
(UN
c=»

iKN

©

<g*N
liA
© rH

NO
NO
rH

LtN=-
©
rH-

©
rH
<9P

■vh
©

NO
Ol

!KN
CM

- i t ©
CM

CO
rH

-jL
OH

:KN
rH

NO
(Hi

rH
CM

(KN
iKN

[K>
[KN :MN <M ■CM

0

♦ 0
UN
■UN

*
NO
(UN
rH

•
§*-
UN
H i

#
CO
UN
H>

#
ON
'UfN
hHS

0
©

NO

0
iHi

<sO

0

NO
i*=ti

#
[KN

'VO
- J -
NO

0
iyfN
NO

0
vVO
'.’SO
rH

0
jCsr-
vOrf=p

0
<§§>
'SO
rH

#

NO
■I"?!



r—4 UN - d D—
KN 0 0 H KN

V O i—4 cn- OJ
S i 0 0 e •

rH UN c— L f \
i—4 Hi Hi r-4

(M CM C— LTN
/ —- CM KN VO CO

bQ r-i OJ I—i CM
• • • •

O O 0 O

KN ON UN k n
—» QN VO VO UN

H KN CM - d
v_/ • • 0 «

O O O 0

O  VO KN v O
( J \  H  KN v O

©  CJv D _ d  - d
» /  « o  a •

O  O  O  r - i

ON CO UN O
-•—. VO r-4 UN CO
TS CM ON UN CO
s_/ • 0 • 0

1—1 O O H

O

KN r-i 
V O  - d  
i-4  v O

<Jv
i—i 
ON

UN
CO
KN

O

."S

k i
*>
4-

*

‘ 3
£

ft)

$

0
£

ft/1
VO

f i .<v
e
t

0/
V

*
\/>
6
u
£

£

'0)

V O  CM VO

VO - d KN KN
—  O IN KN IN
r&  ON IN— CM K S

V _ /  • 0 0 0
VO CM HI KN
Hi CM CM CM

0 0 • 0
..— . O Hi CM KN

o3 IN— 0- O - £N—
1—1 H Hi Hi



© UN
O NO

t o  £  • ON
''~v Pi aJ H •
**-3 © H  cd

a
i

Pi VO
H  bO £  &  • H  
cd M 0) H O  

H  .p  © Q< ~ f aj

OJ

r*»
H  fc£) • 
cd h  H  

© as
. d «  S 3
n—' b

UN
UN

- d
•

OJ
OJ

0
H
1

\ 0
GO
VO

f t
0 0
o -
v o

•
cm
o j

o v  c o  
_ d -  O -  
CM o  

•  •
r -  - d

•*  +

H
O

v o
•

CO
CM

O
on
CM

•
a o
OJ

o
H
00

f t
VO
UN
CM

•
00
CM

O
LTN

H

+

8 ?

H
O -
u n

•
0 0
CM

o OJ KN i—1 v o
ON UN 0 0 i—1 v o
O - c— CM UN _ d• • • • •

vO NO CM
_ .I

OJ CO

+• • f
r*1
4 + 1

CM ON CM - d o
ON IN- H 3 * UN
NO ON - d a o - d• • • • •
H r ~ CM a o KN
KN CM NN CM CM

ON - d H H O
ON o CM UN UN
C _ d VO OJ - d• • • • •
o IN-* H 0 0 KN
KN CM KN OJ OJ

§

K ©
£

NO H  • 
ON Pi H  

kO ON £D aS 
>—  ©  •  •  O  

Pi H  to  
£

-P
H  OJ
t3 Oa J o 
© X  
£u m  
K H  © •

^ f t lO N  h  H  
«M H  p  cd
•—  • H o

! » H  £1  
UJ 
£
© OJ
£  A O  
W  K

OJ
_ d  © •
13" Pi H
CO -P aj

•  H QKN (-3

©

© itf) •

H  © © aj
^  £ £ o o

W  h I

H  h
© as &o •

^ 0 3  O  h r l
o  o  ©  © «s 

^  Pi a  £  O  
©  f*l fxl

W CkO •
^  W P  H
,a  o  o  © aj 
^ P  °  d o  

©  pH W

H
cd

'■"* H  • 
aS Pi O 

—' © Jz;
CO

OJ H KN ON ON UN KN UN UN H
ON UN 0 0 vo KN o NO _ d UN o
H KN - d - d t  i - d UN KN UN - d KN

• • • • • • • • • •
© O O o O o O o o o

ON vo - d CM NO vO o
NO H OJ o * CM O H
OJ 00 UN d 1 1 UN H i—1

• • • • • • •
d d NO NO VO IN- NO

00 KN ON KN rH _ d 00 D—
C— H - 3 UN v o CO ON UN
NN OJ OJ OJ ON - d H V0

• • • • • t • • •
0 0 ao CM OJ O CM - d i—1
1—1 H OJ CM OJ CM OJ OJ

NO _ d H  . H CM NO UN
OJ 00 OJ ON C - vo
0 0 UN O o 1 1 00 H UN

• • • • • • •
o H OJ OJ H CM H

UN ON O ON CO
KN _ d H d 0 0
o - 0 0 H 00 d1 t • • t t • • •
o o ON o ON
H H H

O ' VO NO 0 0 d NO o
O ' ON NO UN d VO 9L 0 0

00 NN NO t— KN VO UN OJ
• • • • • I • • •

00 o 0 0 V0 ON OJ H OJ
KN d d CM d UN KN

• • • • • • • • •
H CM NN d UN NO IN- 0 0 ON

00
KN
KN

CM
00

ik

- d
KN

CM

KN
-3
O

•
c—
liN

o
H

NO

c ?
H

•
OJ
OJ

H
NO
ON

VO
i—1
- d

•
rH
H

OJ
KN
r -

H
H

ONCM 
CM 
L£N O

L fN

CM
KN
O -

•
0 0
H

ON

o
NO
LfN

KN
- 300

•
KN
OJ

OJ
H



*•“3

CM
O

CO
•

IKTV

o
NO
iH

•
d
CVJ

ON
•

OJ
CM

CM
CM

d
d
NO

•
CM
KN

d
CM
d

•
rH
KN

UN UN H
CM UN rHd rH rH

• • •
CM o CM

4 1 4
UN o rH
I d ON CM
O ON UN

• • •
o
KN

o
KN 8?

ON KN O
ON UN O
KN NO CM

• • •

f t
o
KN f t

KN
NO
ON

CM NO

KN
r—I
CM

•
O
KN

d
CO
00

•
ON
CM

KN NO 
O  CM
LfN v o  

•
d

i

d  KN 
NO rH 
d  ON

&  ®

k n  d  
d  co
H  KN

f t
ON
CM

CM
O

UN
O O

rH
i—1
H

CO KN d ON o• • • • •
d NO rH d LfN

4 4 4 4 4
ON E d i d NO UN
d ON 0 0 0 0 CM
UN ON 0 0 d d•
o
KN

•
o
KN

«
0 0
CM 8?

•
0 0
CM

d
CM
rH

ON 0 0
UN

0 0

ON
dO

CM
KN
d•

O
KN

•
O
KN

•
0 0
CM &

•
I d
CM

CM CO CM
UN 0 0 rH

NO KN KN
• • •

NO d NO

4 4 4
H o NO
UN UN NO
CM d ON

• • •
O
KN 8? f t

CM KN CM
CM d UN
ON UN UN

• • •
ON
CM f t f t

i—1 ON UN I d . UN KN KN UN
d
CM

00
d 3

UN
d

KN
d

d
d

ON
d 3• • • • • • • •O o o o o o o O

f t
UN KN UN UN KN rH ON
ON UN ON I d rH CM CM

UN d d d d UN UN UN
• • • • # • • •o o o o o o O o

I d  O  CM
d  KN I d
I d  r - i LfN

cm d  CM
H  ON 0 0
o n  d  d

d NO NO NO NO

CM rH NO rH ON o o 0 0 NO CM KN
CM
CO

I d
nQ

KN
0 0

KN
iH

NO
UN

UN
o

UN
NO

NO
I d

NO
d• • • • • • • • • •

NO NO NO NO NO NO NO NO NO NO

©

c o
ON
rH

4

rH

*
•

KN
CM

UN 
d
UN 0 0

KN
CM

d  0 0rH iH

CM
CM

KN
CM

O
rH
CM

KN CM NO ON ON CM CO
H I d O d O rH
H rH o d KN KN

• • • • • • •
KN KN CM KN KN KN
CM CM CM CM CM CM

O d 0 0 ON UN 0 0 NO ON KN CM KN d O UN ON
I d O rH NO d KN d I d KN UN KN d rH

c ?
I d

rH rH ON ON 0 0 O H I d CM H ON rH o CM CM
• • • • • • • • • • • • • • • •

rH CM rH rH H CM CM rH CM CM rH CM CM CM CM CM

ON ON 0 0 CM KN d H d KN ON CM 0 0 ON O
t Sd O i—1 d ON 0 0 O H KN I d o KN UN rH

rH d NO KN KN ON ON 0 0 rH I d CM UN o d CM
O • • • • • • • • • • • • • • • •

UN d 0 0 CM 0 0 i—1 rH O
3

O CM KN CM KN d NO
rH rH rH H i—1 i—1 H i—1 Hi H rH

I d d NO 0 0 ON d 0 0
3

d 0 0 0 0 CM d CM KN
O 0 0 KN KN ON ON ON NO o UN NO d KN CM
I d KN KN ON 0 0 rH ON 0 0 d CM d o UN UN 0 0

r© • • • • • • • • • • • • • • •
ON ON KN H d CJN d d o

3
o d CM KN

H d d d d d KN UN UN UN d UN UN

• • • • • • • • • • •
aJ KN

3
U N NO d 0 0 ON O rH CM KN

■— rH rH 1—1 rH rH H CM CM CM CM
UN NO 
CM CM

d
CM

00
CM



-4 LfN KN LfN ON O l O 'o KN IN- LfN ON ON ON
v o KN O O CD CNr o

•r-3 • • • • • • •

~  8
0 0 ON o KN KN

rH
rH
KN

+ + • f 1 1 1 1

300
NO 00 KN ON OJ rH
NO OJ ON rH rH IN-
4 4 OJ OJ OJ LfN

• • • • • •
KN KN O i—1 KN rH

rH rH i—1
1 1 + + + +

NO 4 OJ NO LfN KN 4 o 4 IN-
LfN 0 0 o KN 4 0 0 ON IN- 4 o - KN
Ol 4 * t- 0 0 KN ON O ON LfN 4 4 '• • • • • • • • • • •
o H Ol i—1 Ol rH Ol NO c— OJ OJ
KN KN KN KN KN KN KN OJ OJ KN OJ

UN
OJ
IN-

NO
NN

GO

^  c3"

o .

KN
C—

•
LTN
OJ

o '
O

f t

kn
in -
o j

•
o
kn

0J
o

rH
CO

O l
IN-

IfN
ON

ON
0 0

4
IN'

KN
CD f d

rH
r-i

0 0
LTN * 8

1—1 NO ON H O n LfN rH ON ON VD LfN
• • • © • • • • • • • •

OJ 1—1 O l O rH NO NO O l i—I KN LfN
KN KN KN KN KN O l OJ KN OJ OJ OJ

IN- . LfN CTN LfN ON rH 0 0 LfN LfN in - ON H KN ON
* KN KN LfN NO KN rH NO O 0 0 OJ LfN LfN KN IN-

w NO LfN LfN 4 4 KN H 4 KN 4 4 4 4 4
s,_„ • • • • • • • • • • • • • «

O o o o o O o o o o o o o o

rH UN 4 C— o NO
3

ON CO o
O Ol rH NO rH rH ON 1—1 Ol

*H KN o OJ o ON KN NO O 0 0 o
• • • • • • • • • •

NO in- t - o - NO NO UN NO UN IN-

4
ON
KN
4

CM
ON
f -

LfN
IN~
ON

LfN LfN liN  LTN

©

O

LfN
4
KN

•
KN
OJ

KN
VO
D -

•
LfN
rH

KN
CO
in-

•
KN
O l

rH
0 0
KN

•
KN
rH

c*~
4o

•
NO
OJ

ON
IN-
LfN

rH

8
O
ON
ON

c ?  c 8  "C ?

LfN KN 
rH Ol 
LfN KN

KN
-Z ±  0 0
OJ f r -

H- Ol Ol LfN
7-4 H  rH

KN
r*4
C -

•
LfN
Ol

KN LfN ON 4 Ol OJ OJ
4 O ON o ON 4 OJ
IN- KN KN o 00 KN C"-

« • • • • • •
OJ OJ OJ OJ H rH O

o O GO
0 0 LfN OJ
OJ rH UN

• • •
rH rH LfN
OJ OJ OJ

NO ON O
4 UN 4
t - NO 0 0

• • •
rH i—1 rH

ON OJ KNo- rH ON
ON 4 O• • •
ON ON o

H

rH O LfN 4
CM IN- LfN O
ON NO OJ O

• • • •
NO 0 0 ON 8H H rH

CO
in -
ON

NO

3
NO
NO

4
NO

ON 0 0 o
i—1 rH CM

-4 -4
NO o CO IN-
00 c - rH ON

• • • •
rH IN- KN ON
rH rH

v 8
KN

•
ON
NO

LfN ON 0 0 LfN
o 0 0 o CO
LfN NO rH LfN

• • • «
LfN CO NO CM
LfN LfN 4 4

o 0 0 LfN LfN ON
CM H 0 0 4 c—
KN IN- CO rH ON

• • • • •
LfN UN IN- UN o
CM KN KN 4

4 CM CO UN
IN- ON O n KN
UN UN O KN

• • • •
NO UN KN ON
-4  -4  -4  -4

cd CO
OJ

o
KN

i—I
KN

Ol
KN

KN
KN

-4
KN

LfN NO 
KN KN

t -
KN

0 0
KN

ON
KN 4

H  Ol KN
_4 4" 4



C
b

) 
(

o
)

 
(

d
)

 
(

•
)

 
(

f
)

 
(g

) 
(h

) 
(

i)
 

(
j

)

I1
.3

.4
8I

4.
 

9.
72

3 
1

.8
8

3
 

20
.2

39
 

6.
32

9 
04

37
 

26
.1

31
 

26
.1

31
 

+ 
5-

71
+

7 ~d
v oKN

VO
v o
CM

1—1 
1—1
CM• • •

1—1 ON

t + +

UN
v o
0

- d
- d
UN

ONVO
UN

• • •

& O
KN

ONOJ

KN
VO
0 0

ON
VO
KN

rH
VO
r-i

• • •
0 0
OJ & ON

OJ

OJ
o

- d

0 0

CO
CM

-=*■ - d  ON 
On rH

v o ON CM CO VO I d - drH I d KN KN I d O ON
KN 1 OJ KN l d v o O N—• • • • • • •

CO - d VO CM O O ON
rH rH rH rH

+• + + 1 + 1 d

ON rH I d O C— I d VO
- d ON CM KN - d KN i—I
On 1 ON CM CM v o ON KN• • • • • • •
0 CO ON UN CO 0 0 Q NKN OJ OJ OJ 0J CM K j

C—
CM

O
KN

VO
C -

v o
•

CO
CM

KN
OJ

0 0
•

CO
OJ

LfN
LfN
ON

CO

•
CO
CM

CM
ON
rH

IN- I d
CO LfN
O UN

• •
VO VO
H rH
+ +

ON ON
NN ON
O OJ

• •
O rH
KN KN

rH I d rH ON v o
CM ON VO - d I d
rH OJ rH ON H

• • • • •
00 CO ON O n rH
CM CM cm OJ KN

KN
O

- d

ON
KN
- d

i d

- d

ITN
KN

UN KN ON UN LfN KN ON KN I d ON
I d UN l d LfN. I d rH KN rH LfN rH
- d 1 LfN - d CM - d - d UN - d UN UN

• • • • • « • • • •
O O 0 O O 0 O 0 O O

ON - d O OJ rH _ d CO Id KN ON 0 0 ON _ d CMUN UN ON I d CO KN CO VO VO ON CM LfN VOUN LfN UN 0 0  1 CO O CM CM KN LfN Id CO LfN
• • • • • • • • • • • • • •

VO v o VO VO VO v o Id UN vo v o VO VO v o I d

t d VO CO 00 0 0
O I d VO KN ON
Id KN O CM Id

• • • • •
CM CM KN CM KN
CM CM CM CM CM

LfN _ d NN O LfN CO LfN CM
• d VO CM VO VO KN - d LfN
KN CM ON VO rH CM 00 v o

• • • • • • • •
CM CM ON CM CM CM CM KN
CM CM rH CM CM CM CM CM

KN
KN
rH

I d CM rH UN I d CM _ d r-i I d O CM O ON VO
KN ON - d I d _ d CO v o O - d CO CM CD ON KN
I d 0 0 H GO O  1 KN 0 rH O Id KN Id KN CM

• • • • • • • • • • • • • •
t—1 1—1 CM rH CM CM CM rH CM 1—1 CM H CM CM

CM O  
LTN
KN

ON CO

OJ
- d
o

•
rH
rH

O  O
v o  _ d
v o  LfN

KN I d  
IN- O  
H  ON 

• •
_ d  rH 
rH rH

OJ
KN
LfN

•
- d

v o

a

CM rH 0 0
UN UN LfN
VO UN rH CO

• • • •
CO VO CO H

KN
CM
C—

•
ON

O CM KN UN CM
ON - d VO CO UN
I d 0 0 ON KN GO

• • • • •
00 KN rH KN GO
KN - d UN - d - d

LfN 0 UN v o CM NN 00 ON ON
CM KN CM 0 0 VO CO I d - d KN
CO UN rH I d KN ON KN KN O

• • • • • • • • •
ON ON CO 00 O I d O O UN
- d - d 1—I - d - d UN - d VO LfN

LfN
- d

v o  I N  CO 
_ d  _ d  - d

o
LfN

rH
LfN

OJ
LfN

KN
UN

- d  LfN VO
l O  LfN I O

IN- CO ON
UN UN UN

o
v o



•rl

I d GO NO CO
UN O 0 0 _ d
UN NO NO NN

• • • •
NO
rH

VO NN
r-l

* + + +

ON

S '
•

i—I
NN

CVJ
UN
O

•
CO
OJ

0 0
NO
- d

OJ

+

CM
NN
rH

•
CM
H
+

NO
o
rH

O

, -+ O rH o O
NN GO I d CM

rH NO i—i ON CM• • • • •
- d - d NN CM CM
NN NN NN NN NN

o O 00 00 NN - d _ dOJ GO ON VO OJ VO v o
NN OJ UN I d - d I d NN

• • • • • • •
NO
H

I d OJ
rH

UN CM
OJ

CM CM
NN

+ + + 1 1 1

O i—1 OJ U N CO Q O
O rH ON I d v o CM UN
UN O NO UN rH NN o VO

• • • • • • • •
NO I d VO UN VO I d VO o
NN NN NN NN NN OJ NN NN

UN
i f “ =f

ON
NN

v o
rH

d O v o I d I d• m • • •
H CO rH 0 0 VO
NN CM NN CM CM

O UN O rH i d
I d I d - d o OJ
ON I d UN UN VO

• • • • •
CM rH UN UN I d
NN NN NN NN NN

CM ON i—1 a o O
UN 0 0 _ d VO UN
ON CM o I d VO

• • • ■ •
UN - d o q - d o
NN NN CM NN NN

UN r-i NN UN I d
t o - d O UN ( d v o

UN UN UN UN - d• • • • •
o o o o o

ON
OJ

O
V0

UN
rH

- d
o

ON
I d

Vi - d v o UN 0 0 O• • • • •
I d v o i d v o v o

I d rH I d NN ON
rH NN i—1 NN VO
UN _ d v o UN UN

• • • • •
O o O O o

CO - d o o CO

S '
I d UN UN CM

v o CM CM v o
• •  ' • • •

I d v o 0 0 0 0 0 0

I d ON rH i—1 CM
NN NN I d _ d O
UN I d CM NN CM

• • • • •
O O O o o

rH NN UN UN
O ON CM UN
O VO NN VO NN

• , • • • •
GO E d UN I d LTN

rH UN CM o - d ON CM I d _ d 0 0 0 0 UN I d UN I d
OJ VO 0 0 rH o 0 0 NN O c o VO 0 0 NN c o VO ON
rov 0 0 v o UN rH H UN ON I d UN ~ d NN ON - d - d• • • • • • • • • • • • • • •

rH
CM

CM
CM

rH
CM

VO
CM

UN
CM

I d
CM

I d
CM S '

0 0
CM

I d
CM

CM
CM

I d
CM

UN
CM

0 0 ON CM I d CM I d 0 0 I d VO rH KN CM O UN ON
- d UN 0 0 I d rH CM UN UN ON UN rH CO I d l d v o

*d NN H NN - d O CM CO VO CM - d KN rH H - d 0 0^ - • • • • • • • • • • • • • • •
CM CM CM CM CM CM H CM CM CM CM KN i—1 rH o

CO CO v o ON 0 0 O CM o VO CM rH E d 0 0 CM
«—* CM NN I d 0 0 H _ d UN ON O 0 0 VO UN O O
o UN I d - d CM CM UN VO KN UN KN t r « - d - d UN

• • • • • • • • • • • » • •
CO U N ON H o I d 0 0 KN o O KN I d - d NN

rH i—1 H rH H H rH

CM I d 0 0
5

ON ON
i f

I d o CM - d E d CM ON I d
KN UN 0 0 E d VO I d rH _ d NN VO I d KN UN
I d UN v o E d 0 0 CO VO 0 0 H o - d CO UN HI v o

• • • • • • • • • • • • • . H •
0 0 CM ON CM I d _ d CM CO I d CM I d UN KN ON CM
UN UN UN VO - d UN - d v o UN v o UN 0 0 rH NN

• • • • • • • • • • • ■ • •
«3 H CM KN - d UN v o I d CO ON O H CM KN - d UN

VO v o VO VO VO VO v o VO VO I d I d I d I d E d Cd



LfN i d
I d CO

'—* CM rH
T-3 • •
« w o NO

KN CM
1 1

KN o
d NO
I d 1—i

•H • •
• w 0 0 U N

OJ OJ

o LfN
KN 00
d o• •
00 LTN
CM CM

CO
O 0J

hD CM i—1• •
o o

NO
d
KN I d

'—' •
LfN

•
KN

rH ON
ON ON
CM d

© • •
KN rH
CM OJ

o o
ON LfN
CO LfN

•d • •
o o

CM -d
H ON

o rH -d
• •

rH o

'w ' - 3 -  O
• •

o  o

• •
ei v o  ld

i d  i d

^  pH rH i—I
ON -dh  rH CO 
ON O j C\J [—

• • •  •
MD O H  ON

» +  +  +

LfN LfN KN LfN
0 0 NO ON O
I d _ d rH 0J

• • • •
KN ON I d I d
KN KN KN KN

NO LfN GO Id-
ON KN 0 0 _ d
rH d I d LfN

• • • •
rH o NO NO
KN - d KN KN

i—1 LfN ON I d
LfN - d KN OJ
KN LfN LfN LfN

• • • •
O O o o

KN O KN CMO ON d 0 0
rH o r—i NO

• • • •
l d ON 0 0 CO

d  o  d  cm 
—  ■ ON 00 ON
d  CO H  KN

• •  • •
d  H  ON 00
OJ KN OJ cvl

_ d  0 0  OJ q
H  _ d  OJ [N-
LfN KN KN OJ

• • • •
H  OJ CNJ OJ

0 0 0 0 KN I d
rH CM ON t d

NO LfN ON 0 0
• • • •

rH 0 0 I d o
rH H

LfN CM ON KN
CM 0 0 rH KN
ON LfN I d r-H

• • • •
ON o 0 0 O
KN LfN _d NO

•
0 0

•
ON

•
O

•
rH

I d f d 0 0 0 0

CM LfN I d NOo O NO d
KN o rH o• • • •
CM v o rH KN

I—1 H i—1
4 + + +

O CO _ d I d
I d NO KN NO
CM LfN 0 0 ON• • • •
LfN KN KN
KN d d d

CO NO IfN o
CM OO I d o
KN r l - d KN• • • •
CM N \ CM O
KN d d d

I d ON ON KN
co I d o ONLfN NO I d NO

• • • •o o o o

LfN NO CM - d
I d I d CM KN
KN ON 0 0 CM

• • • •
I d ON ON ON

O ON CM ON
- d 0 0 NO LfN
LfN 0 0 KN l d

• • • •
LfN KN KN rH
CM KN KN KN

0 0  _H- k n  d
o j  C\J UN CD
KN ON O  ON

• •  •  •
OJ OJ k n  OJ

d  oj oo oo
ON KN O  CM
I d  LfN O  0 0

•  • • •
O  LfN 4  OO 
rH rH rH rH

d *  ON OJ LfN
Q\ CM NO OJ
00 O  O  00

•  • •  •
O  ON CM CO
LfN r — t"— t'—

CM KN d  KN
CO 00 00 CO

I d  NO _d I>- 00
KN o  I d  CO rH
Id- O  ON ON NO

• •  • •  •
NO 0 0  NO ON NO

• f  +  +  I 1

CM OJ ON LfN o n
KN KN CM d  H
rH _ d  O  Id- ON

• • •  • •
LfN KN OJ KN OJ
4  4  4  4  4

d
KN

ON
LfN 8 ?

LfN
_ d

CM
LfN

KN ON O 0 0 d•
CM
- d

•
CM
- d

•
CM
d

•
CM
d

rH KN ON NN ON
I—i CO I d O i—f
I d NO NO LfN KN

• • • • •
O o o o O

I d LfN o O ONo rH KN ON I d
d O d NO LTN

• • • • •
o O ON 0 0 0 0i—i i—1

0 0 I d 0 0 0 0 CM
KN CM I d LfN ON

VO NO CM NO r—i
• • • • •

d KN KN d d
KN KN KN KN KN

CM
NO

i—1
d

I d
NO

NO
I d

O ON ON H KN
• • • • •

KN CM CM CM rH

o d d CM CM
CM KN I d CO

f trH NO LfN KN
• • • • •

LfN I d LfN O I d
rH rH rH rH

rH KN rH £ d ON
LfN rH I d O NOO O d KN ON

• • • ' • •
o CM I d NO d
ON I d NO d d

• • • • •
NO I d o o ON o
0 0 0 0 0 0 0 0 ON



0 C\J LTN 1—1
csf

1—1 LfN £4 4 KN0 KN ON VO OJ OJ KN 0 1—1
LfN 4 O VO KN 0 0 KN O - 00 KN• 0 • • • • • • • •
LfN 1—1 

rH
OJ ON 14 1 4 KN LfN CO

H
1 4

1 1 > + + + 1 t + +

C\J

•
LTs
r-H
+

•rH

rCj

O 4
KN rH
ON KN

• •
LfN VO
4 LfN

O CO
KN 14
4 1 4

• •
LfN c\l
4 LfN

rH LfN 
ON CTN 
CT\ rH 

•  •
VO LTN
4  4

OJ (—I
o o  14
0 0  LTN

1  i

NO 4 "  
CTn O  
LfN no  

•  •
KN, OJ
-4 *  - 4

4
CTN
CTn

O

OJ OJ
4  4

k n
LTN

NO
•

OJ
4

LTN
ON
O

•
CJN
KN

1 4 CO c £ 4
ON 1 4 ON ON
LfN 4 4 ON

• • • •
KN KN KN rH
4 4 4 4

O
OJ
O n

LfN
O
O

c f
O

1 4
LTN

VO
• • • •

rH KN KN CTN
4 4 4 KN

ON LTN ON 4 ON iH 1 4 1 4 KN 1—1 1 4
CO rH O vo 4 4 rH O O O OO

t o OJ 4 VO 1 4 1 4 1 4 VO vo vo vo LfN• • • • • • • • • • •
0 O 0 0 O O O O O O O

1—1 OJ KN 0 0 O LfN rH
*

CM
• s f

KN
0 CO O LfN O VO ON 4 1 4
LfN 0 KN LTN OJ ON O O LfN KN VO

V_/ • • • • •  ■ • • • • • •
ON 1—1 O O O ON ON O O O ON

rH rH rH 1—1 H rH rH

CO rH CO 14 KN v o rH KN VO rH rH
1—1 rH CO 14 4 rH CM 1—1 v o O 1 4
0J rH rH 14 LfN ON vo LfN O KN LfN

• • • • • ■ • • • • • •
v o CM LfN 4 KN CM O CM KN KN O
KN 4 KN KN KN KN KN KN KN KN KN

1 4 CTN KN 4 LfN 1—1 1 4
3

1 4 1 4 CO
CO OJ

8 ?
CM ON LfN ON CO CM

fcr VO CM i—i VO vo LfN LfN LfN
• . • • • • • • » • • •

rH 1—1 OJ KN KN KN CM OJ CM CM CM

14 1—1 KN O CM 14 CM VO CO KN 0J
H 14 rH v o O O 4 14 ON O ON

O CO VO 1—1 O 1—1 VO 4 £4 £4 OJ CO
.  .. • • • • • • • • • • •

CO O 0J KN KN CM CM ON £4 LfN VO
i—1 rH rH rH rH rH rH rH rH rH

4 OJ CM O 14 KN 14 4 14 O ON
ON 4 * CM rH 4 CM OJ OJ £4 O LfN
4 KN 00 OJ OJ OJ 4 £4 v o VO 00

• • • • • • • • • • •
0 t*- KN rH 14 N© 4 rH OJ CO VO
LfN LfN VO 14 VO VO LfN (4 CO VO 14

• • • • • • • • • •
<3$ 1—1 OJ KN 4 LTN VO 1 4 GO ON O

ON ON ON ON ON ON ON ON ON O1 1
0

2
. 

8
1

.2
3

5
 

14
.3

79
 

2.
66

6 
3

1
.6

6
7

 
9

.9
34

 
0

.6
1

9
 

4
0

.9
8

2
 4

2
.0

0
7

 
+

2
2

.1
8

3

1
0

3
. 

7
4

.8
0

7
 

1
7

-7
1

6
 

2.
70

9 
5

2
.0

1
3

 
10

.1
8

9
 

0
.6

29
 

41
-5

73
 4

2
.1

5
5

 
+

1
2

.2
2

7

1
0

4
. 

6
3

.1
9

6
 

1
5

-3
6

8
 

2.
80

4 
33

-3
47

 
9.

78
9 

0
.6

5
1

 
4

2
.4

8
5

 4
2

.3
5

8
 

+ 
2

.6
6

6

1
0

5
. 

62
.3

97
 

1
3

-2
2

5
 

2.
34

8 
3

3
.3

1
2

 
9.

73
9 

0.
54

5 
4

2
.5

0
6

 4
1

.4
8

6
 

+ 
5

.3
3

8



- d O vo GO ON OJ LTV IN- 0 LfN 0 vo
CO - d kn _ d 1—1 on LTN OJ —4- 1—1 CTN VO
LTN v o v o ON CO OJ O IN- Th OJ 1—1 O n'<—3 • • • • • • • • • • • •
O
H

O LTN
OJ S i-

0 CO C\J 
1—1

0 CO
OJ

a o CTN

•f- 1 1 1 +• + + 1 + + + ♦

LTN 0 ON H IN-
'— LTV v o LTN O 1—1
•H O CTn iH ON OJ

• • • • •

d
O K \ IN- LfN

- d KN OJ kn

VO ON LfN o - KN 0 0 LfN
KN 1—1 OJ 0 ON ON _ d

0 0 ON VO LfN ON v o KN
• • • • • • •

UTN LfN _ d v o _ d KN KN
KN KN KN KN - d - d - d

in - IN- O O IN- VO ON rH LfN IN- KN IN-

d KN
LfN

v o
0

0 0
- d

1—1
OJ

KN
CO

ON
- d

eg
LfN

O
- d

IN
IN—

- d
IN-• • • • • • • • • • • •

KN ON KN LfN LTN LfN LTN _ d IN- ITS OJ
- d kn KN OJ KN KN KN kn KN - d _ d

KN rH ON VO LTN ON in- H rH - d eg 0
ON _ d LfN KN C— v o a o rH LfN 0 CO ON

bO LfN LTN KN rH - d - d LfN - d LfN 00 IN- IN-
■._  ̂■ • • • • • • • • • • • •

O O O O 0 O O O O 0 0 O

_ d CO ON v o KN - d GO KN IN- 1—1 OO - d- ON CO ON VO OJ ON VO O IN- ON ON
O ON IN- 00 1—( eg CO IN- CO LfN 1—I

• • • • • • • • • • • • •
O CO VO - d 00 CO CO IN- 00 O O 0
rH i—1 1—I 1—1

VO O O O ON rH CO ON ON 0 IN- KN
_ d ON OJ LfN VO 1—I KN VO

d
CO LfN _ d

-—* . ON O VO IN- LfN O VO O KN ON KN
© • • • • • • • • • • • •

KN rH VO 0 IN- CO N - IN- ON LfN _ d KN
KN KN OJ OJ OJ eg OJ OJ eg KN KN KN

•Xj LfN

^  OJ

rH 00 LfN c— rH CO OJ - d vo 1—1 vo
KN _ d CO _ d C\] OJ IN IN- v o IN— 0
KN LfN LfN 0 O LfN IN- KN _ d KN - d

• • • • • • • • • • •
OJ rH O OJ CM OJ 1—I CM KN kn KN

KN IN- CM VO KN
rH CO VO v o OJ

CO - d LfN CM O
O • • • • •

CM
H

CO LfN CM ON

IN- v o O LfN O CO - d
00 KN H KN KN IN- GO
- d GO ON H O VO H

• • ■ • • • •
CO O £N- O CM KN KN

rH rH rH 1—I rH

VO GO KN - d v o
O KN KN O 0

& O rH VO CO H
• • • • •

O
IN-

rH
LfN d 0 IN-

- d

v o CO O VO - d cn- 1—1
KN KN CO LfN 0 KN O

VO KN LfN rH IN- ON ON
• • • • • • •

_ d CM CO EN- 0 0 0 ON
LTN v o KN LfN ao v o VO

1
1

8
. 

5
3

.2
3

2
 

7
.5̂

0 
2

.0
30

 
3

0
.7

1
0

 
8

.6
2

2
 

0
.1
+7
1 

3
8

.8
6

1
 

3
8

.8
6

1
 

- I
+

.8
0

I

1
1

9
. 

5
0

.5
7

0
 

9.
72

3 
2

.0
55

 
51

.5
71

 
9

.0
1

1
 

04
77

 
14

.0
.1

05
 

14
.0

.6
66

 
- 1

.8
71

+

1
2

0
. 

6
0

.0
8

1
 

11
.0

1+
2 

2.
I+

77
 

35
49

5 
1
0

.3
1+
5 

0.
57

5 
I4

.2
.2

65
 

I+
3.

90
7 

+ 2
.6

5
5



0 CM ON IN- 0 00
CO IN- 1—1 rH OJ VO
- d KN v o _ d 0 CM

• • • • • •
- d - d IN- - d - 0 - drH 1—1 rH1 4 4 4 4 1

_ d
ON
CO

OJ
0
H

VO

1

o \
0 -
OJ

OJ
1—I
4

ON

c f

LIN
rH
4

o j
KN
O

VO

o
4

o
CO
LfN

•
o

LTN
O
O

_ d KN O v o 00 LfN 0 0 0 KN KN D - VOLTN KN VO CO CM O ON ON 0 0 KN LfN 1—1
KN LfN KN c LfN rH 1—1 CO VO VO v o CM• • • • • • • • • • • •
KN KN VO LfN 1—1 O 1—1 D— ON O v o IN-

- d ' - d - d * - d - d - d - d KN KN - d KN KN

w

<+H

LfN 0 CM KN VO
VO KN 1—1 LfN KN
IN~ 0 0 O O - d• • • • . •OJ LfN IN- LfN VO
- d KN - d - d - d

IN-
VO
- d

rH
ON
VO

I—I
o
IN-

LfN
ON
VO

LfN IN- O _ d
IN- ON CO ~ d

O CO VO IN— LfN
• • • •

00 LfN LfN _ di—1 rH H

0J ON H _ d
1—1 ON LfN 7 h

v o KN ON KN
& • • • •
■*_- ON VO ON CO

KN v o C— v o

LfN
O

VO

0 J VO ON KN VO
rH IN- rH ON O

• d O ON O ON vo
___ . • • • • •

OJ CM KN OJ CM

co
IN-

VO
•

NN
H

O
ON
O

*
OJ
r-

NN _ d  
H  IN—
LfN VO

ON
KN

0 0 LfN 1—1 0 0 0 J LfN
CM IN— ON - d ON KN
KN IN- VO CO 0 0 rH

• • • • • •
ON CO 1—1 0 O ON1—1 rH rH

o
- d

IN- LfN 
ON IN- 
_ d  LfN 

•  •
o o

- d
LfN

_ d vo CM O ON LfN rH
0 - d OJ O _ d IN- O0 ON IN- O ON rH CO IN-

• • • • • • •
KN IN- VO _ d VO O t—1
KN CM KN KN KN KN KN

i—I IN-
-= *  'lT  H  _ d  

•  •
CM OJ

ON

rH
IN-

VO

6 >
- d

O
rH

O
O
ON

rH
ON
i—I 

•
ON
KN

IN-
CD

v o

CO
LfN
CM

ON CTN

LfN

o
KN

- d
i—I 

VO 
•

CM

O  _ d - 0 0
IN- OJ _ d
w  4  o n

H
H

_ d
LfN
00

ON rH 
LfN VO

LfN CM rH
VO O vo-
1—1 CO VO• • •

CO ON 00
KN KN KN

rH tr- IN-
1—1 rH KN

VO VO VO
• • •

O O O

LfN KN rH
KN vo ON
O LfN O• • •
ON ON O

rH

rH VO c -
_ d LfN 0
IN- 00 CM

• • •
ON O ON
CM KN CM

CM C— KN
KN LfN - d

VO vo IN-
• • •

CM CM CM

O O O
CO CM LfN
IN- _ d 4 -

• • •
LfN _ d - d
I—1 rH 1—1

ON ON CO
CO O LfN
LfN O rH

• • •
0 0 CM ON
VO D LfN

rH
LfN
rH

•
v o
KN

H
O
LfN

VO
CM

CO

VO
OJ
CO

•
CO
CM

ON
LfN
H

CO
O
KN

•
v o
KN

KN
ON
_ d

CM
O
OJ

IN- 0 0

ON
ON
LfN

=0*
OJ

■c^f
rH

OJ CM

ON H T

i—1
i—I

LfN
KN

•
O
LfN

rH
rH

-d00
LfN

•
o
LfN

cS

m
1—1
CM

CM
CM

•
KN
CM ■i

»
LfN
OJ

•

CM
H 1—1 rH t—1 rH rH

D— 0 0  ON O  H  CM KN
CM CM OJ KN KN KN . KN
rH rH rH rH rH rH rH 13

I4.
. 

81
.2

16
 

17
.8

81
 

2.
93

3 
2

9
4

5
3

 
9

.4
7

 
0.

68
1 

38
.0

19
 

4
4

4
 

+
1

9
.9

8
8

1
3

5
. 

70
.9

97
 

4
-7

5
0

 
2.

31
3 

30
.5

4 
9

-7
9

 
5 

6
-5

5
7

 
59

 
- 

77
2 

4
.6

8
7

 
+

1
3

.4
7



VO
i—1
rH

00
OJ
rH

CM
LfN
ON

00
VOo

LfN

d
- d
NN
NN

IN-
ON
IN-

- d
NN
D—

UN
v o
o

NN
IN-
CM

NN
UN
00

oo
rH

NN
O

v o
Rf
o

v o
CO
a o•T™3 • • • • 0 • • • • • • • • • •UN LTV v o IN- NN CM rH rH o o

4

CM o 1—1 OJ

4
o j
4 4 4

H
1

rH
1

CM
I

rH
1 4

OJ
4

CM
4 4

rH
4

rH
4

00 LfN c— ON 00 VO d IN- d O O o IN- IN- C—LTs -d o VO ON d UN CM v o v o v o IN- o o•H c— ON C— NN o o NN rH v o v o O CO C— ON• • • • • • • • • • • • • • - •
O

d
OJ
d

rH
d

CM
- d

ON
NN

o
- d

IN-
NN

o
d

O n
NN

CM
d

NN
d

CM
d

IN-
d

00
d

0 0 NN o vo VO 00 O NN OJ iH UN IN- CM c—UN v o OJ ON CM NN ON VO NN 00 VO CO ON od IN- NN d v o UN ON 00 CM ON UN LfN LfN D— NN ON• • • • • • • • • • • • • • •
o ON o 1—1 00 ON vo UN a o CM NN NN rH UN ao

d NN d d NN NN NN d NN d d d d d d

i—i NN c— rH UN d 00 d o o oo d ON CO IN-
ho o VO NN O D— UN NN ON c— UN IN c— NN UN 00— • v o vo UN UN NY rH i—1 H C'- cr- IN- IN- VO IN- vo• • • • • • • • • • • • • • •

o o O o O o O O o o O O o o o

i—1 rH IN- rH rH IN- UN 00 ON rH CM ON d D - NN
VO UN UN O vo VO NN UN i—1 CO NN VO ON d CM
UN VO UN VO O NN NN CM VO CO O O c— o O•>_■ • • • • • • • • • • • • • • •
ON ON ON ON 00 oo IN- ON <J\ o I—1 rH ON rH CM

rH 1—1 i—1 rH i—I

oo UN d O o NN rH VO d i—1 IN- O CM NN rH
ON c— ON CM I—1 rH d CM H o CM c— NN O IN-

"-V IN- NN NN UN ON IN- vo CM rH d NN CM VO rH UN
<D • • • • • • • • • • • • • • •

v -4 rH O i—1 CM o rH ON vo O CM NN NN CM UN C -
NN NN NN NN NN NN f t NN NN NN NN NN NN NN NN

ON UN NN ON IN- CM NN d o d d c— CM a o 0 0
V CO UN rH UN i—1 v o ON NN CM NN UN NN UN v o UN

tx5 UN 0 0 NN rH v o v o UN 0 0 NN CM NN NN C— OJ ON^_^ • • • • • • • • • • • • • • •
CM CM CM CM i—1 O o o NN NN NN NN OJ NN OJ

CM CM ON vo c— 4- ON LfN VO vo VO i—1 vo vo 00
ON NN c— ON UN rH d d D— rH d CO CM rH UN

o rH CO o UN d 00 c— o d c - o UN NN d i—1
• • • • • • • • • • • • • • •

VO UN NN c— 00 NN IN- o c— 00 CO UN ao ON
i—1 H rH CM 1—1 rH 1—1 H rH i—1

UN o rH CM C"— rH ON CM UN NN NN NN 0 0 o ON
UN v o UN ON CM ON ON 4- CM oo i—1 CO CM CM o

fi VO D— o I—I c - i—I 00 CM UN ao NN LfN ON d ON• • • • • • • • • • • • • • •
VO LfN UN d o vo CO vo d rH O c— o o d
v o 00 v o v o NN NN 1—1 NN vo ON ON GO vo 00 00

•
vo

•
C—

•
CO

•
ON

•
o

•
rH CM

#
NN

• •
d  u>

•
vo

•
C—

•
oo

•
0N

•
O

Q> NN ̂ i—1
NN
rH

NN
rH

NN
rH 3 - a

d  d
Th  rH

d
H

di—i
d
rH

UN
I—1



H o o
UN ON CM
UN d IN-

•r-3 • • •
rH ON NN
CM CM CM
+ 4 4

C— d UN
*• 0 0 ON CM

•H o ON 0 0
v_^ • • •

i n ON 0 0
d d d

A

0 0  v o  
d  d
O  VO

1  i

CO
CM

00

8

IN

LfN
VO
ON

00
r~i

vo

CM
IN
i n

IN  VO
d  d

UN ON 
H  H

IN  IN-

• •
D— ir \  

d  d

d  v o
NN rH

VO NN

i  i

d o o NN
NN c o v o IN-
CM NN UN ON

• • • •
CM c o rH VO
rH i—i 1—1
4 4 4 1

in- CM VO vo
c- CM UN 00
n n NN 00 CM

• • • •
UN UN CM o

d d d d

NN o 00 NN
o 00 CM o
N Y c - IN- NN

• • • •
VO UN CM ON
d d d NN

v o
VO
IN

rH

I

IN
O
ON

•
v o
NN

CO

7 ?
v o
NN

CM
CM
00

•
O

+

d
o
o

•
i n
NN

NN
d
NN

•
LfN
NN

3
o

- d -

+

UN 
00 
I—I 

•
VO
CM
4

ON
UN
ON

•
NN
CM
4

d VO v o
NN d rH
NN NN c o

• • •
c - ON o
NN d UN

CM UN NN
rH VO VO
O v o CM

• • •
ON 00 O
NN d UN

H NN v o i n ON rH UN ON NN i—! i n ON i n d
-R fON d 00 CM IN- o IN- d OO ON H UN CM i n

VO t — IN IN VO I N UN i n d d UN UN UN ON o• • • • • • • • • • • • • • •
o o o O O o o o o o o o o o rH

IN O C - 00 IN- CM rH in- 00 i—1 ON CO ON IN- NN
NN 00 CM in 00 UN IN- un rH NN NN On ON i—1 ONUN NN c— CM NN IN CO UN NN CO O ON c - VO IN

>.__^ • • • • • • • • • • • • • * •
H CM i—1 rH i—1 o O o O CO CO IN- CO CM CM
H i—1 rH t - i rH rH H rH i—1 i—1 H

CM ON IN- d VO UN IN- CM NN NN VO d O CM d "'—•> Q O 00 rH CM VO CD IN- ON VO CM o d CM ON0 CM O rH d ON CM O ON CO ON vo ON IN- O d• - • • • • • • • • • • • • • •
IN 00 v o v o UN d v o UN CM O 00 IN O IN 00
NN NN NN NN NN NN . NN NN NN NN CM CM NN NS NN

VO ON 00 O ON IN UN rH v o IN 00 O I N CM
IN- ON GO NN i—1 I N CM CO i—1 CM O IN ON rH
ON i—1 NN rH ON o d CM o rH CM d CM i—1 d- ^ • • • • • • • • • • • • - # « •
CM NN NN NN CM NN CM NN CM CM CM CM CM d d

i f ' ON O VO CM 00 CM 00 O O rH CM IN ONO UN UN IN o d VO rH UN CO i—1 ON
rH rH d LfV VO IN IN ON VO CM UN ON 00 d

O • • • • • • • ♦ • • • • • • •
CM VO UN NN UN CM d CM i—i i—1 IN v o CO ON 00
CM i—1 i—1 H rH r—1 H i—1 H H r—I 1—1

CO CM NN 0 0 UN o vo ON
NN ON 0 0 NN d r-i ON v o
IN IN NN IN NN c o IN NN

• • • • • • • •
NN 0 0 i—1 d rH o d ON
ON ON ON 0 0 CO 0 0 IN VO

UN ON 00 UN o IN VO
CO IN 00 NN CM 00
o UN IN UN UN VO

• • • • • • •
00 IN v o CM ON IN
v o NN d UN ON ON

• • •
i—i CM NN

cd UN UN UN
rH H I—1

• • • •
d UN v o IN
UN UN UN UN
rH I—1 1—1 1—1

CO ON Q  '
UN U N  V G
rH rH rH i

CM
•

NN
•

d
•

UN
v o VO vo VO
i—1 H i—i rH



. KN
c—
ON

• r-j •
' —- i—1

OJ
4

CM
—X LTN
•H CTn 

~  £

H
C -
i—I 

•
o
KN
4

LfN

CO
- d

c—
ON
ON

•
o
CM
+

00
ON
NO

CO
- d

d
H
KN

o
CM

rH C— iH• • •
CM
rH

UN

4 1 4

o o H
CM ON CM

0 0 - d - - d
•c—

•
o -

•
- d

- d  ON
LfN _^}- 

CO KN

rH
H
4

—-J —"j*

o
4

rH
KN

LTN
_ d

_ do
KN

o
LTN

KN
KN
H i

•
ON
- d

ON
L fN

KN

CO*
- d

CM
C --
- d  

•  -
NO
- d

o

o -
- d

ON
CO

LfNo
rH

UN
cH
rH

LfN UN NN
_ d  - d  _ d

O CO CM GO UN r—1 KN rH
- d c o NO ON c o KN Ow ON o 0 0 LfN NO NO NO

_«• ■ • • • • • • • •
o 1—1 o o o o o o

- d * o c - LfN LfN ON CM CM
c o NO c - _ d CM LfN _ d Hu NO NO c— ON KN KN H n t—1

. • • • • • • • •
CM CM 1—1 o O o o O
1—1 rH I—1 H rH 1—1 rH rH

o i—1 - d LfN O 1—1 NO _ d
' —* ON CM NO ON NO 1—1 ON o
© LfN LfN - d CM D— UN rH NO

>»-* ' • • • • • • • •
CO C"— c— NO D— LfN LfN KN
KN KN KN KN KN KN KN KN

O LfN 1—1 H KN KN NO ON
■d CO i—1 o rH NO KN CM CO

"—■» H LfN 0 0 KN LfN ON F - LfN
• • • • • • • •

- d - d KN KN CM CM CM CM

KN _ d 0 0 NO UN O O - d
ON KN c— ON KN NO CO
CM NO NO UN _ d LfN NO - d

o • • • • • • • •
0 0 c o KN KN ON 0 0 rH CM
1—I i—i 1—1 rH H H

CO LfN _ d rH C - _ d O KN
ON NO £N— UN UN I d i—1 UN
KN II"— rH CO c- o CM CM

r ° - • • • • • • • •

_ d o c— 0 0 NO i—! i—1 i—1
ON o 0 0 NO - d NO D— NO

1—1

• • • • • • • •
/ - * NO c - CO ON o rH CM KN
oJ NO NO NO NO C— D—

rH I—1 rH tH iH I—1 H rH



OS

£  <*• K) o

a
m
<
E-i

CO

EH

C  *
O O <H 

•H -p  Xl
w
SH IH d  

^  o  o w
•H >  -P
w  c  o  $n 

O 05 <D 
O  CH

O

^ -n <D
,d a c
w . H  3

E-i OS

<H
O

® 
> s
•H

IH
W

ltn
(M
O

3
KN
CM

ON H LfN vO KN D— ON rHo rH LTN KN d d CM CM
KN O O O O O O O• • . • • * • • •
iH rH rH i—) i—1 rH i—1 i—1

KN LfN LfN HI o CM KN o
KN l>- o - rH o ON KN LfN0 • • • • • • •
00 KN CM KN KN CM KN KN
rH CM CM CM CM CM CM CM

LTN
CM
O

CM

i—I
CM
O

o
LfN

•
KN
CM

£
•H LfN O LTN LfN O O LfN O O LfN o

CM CM d d rH O LfN CM KN CM KN
C • • • • • • • • • • • •
3 IH KN CO KN CM KN KN CM KN KN KN KNos w CM H CM CM OJ CM CM CM CM CM CM

P
0  
IH 
CH
1

KN 00 d CM vD KN VO LfN d• d VO ON 00 C"“ ON KN O ON
< y 0- 00 ON ON

1 ON ON ON o ON
• • • • • 1 • • • • •

os o o o o o o o rH o

F
&

Q
z
<

3

&
w

PQ
<
H

n£>

a
PQ
<
E-i

Eh

0
Eh
O
£>
O ’

fc!os
o
EH
<
OS
M
CL,
CO
W
OS

p
0
IH
CH
1

© C

co
© o - d d d rH o KN o o
IH CM O CM rH KN NO V0 VO ON

CM P H CM KN KN l i d C— CM 00 KN
O •H • • • • • * • • ♦
O KN KN d d d d d d d

P
o
IH ©

|3H © H CM O KN
1 IH iH ON LfN ON
C P CM VO KN KN
O CM H • • • •

J2S O  Hi d KN d d

f
o

r
e

in

b
.

0
S

l>- ON KN O
P  © IH LfN KN LfN CM

o CMO P  P d 00 rH rH
O  SH © H • • 0 0

o o rH rH

c
IH «H ♦ W
O <0 fit © o v q 00 VO

< H P  05 D— d KN ON
,Q O p  P LfN O d KN
s_/ CM IH © *H 0 • • •

O Ph S H o rH rH rH

rH
Cti

—  *rH •
OJ k  O  

^  © S
CO

CM CM KN C*~ V0
d ON LfN KN rH
LTN c— LfN 00 d« • • 0 0

d d d d d

CO vO c— rH v o
d o v o O 0 0
O CM 00 KN o

• • • • •
rH rH o rH rH

c - NN rH CM LfN
o O CO CM LfN
KN LfN O VO KN
• • • • •

rH rH rH rH rH

CM
•  o

KN d
o •

LfN VD CO ON
o
rH

iH
rH



ooo
UTv
00
r l

ON
CM
O

KN
CM
O

rH
rH
O

■—I 
rH 
O

1—1 00 d CO rH d LfN H tH-
H i—I H rH o rH CM rH o
O o O O o O O O o• • • • • * • • •
rH rH H H rH H rH H rH

oo
LfN
CJ

•
o
CM

KN
KN

•
KN
CM

IH-
d

•
KN
CM

LfN
IH-

•
KN
CM

LfN LfN LfN CO 0— CO IN-
C C— IH- LfN VO LfN ON VD• • • • • • • • .

KN KN KN KN KN KN KN KNCM CM CM CM OJ CM CM CM CM

LfN KN EH*
C— CO VO

• • •
KN KN KN
CM CM CM

W

oo

■ i

LfN o 
HI OJ 

•  •
O  KN 
CM CM

CO
OJ

•
KN
CM

LTN
d

•
KN
CM

LfN
d

•
KN
CM

LfN LTN
d  d

KN
CM

KN
CM

LfN Q LfN 00 O LfN ON o O
KN d KN LfN d OJ d LfN - d• • • • • • • • •
KN KN KN KN KN KN KN KN KN
CM CM CM CM CM CM CM CM CM

ON c o
O* KN Lf\

.----- CO 00 ON**H • • •o o o

3
UN d vo ON d 00 ON o oLfN KN vo H vo CH- d c VO

ON ON ON ON o ON 00 ON CO ON• • • • • • • • • •o o O o rH o o o o o

ON VO 
O  KN
O N  O N

KN
00
ON

KN
00
ON

©

- d 00 ON UN CM KN UN rH
ON KN rH LfN rH rH v o UN

d KN 00 d IH- d UN LfN
• • • • • • • •

KN KN d d d d d d

d
KN f

KN CM CM CM KN
ifN CH- KN UN V0
LfN O KN ON KN

• • • • «
d d d KN d

d  LfN 
KN H

d  d  
•  •

d  d

vO o rH ON UN UN UN CO CO d O
IH- ON IH- CM KN CM CM VO o CM O
ON ON O IH- ON IH- CH- d CO IH- CO*d • • • • • • • • • • •
KN KN LfN d d d d d d d d

O CO c— KN H ON ON IH- IH- KN CM
CM d NO VO ON KN CM CN- VO VO CO
IH- vO rH O o o rH rH ON CM rH

o • • * • • • • • • • •
O o rH rH H rH rH rH o rH |H

CH 00 LfN LfN O LfN CO IH- vo d KN
ON o LTN CM VO ON o VO o IH- IH-
00 CO d KN KN OJ d d CM UN d

rQ • • • • • • • • • • •
o o rH H H rH rH rH rH rH rH

ON CM co
0 -  H  d

M ) L f\ KN
•  •  •

d  d  d

cm cm d
CO CO KN
O  H  rH

KN
5
k n  d  d

ON H  CM
LfN H  ON

VO LfN _ z t
•  •  •

d  d  d

LfN
CM
0J

o -
CM
LfN

•Hi

d
CM

H
LfN
LfN

KN
v 0
CM

©
H

- d
c—
LfN

CC
•  •

CM KN 
rH H

LfN
H

*
VO
iH

0 -  CO 
H  rH

ON O  
H  CM

rH
CM

CM
CM

KN - d  
CM d

LfN VO 
CM CM CM

CO
CM



KN NO O
• d  KN d "
O  OJ O

•  •  •
rH i- l  i-4

o r-1 o CM ON O NO Hi
• j j

CM ON ON Oo CM ON KN CM O KN r4 KN O O o
o O ON O o o O O O O O o o• • • • • • • • • • • • •
HI H o H r-4 r4 r4 H H H H H H

O CM 00
O d o

• • •
X! KN ON KN

CM H CM

O
O

•
d
C\1

O
UN

0

KN
OJ

LfN LfN KN O IN- LfN LfN LfN 00 00 O
OJ CM KN O i—l IN- d CM o - 0 - o• o • • • • • o e • •

KN KN d KN KN KN LfN KN KN dCM CM CM CM CM CM CM CM CM CM

O LTN LTN O O LfN LfN O O o LfN c— LfN C— Oo CM o O KN H H CM O 1—1 d CM H d d O• • • • • • « • 0 • • • • • • •
CaO KN ON KN * d KN d KN KN d KN KN KN KN KN KN dCM r-4 CM CM CM CM CM CM CM CM CM CM CM CM CM CM

CM NO d KN KN 00 r-4 ON o CO nQ LfN ON LfN IN
O o CM NO NO H o LfN H o d NO CM CM CH
ON o ON ON CO CO in- ON ON ON H o O o O

<f4 • 1 • 1 • • • • © • • • • • • • •o H o o o o o o o o H H H H H

o H CD KN d o O n d LfN d ON ON KN Oo - CM CM CM LfN NO KN LfN NO c— c— d CM C— in-
D— NO 0~ 00 o - LfN KN H ON CO d D - 00 CO CM

© • I • 1 • • • • • • • • • • • • o
KN d d d d d d d KN d KN KN KN KN d

CO LfN CD o ON d O o LfN o NO d O 00 d
IN— ON H H O IN- ON KN LfN IN- KN H CM C - NO

««—0. H LfN i—1 O LfN LfN p4 KN KN KN O LfN C— (N- ON
• 1 • i • • • • • • 0 • • • • • •

d d LfN LfN LfN LfN NO d d LfN KN KN KN KN KN

o c— ON O 00 KN o IN- o o NO C— d
3CM IN- CM H d d o NO CM CM ON C - KN

✓—> LfN CM KN H o N - d ON ON o o o o rH o
O • I • 1 © • • » • o © • • • • • •

H HI H H H O o o o H H H H iH rH

LTv CM
0N  O n

*-> CO LTN
£i •  I  •
v - '  «—1 i-4

CO d C— C— ON NO IN- H NO KN
LfN CD O CM ON o IN- NO d

NO KN KN ON d CM CM KN KN
• • o • • « • • • •

H H H o o H r-4 H H H

ON v o  r4
00  CM O
CM - d  KN

05
© • • • • • • • •

ON O Hi CM KN d LfN NO IN—
CM KN KN KN KN KN KN KN KN

•  •  •  •
00  ON O  H
KN KN

KN -d* LfN
d  3 -  d



toco Od 1?o o o
rH i—i 1—1

00
rH
o

LfN
COo
rH

rH d i—i c— ON VO NO NO
rH rH rH O O i NO O oo O o O o O o o• • • • • • • •
1—i rH rH rH rH rH rH rH

NO
00

•
n o
OJ

00o
n o
OJ

c -
VO

•
NO
Ol

CO Ol LfN D*- LfN NO NO E— Ol Ol
LfN d D - VO c - CO NO t—t ON ON

• • • • • • • • • •
NO NO t NO NO NO NO • NO NO NO _ dOJ Ol OJ OJ O] c\i OJ Ol Ol OJ

t*0
o LfN o LTN LfN
LfN o d NO Ol

• • • • •
NO NO NO NO NO
OJ Ol Ol OJ Ol

LfN
J d•
NO
OJ

3r
NO
OJ

LfN
J d

•
N O
OJ

0
LfN

•
NO
01

0
01 

•
NO
OJ

0
rH

•
NO
01

LfN
LfN

•
NO
OJ

LfN
LfN

•
d
o l

LfN c— rH c - o o rH VD 1—i Ol c— ON LfN
VD CO VO rH o - c*- ON VO OJ VD 1—1 CO CO
ON ON ON ON QN

I
o O CO ON ON o ON ON

•>_/ • • • • • • • • • • • • •o o o o o rH i—1 o o o 1—i o o

3
LfN

d

LfN o -  
LfN d

_ d  n o  •  •
d  d

CO LTN 
rH NO 
rH VO I 

•  •
d  d

o LfN ON LfN OJ NO - d VD
VD vD Ol Ol VO LfN v o OJd c - CO rH NO Ol VD d• • • • • * • •
d d NO - d d d - d d

o

ctf

C—
O
c—

o
0
01

v o
- d

_ d  o i
rH Ol
LfN LfN

d  d  d

c -  o n  
o  c -
n o  d

•  «
D— 00

d  - d

O  C“—
ON IN-

d  
•  •

d  d

NN CO VD ON d
VD d 0 0 NO NO
ON o rH o r-i

• • • • •
o rH rH rH i—1

ltn d  
ON pH
o j  d

o
LTN

H
LfN

VD NO rH VD rH NO LfN
VD vD Ol 0 0 NO 0 0 rH ON
rH NO J d d LfN i—1 D~ d

• • • • • • • •
d d d d d d d d

o - d o d vD c VD ON
Ol d rH NO CO CO CO CM
NN I—i VD rH ON CM ON NO

• • • • e • • •
rH rH O rH O i—i o rH

VD VD o d o d o CO
d OJ VD rH NO o NO LfN
vD d t - d * CM VD Ol VD

• • • • • • • •
rH rH o rH rH i—1 rH i—1

• o • • • • • •
CM NO - d LIN v o £—• CO ON
LfN LfN LfN LfN LfN LfN LfN LfN



NN NN Hi ON LfN
O O O EH O

•H O O O o Ol• • • • •
H Hi HI H 1—1

C\J

■a
o
o
o

- 3
c— NN NN o LfN NO NO o01 d O ON LfN O NN o

o o o ON ON o ON o o
• • • a • • • • •

H H H o o H o 1—1 1—1

OJ
ON

•
OJ
OJ

OJ
ON

•
NN
Ol

ET
ON

•
NN
Ol

LfN
OJ

•
OJ
Ol

O l NN O c— o - O O ' LfN LfN CO
ON NN O NO NN O NO O l EH LfN

• • • • • • • • • •
ON ON d NN NN NN d OJ dHi H O l O l OJ O l O l OJ O l

c— o
r-i O  

•  •
NN d  
Ol OJ

LfN LfN 0 0 LTN LfN
LfN LfN LfN H LfN

bD • • • • •
Ol NN NN OJ ON
Ol OJ Ol Ol H

O O o Ol O O LfN
Ol O d OJ O d H0 • • • • • •
ON d NN NN NN d
Hi OJ OJ OJ Ol o l

LfN
d

a
OJ
Ol

LfN
NN

O
r-4

o
o

NN d  
OJ OI

O ON IH LfN EH NN 00 d NO OJ H LfN NO ON d ON
-—• 00 d d d d C— Ol LfN o o 00 NN LfN NN H NO
<H o o o o o ON ON 00 O o ON ON ON L— ON vO

• • • • • • • • • 0 « • • • • •
1—1 ■—i H H i—i o o o H H o o o O o o

o c— NO O H ON d LfN LfN LfN NO NO NO NN NN UN
H NN ON ON d 00 ON c— LfN LfN CD NN ON OJ O rH

<D H ON NN ON NN ON 00 LfN d NO CO d NO CO NO O
»W* • • a • • • • • • • • • • • • •

LfN d d d d NN d d LfN LfN LfN UN NN LfN d

NN LfN e h LTN LfN O d O n d Ol ON NN n V Ol ON KN
/--« NN o 0N c— d O c— LfN OJ d ON r—i r-i c— OJ KN

t - EH 1—1 EH H r—i OJ NN d NO ON 00 ON H r—i O
■X—✓ • • • • • • • • * 0 • • • • • •

d d d d d d LfN LfN LfN LfN LfN LfN d LfN NO NO

ON i—i NO o Ol LfN d ON Ol Ol 00 Ol NN 00 UN rH
NN o ON Ol e h H ■ NN Ol IH c— LfN CO NO d rH CD

o OJ NN H NN NN I—i Ol O d OJ NN Ol C - NO CO d
• • • • • • • • « • • • • • • •

H i—i rH H i—1 r—i i—1 H H H H H H o o o

LfN Ol r—i NO e-i o ON NN NO NO NN CO CO 00 VO o
,—> d " OJ ON d H ON NN CO NN 00 ON ON ON o f-i o
& LfN NO d NO c— NN UN OJ CD LfN NO LfN Hi 00 o NO

• • • • • • • • • • • • - • • • •
H H i—i rH r-i «—i r-i i—i Hi H f-i H Oi o H o

• • • • • • • • • • • • • • • •
Oj O H OJ NN d LfN NO EH 00 ON o r-i Ol NN d LfN

NO NO NO NO NO NO NO NO NO NO C— e h ET c - ET EH



i—i KN NN NO iH 00 rH CM1—i O 00 IH rH rH ON NN
•H o o o ON o O o OS._X • 0 • • • • a •1—1 I—1 rH o 1—1 iH rH rH

UN CM EH 00 UN 00 o UN
EH ON r - i LfN IH LfN O CM

jd • • • o • • o 0
NN NN CM d NN NN CM NN
CM CM CM CM CM CM CM CM

UN UN O UN UN UN o LfN
'—  d UN 1—i NN d NN O rH

bO • • • • « • • a
w  NN NN CM

■ a
NN NN CM NN

CM CM CM CM CM CM CM

d o UN d EH IH CD d
NN d VD LfN CM NN 1H O N
EH UN ON ON ON O O N O N

a • • a • • • •O o o o O i—1 o o

UN NN UN rH o CM rH v o
ON iH CM NN UN NN ON LfN

<D ON CO iH NN UN O IH H
a • a a a a a a

NN CM UN VO UN V0 d VO

UN NN NN d CO CO IH VO
i—1 rH NN CD i—! 0N ON

xS CM NN VO ON CO CO EH
• a a a a a a a

UN UN LfN VO UN LfN d VO

d UN ON «H EH 00 rH O
ON o NN O CO LfN O CM

o  d NN CO NN CM CM d VO
'w ' * a a a a a a a

o O O rH rH rH rH rH

d o v o <NJ d 00 EH oi—i CO d CM o VO d CM
D VO NN o VO VO UN t O

a a a a a a a .a
I o O rH rH rH rH iH CM

j
I

a a a a a a a a
03 VO EH CO O n O H CM NN

—' IH EH IH EH CO CO CD 00

CM rH CO i—1 O rH rH rH EH
NN ON i—1 rH O CM i—1 i—1 VOO o o O O O o o O0 a a a a o a a 0
rH rH rH rH i—1 rH rH rH i—1

LfN o CO LfN o o UN UN O
CM o UN EH o UN EH IH UN

a a a • a « a a a
NN CM NN NN NN NN NN CM
CM CM CM CM CM CM CM CM

LfN O UN UN o O UN LfN O
«H O NN d o NN d d NNa a a • a a a a a
NN CM NN NN d NN NN NN CM
CM CM CM CM CM CM CM CM CM

CO d i—i ON ON rH rH i—I LfN
ON CO CM O d rH rH LfN LfN
ON ON O O CJN CD CD CO CO

a a « a a a a a a
o o rH rH O o O O o

UN o
.3 -o

ON 00 LfN rH VO d
UN
UN

o 1—1 IHH ON
CM

ONo CO
CM

i—i
NN

a a a a a a • a a
vo vO EH VO VO vo VO EH CO

O O VO VO EH ON
3

i—1 ON
EH O ON rH NN 1—i VO 1—i
UN CM CO iH vO UN ON UN EH

a a a a a a a a a
VO vO vO VO VO IH IH CO ON

CM NN v o O O i—1 CM rH rH
ON UN ON NN CM O V0 ON ON

VO VO vO VD vo CM EH vD CJN
a a a a a a a a a

i—1 rH rH |H rH iH O o o

ON CM LfN CM o EH rH I—1 v o
o VO rH NN CM ON UN VO NN
rH O rH O o d ON CO CM

a a a a • a a a a
CM CM CM CM CM rH O o i—1

a a • a • a * a a
d UN VO EH CO ON o rH CM
CO 00 00 00 CO CO ON ON ON



IT— d d HI i—i
d I—1 r-i HI ON^  o o o O o

•H • • • • •
—/  i—1 iH Hi i—i H

O H HI ON UN d IT- v o
d r-4 r—1 UN Ol rH ON IT-o O o o O O ON ON

• • • • • • « •
HI H 1—1 rH rH rH o o

o K~\
O

Ol 0 - IT— UN O CO UN UN c— OJ C— COON NO NO C— o o c— t— NO d VO o• * • • • •k • • • © • o
OJ KN KN KN Ol KN KN KN CM KN KN dOJ Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol

CO c— 
UN v o

d
C\J

KN
OJ KN

CJ

UN o Q UN O UN UN UN O UN o UN UNUN d d d o O d d d CM d O KN• • • • * • • • • • • •k •
bD Ol KN KN KN Ol KN kn KN CM KN kn d " dOl Ol Ol Ol CM Ol CM CM CM OJ CM CM

KN

0
i- i

•
KN
01

O o K n 00 UN NO ON CM k n KN CM C O NO ONCO d d KN o d CO UN CO c— ON 00 ET ON
ON o o O o o o O o O O C O ON CJN• • • • • • • • • • • • • •
o r4 i—i HI t—I r -i H H rH rH H o o o

CO o c— ON I—I ON CM d H d d NO NO o
CJN d CT— ON NO UN H KN CM NO UN NO c— NO*— HI o c— UN 1—i ON d CM C— CO o NO CO o

© • • • • • • • • • • • « • •c— c- NO NO NO NO c— IT— NO NO IT— NO NO c—

CM 00 ON o CM CO UN NO NO c- CO d IT-
d c— ON UN KN UN o i r - o ON UN KN H T NO
KN c— d KN r -i vO CO co CM KN d c— O O

• • • • • • • • • • © • • •
D - NO NO NO NO NO NO NO NO NO NO NO IN- IT—

O -
K \ UN IT- 00 CM ON ON d rH C— rH KN rH UN
UN CM 00 NO C—

d
KN KN o d O UN O rH

d CO c— c— d d d d • UN UN KN d
« • • • • • • • • rH • • « •

1—1 i—1 rH I—I t—i H rH H H H rH H rH

CM UN CO d NO NO d 00 IT—
t—1 IT— CM o KN o ON 00 d

rO 00 CM CM CM CO CO c - c— c -
v - ' • • • • • • • • •

rH CM CM CM rH rH 1—1 rH H

CM
d H c— CM d00 c - KN CM NO

• c o ON NO D—
rH « • « •

rH H rH rH

O
H

vO

cd
•  *

KN d  
ON ON

• • • • • • •
• • • *  ' • o rH CM KN d UN NO

UN NO IT- CO ON o O O O o O o
ON ON ON ON ON rH rH rH rH H rH rH

C—o
HI



KN UN O
O ON O

•H O O o
• • •

HI H 1—1

CM CM o
v ON ON o

• • •
KN rH -4- —J
CM CM CM

ooo
o KN NO o NO 3 o3 O IN- ON c— i—i oo O ON ON ON o o• • • • • e •
H H O o o i—1 HI

o co o o 
•  •

3 ^
CM CM

CM CO 
ON LfN 

•  •
KN _^j* 
CM CM

LTN
CM

•
3
CM

CO

i J

o
O  o n  
e h  cm 
o n  o

EH O C - UN KN
NO o NO IH KN

• • • • •
KN 3 KN

■a
KN

CM CM CM CM

o
Hi
CM

KN
CO

•
ON
I—I

UN UN O o LTN UN
UN UN o o o UN

t o • • • • • 0
KN rH 3 3 KN KN
CM CM CM CM CM CM

LfN
KN

LT\
r-4

■a

UN O O o UN O
k n 3 o 3 3 CM• • • • • •
3 KN 3 KN 3 KN
CM CM CM CM CM CM

o
LfN

e
ON
H

CO KN e h CM NO NO UN 00 ON NO CO
CM UN CO ON 3 NO o UN KN UN CM<H CO t — ON ON o ON o o O O ON

• • • • • • • • • • •o O o o rH o 1—1 1—1 i—1 rH o

NO CM 3 CO3 H o o
ON C n ON f—1

• e • •
o o o r-i

rH CM ' NO
UN NO 00

<D 00 C— NO
• o •

3 KN UN

NO 3 CO rH
-—*■ UN ON UN ON
'd CO ON IH CO

•
UN

•
3

•
UN

•
UN

3 CM 
3 -  o n
CO NO 

•  •
LfN UN

KN

O NO CO o CM 3 C—’ 3 c— CJN
CM ON O KN c— i—i CM i—i H rH

NO ON CM O NO rH 3 KN i h IH• • • • • • e • • •
UN UN c— c— NO NO NO C— NO UN

CO ON o UN I—i IH KN KN o CM
rH NO rH NO CM CO ON CM KN NO
CO ON CO c— K \ UN IH UN 3 H

• • • • • • • • • •
UN UN NO NO NO NO NO IH EH UN

0 0 3 3 O rH CM UN o 0 0 IH UN ON CM UN ON
UN CM KN CM O CO 1—1 CM NO CO CM KN IH H 3

o CO KN r—i H 3 ON KN ON CO CO rH rH KN rH NO
0 « • * • • « • • • « • • • o
o O rH rH rH o r i rH rH i—1 i—i i—1 i—1 H rH

OJ

ON
NOo |3 3

NO
ON
KN

IH
3
IH CM

O
3
NO

rH o rH H rH f—1 rH

CO ON
o  o
H  H

o
I—i
H

H
(H
r - i

0

CM
HI
r -i

19 -5n ri 
H  H

3
ON
KN

ON
CM
KN

CM CM

•  •
UN NO 
H  H  
H  r-i

KN
UN
KN

•
CM

•
IH
r l
H

CM O

•  •
r-4 H

•
CO
H
H

CJN 
r - i  
t—I

rH O NO
rH ON UN
IH KN o

• • •
rH rH CM

* • •
o rH CM
CM CM CM



VD ON VD 1—1 VD I—1 KN c—
' —» CM CM CD UN CO UN ON ON
•H ON o ON O ON o ON ON^—/ • • • • • • • •o 1—1 O H i o HI o o

H
*

LTN NN KN O rH
UN CM VD CM o ON
O o O O O o o• • • • • • •
i—i I—i H H r—i H 1—i

CM KN KN KN KN KNON KN KN CO KN 00
• • • • • •

UN KN - d CM - d CM
CM CM CM CM CM CM

IH-
i—1 

•

00
O

•

KN
CO

•

EH-
VD

• •
- d - d CM KN KN
CM CM CM CM CM

CO UN O O
UN - d o O

• • • «
CM KN - d CM
CM Ol CM CM

UN O O O O O O UN
UN OJ CM UN CM UN r—1 O

bO • • • • • • • •
UN KN - d CM - d CM - d —d"
CM CM CM CM CM CM CM CM

O O UN UN IH- O oUN - d CM KN CM O O* o • o • • •
CM KN KN CM KN - d CM
CM CM CM CM CM CM CM

CO CM KN O n D - ON UN ON--—». H VD H CO Hl CM INN UN
<i-i r-i O O ON O O O O>_✓ • • • • • « • •

H r-i r~i o r-i i—i i—1 H

ON UN vD ON UN eh- o
r - i ON UN 00 ON i—1 o
CM CO ON o o O r-i

• • • • • • •i—1 o o H r~i r-i i—1

o H UN r—I 00 EH- KN UN O ON CM - d r~i
UN O - d CM CM UN UN CH H KN _ d ON CM

- d c— - d VD KN i—i UN ON INN EH- r-i ON UN UN
• • • • • • • • • • • • m •

c— IH- VD VD VD VD VD VD UN UN VO VD VD VD

VD CM - d KN VD Q ON r-i KN CO KN VD O _ d O
CO i—i o UN KN

7 4
I—i ON O o CH KN - d CO KN

CM O VD UN UN ON r-i EH- o ON VD KN - d O n
• • • « • • • • • • o * • • •

IH- IH- l>- VD VD VD .UN VD UN vD UN UN VD VD UN

KN CO _ d  VD CM ON CO CM o VD £H- UN CM - d CM
..—̂ CH- UN Z d  c o EH

d
UN EH- CM ON c— CM CO KN CO

O VD VD Z d  h KN - d - d UN r-i H vD CM - d UN
• • « • • • • • • • • • • • •

r—i r-i r—i H r-i r—i i—i r—i r-i i—i i—1 r-i r - i r-i r-i

UN IH- O ON r-i VD CO VD UN r—i IH- VO 0 0 00 CM
,—s. 0 0 vD O IH- r-i O r-i KN ON ON v q CM ON CO EH
& o O CO - d EH 00 CO 00 CO - d - d O UN IH- ON

• • * • • • • • • • o • • • •
CM CM r-i r-i r-i r-i r-i H I—I r-i r—i CM H i r~i r-i

•  . • • • • • • • . • o O • • • •
KN - d UN VD tH- CO ON O r-i CM KN —d UN VD D -

CO CM 7 m CM CM CM CM CM KN KN NN KN NN KN KN KN
r-i r-i r-i i—i r-i r—i r—i r—i Hi r—i r-i |—i r-i r-i r-i



,— .
OJ
KN

00
r - i

KN
r - i

KN
O

d
r - i NO

CO
r - i

KN
o

r - i
r—i

P -
o

r—i
r—i

f—i
LTN

oo o
0 3

p -
o NO

KNO o O O O CO O o o o o o o ON o o'—* • • • • • CO • tt o • • • • • * •
r—1 r~i r - i r - i r—i © r~i f—i r—i r—l f—i r - i (—1 o f—i r—i

i n
Ol

0 0
L f \

o
p -

OJ
ON

p -
NO

o

CO
CO
LiN

Ol
ON

LTN
P -

KN
CO

LTN
P ~

KN
CO 8

o
LfN

KN
CO

P -
i—i

»d • • « • • o • • • o • • • • • •
KN KN KN KN KN • KN KN KN KN KN OJ d - d KN KNOJ OJ OJ Ol Ol P -

Ol
OJ Ol Ol Ol Ol 0J OJ OJ OJ OJ

UN
r i

UN
KN

Ol
d

UtN
LfN

O
d LfN

LTN
KN

LfN
LTN

e
LfN

d
O
LIN

LfN
d

o
LfN

oo
o
KN

O
LfN

O
r—i

w © • 0 * • • • KN • • • • • • • •
N_** k n KN KN KN KN p - KN OJ KN KN KN Ol d KN KNOJ Ol OJ OJ Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol

NO LfN 0 0 - d ON NO NO LfN NO Ol P - NO d UN KN P -
OJ CO d LfN ON o j - Ol CO NO P - «-i CO ON UN OJ Ol

<tH o ON CO CO P - CO r—i f—i r-i t-i o o o O t—i r-i0 • « « • • • • • • • • • • • •
f-i o o o o o f-i r-i r-i r—i r—i r-i f—i r-i f—i r—i

3
LTN Ol CO o rH P -

d
LT\ LfN c o - d NO CO Ol ON

NO P - LfN KN t—i KN o
d

ON NO UN KN Ol NO
<D p - CO 0 0 NO 0 0 KN Ol KN d NO d d o NO ON

• • • • • o • « • • • * • • • •
NO NO LTN NO LfN p - NO P - p - P - NO P - CO CO CO p -

ON ON d KN r-i C0 f—i LfN KN o CO d o Ol co k n
NO NO Ol ON O d - d ON UN LfN CO p - KN Ol p - p —

•d LfN ON ON p - KN CO LfN r-i KN KN LfN 0 0 P - NO NO o
• • • • • • • • • • • • • • • •

NO NO NO P - P * CD LfN NO NO NO NO NO P - p - p - p -

Ol NO NO p - ON OJ CP OJ 00 ON UN r—i CP ON KN C—
..—■» CO ON ON NO Ol NO KN ON UN d Ol r-i KN - d P P -
o OJ r-i CO KN KN d CO P - CO CO UN 00 NO NQ P - CO

• • 0 • • • • • • • • • • • • •
f—i r—i o o o o r—i f—i f—i t—i f—i f—i r—i f—i r—i f—i

CO r-i p - P - o NO KN d p - UN r-i CO
I

NO o f—i
X—s ON ON r-i UN r-i P ~ ON KN f—i O O UN UN r-i d

UN _ d r-i d d UN Ol Ol KN KN ON Ol o o C\1 KN
• • • • • 0 • • • 0 • • • • • •

f-i r—i r—i o O o Ol Ol Ol Ol f—i Ol Ol Ol OJ Ol

• • • • •  • •  • • • • • • 0 • •
CO ON o r-i Oj KN d  k n NO P - CO ON O rH Ol KN

03 KN
f—i

KN
f—i

df—i -d  d
t—i r—i

d  d
r-i rH

d
rH

d
rH d

d
rH

UN
rH

UN
rH

UN
i—1

u-\
t—i



c-o
o

rHi—1
o

rH
OJO

O
CD
ON

O
CT\ON

o  o

n n
oo

L f \
CMO*
iH

rH o - c— d rH KN VO c~
OJ d LfN rH I—i ON CO o
o o ON o o ON On o• • • • « * • •
I—1 rH o rH 1—i O O rH

KN LIN O O UN Ol
0 0 c — UN UN Ol ON

• • • • • •
KN KN KN d d KN
Ol Ol Ol Ol Ol Ol

£ O Ol CO UN D— KN KN
UN ON o v o c— r—1 KN 0 0
- « • • • • • • •
KN Ol UN KN KN d d KN
OJ OJ Ol OJ Ol Ol OJ Ol

O UN O O UN
UN d KN KN rH

e • • • •
KN KN KN d d
OJ Ol Ol Ol Ol

UN UN O UN UN
UN OJ KN UN o

♦ • • • •
KN KN KN OJ UN
Ol Ol Ol OJ OJ

o UN O o o
d d rH Ol UN

• • • • •
KN
Ol

KN
Ol

d
Ol

KN
Ol

CO d o - KN KN UN d
UN 0 0 tr - rH Cv UN d KNo o o o ON o ON ON

•s—* • • • • • • • •
1—1 rH iH 1—1 O 1—i o o

o l KN CO 1—1 ON KN
VO UN Ol ON VO On
ON ON Ol r~i i—i OJ O

• • • m • « e
o o 1—i rH i—i rH rH

UN rH UN VO o- o KN VO i—1 o ON o- d CO Ol-—* KN d UN UN D- rH d rH CO KN VO ON KN Ol CO© c— CJN KN o- o UN Oi UN KN rH Ol Ol KN rH c—• • • • • • • • • • • • • • •
C— c— o - o - VO UN UN VO CO CO 0 0 CO o ~

o VO ON VO o ON d CO VO ON Ol VO o -
3

O
rH Ol Ol UN KN iH ON o ON KN VO Ol Ol

•d KN KN CO VO rH rH UN ON UN C'- ON rH VO 1—1
• • • • • • • • • • • • • • •

o - VO o - [>- o - VO UN UN VO VO VO c— VO c—

_ d O KN Ol c— KN Ol d d CO UN - d VO Ol v o
KN Ol c— CO UN D— KN KN UN o i  d I—1 o o

o C'- VO vO KN c— rH r-i Cvl KN OI KN d KN UN rH
• • • • • • • • • • •  • • • •

rH rH rH rH rH rH rH rH i—1 rH Ol Ol CM Ol Ol

NN o UN rH 00
VO Ol 00 rH Ol

,Q rH o o o - OJ
• • o • •

Ol CM Ol rH Ol

0 0 rH ON KN CO
KN VO KN VO VO

d d UN VO UN
♦ • • • •

iH rH i—1 rH rH

CJN CO ON VO
CJN d 0 0 rH CM
0 0 o CO rH vo

• • • • •
Ol KN Ol KN Ol

• • • • • • • • • • • • 9 • •

- d UN vo CO CJN o rH CM KN d UN VO c— CO
as UN UN UN UN UN UN VO V0 VO VO VO vO VO VO vo

rH rH rH H rH rH rH rH rH rH rH rH rH rH I—1



ON O KN D— KN
—* CM O CO ON v£)
•H O O ON ON O• • * • •

H i—1 o O r—1

K \  O  CM CO CO
NN O  O  LTVX2 • • • • o

W  fA  -=}■ -d * CM
OJ CM CM o j C\J

o O UN
UN
O UN

■—  CM O CM • KN
&D • • • •

w  KN 
CM -i CM CM

CM

00 O I—1 ON UN
CM O 00 o HI
O ON ON o OV_>* • • • • e
rH o o 1-1 r l

UN ON KN o vO

©
UN
NN

C“-
O

n t
KN

UN
o• • • • •

c— t — c— C— IH-

UN KN CM KN -h J-
UN UN rH EH* UN

no HI O CM CM ON
•

IH-
•

CO
•

C—
•

C-*
e

VO

UN O  UN «H ,-j»
NN CM CM «H K \

O  CO VO I A  4» o « o •
H  i—l r*i i—1 |—|

EH- O VO KN 0 0
y—>» CO c— CM CO CO
& CM !H- o CO c—

«► • • • •
CM 1—1 CM Hi Hi

• • • * •
*--N ON O rH CM NN

£0 VO IH- D~ tH- EH-
rH i—1 iH Hi H



P! • H rH
•H {Si aJ bD ON vo

rH S
od 1 +pq

00
0rH
1

I d
VO QOJ

KN
rH VO 0 0

VO
+ + + I

VO 
O  
rH 
♦  +

i—1
- d

00
KJ

a
§
EH

Wo

h i
<4
W

g
§Eh
H
!zi

rH •  
(tf TJ bO

5 -8  § B
EH Ph 53

ja> o  bo
« N .o  6

>—  5S pH

<M 8  +3 bO 
Ph ^

0) • 
rH © td

^  otf o  g
©  -p  ©

^  o  cd 
Eh Eh  S

09©
O •

-d  bO © bD
g

5s; »

O
ON

o
vo
CM

CO
rH

KN

- d - d - d - dvo VO VO VO• • • •
I d I d Ed I d
CM CM CM CM

- d KN ON KNvo rH KN i—1
CM - d VO rHm • • •
KN ON O O

to
- d

I d
CM 21 d

- d
vo•
eto j

- d
oo

KN

O O O O O
• • • • •

LfN LfN to to LO
CM CM CM CM CM

IfN VO
v o  K \ 
CM KN

&
I d
CM

ON
VO

- d
vo

i d
CM

-rt
VO

•
! d
CM

CM LO d
O VO H

v o rH d
• • •

ON CM i—1
rH rH

ON CO d CM
ON KN rH d
KN KN LO - d

- d  - d  
vo vo

et
cm

CM
vo
- d

o  CO i d  
t o  _ d  v o

c
OJ

o

•
CM
rH

00LO

vo
d •
vO
CM

LO
VO
KN

•
ON I—I

Hi
C

vo
o -

•
VO
CM

o o
LO

VO
•

i d
rH

VO
I d

- d CM
LO
i d - d

lO
CM ON - d

4 c ? £
LO
CM

CM
CM

a o  
1—1

CM
CM

oi
Q © o o •

w  • ©  bD 
•p  ctf gS PH

CO

vo to o o 00 ao CO 00 LO O -d
vo _d d CM rH vo KN KN rH d o
O CO CM rH CO o ON VO vo d - d• • • • • • • • • • •
i—1 o O O CM CM H CM CM KN KN

rH © 
aJ d •

p  -P  vH to  w o  h g 
EH

vo
KN

l O
©

iHJd
rH

to
H KN _ d VO KN O
O
H

o
rH

VO d
rH

I d
CM cvT

- d  - d  vo ov 
CM cm

O  LTV 
_ d  LO 
KN KN

rH
a$
rH •

aj P  o
^  © 5s; co

KN _ d  Id Ed LO VO 
' I d  E d

I d
I d

00
I d

ON O
I d  CO

rH
CO

CM
CO

kn  _ d
c o  a o



HC— O  NN 
VO 3  
rH 
+ +

O
CM

NN H N - 3 OJ VO
$

ON rH rH
ON NN o Ol NN LfN

1 +
H rH
4 4 4 I I 1 1 1

O  3
rH 3  i—I
4  4

v*0 O  rH Ol K*\ H-
JT l CJN C""* O  ON^  LfN 3  3  NN OJ

O  v o  OJ LfN ON VO NN • I _ r f
NN £— O N ^ H O N N ^ H I O J
NN NN NN 3 "  3 *  3  NN 3 *  LfN 3 *

to
VOC-•
vo
OJ

v oc—•
VO
OJ

VO v o vo VO VO VO
IN- (N- IN- IN- IN- IN-• • • • • •
v o VO VO VO VO VO
OJ OJ OJ Ol OJ Ol

OJ OJ
CO C30

OJ OJ
CO 0 0

OJ OJ Ol OJ
0 0

•
0 0

•
0 0

•
3
OJ

LfN vo VO NN IN- ON NN rH VO vO1—1 VO 3 NN 3 rH IN- LfN ON NN'~ N’ NN o vo LfN NN O NN O 0 0 IN-
Ah • • • • • • • • • •
•— • ON Ol tN- VO i—1 H OJ -3 UN IN-

rH °J rH rH rH i—1 rH i—1 rH

UN UN LfN
• • •

0 0 3 VO Ol 3 NN CO NN IN* UN
© ON [N- 0 0 0 0 LfN 3 3 VO VO VO

-3
C- 3  • •

v o  VO H H

ONvo l>-O-

VO 3 OJ vo
UN vo ON 0 0
LfN 0 0 UN o

• • • •
NN IN* o IN*
rH rH OJ i—1

LfN•
0 0 o CO ON
IN- 3 ON IN*

rH

NN rH o
LfN

0 0 OJ
• • • • •

*d HI O o 1—1 1—1
OJ Ol OJ Ol Ol

LfN
NN ON vo
_3 nn 3
OJ OJ O l

ON IN- 00
OlOl Fi

NN ON OJ CO 3
JLfN LfN Q\ CM
OJ OJ OJ OJ

rH
OJ

NN CO rH 0 0 ON ON UN ON LfN CO rH LfN UN IN- ON
*—*» IN- VO GO IN- VO NN 0 0 NN VO IN- VO rH ON i—1 0 0o UN VO OJ IN- UN IN- rH LfN ON I—I rH O O IN* NN v o

• • • • • • • • • • • • • • • •
3 NN 3 NN Ol rH Ol Ol OJ NN NN NN NN 3 3 NN

IN* VO OJ Q OJ O LfN 0 0 U N NN LfN rH ON 3 Ol rH
& 3 LfN 3 3 LfN VO 3 o o CO C-— c* - O o O O

NN NN NN NN Ol H H Ol NN NN NN NN NN NN NN NN

UN
CO v o  IN- 00 00 0000 <7\ O  H  Ol

0 0  ON ON ON
NN
ON

3
ON

LfN VO 
ON ON

IN-
ON

00
ON

ON O  
ON O  

rH



e'en

LTN
in-
- d

CM
o
rH

O
LfN - d

KN
o

- d
rH
LfN

0 0
d

VO
ON

rH
rH

C"-
tN-

I i
d

+ + 1 + * + I 1 + + +

C\J OJ o vo KN OJ LfN LfN VO LfN LfN o i—1o VO ON 0 0 KN KN ON O LfN o LfN IN-LfN - d KN KN - d KN KN KN - d CM KN

to
OJ

CO
OJ OJ OJ CV! C\J
CO CO CO Gt> 0 0

CM CM CM CM CM CM OJ CM
rH rH rH rH i—1 rH rH rH

• • • • • • • •
VO VO VO VO v o v o VO VO
CM OJ CM CM CM CM CM CM

KN KN CM O H

d &
KN

VO
• d
N -

U • • • • •
w Ov O 0 0 UN LTN

r-i CM rH rH rH

ON rH O O ao rH IN- IN- CO

d
OJ - d O r -i ON CD ON i—1
in- VO CM IN- LfN UN LfN OJ

• • • • • • • « •
in- CM KN O rH KN LfN ON - d
rH rH rH rH I—I i—i

<D - dCTs

LfN

O C*- 
ON ON

00
ON

KN L f N  

IN- 0 0

LfN

C\J H  
LfN _ r t

OJ•
KN
KN

LTN LfN

in-  OJ
LfN _rj-

I—I
t- 00

v o
rH
in-

r-i O VO - d IN- - d LfN - d O o (N- OJ CM CO• • • • • • • • • • • • • •
•O KN VO OJ VD OJ IN* LfN o o VO o IN- LfN CO

CM CM OJ CM CM CM CM KN vo : CM CM OJ KN CM

IN- LfN
ON CO

o O - d— • •
- d KN

LfN
OJ
c-

rH i—I
OJ

_ d  KN KN

8
rH#
rr\

-dvo 3 iS
o KN LfN

OJ H O

ON vo CM
d

OJ
0 0 LfN KN VO
rH O VO ON _ d• • • • ♦
OJ OJ OJ rH CM

- do>oj
O LfN VO KN IN- rH O 0 0 0 0 LfN VO
H rH CM IN- ON IN- 0 0 vo KN KN 1 1 IN-
KN KN KN OJ CM OJ 1—1 CM OJ CM

•
H CM

•
KN

•
- d

•
LfN

•
VO

•
IN-

•
CO

cj O o O o O O O oi—1 rH rH rH r-i rH rH r-i

ON o rH OJ KN _ d
O  rH i—I rH rH i—I
rH rH rH iH rH rH



LTN CO CM 0 0 o - VO GO _ d CMVO H 0 0
CM

KN
I

KN rH o - i—1

+ 1 1 + + 1 1 4- 4-

O ' ON LTN - d O - O _ d CM CM LfN
KN
LfN

LTN
- d

VO
- d

v o
L£N

KN
KN 5

v o
CM 3

KN
IXN

LfN
- d

H
v o

k nrH rH CM
kn

O  - d  LO CM
0 0  CM 0 0  H
_ d  KN KN

rH
O '

v o
VO
- d

bO
CM CM CM CM CM CM

vo
CM

v o
CM

vo
CM

v o
CM

VO
CM

vo
CM

CM CM CM CM CM CM CM CM
- d - d - d - d - d - d - d - d• • • • • • • •
v 0 v o v o VO VO VO vo VO
CM CM CM CM CM CM CM CM

-d r
v o

o-
CM

ON CM LfN CJN H ON CO CM ON LTN o - CM ON v o O ',—^ - d CO CM o - LfN ~ d CO - d LfN CM O " O ' ON ON oKN KN v o KN O ' rH ON o - rH CM rH CM LfN LfN 0 0• • • • • • • • • • • • • • •o o - O ' rH CM LfN ON v o o O ' CO CM _ d LfN v o
CM 1—1 rH CM rH H rH CM rH 1—1 i—1 rH i—1 rH

©
On, LTV H  O  H  CM VO
VO O* CO - d  '-O O '  vD

_H- O '  LTN
rH O  ON
rH rH

VO CM VO v o  ( j \
H  v o  CT\ O -  CO
rH

0 0 LfN - d rH vo O ' O ' ON o O O VO H i—1 LfN• • • • • •' • • • 9 • • • • •
KN CM LfN CM LfN VO KN CO c— LfN O ' CO VO kn
CM CM CM CM CM CM KN CM CM KN CM KN CM CM

LfN O
8

ON - d ON ON CM O LfN CO CM o CM LfN
rH CM CM VO o- LfN rH KN CM rH UN KN O CM
ON KN CM 0 0 KN VO ON CO 0 0 LfN KN CM LfN ON CO• • • • • • • • • • • • • • •
CM KN KN rH CM CM i—1 KN KN KN KN CM CM CM KN

ros
- d -

CM v o  
ON CJN 
KN KN

VO
kn
CM

&
CM

- d
KN
CM

vO
- d
KN

H  CO LO _d-
KN KN

KNO
KN

CJN CO
CO
CM

- do
KN

VO
O
KN

____
•

LfN
•

v o O '
•

c o
•

ON
aJ i—1 i—1 H rH i—1

i—1 rH rH rH rH
c3
rH

•
rH CM

•
KN ■i

•
LfN

•
VO

•
O '

•
0 0

•
ON

CM CM CM CM CM CM CM CM
H H rH rH rH rH rH i—i rH



•H

OJ
VO

VO
OJ

IN* LTN vo o ON LfN LfN OJ 00 IN- LfN vo O
ON o OJ VO IfN -=t ON OJ CO KN ON

1—1 1—1 rH
+ + + + + + 1 + + + 1 +

H  IN
IN- CO 

- = t  KN

O
KNNA

H
KNKN

OJ I A  v o
K \ VO KN
ION _d-

<M C -  O  _ d -  IN* _d"
k n  o  ON ON OJ fH c\ j
i o  4  k n o j OJ

VO VO VO VO VO VO v o OJ OJ
c— C— c - IN* C - e— c - CO CO• • • • • • • • •

to v o
0J

VO
OJ

v o
OJ

VO
OI

VO
OJ

v 0
OJ

v o
OJ c ?

OJ OJ OJ 
00 00

LfN VO CO LfN H in- KN O OJ 0 0 KN
7 ?

in- -d* rH LfN
-d ” ON KN ON O ON KN VO Q co LfN o KN C— OD
VO -d- KN KN ON KN KN KN OJ ON VO o c— o O c o• • • • • • • • • • • * • • • ♦
EN- OJ ON c— VO rH VO UN r - ON - d - ON v o •M
rH rH i—1 i—1 rH rH OJ H H rH OJ

LTN LT\

O  KN 
O  ON 
rH

OJo- ONC-

LfN LfN

-=f
ON

LfN rH 
ON ON

LTN•
00
VO

CO
vO

LTV•
O
ON

LfN

J -
r-i
OJ

LfN

ON OJ -=* O T-l r-i

VO rH - d LfN 0 0 in- rH rH VO - d - OJ VO o o O '
« • • • • • • • • • • • • • • •

0 0 VO vO N - rH VO KN ON 0 0 IN- OJ KN o K N
OJ Ol OJ OJ OJ OJ OJ i—1 H OJ OJ OJ KN OJ

ON VO KN o rH O ON VO OJ OJ IN- q OJ UN -d- IN*
“■"N ON c— -=t c - _ d 0 0 OJ ON VO O O rH o C—
o -=t LfN IN- 0 0 KN I fN ON LfN VO KN CO ON IN- ON Ol

• • • • • • • • • • • • • • * •
KN KN OJ OJ -=t KN KN KN KN KN rH Ol o r 1 - d - -d-

ON ON rH IN- rH ON rH Ol ON rH 0 0 IN- ON IN- NO NO
p o rH LfN

i f
- d vO O KN VO UN 0 0 C NO ON 0 0 t -

KN KN OJ KN OJ KN KN OJ OJ H KN KN

«J
O  rH
KN K \  
rH rH

OJ
KN

KN
KN
rH

LfN VO
KN KN KN
rH rH rH

£— 0 0  ON
KN KN KNr-i ri r-i

O  rH OJ KN
4  4  4  4n  n  n

I fN

7* 3



0 0 1—1 0 0«*“N NO KN KN
•H
—' + 4 I

o KN 00 ON
rH NO c— NO

rH1 4 4 4

C - ON CM Hco 00 ON O
rH

4 4 4 4

IT\ CM o  00
O  OJ GO

00 rH LTn _d* 
LfN LfN

NOIN-
KN

C—
3

LfN
OJ
LfN

0 0 rH KN o &
LfN NO

c— -=$- ON LfN 0J 0 0LfN NO LfN LfN LfN LfN - d

O
LfN

rH

OJ CM OJ OJ OJ OJ c\l
0 0 0 0 0 0 0 0 0 0 0 0 rH

£ £
•

c ? c f

•
NO
OJ

OJ OJ OJ OJ CM CM CM CM
1—1 I—1 rH 1—1 rH i—1 i—1 rH

• • • • • • • •
NO NO NO NO NO NO NO NO
CM CM CM 0J OJ CM OJ OJ

-d  H+ 
ON H  _=fr 00 • •
0J pH 
OJ CM

LfN
C—
rH•
LfN
rH

O 00 KN _d" 
O  H

O
CM

rH
CM

CO LfN CM ON LfN CM NO NO NO NO
1—1 in- KN c - KN O o LfN CM OJ
KN LfN IN- o CM i—1 NO OJ O OJ

• • • • • • • • • •
KN

■c^
OJ rH o o CO in- IN- ON

CM OJ OJ OJ CM I—1 rH rH

LfN LfN LfN LfN LfN
• • • • •

© ON rH KN c— [N- - d ON CM in- IN- KN KN KN OJ KN
ON OJ ON OJ rH LfN ON i—1 ON ON r - ON C— CO 0 0

i—1 rH rH rH i—1

ON rH - d KN C - - d 0 0 NO LfN NO o rH KN OJ
Tf 4 • • • • • • • • • • « • « •

OJ NO LfN CO LfN 0 0 LfN ON
8 ?

LfN KN NO 0 0 ON
OJ CM CM OJ CM CM CM CM CM OJ OJ CM CM

LfN KN CM IN- CM KN rH CM rH NO OJ ON O ON d *
o - rH CM NO LfN IN- rH LfN CO ON O NO CM ON KN

O KN LfN D— - d NO KN ON N - OJ IN- i—1 LfN O CO CO- - • • ■ • • • • • • • • • • • • •
- d KN - d d * LfN KN KN KN KN KN KN KN OJ CM

O 00 
ON GO 
KN KN

O
OJ
KN

O00
KN KN

NO
-d*
KN

OJ

KN

-=fr -d  o
ON NO _d- 
KN KN KN

rH GO 
LfN CO 
KN OJ

LfN
O-
KN

OJ NO

c6 NO D-
H

00
-3

ON
_d
rH

O
LfN
rH

• • • • • • • • • •
rH OJ KN d LfN NO o - CO ON o
LfN LfN LfN LfN LfN IfN LfN LfN LfN NO
rH i—1 rH rH rH rH i—i I—1 rH rH



•rl
r l 1

2 f t c*-
VO 1

8

1
0 in- CM

NN
VO
CM

CMvo CM IN-
ON

UN
rH

1 I + 4- I + + 1 1 + + ♦

M S 'c\l
_ d - cm 
O  _d" 
n n  n n

VO _ d "  
NN

VO VD

NN i—IVO
LfN M3 
LTV VO 

VO LTV

c—
_d~ _dh v o  CM cO
-d* o  o n  -d- o n

NN NN _d*  NN

CM CM CM CM CM CM
■—> rH rH rH rH rH rH
WJ • • • • • a

.._„ VO VO VO v o v o v o
CM CM CM CM CM CM

CM CM CM CM CM CM CM
rH rH rH rH rH i—i rH

a • • a a • •
vO VO v o vO vO v o VO
CM CM CM CM CM CM CM

ON 0 0 CM 0 0 o CM VO UN rH LfN v o IN-
0 0 NN ON UN o CO VO CO CM NN CO rH NN

U o VO O IN- NN - d o VO rH VO rH IN** CM
• • • • » • • • • a a a a

rH i—1 NN
c^f c ?

NN LfN rH IN- rH LfN IN- LfN
i—1 rH rH CM CM CM i—1 rH H rH rH

LfN GO D— _ d "

NN VO ON rH NN CN- NN
a

i—I
a

IN- 0 0
a

CM
a

IN- CM
<D - d NN - d ON O

rH
NN
rH

CM
rH

ON 0 0 VO LfN CO CO

GO ON UN ON ON 0 0 0 0 VO v o C— NN ON rH
• a a a a a a a a a a a a

■d CM CM CO CM o 0 0 IN- vo 8?
LTN o IN-

CM CM 1—1 CM NN CM CM CM CM NN CM

IN- ON O 00 LfN UN CO O rH CM CM vq
- d 00 00 o CO — rH O ON 00 NN CM

O IN- UN i—1 00 - d CM NN NN CM O 00 O
a a a a a a a a a a a a a

l—1 rH CM _ d -d* -d* _ d NN NN CM CM CM NN

ON o _d" oo NN VO
P UN 0 0 vo 0 0 rH 0 0

CM CM CM - d LfN - d

LfN CM LfN CO H  C— H
CM _H- 0 0  ON - d  H  o
LfN _3 - NN CM KN NN NN

a a a a a a a a a a a a a
rH CM NN _ d LfN v o IN- CO ON o I—1 CM NN

aj v o v o VO VO VO v o vO v o VO o - IN- IN- c—
rH i—1 i—1 rH H rH rH H H H rH r—1 H



£

0H rii X 
cd 0  cd 

P  P  -P  
O cd £  

Eh E5 H

to
to O J H 02to LO Ol 00Ol rH to to• •  - • •
02 to H 00

LO 02 rH

IP 00 02 o 1—1 01 CO O lIP to o to to OOto o LO to O l to to to to• ' • • • • • • • ■
to I P o CO 02 to 00 o

H 02 to 1—1 H rH 02 02

to

u

a) jc d p  F

’ *■

p '

wPFa)C0a.
P
0

0

rii

o
•H
H
O I P  ri)

cd cd 0  • 
-p  -p  -P  a o  
O 0  cd Eh S

02
o  o  

W o
•H

LO CQ 
H  IP  0  •

to fH to
O H  -P

• *rH
P O H 
cd 02

-P  M O

0 lO w 
H 0 • 

^  O  r i  tO 
02 -P• *H 
O  i—)

0 2 O LO 0 2
0 2 LO t o lO
LO t o H» H*

• • • •
0 2 0 2 t o CO

0  M
P  O l LO o to

CO IP; • O l I P CO
cd O l bO o rH 02 02

4 • • • 4 •
p t  O bO o O O o

H4
LOCO

oi
tooo

H LO 02 o to 02 lO 01 CO
O 0 0 CO O l I P 0 0 O l LO
LO O' CO 0 0 I P t o 0 0 I P

• • • 4 • • • • •
CO CO CO to CO 02 02 CO to

00 H o o to Ol LO to 1—1
rH LO 00 IP 02 to Hi 02
02 02 rH 02 02 i—1 rH 02 02• • • « • • 4 4 •
o o o o O O O O O

Ol Ol O 00 IP Ol Ol Ol CO IP 01to rH rH to i p LO to H 1 to IP LOLO LO LO | LO IP to 00 LO 01 CO LO• • • • • • • 4 • • • •
02 02 02 02 02 02 02 02 i—I i—1 02 02

CO LO to to 01 Ol 00 LO H to 02 IP LO oto LO to to Ol IP to CO O to 00 to i—1 02
Ol Ol rH rH O  1 H 02 rH to i—i 01 CP CO 02* • * • • • • • • • * • ■ •
o o rH rH H rH rH rH rH i—I o o I—1 rH

O

0 
ri) 
ri! 

p  
Id 0 
O -H O O 
Pri S

0
H  id  P i 
cd P  cd 
P  ^  p
O  rH  p j
Eh Ph PH

H
cd

•H •
ri) o0 IP tQ

bO

b O

O CO to 01
02 LO o LO
02 IP 02 rH

• • 4 •
O o rH H

i—1 to o rH
Ol LO 02 IP
rH IP O O

• • 4 4
o Ol IP

rH rH

02 to to

I P I P O H 4 O l rH 0 0 H 4 H 4
LO I P O rH O O l 0 0 0 2 I P
O 0 2 0 0 H 4 H LO H i 0 2 O

• • • • • • • • •
HI rH o rH rH O o ■rH rH

to LO to 0 0 LO CO to O I P
H I P rH CO H to 0 0 O l LO
rH 01 H 4 o CO 0 2 rH LO O

• 4 • • • • • • •
O J P CO LO O i Ol o CO to
rH rH 0 2 rH 0 2 H

ip  co oi o
H

i—Ii—1 02
rH

t oi—I H
LO
r--1



H Oi Hi to Oi 03 H> H Oi rH rH COrH CO H1 Hi z> O rH to rH to 3 O Hi03 Oi CO 00 03 rH Ci . ID 03 03 rH to# • « • • • • • • • • • • 0CO Oi Oi 03 to H 03 Oi :—1 DO LO to rH HH rH H 03 H to 03 H 03 03 03 03 03 to

tOtoto•
O i03

O i
O i
O i

CO
03

W
to LO 03 00 CO LO CO CO 1> 03 t o 2 > to oto 03 H 1 o o H r> £> H CO 00 1—1 O i toe- LO to to to LO to to LO 0 3 LO to LO to

9 • • • • • • • • • • • 9 •to to to to to to DO DO to to to DO to to

CO
H

to

o001 
SO

<H

> to to LO H to to to to to H> CO 03 to
03 H to H* O to 03 Hi to LO LO to H03 03 03 03 03 03 03 03 03 03 03 03 03 to• • • • • • 0 • • • • • o •o O o O O o O O o o O o o o

LO
to
030
O

toz>
03

o

03 CO H O i O CO H H i to 03
O i 03 H« LO G i O to CO LO LO O i to to LO© to LO to to to to to LO to LO to to'—' • • • • • • 0 • 9 9 • 9 « •
03 03 03 03 03 03 03 03 03 03 03 03 03 03

to
toc-
03

rH
rH
CO

•
03

00 t o t o t o 03 CD H 1 LO t o H t o H 03 H i 03 LO
t o H t o O i i—1 t o t o H O t o 03 03 03 03 Hi to
03 03 03 H 03 03 03 03 03 H 03 03 03 03 O i 03 to« • • • ' • • • • • * « • • • • • •
H H i—1 H H H H H i—1 i—1 H H H H O H H

H i 0 0 O O i o o H i to CO O i 5> O !> to H i to £-
-—- H to > to CO H i to to H H i 0- Oi O i COo H o H 03 o LO H> 03 H i to LO LO LO O i LO to
v— « • • • • • 0 • • • 9 • • • •

H rH. rH rH H H rH •
H

H H i—1 H H i—1 H H

H i t o 0 3 O H E - OO t o 0 0 0 3 t o 0 3 H i O i 0 3 0 3
t o 0 3 t o O LO 0 0 CO LO o - t o H i t o t o O i t - 0 3 H

& t o H* O O O !—1 O l 03 H i CO H o O i 03 E - O Hi
v—* « . • • 0 • • « 9 • • 9 9 • • • • •

t o LO LO CO O i t o t o lO t o 0 0 o CO LO t o O H i t o
H H H H 0 3 H i—1 H H 0 3 H H 0 3 03 0 3 0 3

.—^ • 9 • • • • • • • • • • • 0 • • 0 0

ctf to t" CO Ol O rH 03 to Hi LO to GO Oi o rH 03 to
'■— i—1 H H H 03 03 03 03 03 03 03 03 03 03 to to to to



CO rH LO O CO Hi 13- 00 O 03 to G CO rtjrH G~ Oi G- rH DO GO G O Oi o o CD CD£ •
CD
• G*• Hi•

CD
•

CD
• 03• 00• t  f . t  *? LO• CO• o

0
H

to DO CO O O 03 G- Hi to G to CO to toCM C\J rH rH 03 03 03 H H H rH rH rH 03

o G H> o 01 03 i—I CO 00 G to 00 LO CO 01 rH CO
1—1 tO i—1 CO o o CO CD o to LO 03 , CO 03 H1 to obD 00

•
CO

0
to

0
H i

0
CO

«
03

*
CO 
~ 0

G 
- •

o
•

o
0

rH
0

DO
•

LO• LO
0

LO
0

DO
0

o -
•

DO DO DO CO DO DO to 03 CO to DO to LO DO DO CO CO

1—1 CO H i DO rH i—1 0 3 CO H i LO 0 0 G o CO G to tox—s DO 1—1 LO CO O CD rH 0 3 0 3 H LO rH o H H i H DO
u 0 3 0 3 rH o 0 3 rH 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3• 0 • • • 0 0 « • • • 0 • 0 • 0 0o o o o O o O o O O o O o o O O o

to 03 00 LO Hi Hi LO Oi DO CO LO Hi LO CO G rH GLO rH LO rH Oi 00 LO DO LO G Hi CO G G 00 rH Oi
G- G Hi 03 DO 03 G rH 03 03 CO Hi LO LO LO H1 to• • 0 • 0 • 0 0 0 0 0 0 • • • 0 •
03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03

CO DO O 00 to Ol 00 G Oi CD Oi rH O DO Ol to GCO G H Hi H O CO co G O Hi to Oi G O to HiTf 03 co DO DO rH rH DO co CD o O O rH rH 03 H 03• • • 0 0 0 0 0 0 0 0 0 • • # 0 0

H 1—1 H rH H H (—1 o o rH i—1 H H rH rH rH H

to Hi CO Hi Oi O CO CD to G- JG LO Hi CO
03 03 03 to CO rH G- CO to O 03 rH rH Hi0 CO 03 G rH O O rH o O , 1. 1 05 

•
o 03 o rH• • 0 0 • • 0 0 0 • • 0 0

H H O o H rH rH rH i—I o rH H rH H

G- O CO to CO 03 00 rH to 00 03 rH O rH CO 00 H
G- CO LO 03 H 03 03 CD 03 O 03 LO 03 LO Hi rH Hi
03 GO Hi CO LO G- 03 CD DO CD CO rH CD Oi LO o - DO

# • • 0 0 • 0 0 • 0 • 0 0 0 • 0 0

CO CO Hi to to Cd o 03 to Hi DO 03 1-1 DO i—! rH
rH 1—1 H rH rH 03 H rH rH H H H H H rH 03

0 • • • • • 0 • 0 0 0 0 0 0 • • •
cd Hi i-O CO G- 00 Oi o i—1 03 CO Hi LO to G~ CO CD O

CO DO DO DO to CO Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi LO



Ol i—1 to CO 00 H to
1

to co H r> to 0 2 LO
£ o H i—1 r> 0 3 to to'—' • • • • • a • •o - to to H o

0 2 HI 0 3 H 0 2 i—1 0 2

Oi 03 02 H > Oi
O i Oi Oi i—1 LO 00 to LObO 1 LO to Oi to to» a • • a • • • a
to to 02 to to to to to

u !> 0- to LO 2> LO toto 02 to o to o02 02 H 02 02 02 02 02• • • • • • • •
o o o o o o o o

02 02 LO Oi O O i—1 Oo to > LO O Oi Oi
> o to LO to tov~" • • • • • • • •

02 02 02 02 02 02 02 02

rH 2> CO 03 to CO o
> to 00 to to Oi
H rH O iH H rH -—) 02'•w* • • • • • a • «
rH H rH i—1 H i—1 H H

O l CO H 1 o H* LO H-—» Oi LO 02 LO i—1
0 1 to rH i—1 Oi to Ol

• ■ • • • • • •
rH H O rH O rH O H

I
rH o - LO 02 LO -O CO

to Oi Oi 02 CO
O to to i—1 CO 01 O

O i • • • a • • • •
02 rH o o H to to to
02 rH 02 rH rH H H

• • a a a a a a »
cd H 02 to to to £- 0 0 O l

LQ O LO to LO LO LO LO LO

to O CO to to o LOI> Oi > Ol 01 o LO
H > Ol 02 o o Oi to• a a a a • • a
o i—1 00 o o o O 00
02 02 rH 02 02 02 02 1—1

to H rH o to o 02
02 rH > to to CO 5#

Ol Oi LO Oi LO 02 01 r>a a a • • a • a
to to to to to :0 to .0

o Oi H* to 02 to H
LO 2> CO to LO 1—102 02 02 02 02 02 02 02a a a a a a a •
o o o o o o o O

00 to
O

H to LO O
to rH H to t - 00 to 0201 01 to Oi to to 00 to• a a a a a a a
02 02 02 02 02 02 02 02

LO to to O to o CO
to £ - 01 CO o o - to
02 02 H 02 H H O LOa a a a a a a a
H rH rH H —1 i—1 i—1 H

£> to Oi to r> Oi LO to
CO 02 01 to rH CO Oi
02 to 02 to H 02 Oi

a • a a a a a a
H H rH H H H rH o

02 to o to 03 LO LO
rH O to to to 03 t - i—1
Ol LO 02 01 O to to toa a a a a a a a
H1 to . LO LO LO to
H i—i rH rH rH H rH rH

a a a a • • a «
o rH 02 to LO to
to to to to to to to to



to LQ 02 GO o LO .LO O O !> r> to 02LO 01 to LO lO H o 02 HI CO CO CO o - £ - H
d 00 CO i—1 Ol ■ 02 LO H •sH to to CO 02 co 10 00y a • • • a • • • • • • • • • • • •

© CO 02 CO 01 to 00 CO r> LO 02 O rHI to CO 01 CO02 1—1 02 H to rH rH 02 02 02 02 02 02 02

LO o ' !> CO Z> o o Ol CO © O 01 © © © © ©
: bD 01 to LO © 00 © © H Ol © © <sfl © ©p'—" LO © © o rH 02 © 02 © Ol H1 © 01 L© 02 Ol• • • « • • . • • • • • • • • • a •

© © © © © © ©

to 02 © © © o o 02 o i—1 H i—1
>—> © © CO © © © o O £ - © © Ol © ©

to 02 02 02 © rH rH rH H H 02 02 02 02 © © ©a • • • • • • • • • a • • • • • •
o O o O O O O o O O o O O O o o O

CO CO Ol i—1 o O o 02 Ol © CD © CD © © © ©
to to CO HV 02 Ol o o Ol CD © Ol O Ol I—1 © 02

t) 02 02 © rH o o o rH o !> © H ■̂ft CD Ol CO ©; • • • • • • • • • • a • • a a • •
to LO © © © 02 © 02 02 02 © © © 02 © © ©

© © o © © © O i—1 iH 02 o © Ol © Ol ©
r-« © © © 01 © o © '02 CD © © © H1 ©

i'TJ H 1 © 02 H 1 © 02 02 © © © i> r> ©f • • a a • • • • « • • • • • a a a
H rH rH rH H H rH rH rH i—1 H 1—1 H H rH H rH

rN O © o © J> i> © 02 H © 02 01 © O © © rH
; o H © © H 1 O i—i rH © i—1 * © © © O Ol 02 © ©
; V-y © © Hi © o © 01 O O Ol rH H H © © ©
L.'' • • • • • • • • ■ a • • • • • a a a

H H I—1 iH 02 o O o o o rH i—1 H H i—1 rH rH

t H O © © rH © CD © © © © © ©
© © © © ' © CD 02 O 01 H 02 © Ol ©

,0 © i—1 O 02 © 02 rH CD © © O © rH © O
• • • • • • • • a • • a • * a a a

1 © L© © © t o 02 © © © O © © © © rH © ©
rH H rH rH © rH H rH •H rH rH ' © © ©

• • • • • • • • • • • • • a a a a
cd © 01 o H 02 © © © CD Ol O H 0 2 :0 H* ©

© © !> > o - © © © © © ©



LO CM LO CO CO "vF o
H z> 05 to LO to LO

A o o LO E> LO o• • « • • • • •I CM H o> 00 LO CM H H
CO to CM CM CM CM CM CM

I o> LO 05 05 i—I ^F H fc-
bO •vf LO o D- o CO to COi lO LO 1—1 05 o CM LO

• • • • • • • •
i-O LO LO LO LO LO LO

CM o> J> 05 00 LO CM
LO to CO vF LO ■vF o O

I'w* CO to CO CM 1—I H CM CO
• • * • • • • - •

o o o O o O o o

✓-N LO iH CM H c- 05 o ■sF
© CO to O i—I LO CM LO ■sF

w  ■■ o 05 !> 'nF CO £ - CO O
• • • • • • • •

to to CO CO 'O "sF *nF

LO CO *nF > CM 05 fc- LO
r \ H LO i—I 05 05 O ^F
■d 00 CO !> CO CM 00
'w* • • • « • • • •

iH H rH i—I rH rH CM i—1

-1 F̂ 05 o 05 > LO
/"■s CO LO LO > to LO CM
0 , o LO LO o o H CO

« • • • « • •
CM H ■■—1 1—1 H rH rH

E - LO ^F CO CO CO LO
00 CM O HF CM rH LO >
r> o sF LO > o o CO

• • • • • • • •
"JF CM CM 05 LO *lF to

CM CM CM CM i—I rH rH rH

• • • • • • • *
LO CO 05 o 1—1 CM CO
CO 00 CO CO 05 05 05 05

1—1 O 00 ^F LO 03 O CM CO
LO 05 00 £- "lF > CO LO
LO rH ^F 05 > CM LO CO

• • • • • • • • •
LO LO CM O LO O ^F
CM CM CM CM CM CM CM to CM

CO H o "lF CM o 05 CM
CO 05 LO CO o O LO
LO CO 03 00 CO LO LO H CM

• • • • • « • • •
LO LO LO <lF LO LO LO LO LO

05 rH £- LO H 05 CO rH z>
t - C- LO o O 05 05 05 o
CO CO CO CO to CM CM CM CO

• • • • • • • • •
o o o o o o o o o

^F CM CO 1—1 CO CM 05
^F O i—I LO to CO to 05 05
rH O 05 LO 05 I—1 o CO

• • • • • • * • •
' lF CO CO to ^F to CO

CO CO LO LO ^F to LO to O
CM LO CM o O CO O LO
00 > LO > LO LO
• • • ■ • • • • •

1—1 rH rH H H H H H i—1

LO 05 LO LO 05 05 • *lF to
F̂ LO 00 LO O rH CM

LO LO to > o 05 O
• • • • • • • • •

H i—1 H H H CM H H CM

05 H LO H H 05 to
05 CM LO LO CM H LO O 05
05 i—I LO CM 00 H O LO o

• • • • • • • • •
CO CO to 'lF o O 05 to C-
H H H rH CM CM H CM ;—1

• • • • • • • • •
LO LO > CO 05 o H CM

05 05 05 05 05 05 o O O
H i—1 H



CM CO LO CO LO to LO 10) O)
rH H i—1 to LO CO CO o

£ O CM LO CO LO LO to o to• • • • * • • • •
o CO LO LO rH lO 00 LOto CM CM CM CM H CM CM

LO 05 o LO rH rH
bO LO LO 05 H 1 05 00 CO 05 05

—• *> CM CM CO 00 05 CO• • • • • a • • a
LO LO LO LO 'sF to CM H 1 ^F

to 05 05 3> LO ■'F CO to
LO 05 CO 00 CM Z> O 05
rH O CM to CM O 05

• • a • a • • •
^F CM LO ^F O to H
CM CM CM CO to CM CM CM

H CO to ^F E- o LO
E- O r> CM O LO LO LO
^F CO LO E- LO to E- 05

• • • • • a • a
^F hi LO LO LO -sF

CM CO O CO CO E“ LO to H CO 05 CO CM ^F E -
H CM E - 05 LO LO CO to 05 o E - 05 00 05 CO co
co co CM CM CM H o CM CM CM CM CM CO to to CM CM• • • • • • • • • • • • a • • • «
o O O o o o o o o O o o o o o o o

05 CM CO CM CO 05 O 05 LO LO LO CO o i—1 E~
© 05 "sF CM LO CM ■ LO rH 05 LO rH 00 H LO LO O 00 to

05 CO CO 05 LO LO 05 rH CM CO o 'lF CM .—1 o CO LO
• • a a • • • • • • • > a a • • • a

CO to CO CO to CM rH CO to CO to CO ■̂ F ^F CO LO

00 00 LO 05 O LQ 00 LO 00 05 05 CO LO CM 00 O LO
'd !> CO 05 CO ^F LO F H CO LO to F rH LO

LO E - E~ LO CO o •F F F F LO CO CO E - LO LO
• • • • a a a ■ • a • • • a • • •

H i—1 rH H rH rH H rH rH rH rH rH rH rH rH rH i—1

CO F F LO CO 0 5 F CM CO
(—< LO E - LO F t o CO CM H CO
o 00 LO LO E~ LO F o F LO

'—-• • • • • • • • • •
H H rH i—1 rH O o i—I H

F !> CO LO CO CO o LO O
CO E - LO F CM CO CO E- CO

01 CO LO H CM CM F CM H
s_* • • • • • a * • a

CM rH 05 05 LO i—1 LO O CO
CM CM H H H rH CM rH

05 LO CO 05 CO CM
LO LO i—1 LO LO 05 F E“
00 rH o E~ E - 05

a • • • • • H CM
rH i—I rH CM H rH • •• •

CM H

O CM CO LO F LO 05 rH
05 F F 05 LO CM LD F
E~ LO 05 LO CO LD O E -

• • • a • • • •
E" LO 05 LO CM O LO LO
rH rH H CM CM CM rH rH

• • • • • • • « •
CO F LO LD 00 05 o rH

CtJ O O o O o o o rH H
H H rH rH H 1—1 H H rH

• • • • • • • •
Oi CO 'vf1 ID c£> CO O
H H 1—[ i—1 H H 1—1 H
;—1 H H H i—1 H rH H



12
0.

 
16

.1
28

 
1.

54
1 

1.
86

1 
4.

06
1 

0.
28

5 
5.

65
7 

23
.3

06

CXI 05 to IX- IX- HI Hi Hi CD Hi LO LO IX- o H 00o 05 LQ O eo to ix- LO EX- CO 02 CO H 1 IX- CD oo 05 iH rH 05 to to LO CD CO to o 00 rH IX-. • . . « ■ • . . . . . . . . •a> H 1 CO CD O i—I LO Hi rH Hi r—1 CD 1—I CD i—| Hii—i 03 02 03 to 03 03 03 02 03 02 H 02 02 to 02

CO CD 05 02 o IX- LO 03 03 LO CD LO Hi CD 05 02o LQ 02 Hi IX- to 02 to O CO JX- to EX- to IX- 0203 lO rH IX- CO 05 i—1 05 00 O —i to Hi 00 H i—I. • . . . • . • • • . • . . . .
LO Hi CO LO LQ Hi LO Hi Hi LO LO Hi Hi Hi LO LO

02 to CO LO o IX- LO H to CD CD CO LO CO CD 00LO H- Hi H o Hi CO O o O H Hi to CD 05
03 to to to to 02 03 to to to to 02 02 to 03 03. • . • . • . • • • . . . . . •o O o O o O o o o o o O O o O o

rH LO 05 00 LO CD CO 03 CO Hi H 02 o o LO to
CO 00 LO IX- CO Hi to Hi LO CD EX- 02 to Hi LO
CO H 1 IQ 03 03 LO IX- CD to EX- 05 O 02 CD 00 IX-. . . • . . . • • • . . • • * .
o to Hi Hi Hi to to to to to to to to to to to

IX- Hi 00 05 LO CO 03 H 05 IX- H H 05 Hi o EX-
IX- LO CO 03 05 H CD O LO rH to i—I 05 o CO
IX- H« CO CO CO CD CO CD LO CD to LO Hi LO CD CO

• • . • . . . . . • • . • . • .
rH rH rH rH rH H H rH H iH 1—1 rH H rH rH I—1

CO to O 03 05 CO LO CD LO Hi JX- to 05 IX- rH o
rH o LO LO Hi 00 CD CO CO CD. CD CD EX- Hi
O I> o EX- CO 03 LO LO CO . to rH .—1 00 CD LO

• . . • . . . . • . . . . . . .
H rH 03 H H rH rH rH i—1 rH rH rH iH i—1 rH H

O O Hi to CO CD CD 05 LO 03 IX- H 1 J> rH CO
00 Hi IX- H H ■ Hi CD to CO LO 00 GO O LQ Hi H>
IX- IX- 05 CO 02 rH > O CD H EX- LO 02 O to O

• . • . . . . . • • . . • . • .
03 CO 05 CO to LO CO CO H> CO Hi O CD o Hi CO
H i—1 rH H 03 rH H rH H H H rH rH 03 03 H

• . • • • . . • . • . • . . .
H 03 to Hi LO CO EX- CO 05 O H . 03 to Hi LO CD
03 03 03 03 03 03 02 03 03 to to to to LO CO to
H i—1 rH H H i—1 i—1 r—1 i—1 rH rH i—1 rH H H rH



H i O ix - O 0 3 CO r > CO o o IX- CO H i H i 0 2 CO CO
CO o CJ) O LO H H 0 2 0 3 o o rH t o IX- 0 5 jx - I—1A . rH 0 0 o LO CO CO O 0 3 H i 0 5 LO 0 5 IX- CO CO CO o• • • • • • • • • • • • • • • • •H to 0 3 rH 02 > to IX- LO o IX- H i CO CO o CO IX-to 0 3 to 0 3 02 02 to to 03 rH 02 02 CO CO 0 3

to 1—I H LO CO o LO ! > CO IX- i—I LO CO o IX- CO Hi OLQ CO 02 05 Ix- CO CO IX- 05 05 O to o Hi to CO i—|
O H 03 LO co CO Hi 05 LO CO IX- 0 3 CO LO H H 1 i—I« • • • • • • • • • • • • • • • •
LO LO LO • Hi H< Hi LO Hi LO LO LO LO IO CO CD CD CD

w 0 5 CD 0 5 CD CD CO CD 0 3 0 3 CD H i IX- 1—1 to 0 0 o
U 0 3 CD H i 0 0 IX- CD 0 5 CO IX- CO CO 1—1 CD H i H i CD 0 5

CO 0 3 0 3 ,H O o O CO CO CO CO to IX- to to to to• « • • • • • « • • • • tO • • * •
o O O O o o o o o o o o •

o o o o o

CO rH 05 Hi Hi 05 Hi CD rH O LO H CD 05 . 05 O CO
<D CO LO CD CD CO IX- to IX- IX- CO Hi H> CO i—1 02 CD o

s—' IX- IX- IX- rH 02 C0 CD IX- 03 to CO 00 LO IX- LO CO CD
• • • • • • • • • • • • • • • • •

CO to to CO CO 03 CO to Hi Hi Hi CO Hi Hi Hi Hi

03 CD LO O 02 H< 05 05 00 IX- Hi rH O 05 O 03 IX-
05 H< o 02 CD LO 05 3X- 05 Hi Hi i—I Hi CD LO 05 05
LO CD IX- CD CD LO CO LO CD IX- IX- 5> CO 05 05 05 00

« • • • • • • • « • • • • • • ' • o
H H H rH H rH rH H rH rH i—! i—1 rH rH rH rH l—1

CD O 0 5 LO H 1—1 CO IX- 0 5 0 5 i—I CO CO LO 0 2 rH 0 5
\ to 0 3 0 5 CD O Ix- o o 00 H 1 00 rH O rH CO CD CO

O H CD LO IX- 0 5 H i 0 5 CD 0 3 0 2 1—1 CO o rH CO 0 5 IX-
« • • • • • • • • • • • • • • • *

0 3 H H o o O o rH 03 0 3 03 H 03 0 3 03 0 2 0 3

IX- 0 5 to Ix- 1—1 02 IX- CO H i o H 02 rH 02 H i CO 0 5
05 H i CO CO CO H J > CO CD 03 CD CO iH 03 CO CD
05 O H H o O CQ CD LO 0 5 CD rH 0 5 H i H i 03 H

0 * • • • • • ' • • • • • • • • • •
v-x CO Ix- LO CD £ - CO CD O IX- 03 0 5 CO o CO 03 H i CO

03 i—1 03 1—1 rH rH 03 03 rH 03 rH 03 02 rH

• • • • • • • • • • • • • •
IX- CO 05 o r*~f 02 CO LO CD £ - CO 05 O rH 03 CO

Cd CO CO to H i H? H 1 H i H i H H i H i LO LO LO LO
H rH H H rH H i—I H H rH I—1 iH iH l—1 rH H rH



G>
LO00
CO
02

i—I
03
H

•
fr-02

co
H**F

•
CO
02

02F̂O
•

LO
02

02

CO
•

60
02

05
H

•
COCO

H
CO
CO

•

rH

LO
H
CO

•
02
02

O
rHo

•
02
02

H
60
LO

•
60
02

05O
CO

•
05
02

f r -o
fr-

•
rHO

LOF̂
02

•
O
60

00 rH CO ,H
LO O  CO LO
CO i—| i—| 05
o
to

05
02

H
02

05 
i—I

--—. CD CO 05 05 F CO Hw fr- rH CO 05 LO CO F o05 O CO CO CO LO CO F• • • CO • • • •
LO CO LO •

LO
LO LO F F

o fr- CO LO H o F CO<H CO 60 <F CO fr- F F LO
60 CO 60 02 60 02 02 02« • • • • * « •o o o o o O O o

fr- o 1—1 fr- •vF o fr- CO✓—v 02 fr- 02 CD <F LO CO LO
© ^F 02 02 H o F (—i' —- • • • • • « • •

<vF "F <F F LO 60

LO
02CO

fr-
02

05
CO
H

O
CO

<cF ■H

rH
CO
02

O O

LO
^F

H
H'vH
CO

LO
CO
^F

o

CO H
LO 02
05 O

60
LO

•
CO

COo
LO

CO o LO

H
02
LO

•
CO

rHCO
■"F

05
fr-
05

^F

CO 05 CO J>  
02 H  LO

H  00 fr-

CO

O
02
LO

O
f r -
05

CO LO

CO
CO'vF

CO
02
CO

i—i
CO
60

CO
05
02

LO

LO
05
02

o o o o

CO
LOo

rO

05 LO CO fr- CO F 60 H 60 H 1—1 CO 60 f r  F 60 05o CO 05 CO CO 02 02 O CO H F H 02 ee CO O fr-05 CO fr* CO CO fr- CO LO F CO 05 O o 05 05 05 05• • • • • • • • • • • • • • • • •
H H rH H H H rH H H 1—1 rH 02 02 H rH H H

O O 00 02 02 05 02 02 CO 02 CO 60 CO O O 60 F 02F CO 02 F J> LO H 60 O f r CO 02 60 02 H CO OLO F F 02 O o i—i 60 F LO 05 05 CO O CO O F« • * • • • • • • r * « • • • • •
02 02 02 02 02 02 i—1 H H •

rH
02 02 02 60 02 02 rH

LO f r  02 rH F 60 60 CO CO 05 LO LO F 02 05 CO 02
F ee 02 60 O 60 o fr - CO F iH F 05 H CO O 05
60 CO 60 05 iH CO 05 CO 02 H F 02 CO F 60 LO fr

• • • • « • • • • • • • • • • • •
O- CO 00 CO CO 00 CO . CO CO fr O 02 o H o 60 02
02 rH H rH t—1 rH rH rH H 02 02 02 02 02 rH rH

• • • • • • • • • • • • • • • • •
F LO CO fr - CO 05 o H 02 60 F LO CO fr 00 05 O
LO ' LO LO LO LO LO to CD CO CO CO CO CD CD CD CO fr
H rH i—I rH rH H H i—1 rH H rH H H rH H l—1 H



o 05 to05 to COH CO CO• • •
F LO CO02 02 02

05 05 CO
CO CO 60to CO F

• • •
LO LO LO

CO F CO.-- - CO rH 05co co 03v—' • • •
o o o

CO CO 05
CO CO CO

© O H 05
---- • • •

F F CO

i—1 LO 02
CO F CD
CO 00 fr

• • •
rH rH rH

o LO co/-S CO co CO
O CO H COv—' « • •

i—1 02 rH

H LO F
f r 60 CO

—̂. fr O CO
& « • •
s— CO CO CO

i—1 rH H

• • •
-*v H 02 tocci fr fr fr

H rH H



H  Sh 
© © © •H -P+J W °  M o 
EH

bO
CM
CO

•
o
CM

A 4 VO VO
rH CM 4 CO• e • •
ON 1 1 rH O VO
H CM CM H

rH
A

©
CM
CM

rHVO
•

H
CQ
© k --sQ© 

«£| © P  
©ft £: bO

AHA
O
A
CM•
H

0 0 C— ON 4 A
c— 0 0 O O rH
4 VO 4 4 4

« • 0 I 0 #
rH rH O H CM

©
£ s
O  oj

H  
& © f t  
© t i  ^■PbO© 3 S

f t  ©

t»0
A A t > 0 0ON O o ON
VO VO H Oo 0 0 0O o o o

*'3* ON 00 VOo o 
•  0

o o

c-c-o
•

o

4
ON
rH

•
o

oo
rH

O

H
rH
rH

o
O

©
©
O

P i

Jh
©

o -P
O ©
S* &

aj—jPQ ©
P
£
©
C
O
9
£oo

Sh • 
© 13 fj 

■P © f l  
© -P  
•gl O 4  

© CM 
UPi Uo © 
o  ft

f t
©>

©
P  o
•&  3— * uO oj 

©  *H H  s_- © aj
^  CQ

tJ

SQ3 rtf ?H 
O © © 
f t  W P
oj *h aJ 
> l £

© M
—s C © 
O  *H Pu ©t© jS

8«rl
Ch

£>

. 3bO
•H
©

©

rH
©
•H ♦
P« O 
© ^  
CO

-—s __
0 *4* 4 ON vo CM CM t — O n ON 00 O

bO CM 00 A vo O vo CM A vo t - O n# 0 0 0 t 0 0 0 0 0 0 0
A 4 ” 4 A 4 VO A 4 4 vo H

H rH rH H rH H rH H rH H

W

H VO 4 A rH A rH rH H
vo A A vo rH t*- vo O ON

0 A CM 4 * vo rH A rH 00 CM
bO 0 0 0 1 1 0 0 0 0 0 0

O O H H H O H o vo
1 1 1 1 1 1 1 1 1

H ON 4 A A rH VO t > A 4 00
A A A ON 4 rH CM rH vo A O
4 0 0 A 4 4 CM t > A rH vo vo

0 0 0 0 0 1 0 0 0 0 0 0 0
bO 0 0 o 4 rH A 4 A A A A

H rH rH rH rH H H rH H

CM O O O VO rH 4 A VO vo
0 O o rH 4 A A 0 0 H CM 0 0

bO CM o 0 0 rH 1 1 O 4 ON vo CM H
0 0 0 0 0 0 0 o 0 0

O A 4 4 * A A rH A 4 A
H

0 o CM VO A A ON 4 CO CM H
A A vo O c - ON A O O CM
CM VO 4 * t - 4 CO CM rH 0 0 VO

0 0 0 0 1 I 0 0 0 0 e 0
O A A 4 - A A CM 4 4 A

H

0 0 0
0 0 0 0 0 • 0 0 0 O H CM

rH CM A 4 A v o C - 0 0 ON H rH rH



O 0 0 v o CM C - CM UN v o f - O C'~ CM KN VO l > k n
C'- CM UN 0 0 0 0 0 0 KN VO VO VO KN ON O - ON H—' • ■ • • • • • • • • • • • • • •

•H IT \ KN 0 0 o [ > H KN O UN H CM H o CM H* ■'M*
w rH CM H CM H CM CM CM CM CM CM CM CM CM CM CM

00 O o O O t - H O VO CM 00 O ON vo CM00 f - rH ON kn
CM

rH KN rH CM f - O xH* KN LTNo 00 H 00 on CM O KN 00 KN O H& • • • • • • • • • • • • • • • •
H o H H o CM CM rH kn H H rH rH CM CM KN

00 UN CM VO CM o 00 tr* rH ON 00 ■'M' H o KNO CO UN 00 f r VO CM KN VO KN H rH UN O-"'■x xtf* KN O O O o O rH H KN rH rH H rH H rH
U) 0 • • • • • • • • e • • • • • •

O O o o o o o O O O O O O O O O

rH CM O VO VO UN KN O 00 r - On KN O ON f - H-
KN xH* C*- ON vo 00 CM rH ON ON UN x*- ON CM-'"S • • « • • • • • • • • • • • • *

*H CM UN CM H ” KN UN UN UN 00 vo VO UN vo t -
x~* H rH rH H H rH rH H rH rH rH H rH rH rH rH

VO VO vo rH O "sh KN VO UN CM ON UN 00 UN C - UN
H 00 rH UN 00 UN UN ON UN xM* 00 ON CM f - xM* VO
KN H ON rH VO KN -M- O O CM ON f - UN O CM KN

© • • • • • • • • o • • • • • • •
O H o rH o H O H rH CM o o O H H H
1 1 I 1 1 1 4- 1 f 1 1 1 1 1 1 1

CO KN O VO CM KN vo O O 00 00 00 VO t o xj-
VO O O H - KN CM rH KN t> CM 00 rH vo CM O KN

•d o 00 UN vo 00 KN UN KN 00 CM ON ON UN CM VO VO
• • • • • * • • o • • • • • • 0

o KN H KN CM ■H” UN "H" VO xd" UN H- UN VO vo UN
rH rH rH rH H rH H rH rH H H H rH rH H H

rH ON CM 00 O UN UN f - UN KN ON UN CM CM CM UN
o O C— rH ON xM” VO CM O -sh H UN KN CM ON H -

ON VO vo ON rH VO VO 00 KN CM VO UN ON rH VO KN
• © • • • • 0 • • • • • • • • •

H vo xM- KN KN KN UN CM xM* KN KN KN CM KN KN

o o fH KN 00 UN CM o rH 00 KN CM 00 CM H
.Q VO ON x^- xH* VO VO ON ON KN UN UN VO KN xj- KN O

rH UN CM UN UN rH KN rH ON VO rH O KN UN KN 00
• • • • • • • • • • • • • • • •

CM c~- UN xH- KN xH" vo KN xH- KN xH" xH* KN KN UN KN

• • • • • • • © • • • • • o • •
gj KN H- UN VO C-“ 00 ON O H CM KN H* UN vo C*- 00

rH rH rH rH H H H CM CM CM CM CM CM CM CM CM



KN H* KN r l H*'  s rH O n un 00 CM
•H • 1 • 1 • • •

WO CM KN 00 ON
CM CM CM H H

ON 00 wo KN UN UN H
O WO C - O n rH H KN

• • • • • • •
1 H* UN wo 00 wo

H CM H CM rH iH r l

KN
KN
rH

•
KN

rH
WO
WO0
CM

H* H KN O CO H* CM 00 rH rH
H KN H O CM WO WO IN- N- WO
H- C*~ O KN O UN CO UN WO O

• • • • 1 • • • • • •
CM O H O CM KN H" H O O

wo O
KN H

1
wo 00 rH H KN KN O O CM CM

rH 1 rH ON KN rH CM KN WO H wo UN H* ON
• • O iH rH UN WO wo KN KN KN rH

O O • • 0 • • H • 9 0 • •
O O O O O • O O O O O

iH r l
O CM WO WO CM

• 1 ON 1 KN CMCO • • • •
H UN wo UN H -

H H rH rH

CM iH O CM KN IN- ON
rH 00 O CM WO CM UN

• • 9 • • • •
00 t 00 UN KN CM

H rH rH rH rH rH rH

O ON OO KN O ON H 00 H* 8 wo 00
x—* O H ON H - UN O KN ON UN CM 00
O C"- 1 rH 1 ON WO UN C - CM UN ON CO •H- 00

9 • 9 • 9 • • • 1 9 • • •
KN iH O O O 0 CM H H 0 H O
1 1 1 1 1 1 1 1 1 1 1 1

'd

o
c~
CM

•
wo
H

H-00
H•
H*
HI

kn  oo 
wo <3 
KN KN 

•  •
UN
H  H

I--
H
KN•

H* C*- WO ON KN rH KN CM
l> t> 0 ON WO UN KN ON
O a O H- 00 O H- H- UN

• e 9 • • • • •
CM UN wo rH wo ■H* 1—1 rH
H rH rH rH rH rH rH H

00 H H ON t -
H- UN wo C - ON

O 00 CM wo wo K \
• t • 1 0 9 •

H* H- CM KN

H* t> CM iH ON KN O
H" UN 0 0 H* ON 00 wo t r
rH H H- UN H - UN

• • • • • 9 • •
CM KN KN KN O H rH

ON H c— H* O
O KN ON H* WO
UN 1 CO 1 CM O 00

• • • • •
UN H- UN KN KN

• • • 0 • • •
cd ON O H CM KN H* UN

CM KN KN KN KN KN KN

WO 00 KN H ON KN O
KN 00 ON KN WO WO WO t -
H- UN O O ON WO wo wo

• • • • • • • •
CM KN UN H- KN 0 H rH

• • • • • • • •
wo 00 O n O H CM KN
KN KN KN KN H- H-

1.
08

6 
0.

95
6 

12
.3

35
 

-0
.2

66
 

12
.7

1 
O

.6
36

 
0.

97
9 

15
.2

8



VO UN O CM UN ON vo
' —» UN 00 Hh H ON E^ CM UN
•H o • • • • • 1 • •

UN l - UN 00 CM H O
H H H H CM H CM CM

A

to

<D

•a

ONC—c-
o

c-
CO
C\J

00VO0  •
H1

CM00
•rH

H

vo

rH

UNvo& oo

H*
UN
C-
o

ON
CVl
KN•
O

UN
'--H 0 0 IV
<*H 0 •

CM KN
H rH

a) UN

CM
CM00•
O
I

H-
UN
00•
CM
H

OOO
•

KN

O
H
H"•
KN

VO

VO H* H* UNo vo vo CM
UN VO UN ■H-

• • 0 0
o O H O

00 C*- rH CM
KN KN H KN
H" CM VO KN

• • 0 0
O O o O

o CM UNo O CM o
• • 0 0

CM UN 00 UN
H H H rH

KN CM KN KN
H* UN CM t>
O VO vo O

• • 0 0
O o rH H
1 I 1 1

H- H- ON O
ON vo o KN
H ' rH KN VO

• • 0 0
rH H" vo KN
rH rH H rH

H VO o O
UN ON CM H
H" rH UN O n

• • 0 0

CM CM CM rH

UN v o H* O
0 0 ON voH* 0 0 H• • 0 0

CM CM CM CM

• • o 0
C*- 0 0 ON O
H- H- H- UN

c***c*-
t -

0N
CM

o
VO
r l

ON
rH
H•
H
I

H-ON
ON•
H-
H

KN
CM
O•
KN

VO
UN
ON•
o

D— IN- 
ON H* 
H  CM • •
o o

KN
CM•
vo
H

vo
H-
ON•
0
1

ON
UNo

•
UN
H

O
KN
iH•
KN

UN C - 
KN UN 
H" UN 

•  •
KN KN

rH
UN

0
CM
UN

e
KN
UN

O vo H" UN o 00
KN o ON ON KN VO

0 0 0 0 0 0H- r - t> ON ON o
H H H «H rH CM

VO CM C'“ O H C-O O CM H- CM ON
KN ON CM H* H" vo

0 0 0 0 0 0O o rH O O o

On c- C - KN KN KN
KN UN ON 00 H" UN
CM CM rH H H CM

0 0 0 0 0 0o O O o O O

KN IN- CM On UN KN6 00 C'- C - UN
0 0 0 0 0 0

CM KN KN H* CM KN
H rH rH H H rH

O n H VO O UN OO KN O- VO ON ON
H- vo H- o UN 00

0 0 0 0 0 0
O o H CJ o O
1 1 1 1 1 1

t"* o 00 ON KN ON00 UN UN rH rH ON
H* O ON CM rH UN

0 0 o 0 0 o
rH CM rH CM CM CM
rH H H rH rH rH

UN ON 00 00 00 ON
CM CM ON KN 00 C-
C - vo UN ON rH

0 0 0 0 0 t
H CM CM H* UN VO

O CM vo O UN CMvo VO vo UN O CM
O n O rH 00 O

0 0 o 0 0 0
rH CM KN UN vo c—

0 0 0 0 0 0
UN vo in- 00 ON

UN UN UN un UN UN



O KN O C*- tH C*- KN CO ON ON CM vo •M*
-—“• KN VO HI t - CM CM ON ON UN rH O On ON
•H 9 • • • 0 • 9 • 9 • • 9 •

ON CO UN O n I 00 CO vo OJ KN ON 1 vo
rH H OJ H H rH H 01 CM H CM .H r l

O KN KN UN VO VO UN IH KN ON f - KN
vo H- ON O H CO vo vo H O O
cO KN UN 1 tH CM O CM CM O- CO

1
CM CM

W • • • • • • • • • • • • •
O O KN O O O H H H 0 H O O

HI rH H* H H* 0 - 0 UN O CM 00 ON CM
H vo CM rH CO KN vo ON KN CM O UN O- KN ON

£0 ■H* CM KN H" UN VO vo KN UN "M* H CM
• 9 • • 9 9 • • • • • • • 9 •

O O O O O O 0 0 O O O O H O O

UN UN VO rH ON UN ON KN O O ■H* O UN
H- H H H KN KN H CO H* C"- ON vo rH CO

<H • 9 9 • • • • • • • • • • 9 9

H - VO UN UN H- H- KN UN IH KN vo t> H" H
rH H H H H rH H H H H H H H H rH

UN ON M* KN CO UN O- ON VO CM EH VO rH 0
C - KN KN H- 00 UN UN VO VO H" tH H H CM
UN O CM KN c - H- VO UN 0 CM 00 O VO VO

© • • • • 1 9 • • 9 • • • • • •
O H rH 0 O CM O H H O rH 0 O
1 1 1 1 1 1 1 1 1 1 1 1 1 1

KN UN H ON O •H* CO UN UN 0 0 KN C - H O VO
KN VO rH UN IH CM 0 0 H O H* H* ON O H* rH
CO O ON vo t> CO CO KN O n VO OO rH C— 0 0 OO

■ 2
• • • • 9 • • • • • • • • • •

KN KN rH CM rH O KN O H- UN CM vo UN KN O
rH H rH H H rH H H rH H H H rH rH rH

ON c— 0 0 ON ON t KN KN rH 0 0 KN -H* UN ON H-
VO CM VO ON O 0 0 KN ON 'st* CM UN 0 0 rH ON

O UN co H VO UN VO ON O KN H- 's f IH vo UN UN
• • • • 9 • • • • • • 9 • • •

KN KN UN KN vo CM CM CM UN H - KN CM CM

vo VO r — ON ON KN O O VO H- VO CM KN CO
,_% UN O CM VO ON vo ON H CM UN CM O CO vo ■H*

O
9

■H-
9

CO•
rH•

H*
•

ON
•

KN
9

KN
9

H
9

O
9

O
9

■H*
9

rH
9

CO
9

O n
9

■H* UN H* C— CM KN CM vo UN UN UN CM CM

s m 9 9 9 9 • 9 9 9 9 9 9 9 9 9

aS O r-j CM KN H* UN vo IN- CO ON O H CM KN ■H*
vo VO VO VO VO VO vo VO VO VO IH IH tH tH tH

1.
54

6 
1.

56
0 

11
.1

44
 

-0
.0

99
 

11
.2

4 
0.

12
0 

0.
23

0 
12

.9
5



O H " H CM KN CM ON
CM ON 0 0 VO KN CM

•H • • • • • • • •
rH CM H* ON ON ON VO C -
H H CM H H H CM CM

CM ON H KN vo o
00
■H* KN

CM CM KN VO C*- o rH 00
• • • • • • • o

vo VO CO UN ON rH 00 l>
CM CM CM CM CM CM H H

UN o O KN UN ON H O o ON tN- UN CM
CM UN ON CM vo H* O n H rH vo H H KN H* ON
CM O ON KN rH KN •H* CM O O H rH KN -H-

• • • • • • • • • • • • • • • •
O o rH O O H O CM rH O CM CM KN rH O O

H H* C"- 00 UN CO ■H* KN rH UN UN UN o H-
O VO t> VO o CM H* CM O ON ON v o VO O
H O v o CM CM H* UN CM KN CM KN H 00 H CM CMw • • • • • • • • • • • • • • • •
O o o o o o O O O O O O CM O o O

o UN KN rH 0 0 vo C^ 0 0 CM UN H* KN VO UN
'■—N UN IN- UN KN vo 0 0 VO vo O H O rH I> CM VO CM
<H • • • • • • • • •  ' • • • • • o •
V—* o rH UN •H- KN UN vo VO vo vo UN KN CM

H H rH H H H rH H rH H H H rH H H H

ON 0 0 UN tN- ON CM H
CM ON 0 0 H* UN rH o o CO
0 0 ■H* o ON rH UN ON ON

• • • • • • • •
o o H O rH o o o
I 1 1 1 1 1 1 1

ON 0 0 •H* ■H" c - 0 0 VO CM
VO o vo rH 0 0 o vo C -
NN o rH KN KN rH UN

• • • • • • • o
o H H O CM O O O

1 1 1 1 1 1 1 1

rH
vo

0 0
H

CM
UN

H
CM

*d UN CM CM IN-
• • • •

ON rH
rH

KN
rH

KN
rH

VO CM ON O UN vo
KN ON N - 0 0 UN ON

• O KN H rH c -
KN • • • • •
rH KN KN UN UN KN

H H rH rH rH

UN CM CM 0 0
VO
UN ON

ON UN UN UN KN
UN vo CM VO • UN

• • • • KN •
•H" CM KN rH rH
rH H rH rH rH

VO CM
VO

O KN o rH
• • •

O H C -

IN- CM UN UN
CM rH H KN
CM KN ON H -

• • • •
-H- KN ON

IN- o ON 0 0
VO 0 0 rH 0 0
H* VO ON CM

• • • •
0 0 ON ON 0 0

ON KN CM
0 0 ON C^- 0 0
ON KN 0 0 0 0

• • • •
oo UN KN

UN
CM

H
H

v o
rH

O
O

ON CM
CM

P ■H- CM H OO ON h -
o • • • • • •

O rH 0 0 H* -H- O
rH

*—* • • • • • • •
gJ VO C— 0 0 ON O rH CM

IN- IN- 0 0 0 0 CO

UN CM O CM co UN ON H
■'H' CM o C - rH rH CM O
H VO o CM CM rH

• • • • • 0 • •
ON ON H

rH
rH
rH

ON O
H

vo

• • • • • o • •
KN H* UN vo c— CO ON O
0 0 CO 0 0 oo 0 0 0 0 0 0 ON

COH-
UN

•
UN

©
HON



UN o ON UN
OJ ON ON

• • • •
•H rH Kj- KN UN

k n OJ OJ Ol

UN KN Ol v o
UN v o UN

-—» Ol UN OJ 0 0
• • • *

H H H rH

ON v o H Ol
<■—■» rH 0 0 0 0 o
W ON Ol rH KN

• • • •
H o O O

OJ UN C - Ol
UN C - KN O

<*H • • • •
p H H* UN
Ol H H p H

KN Ol ON UN
•H” OJ rH

<D p H o KN o o
0 0 • •

p H O O
1 1 1 1

v o KN r^-
UN rH H - ON

p—» o O 0 0 ON
•d • o • •

UN KN KN KN
p H rH rH rH

v o UN 0 0 v o
—̂« v o H c - o
O o VO rH c*-

• • . • •
O - 0 0 0 0

ON KN KN KN
OJ UN ON ON
o VO Ol 0 0

•
0 0

•
0 0

•
ON

. •
ON

P-H • • •
d O l KN H - UN

ON ON ON ON

ON KN p H UN rH C"-
H - O UN VO O o

• 0 • • • •
UN H - 0 0 l>- 0 0
Ol Ol OJ Ol Ol Ol

Ol ON •H- UN p H v o
O rH rH 0 0 O OJ

O UN Ol KN• • • • • •
pH Ol OJ rH H Ol

p H c - UN Ol O 0 0
ON UN H - rH H vo
Ol OJ H OJ rH rH

o • • • • •
O o O o O O

KN t - VO ON O ■H-
Ol o H - VO UN v o

• 0 • • e 0
UN v o t - VO UN UN
p H rH p H rH H p H

Ol t > rH VO KN 0 0
0 0 H H KN UN vo
0 0 ON rH UN rH

• • • • • •
o O pH O O OJ

1 1 1 4 - I 1

Ol VO ON ON 0 0 0 0
0 0 pH "vi- N - ON
p H 0 0 KN VO c - UN

o • • e • •
H - KN UN vo -H- OJ
H H H rH rH p H

KN H O CO c -
VO 0 0 ON UN ON KN
Ol vo KN ON p H ON

• • 0 • • •
0 0 UN 0 0 0 0 O

rH
ON

o vo H - o 0 0 OJ
ON UN KN 0 0 0 0 ON
KN UN p H UN Ol

• . • • • 9 •
ON v o ON O

H
rH
p H

p H
pH

• • • • • •
v o c— 0 0 ON O rH
ON On ON ON o

rH
O
H

-H- e ^ ■H- Ol
C- 0 0 KN OJ vo

• • • • •
0 0 0 0 0 0 KN VO
OJ OJ Ol OJ Ol

H UN KN vo KN
ON ON O UN KN
NN KN 0 0 KN

0 • 0 • •
rH H rH o p H

H UN Ol ON rH
ON o H- pH
O H rH iH H

0 0 • • o
o o o O O

rH ON O - O KN
r - ON v o 0 0

• • • ■ • 0
v o VO vo ■H- UN
rH pH rH H H

C - o o o VO H -
Ol KN rH o OJ
OJ UN O KN VO

• • • • •
o O rH O o
1 1 1 1 1

OJ
!>- 0 0

vo
o KN •H-

o Ol o UN 0 0
• o 0 VO ON

v o 0 VO • 0
rH vo p H H "

rH pH rH

H t - KN H* VO
UN OJ KN H*
UN UN 0 0 VO KN

• 0 0 • •
O O ON IN- ON
rH H

O ON Ol UN o
ON rH VO C - Ol
ON O p H vo v o

• • 0 • 0
p H Ol rH 0 0 o
rH rH H H

0 • « . • e
OJ KN H - UN v o
o O O O O
rH H H rH H



Os OS O CM tv 00 OS KN C - r l 00 OS r ltv r l O s r l CM CM KN UN r l 00 00 00 VO US
• • • 0 • • • • • • CM • e • 0

•H r l H IV •sf* KN KN O s H r l O • o r l H
CM CM r l CM CM CM r l CM KN KN Os

CM
CM CM CM CM

o
O
KN

vo
vUN
o

US tv o tv tv KN CO O s tv o vo <** vo
CM VO o -M* vo US us vo os us us *sf- Er us-M- o OS UN o V a s ■M- vo CM V o IV• • • • • • • • • • • • • •
O o o o r l o o o o o o o H o

CMOS
VO

•
H

o OS O o V V US us ■"=}- CM CO O ■*t
us r l VO OS us US V M* r l KN CO H KN rH

tti r l r l O rH H H rH CM CM rH H pH pH CM CM
• • • • • • • • • • • • • • •

o O o O O o o O o O O O O O O

VO
H
CM

•
O

<M
rH VO US CM t v O vo -M- CM 00 V KN 00 KN UN
0 s O s o O s CM CM u s 'st CM 00 CM US O s KN vo

• • • • • • • • • • • • e • •
•M- CM o CM US KN O s 00 00 US UN IV vo
r l H H rH H r l r l pH rH pH r l r l H H rH

CM•
O
CM

0

V
CMCO•
0
1

IV 00 VO V CM OS u s u s 00 00
CM IV VO KN as CO OS pH V
KN u s -M- CO KN KN KN KN KN

• • • • • • • • • •
O o r l o O o o o O O
1 1 4 - 1 1 1 1 1 1 1

r l US US ooO V o s V
•H- KN VO u s

• • • e
O O o o
1 1 1 1

tv
vo

♦
0
1

•d

•*4* VO
VO O s
US US KN

• • vo
KN CM •
pH rH 00

rH
US
rH

•
VO

o
O s
OS

•
VO

KNCO
VO

•
r-

H
KN
tV

00

• •
V  COo o
rH r l

CO
r l
CM

•

8
CM

CO

•
o so
r l

u s CM r l rHas O 00 CM
KN '* p H rH

• • • •
H" KN KN
pH H rH rH

CM US pH
pH O UN O
OS CM 00 00• • • •
O 00 \ o ■H*
r l

CM o o VO
O CM O s US

KN t-• • • •
CM ON V us
pH

• • • •
O rH CM KN
r l rH p H r l
r l rl rl rl

CM
r l

r l

OS t — 
CO KN 
VO VO 

•  •CIS rl rl

liS
VO CM 
"H* CM • •
VO KN

r l

UN as VO KN
t v us V CM CO IV O
r l CM KN rH KN rH vo
O O VO • • • •

• • • US US C— UN
as OS t v rH H rH rH

u s u srl r l  
VO CM 

•  •o o
r l  r l

KN 00  
VO O  
O  VO 

•  •
CM r l  
r l  r l

liS  OS 
r l  "M" 
OS O  

•  •
liS

U S  CO 
CO KN 
US t — 

•  •
U S  u s

• • • • • •
US VO 1 - 0 0 OS

pH pH rl rH rH. rH
rH pH pH pH rH rH

o
CO
o s

vo
O siv
vo

ao
CM
r i

KN
CM
OS

US KN

00
US

CM
r l

KN
USo

c
voH

IV
r l
r l

•
00

4̂*
CM
CM

OS

CM 
CM HI



UN ON KN d* vo C- 00 UN CO H d" d- ON ON CM d 1
VO O ON CM co KN VO O UN d- 00 KN LT\ 00 rH•H • o 0 o • • • • • • • • • • • •
O ON 00 d- KN VO CM KN ON O ON KN H KN d* d -
KN CM CM CM CM CM CM CM H CM rH CM CM CM CM CM

d " KN t — rH H KN vo KN rH d* d - KN CM KN ON
-1—“* d* ON CM H

8
00 O s CM CM vo 00 vo ON VO

UN UN rH vo d “ vo vo ON CO rH d* VO OO 00 O s
• 0 • • • • • 0 9 • * • • • o •

rH H rH o O H H rH H o H KN CM CM rH CM

VO 00 On 00 VO UN CO UN ON co O s CM UN d* o d "
*—> vo d - O vo t"- O H ON UN CM d* vo 00 UN UN D—
fctf KN CM CM rH H H VO d* d* KN UN UN VO C - d* C\j

• • 9 • • • • • • • • • • 0 • e
O o o O O O O O O O o o o a O O

0 0 O r i UN 00 ON KN C - d* ON t>- UN CM OO KN d -
C - O UN vo KN CM KN ON UN UN C - O UN d * CM ON

• • • • • • 0 • • • • • • • • •
ON H rH vo UN UN CM UN d KN KN d* vo KN
H CM CM rH H rH H H rH rH rH rH rH rH H rH

d - vo o vo ON UN CM rH CM CM VO d vo CO C—
£VO 00 UN KN d VO CM CM UN CM cr VO CM ON UN

C^ vo UN KN d O rH ON VO u s KN d o- o 00
© • • • • • • • • 0 • • 0 • 0 • •

rH o o o O O H H o o o H O o KN CM
1 I 1 1 4- 1 1 1 -*- 1 1 1 1 1 1 1

vo VO O s O KN CM CM KN CM VO c - rH rH O O 00
ON CM VO VO vo CO H ON 00 UN KN H ON 00 CM CM
UN VO rH CM ON ON d OO 00 O 00 O n t - VO 00 vo

2
• • • • • • 0 • • • 0 0 • • • •

ON ON rH VO vo UN d d CM d KN O CM KN rH O
H H CM H H H H H rH rH rH rH rH rH rH rH

f - UN c— d o CM UN O ON O d CM 00 CM o
UN d KN O O n ON d ON d d VO ON O n d* VO

o ON CM O CO CO 00 O 00 vo VO KN CM vo vo CM ON
9 • • • • • e 0 • 0 0 0 0 0 0 9

00 VO VO UN VO UN d d* KN KN VO d UN VO VO

00 t— o c*— 00 KN c - KN rH O VO 00 UN KN On
t*- ON vo vo KN vo KN UN 00 C- O rH KN O n O
rH o 00 ON 00 ON c- UN CM rH 00 rH KN d* O ON

P 0
O

0
C -

0vo UN
0

0 0
00

0
UN

0
UN

0
UN

0
d

0
KN

0
t -

0
UN

0
vo

o
C -

0
t -

e 0 A 9 0 • 0 0 0 0 0 0 o 0 0 o
__^ KN

CM
H

d* UN vo c— 00 ON O rH CM KN d UN vo t — 00
ol CM CM CM CM CM CM KN KN KN KN KN K> KN KN KN

rH rH rH rH rH H rH H rH rH rH rH rH rH rH



O H* H
*d 00 H-

•H • • • •
O KN *d H
CM rH H rH

CM CM LTV vo •d
<“N VO 00 vo LA CM
M VO KN CM H VO

• • • • •
H O H O o

LA VO ON H*0m* H d VO d c -to KN H KN CM d
• • • • •

O o O O o

r l
d

O
CM &

LA
O

u • • • e
v y KN H CM O 1

H H H H

ON vo LA H KN
vo o d vo LA
d H d rH KN

© • • • • •
o o O O d
1 K 1 1 4-

H CM H CM vo
O LA ON LA A-

ON LA C'- ON
• • • • •

•d CM o rH ON CM
H rH rH H

LA ON O 00 KN
LA VO d LA VOo O O n rH ON 00- • • • • •
LA rH H o o

d 00 LA ON rH
d KN ON 00 CO

CM CM O ON
• • • • •

UN CM rH H O

•
ON

•
O

•
H

•
CM

•
K>

aj KN d d d d
r l rH rH H H

O 00 O d
S '

CM O O O
d KN d rH LA d VO C*- KN

• o • • • © • • • •
d 00 vo ON d VO CM ON A-
CM CM CM CM CM CM KN CM CM CM

rH d KN O rH o rH O ON d
vo KN KN d vo vo S ' LA KN KN
KN d rH rH 00 vo O d d

• • • e • • 0 • • •
KN KN KN KN CM rH KN d H rH

O KN c - rH rH CM ON d VO CN
O 00 LA C— 00 A- KN C~ 00 o
ON KN KN UN 00 vo KN 00 ON vo

• • • • • 0 • • • •
o O H o o o CM H o o

00 VO d CM KN 00 vo ON H KN
KN rH C - d CM KN ON A- O KN

• • • • • • • o • •
d LA KN UN LA vo vo C- l>- VO
rH rH H rH rH rH H H rH rH

d ON C - H ON 0 0 O UN d
CM VO KN o CM t > C - VO VO c—
d H CM VO KN KN VO O O -

• • • • • 0 • • © ©
H CM CM rH H d r-i CM CM o
1 1 I 1 I I 1 1 1 1

oo O rH O O ON d CM rH KN
ON UN LA rH d 00 00 ON KN ON
vo O n KN C*- UN rH d OO ON

• • • • • • • • •
CM CM rH KN KN KN • LA d d
rH H rH rH H H LA

tH
H rH tH

UN ON rH CM VO KN rH 00 00 ON
CM ON C-* H UN O 00 00 VO CM
00 KN rH O o 00 o 00 CM ON

• • • • • • • • • •
LA ON 00 o UN C— o LA 00 00

H rH

ON iH LA A- VO C*- VO H LA c r
|m| 00 00 d vo UN ON ON d
vo vo CM KN 00 d VO KN rH

0 • • • • • • • • •
vo o ON H LA 00 rH vo ON O

rH rH rH rH

• o • • • • • • • •
d UN vo C"- 00 ON O rH CM KN
■d d d d d d LA LA LA LA
rH rH rH H rH rH rH rH H rH



LTV
KN•
•sh
OJ

ONONo
UN
OJ

KNtN-•
OJ

o
KN

-H*
OJ

ON0  
•H*

01

vo ON KNH* vo H
0 0 0

UN CVJ Ol
OJ OJ OJ

UN UN OJ
00 00 UN0 # 0
KN H* H
OJ Ol KN

rH
H•
H
KN

C*~IN-•
Ol
KN

A
H
UN
ON

•o

c -

O n

H

UN
ON
O•
rH

00 O Cs—
vo ON UN
H EN- UN

0 0 0
H H H

O
C-
ONoO

OJ OJ UN
O r — O
H - OJ

0 0 0
O 0 O

UN

&o
OJ

OlH"
00

o
rH

ON
COOJ•
KN

U>
ON vo
Ol vo COvo t - OJ0 0 0
0 0 0

0 •H* vo0 KN ON
OJ OJ vo OJ0 0 0 0
0 0 0 0

IN-
VO
OJ

0o

CN-00
OJ•o

UN H UN VO
KN UN UN H*rf- t - OJ

0 0 0 0
O H O H

VO vo ON rH O
Ol UN KN O t -0 0 0 0 0vo vo UN vo UN
H H H rH H

UN
00•
UN
H

VOVO•
VO
rH

OJ r - H- ON H-OJ UN vo UN UN UN
0 0 0 0 0 0

•H* KN H" IN- vo H-
rH H H H rH H

©

UN
H

•
O
I

00
vo
UN•
rH
I

00
ON
«H•
O
I

r -
ON
vo

0
0
1

Ol
ON
ON•
0
1

OJ
UN
VO

#
0
1

O  ON
vo f"-0  KN 

0 0
rH O
1 I

0  
UN 
' ‘H’

0
O
1

UN
ON
vo

0
0
1

OJ KN VO
KN UN

UN O KN
0 0 0

O H H
I 1 t

*a

OJ 00 rH rH
KN O
h - 00 CO vo

0 0 0 0
UN H- H- UN
rH H H iH

oi
vo
00

H

KN
UN
rH

0
UN
HI

KN H* H vo
ON H- rH 0
rH UN UN vo

0 0 0 0
UN KN OJ ■H*
H H H H

O O! ON
KN O

KN KN
0 0 0

vo UN VO
H rH H

<8

VO

H
O

0

00 00 UN
00 UN H vo Ovo ON ON KN ^4-

0 0 0 0 0
vo vo vo C*-

oo
vo

0
C"~

KN
o

0
ON

0 0 0
UN VO 

UN UN UN
«”'l  rH  rH

t -
0

C—

UN
KN
OJ

0
o -

0 0
C- co
UN UN 
H  H

UN
rH
H -

0
00

ON
UN
C'-0

8
0

UN

O 0
ON O  
UN VO 
H  H

ON VO O tN- ■H*
KN H vo UN OJ OnOJ t> 0 H- ON VO

0 0 0 0 0 •
c - ON ON O rH 0

H rH r-i

Ol UN KN OJ
OJ •H* O EN- UN UN
OJ O KN 00 UN H

0 0 0 0 0 0
00 H O rH KN OJ

H rH H H H

0 0 0 0 0 0
H Ol KN UN VO
VO VO VO VO VO VO
H H H rH H H 16

7, 
14

.7
15

 
12

.9
49

 
16

.5
28

 
-1

.0
42

 
17

.6
8 

0.
82

1 
2.

36
9 

33
.8

2

16
8, 

10
,5

38
 

9*
31

7 
17

.3
71

 
-0

.3
67

 
17

,8
6 

0.
58

0 
0.

91
9 

2
8

.6
8



vo
h -

IH
UN

UN
KN

O
00

Ho
•H • • • • •

CO KN ■H* UN
Ol Ol Ol OJ Ol

o vo Ol H* vo
KN VO o On rHA LfN H* H* ON
0 0 0 0 •o o o O o

t*- o ON o Ol
KN LfN KN O! 00to H- KN KN Ol LfN

s— • 0 • • •O O O o o

H OJ OJ KN UN
C - LfN KN UN vo"s • • • • •

u ON 00 VO c— 00
H rH rH H H

OJ ON H* o o
•H* O 00 h H*
H* LfN KN vo

© • • • • •
H o O o O
I 1 1 I 1

vo H 00 Ol LfN
H rH rH «H O
tH O 03 ON H

*d • • • 0 0
IH 00 vo VO IHr-i H iH H H

o OJ ON OJ 00
**■"* 00 KN 0 0 LfN UN
O o OJ OJ UN 00

s"- ' 0
00

0
LfN

#
VO

0
VO

0
Hh

OJ UN tH vo O
*—> 00 H* H ” H* O!
P rH ON rH H* UN

0 0 # 0 0
ON UN C^ tH LfN

0
ON

0
o

0
rH

o
Ol

0
KN

0} vo IH IH- tH IH
v- '- H H iH H rH



WA
TE
R 

BA
LA

NC
E

0d o 
^  0 C ••H +3 0 fclD 
'   -^  0 PQ .

P
•  03

'—■ S  0  •Xi • w b® 
—  P  d

H

ON • C\J® rQ •
P  0 KN '—'O-P •W <h 0 K

•
X

p  0  
<p 0  p  •
'— 0 bD

•
X>

^  O 0 • 
© M  P  &0 *^0  0

m
o  S  •O © • £$

^ 5 ! f l  
pH

P  •Jd d • bO O WX* n  d
'— 0 H

H  
0 •

' - " • H O
0 d 

' —  0
CQ

o CM
I 1 CO o

• o

o o
■ 4 *

co CO UN KN
ON D~- CO - p f• • •' •
I—1 NO o o

r—1 r-i

CM CO o c—
KN UN CO c—• • . • ©
O o o o

NO UN
CO ON o Hi

• • • •
H o o o

UN CM O CO
• • • •

o CM UN P ±

KN UN NO NOO NO NO UN
• • • •

O o o o

p j - E—
I 1 CO CO

• •
CM CM

H ON
UN • CM KN

• ON • •
CO - H CM H

1 + 4 4

© • # •
H  CM KN P ±

C -  CM 
O - ON 

I t  •  •
NO CM 

I +

CM ON

ON r-i

o  o

ON C—
1 1 r - i  o• •

o  o

ON UN 

I I  P ±  LIN

• •
O O

Hi C— 
I I  P j-  CO• •

CM CM

ON c— 
H  CO NO
• 1 * *O  LIN pj"
I I 4

•  * 6 •
UN NO C— CO

NO O  KN CM
0  NO KN O• © • •
ON QN CO UN
1 T* I I

O CM CO CM
CM D— ON KN

• • • •
D— CM ON UN

H

O o UN o
NO ON tr- UN

• • • •
o o o O

ON CM UN CM
P j “ O o CO

• • • •
o 01 o o

CM CO H c
• • • •

P ± UN UN CM

D~- ON CO KN
CM pch UN -pi*• 0 • ©
O O o o

H CM o
UN t O o

• * •
CM

UN

KN CM

KN NO UN UN
ON • CO r-i

• CM • m
ON r-i tr— NO
1 4 t I

•  • ©
•  O  H  CM

Q N  H  H  r—I



H IN- O - 4 VO
LTV VO KN ON H

• • • • •
O LfN OJ 01 Ol
1 ♦ ♦ 1 +

- 4 VO VO VO Ol LfN KN OJ c— KN LfN KN
ON H 00 LfN D~ O! ON LfN 00 ON 0-

• • • • • • • • » • • •
H O VO LfN O OJ O Ol Ol H O! KN
1 1 1 ♦ + 1 + ■* * 1 1 ♦

O OJ IN- Ol LfN KN LfN ON
- 4 O VO 0 KN ON H 01/'■“h • • • • • • • •

jEJ - 4 H ON 0 ON O H 00
H H H H

O O 4 IN- Ol H ON H O
O O 0- ON 4 LfN IN- O Ol

* • • • • • • • •
OJ H ON 0 O H H Ol LfN
H 1—1 H H H H H H

LfN H KN LfN Ol CO H IN- CN- OJ LfN OJ CO LfN VO IN- LfN
■* 4 00 IN- C*~ c— EN- 00 VO co CO C— 00 c— 00 00 CO Ob© • • • • • • • • • • • • • • • • •

O O O O 0 O O O 0 0 O 0 0 O 0 O H

ON ON IN- 4 H LfN KN H C—
- 3

KN LfN
'—«■ O - 4 4 KN LfN KN KN ON KN O KN vO LfN H VO• • • • • • • » • • • • • • • • •

H 0 O O O O O O O O rHl O O 0 0 O OI

LfN
O O - 4 ON

LfN
Ol CO

LfN
VO ON KN NO H VO LfN

LfN
Ol ON ON KN

• • • • • • • • • • • • • • • • •
Ol LfN 4 - 4 4 - 4 LfN - 4 KN - 4 KN 4 KN -4 - 4 - 4 KN

VO H KN LfN KN O c— CO ON 4 0 ON O KN - 4 VO VO
Ol ON VO LfN - 4 LfN c— KN LfN 4 LfN - 4 4 - 4 VO 4 vO

• • • • • • • • • • • • • • • • •
O O O O O O 0 O O 0 O 0 0 0 O O O

c - VO 00 H CM 0 - LfN VO 4 LfN KN CO ON LfN CM O e -
KN ON CM CM CM H H CO r - CO CM LfN H LfN CO KN H

O • • • • • • • • • • • • • • • • •
H H CM KN CM KN KN CM KN CM KN KN KN KN KN 4 4

fA  r i  4  O
k \  v o  4  kn« •

X> H  KN OJw  I + + |

LfN VO UN ON
KN ON D~ CM

• • • ♦
KN O O r -
+ 1 + 1

H  00 O n O
• • • •

CO OJ Hi 17!+ +■ I 4*

0 0 0 0 O
CO LfN 4 vo H

• • • • •
4 4 O H ON

♦ ♦ 1 1 4 -

«  KN 4  LfN v o  D - CO ON o  H O I  t o  4  10  v o  0-  CO o n
^  H  H  H  H H H H O J  O J O J O l  Ol C\J Ol OJ OJ Ol



NO
o ON CM £ - VO
CTn LfN KN 00 - 4 o• • * • • • •

«H NO NO ON UN - 4 - 4 CM1 ■fr -fr -fr ♦ •fr

NO NO O KN LfN
iH 00 rH KN LfN

1
• • • • •

OJ 1 CM O ON LfN
rH r-i r i

00 CM c— CM H
00 ON c— £ — LfNb& 1 • 1 • • e •o o o O O

4*o
•

LfN
NO

CM
K \

0 0
CM

k nc—'u t o 1 • • • •1 o o i—1 rH

LfN
LfN 4  H  . 4  4C I • I • • • •

.—  LfN 4  I A  |O i Ol

CO 4  C"~ vO  O n
<—* LfN VO KN 4  CM1 3 ) 1  • I • • • •
W o o o o o

-4 4 VO -4 KN
LfN 0 0 CM CM LfN

O 1 • 1 • • • •
w KN KN KN KN H

KN
o

VO

LfN
VO

•
LTN
C—

o
H i

o
c—

LTN
H

• • o • • • •
o -4

I
00
4 -

1—i 
+

LTN
f r 4

r-i
+

• • • • • • •
aS O  HI C\J KN 4  LfN v o

KN KN KN KN KN KN KN

o KN 0 0 CM NO rH CM CM KN• V 0 CM CM CTN 4 C NO D—
rH • • • * • « • •
H KN rH KN CM O iH HI O1 1 1 f r 1 f r + f r fr

rH O NO H
4rH ON KN C -

• • • • •
O ON O N o ON
rH rH

0 0 £— KN o vo -4 rH ON CM
OJ vO NO £— 0—c—£- c - 0 -• • • • • • • • •o o O O o o o o o

ONo CM
C—

NO 0 0
LfNc- -4

LfN
rH

VO
rH

vO
LfN

• 0 • • • • • • •
KN O o o O o o O o

KN LfN

1

CO

i 1 1 1

•  LfN LfN 4  _ 4  O  £— 0 0  OO t • • • • • • •
I 4 “ KN 4 "  LfN liN  vo

KN tH CO 0 0 CO o o KN OJ4 VO 4 4 o CM CM H CM
• • • • • • • • •
o o o o o o o O o

4  c n  f -  0 0  C— O  OJ v o
vO  4  NO CO CD CM 4  KN | • • •  • a • * *
CM CM CM CM H  KN CM CM

LfN LfN O O O CM LfN
ON KN H KN ON 4 KN

• • • • • • •
KN1 H1 KN

•fr
rH1 2 ¥ 4

• • • •  # • • • •
£ -  CO ON O  H  CM KN 4  K>
KN KN KN - 4  4 ^ 4 4 4



'— ■ OJ d  0 0jd it ia c\i* • •
CO CTN rH

rH

VO CM CMto v o c—CD_ * • 0 •o o o

c— KN rH
CM rH KNu • • •

■—̂ o o O

UN
.—* CO o VO

c • • •
d UN d

r-i KN O
i d KN KN

r^J • • •
O O O

c ~ O 0 0
OJ O VO

o • • •
CM OJ CM

d  o oo
V D  C—  C *-• • •

<0 v o  C— CO
' d  d  d

k n  v o  •• * I o
CO Hi« 4* »

OJ r-i <J\
d  VO ON• • •
ON O  I  OJ

i—I rH

OJ 0 0  rHc— C~~ ON
•  •  I •o o o

ON 0— UN
UN OJ •

•  •  I  o

UN
0 0  O  rH

•  •  I •
KN UN VO

• • •O O I o

KN KN d
0 0  CO d

•  •  I •
CM »H KN

r-
o  o  UN
KN •  KN

•  »H I  *

CTN O  rH CM
d  UN UN UN

d O n 0 0 H
3 r rH o rH

• • • 0

d CTn Ch rH
I 1 + 1

UN d ON VO
C-- ON UN 0 -

• • • 0
O KN O 0 0
rH r-i

ON CM 0 0 0 0c— d c—v o
• • • •o o o o

KN c— 0 -vo ON UN KN
• 0 • •

0
1

o o o

UN
o - 0 0 ON VO0 • • •

v o KN KN d

KN 1$ KN c—
d KN KN

• • • •
o o O O

ON O O o
CD rH 0 0 rH

• • • •
CM rH rH CM

D— KN <JN00 00 CM O• • • d
KN rH o •
1 rH r-i o

1 •I" 1

KN 4  i n  M3
UN UN UN UN

UN
< 3

c ~ v 0
rH CM F—

• • • •

% rH
1

0
1

o
+

ON C— o UN
UN C— ON

• • • •
CM 0 0 KN tH
rH rH rH

ON 0 0 CM VD
0 0 vO ON 0 0

• • • •
o o O o

CO ri o -
|H o rH VO

• • 0 •
0
1

o o 0
1

UN
CM KN O CM

• • • •
UN UN UN c*—

CM CM d ON
VD 0 0 0 0 d• • • •
O o o o

ON 0 0 c - VO
UN ON c o KN

• • • 0
rH rH CM CM

d "  0 0  ON t r
u n  o n  o d• • • •
NO rH KN OJ
+  I 4* +

C— CO 0 N o
UN UN UN VO



rH•
M3I

O
UN•
HI
4-

00
KN
d-fr

o> kn 
d  d

% HI
♦

■3
LfN v o CM CM C—
rH o LfN • VO• • • • 1 rH •

O d rH UN rH KN
•fr l 1 1 1 •fr

KN
d

■f

LTN H i
d  • •

C\J HI
H  HI

VO CMCJV vo • •
CM H KNH

O
d
o
rH

rH UN LfN o C - C— VO LfN O 0 0
ON CM ON d d - d LfN ON LfN UN

• • • • • • • • • •
rH
i—1

ON
3 CM

rH
KN
rH

CM
rH

0 0
HI

CM 0 0 o

o KN rH UN t"— UN I—i CM 0 0 d ON CM UN VO KNbO ON 0 0 ON ON Ch 0 0 O 0 0 ON 0 0 CM d UN KNv « / • • • • • • • • • • • • • • •o o O o o o O rH o o o rH o o O

UN KN 0 0 - d 0 0
KN KN KN KN rH KN d UN rH o - CM vo UN rH

• • • • • vO KN o O rH VO KN CM ON dO O O O O • • • • • • • • • •
1 1 1 t O rH 0

1
0
1

O o O CM O KN

UN LTV
- d 0 0 VO C*“ - d c - rH VO l> - D— d ON VO rH O

€ • • • • • • • • • • • • • • •
vO UN v o UN d d KN VO v o VO LfN d o UN rH

1

KN o o o vO rH oo d rH o UN o d UN ON
^  UN UN ON KN d CM c — VO vO vo UN KN KN rH
*1$ • • • • • • • • • • • • • • •
W o o o o o o o o O o o o O O O

o - CM O d CO KN o UN UN CM -d rH C— UN
o CO KN c- d 0 0 rH CM UN UN KN

1
CO O 0 0

o • • • • • • • • • • • • • •
CM KN CM CM CM rH CM KN CM CM KN H rH o

ITN 00 
H  LTV

i  ?

KN O  UN CM on oo mLfN ON H
KN 0 0  0 0  LfN
LfN d  d  CTn• • • •
KN CM rH KN
♦  1 •§“ I

VO CM ON
v o C - rH KN

• • • VO
LfN KN d •

% rH
1 •fr

fr—
1

cd
•

rH
•

CM
•

KN
•

d
VO VO VO v o

LfN VO. r—
• • «

0 0  ON o
VO vo C"-

rHC- CMC~“ KN d  C— O-
ON
IN-



o in- r i LTN LTN VO 0 0 d•H i-4 o KN LTN ON KN 0 0 ON• • • • • • •> •
d NO CO o CNJ rH rH

i 1 I + ♦ 1 *■

KN NO rH 00 NO d in * c -
r— NO OJ KN KN o o UN 0 -

• • • • • • • *

¥ 9
LfN
+

0
1 f

o -
♦ - f

'—■ o  o  IN-
x l  rH o NO 0 0 0 0 NO UN d ON ON ON 0 0 0 - 0 0 CO rH
w  • • • ON UN O o UN ON d ON ON ON OJ ON OJo o 0 0 • • • • • • 0 • • • • • •o

rH
o
rH

KN
rH

1—1 
rH

c—
rH

UN
rH

c—
rH

ON
rH

UN
rH

o
rH

ON rH
rH

d rH 0 0 o ON N - IN- OJ IN* d in- KN OJ KN KN 0 0
bO KN OJ LfN ON 0 0 CO ON rH rH rH rH rH rH 0 0 UN d- • • • • • • • • • • • • • • • •

O o o o o o o rH i—1 rH rH rH rH O o o

NO ON 0 0 rH C\] NO KN CM CM ON o NO d O CM.—■* d o CVJ d CM rH O O rH CM rH UN KN UN rH
• • • • • • • • • • • • • • • •

CNJ d o o o O
1

O o o O O
1

0
1

o CM CM CM

—  UN NO NO C -
UN
KN d d o UN

C"-
oo 0N

UN
CM UN CM KN O

©  • • • • • • • • • • • • * • • •
w  O KN UN NO UN c - UN 0 0 in - i n - 0 0 0 0 NO KN KN UN

UN UN IN* o o ON KN ON o UN CM UN KN KN d KN CN-
o rH ON UN UN UN CM rH rH KN KN rH CM IN- UN VO

• • • • • • • • • • • • • • o •
o O o O o O rH rH rH rH rH rH rH o o O

IN- CM CM C'“ d d CM IN O IN- IN- 00 CO CM IN-
- 3„—« CM rH 00 o ON NO NO IN- d UN VO CM IN- UN IN-

o • • » • • o • • • • • • • • • •
O O CM CM rH CM CM KN KN d KN d KN CM rH CM

NO rH O o UN O C -
UN O ON 0 0 o CM CM

• • • • • • •
. o IN- IN- ON CM d rH

1 1 1 + 4- ♦ 1

NO KN O o IN-
d CM O d NO

• • • • •
UN
+ ■

VO
4*

NO
+ *

ON C\l f -
4  o n  i a

rH CO 0 0  UN+  + +  +

,—v • • • • • • • m
Cti NO IN- 0 0 ON o rH CM KN

IN- IN- n - IN- 0 0 0 0 0 0 0 0

• • • • • m • •
d UN NO c— CO ON o rH
00 CO 00 CO CO 0 0 ON ON



C\1VD•
00I

CO
VD•
CMI

O
VD

rH
4-

C"“C*-•
01

ON CM CM c- rH KN ON ON KN D— ON
ON 4 o o D— rH rH rH KN VO rH

• • • • • • • • • • •
CM CM o o O KN 4 rH o CM o1 1 ♦ + 1 ♦ 1 4 1 + 1

KN rH VO -4* o 00-—' D"- KN ON O 00 CM o
• • • • • « •

CM
rH

-4*
rH

UN
rH

UN
rH ft CM

rH
vO
rH

KN 0 0 KN rH c— ON o
UN KN CM CM l> - rH ON c—

• • • • * • • •
0 0 UN r- 0 0 VD ft KN UN
rH i—i rH rH rH rH rH

0 0 o VD KN CM CM O ON ON £"* CM .4* c— O 0 0-—"• VO o CM CM CM O O ON ON ON o o O ON ONUO • • • • • • • • • • • • • • •o rH rH rH rH HI rH o o o rH rH rH o o

UN CM rH UN CM CM L^- 00 00 UN CM ON'—* KN CM UN UN -4 o UN O VO CO c— o rH CM o
• • • • • • • • • • • * • • •

CM O O o o o o rH O o o rH O o o1 1 1 1 1 1 1 1 1 1

0 0 CM
UN
CM ON VD -4 CM

© • • • • • • •
UN 0 0 ON CO CO C'- ON

Lf\
VD CO UN UN CM c— VD UN

• • • • • • • e
O
rH

ON ON ON o
rH

D— D ~ CO

v D
ON a

CM
rH

KN
rH

O -
D - 4

CM
CM

ON
KN

VO
KN

-4
KN €

D -
CM

• m • • • • • • • • • • • • •
O rH rH H rH O rH i—1 rH rH H Hi rH rH rH

ON -4 D— 0 0 VO CM O CM 0 N O o > O KN rH rH
UN ON rH rH O O 0 0 KN VD rH -4 KN D ~ CM rH

O • • • • • • • • • • • ■ • • •
CM CM KN KN KN KN 4 4 KN -4 KN -4 KN KN KN

C— C“— VD O UN 0 0 0 0 ON KN rH UN
CM CM KN c*~ KN 4 4 UN KN VD

• • • • • • • • • • •
X> 0 0

1
rH
1 £

rH
1 CM

1
o
+

CM
4-

O
1 O

1

KN0

1
CM
r-i

•
OI

D— UN
u n  v o

£
rH+

CSJ CM
ON

kn 4
ON ON

LfN v o  
ON ON

d-
ON

CO
ON

ON
ON

O
S

rHO
rH

(M KN 4o o o
rH r—1 rH

LfN VDo o
rH rH



e'
VO t w v o KA KA KA c - CM

3
KA o ON CM VO o

H • o ON ON CM H LfA UN LfA ON CM o KA
• UA • • • • • • • • • • • • m

o Hi H O O H t - CM O H o O CM CM
1 + •* + 1 ♦ 1 1 + ♦ 1 1

ON O 00 H LfA o 00 H KA CM LfA H c -
H CM H KA ON v o LfA CM VO 00 CM 3 * VO ON

• • • • • • • • • • • • • • •
H KA O O H KA 00 CM CO UA LfA O H KA 00
H H H H H H H H i—1 H H

ON ON CM 00 D— CO H KA ON O 00 ON LfA o -
00 LfA CM o - t - ON v o ON KA CM KA C"- c - ON C“-

t>0 • • • • • • • • • • • • • • •
•>_* o o O o o o o o H H H o o o o

LfA - 3 *
KA C - O

• • •
—^ o H CM

CM vO LfA ON KA 00 d— LfA LfA ON
H o CM o t - LfA c - VO KA H

• * • • • • • • • • • •
O o o o o o o o o o O H

1 1 1 1 1

_̂_ 00 00
UA
00 LfA

© • • • •
VO CM o VO

er) UN KA 0 0  CM
•  •  0 •  •  •

VO C— VO C— o n  o n

ON o v O H O N
• • • • •

00 VO VO CO UA

LfA CO ON CM KA LfA CO
o ON H ON VO C—

• • • • • • • •
o 1—1 o H H O o o

On UA ON c— ON CM KA
LfA 3 KA vO vO CO UA

• • • • • • •
H H H O o o O

vO UA UA ON VO KA CM v 0
o KA UA H O VO ON

o • • « • • • • •
CM i—1 o CM CM CM H CM

CMON
•

CM

(M
KA

O
CM

KA KA

KA vO CO
00 KA VO

•  •  •
H  CM CM

VOOn

H  VO O
-3- o  -d*

•  •  •

? 0  KA 
CM I I

vO c - 0N 00 VO
H o CM LfA VO

• • • • •
O CM KA 00 UA
+ 4- * 1 +

ON O  
C— KA 

•  •
UA O
4- +

r i
H

CO KA LfA 00
H vD KA VO

• • • •
H O H KA
+ + 1 1



CM vo - d O
ON CM vo UN

•H • • • •
rH - d CM fH1 i 1 4

CvlI

O
rH•
rH
4

CM o rH CM -d C—
rH ON vO O KN rH

• • • • • •
i—i rH rH CM UN CM1 1 4 4 1 4

H  CV3 
O  vO  • •
- f  ¥

- d  - d
O - UN• •
o  c-f  4

iH kn CM iH rH CM CO KN C— KNiH - d kn O rH O CM Ov rH iH CM• • • • • • • • • • •
0 0 U \ vo ■—1 kn UTS UN n n iH rH
rH rH iH i—1 rH rH rH rH rH rH

C\JO•
CO
rH

VOO-
•

UN

ON C— CvJ
CM•
CTV
rH

-A UN ■A o CM UN o rH CM UN NN rH CM vo ON ON69 rH o 00 ON o O O o CO CO rH 00 ON o• • • • • • • • • • • • • • • •
rH rH fH rH O o rH rH iH rH o o rH o o rH

ON CM 0 0 CM ON rH c - d CM UN UN 0 0 CM
O - d C— rH rH rH KN NN vO ON O - d CO o CM o

Ah • • • • • • • • • • • • • • • •
rH rH o o o O O o o rH o o o rH O i—1

1 1 1 1 1 1 1 1 1 1 1 1 1

*—* UN KN rH UN UN CM rH On ON vO VO o CO o CM UN
© • « • • • • • o • • • • • • • •

00 CMHI 10

ON o- CO 00 fr- CO rH
rH

- d VO 00 o
rH

00 ON

rH CM UN CM ON - d 0 0 ON c - KN o VO UN d 0 0 UN
rH CM 0 0 0 0 c— ON o VO vo VO UN -d CO vo c— CO

• • • • • • • • • • • • • • • •
rH rH o o o o rH o o o o o o o o o

rH KN KN CM UN KN O KN O 0 0 d C”— d 0 0 KN O
0 0 CO UN KN CM UN On 0 0 UN UN C*- 0 0 KN UN ON VO

o • • • • • • • • • • • • • • • •
KN KN KN KN CM CM CM KN KN KN CM CM d KN KN KN

VO c— o - O KN CM
rH O KN C— C— rH

• • • • • •
KN CM KN CM rH o1 I 4 * 1 + 4

CM

o+

-d
iH

CM CM
rH ON rH o KN KN r—
CM 0 0 0 0 0 0 • 0 0 •

• • • • rH • CM
O
4

CM1 % c—
t

rH
4

rH
4 4

• • • o • • • • * • • • • • • •
—* CM KN UN VO c*- CO ON o rH CM KN d UN VO o -

CO CM CM CM CM CM CM CM KN KN KN KN KN KN KN KN
w  rH rH rH rH rH rH rH rH rH rH rH rH rH rH H rH



O -o KN
UN KN d CD

oo
CM

VO
rH CO

• • C"“ CO UN • 0 ONo H o 0 0 CM 0
I rH L— tr- KN rH H VO

4- + 4 1 4 1 4*

CO ON ON HI d KN VO o
UN KN CO ri CM HI d VO

d 0 0 • 0 0 0 0 0
v - '

- 3 ■3
v o CD d CO

■3
o
CM

-3•
O
CM

rH
D—•
HII

VO
iH

•
ONI

VO

i
0  00

0
Lf\1

C— HI vO
H  C—  O• *

£  ?«H4

CO
KN VO KN KN o H ON

VO VO O O UN VO ON0 0 0 0 0 0 0
ON NN CO ON o rH CTN
H rH rH I—1 CM CM rH

ON KN CM UN KN CM c— 0 0 0 0 UN UN KN d CM o
trO 0 0 CO NO CM CM KN CM CM CM o CM rH rH CM KN0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0

o o o O o O rH 1—1 rH rH H H i—1 i—i 1—1 rH

KN
KN

D—
H

CO
c—

rH
ON 3

CO
UN CM

d
O n

CM
0 0

UN
CD CM o CM

rH
c— VO UN

Sh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O O rH rH CM CM 1--1 iH i—1 rH o rH iH o rH rH
1 1 1 1 1 1 1 1 1 1 1

VO 0 0 ON VO CM UN CM O n «H NN vO CM CO O rH
e 0 o 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0

CD C— NN d CM d ON CM rH CM CO o CM o KN CM
rH H i—1 1—1 H rH rH i—1

UN ON c— vo KN CM ON CD rH c*- ON VO 0 0 O KN CM
ON vO CM rH rH rH c— CM rH NN VO O NN 0 0 rH CM

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o o o o o O o rH rH rH o fH i—1 o rH rH

vO O rH d rH rH C"~ o CO rH CM c— UN c— rH UN
„—w v o KN CD rH ON c— ON KN KN UN d VO KN ON c—
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KN NN rH CM o rH d d d d KN d d UN KN KN

KN o KN O
CDrH ON UN d O UN o rH VO rH KN CD VO

0 0 0 0 0 0 CO UN o d ON CM vO rH
KN • 0 0 rH CO o • 0 0 0 0 0 0 0

UN
1

rH
4

rH
1

iH
4

D ~
+ 2

ON
1 *

d
i ' i S ' S '

0
o

0
rH

0 •
CM KN

rH

0
UN

0
vo

0

c-
0

00
•

ON
•
o

0
iH

0
CM

0

KN

- 3 ■3 1  3
d
rH

d
rH

d
rH

d
rH

d
rH

UN
rH

UNi—1
UN
rH

UN
iH



rH CM O* c— O rH VO ON rH CM UN CM d VO iH
■H d rH OJ VO CO UN UN d rH UN CD O NN• * • • • • o • • • • • • • •

d rH rH O o o C— o rH CM rH O CM NN o♦ 4 4 4 1 4 1 4 1 1 1 4 1 1 4

d o CD VO CD C“— rH UN rH D~~ O - UN ON C -
jd UN CD VO NN rH ON rH C - UN c— NN VO ON o• • • • • • • • • • • • • • •

CD c— D— vO UN
3

CD ON o rH rH rH O rH ON
rH rH rH rH rH rH rH CM CM CM CM rH

o CM UN UN NN O HI UN CM c— rH ON O NN UN
CM rH rH ON CM CO CD CD ON CD VO VO VO C'~ d• • • • • • • • • • • • • • •

w rH rH i—1 o rH o O o o o rH rH rH rH rH

UN UN rH NO CO c— d UN CM NO rH VO rH CM
c— o CJN rH o vO UN VO NN d NO NN o UN i—i

• « • • • • • • • • • • • • •u o rH o O o o o o o o CM CM CM CM rH
1 I 1 1 1 1 1 1 t 1

UN NN NN UN NN rH UN d CO UN NN 00 UN O CM
« • • • • • • • • • • • ♦ « •

© o rH o ON CD O NO UN UN NO d NN NN *
rH

rH rH rH rH rH rH rH rH

ON «H ON NN c - rH UN ON NN d NN NN VO c— c—
CO ON o ON c o O NO ON NN CM d VO d C“—CM

• • * • • • • o • • • • • • •
o o rH O o rH O O rH i—1 rH rH i—i rH rH

0 0 O O c— CM O NN UN ON 00 rH ON 3
00 CM

CM 00 rH UN O CJN CO UN fH CD d CM NN
O • • •  ' • • • • • • • • • • • •

NN NN NN NN NN CM CM rH rH CM d d d NN

00
NN d CM d 00 d C— o NN vo 00 00 NN vO
00 CO C— CD o VO o c— rH CO d UN rH CM,—s • « • • • • o • • • • • • • •

fit D—CM d rH rH Hi rH Q rH rH o rH O NN
4 4 4 4 4 4 1 4 1 1 4 4 1 1 4

• • • • • • • * • • • • o • •
*»•% d UN vO c - 00 ON O rH CM NN d UN VO C— CO

OS UN UN UN UN UN UN vO VO VO vO v o VO VO v o VO
rH rH rH rH rH rH rH rH rH rH rH rH rH rH 1—1



ON CD O  H  4
rH C— CO« ! - { • • • • •

—  vO  -d "  Q  O  OI 1  +  4  I

vo NN VO 00 Oo C\1 NN UN ~=f
• • • • m

UN O NN UN NN
H i H i H i H I H I

l>- CO CM ON
CM ON H o ON

• • • • •
HI o H H o

UN CM H NN ON
NN NN CM rH rH

• • • • •
u o rH O O o

1 1 1

-d* -=fr *H
•  •  •

ON vo CO

UN
o  c— 

•  •
o n  00

o «H VO ON VO
«■—* rH c- 00 CO VO• • • • •

H O o o o

o
NN

ON
CM

00
O

NN
00

NN
O

o • • • • •
NN CM CM CM NN

UN UN ON vo 00
CO CM NN C - CM

• • • • •
& UN VO *1* CM o1 1 + 1

•
ON

•
O

•
r-i

•
CM

o
NN

GJ VO D - t - C— c -
rH rH rH H H



T able ( 42 )

H at No. 
G est* Age 

Days

561 
12 d ays

532 
14 d ays

466
14 days

461
15 days

462  
15 d ays

490  
17  d ays

454  
18 days

POET All AND Pii AGENT Air GHOWTH

( I n d iv id u a l  M easurem ents)

F o e ta l  P la c e n ta
W eigh ts W eigh ts

mg.

18 14

156
136
143
150
126

138
119
123
111

88

152
131
249
258
244
248  
283  
283
249  
257  112

123
105

92
133
146
148
158
126
128
137
113

236 148
224 150
230 130
226 113
229 164
232 135
230  127

569 155
670 163
687 167
652 150
446 160
641 184
569 163

1100 271
960 182

1240  ' 277
1210 • 316
1040 257

930 263
1220  338

Concept*
W eights

mg*

538
483 
529
484  
486

470
43§
628
670
678
706
7 4 9
729
660
672

721
713
698
650
675
649

1780
2100
2170
2030
1950



T ab le  ( 4 2 ) C ont.

R at No. 
G e st . Age 

Days

434  
18 d ays

435  
18  d ays

457
20 d ays

444  
20 d ays

439  
21 days

438  
21 days

479

F o e ta l
W eights

mg.

1390
1268
1292
1412
1264
1450
1310
1520

1260
1370
1450

3670
3150
3420
2530
2600
2650
2370

908
926
864

1085
1330
1100
1 080

992
1010
4850
5050
4750
4500
4525
4050
4650
4600
3500
3675

4820
5070
4580
4950

5400
5430

5210

P la c e n ta
W eigh ts

mg.

284
278
352
310
305
315
292
301

435
362
422

340
414
402
371
323
381
373

337
348
256
295
366
297
265
362
291

438
364
498
380
375
393
395
407
412
392

395
549
462
508

373
385

432

C o n cep t. 
W eights  

mg.

2380

1670

2010
1900
1960


