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"To th e  p h y s i o l o g i s t  th e  phenomenon o f  grow th 

s u g g e s t s  many . . . . . . .  c o n s id e r a t io n s . ,  and e s p e c i a l l y

th e  r e l a t i o n  o f  grow th i t s e l f  to  chem ica l  and  p h y s i c a l  

f o r c e s  and  e n e r g i e s ” .

D*Arcy W. Thompson (1 9 4 2 ) .

On Growth and Form, p .  2 4 3 .

"What i s  G row th?”  "L et us. go hack  to  work

a n d  f in d ,  o u t  more abou t i t  and  n o t  p r e t e n d  we know” .

P . W eiss (1955/ •

I n  The H ypophyseal Growth

Hormone, N a tu re  and . . i c t io n s ,

p .  1 6 .
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INTRODUCTION

The complex s tu d y  o f  g ro w th  h a s  been e x p lo re d  

from  many d i r e c t i o n s  by many d i f f e r e n t  m e th o d s . These 

numerous approaches  a re  n e c e s s a r y  becau se  g row th  may be 

s t u d i e d  a t  a l l  l e v e l s  o f  p r o to p la s m ic  s y n t h e s i s ,  a t  th e  

c e l l u l a r  l e v e l ,  a t  th e  o rg an  o r  t i s s u e  l e v e l  o r  a t  th e  

o rg a n ism a l  l e v e l .

The a s p e c t  o f  grow th  to  be c o n s id e r e d  i n  th e  

p r e s e n t  work was th e  c o m p o s i t io n  o f  th e  body w e ig h t  

g a in  a t  d i f f e r e n t  ages i n  r a t s .  The problem  o f  what 

com ponents c o n s t i t u t e  an  i n c r e a s e  i n  body mass a t  

c e r t a i n  i n t e r v a l s  o f  time, was ap p ro ach ed  from t Two 

d i r e c t i o n s .  F i r s t l y ,  a dynamic approach  was employed 

to  d i s c o v e r ,  by m easurem ents o f  th e  b a la n c e s  o f  n i t r o g e n ,  

w a te r  and e n e rg y ,  th e  p r o c e s s e s  in v o lv e d  i n  th e  r e t e n t i o n  

7  o f  t h e s e / s u b s ta n c e s : .  S econd ly , a n a ly s e s  o f  whole

c a r c a s e s  o f  r a t s  a t  d i f f e r e n t  ages were p la n n e d  to  g ive  

d i r e c t  i n f o r m a t i o n  about th e  n a tu r e  o f  the  w e ig h t  g a in e d .

D e f i n i t i o n s  o f  g row th  depend l a r g e ly  on th e  

a p p ro a c h  o f  th e  i n v e s t i g a t o r .  There i s ,  f o r  i n s t a n c e ,  

t h a t  o f  S c h lo s s  ( 1 9 I I ) ,  "a  c o r r e l a t e d  i n c r e a s e  i n  th e  

mass o f  th e  body i n  d e f i n i t e  i n t e r v a l s  o f  time i n  a wag 

c h a r a c t e r i s t i c  o f  th e  s p e c ie s "  and t h a t  o f  Brody (194p ; ,  

” a r e l a t i v e l y  i r r e v e r s i b l e  tim e change i n  th e  m easured  

d im en sion "  . D' Arcg Thompson ( lg 4 a ;  em gnasises p.: r l i u i i i s



th e  change o f  form  which accom panies g ro w th .  The 

p r a c t i c a l  v ie w p o in ts  o f  Hammond ( 1 9 5 2 ) who f o r  th e  sake 

o f  s i m p l i c i t y  s u b d iv id e s  g row th  from  d eve lop m en t,  and 

o f  M aynard ( 1 9 4 7 ) who d i s t i n g u i s h e s  b e tw een  t r u e  g row th  

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

p h i l o s o p h i c a l ,  tho u g h  r a t h e r  n e b u lo u s ,  v iew s o f  

Hammett (1946) who d e f i n e s  g row th  as  th e  " i n t e g r a t e d  

e x p r e s s io n  o f  th e  a c t i v i t i e s  o f  I n i t i a t i o n ,  P r o l i f e r a t i o n  

D i f f e r e n t i a t i o n ,  O r g a n is a t io n  and C o n s t r u c t iv e  S u b s tan c e  

I n c r e a s e " .  R ic h a r d s  and Kavanagh (1945) d e f in e  grow th  

a s  a  " fu n d am e n ta l  a t t r i b u t e  o f  l i v i n g  o rg a n ism s ,  

m a n i f e s t e d  by a  change i n  s i z e  o f  th e  i n d i v i d u a l  o r  i n  

th e  number o f  o rgan ism s i n  a  u n i t  o f  e n v iro n m en t" ,  end 

Medawar (1945) a l s o  s t a t e s  t h a t  g row th  means change o f  

s i z e ,  c o n t in u in g  " th e  s i z e  o f  an  o rgan ism  i s  som eth ing  

d e f i n i t e ,  unambiguous and m e a s u r a b le " . I n  c o n t r a s t ,  

t h e r e  i s  th e  d ic tu m  o f  t fe is s  (1949) t h a t  "grow th  i s  n o t  

e v en  a s c i e n t i f i c  te rm  w i th  d e f in e d  and c o n s t a n t  meaning" 

T h ere  i s  in d e e d  much t r u t h  i n  th e  v ie w p o in t  t h a t  th e r e  

i s  "no s i n g l e  p rob lem  o f  g ro w th  b u t  as many as one w ishes  

t o  c r e a t e "  (Zuckerm an, 1 9 5 0 ) .

f h e r e  a re  v a r i o u s  d im ensions  i n  w hich  growth 

can  be m e a su re d ,  f o r  i n s t a n c e ,  i n c r e a s e  i n  th e  number 

o f  c e l l s ,  i n c r e a s e  i n  l e n g t h ,  i n c r e a s e  i n  w e ig h t ,  e t c .  

Even when i n c r e a s e  i n  w e ig h t  i s  ta k e n  as th e  m easure o f



grow th  t h e r e  i s  a v a r i e t y  o f  methods f o r  i t s  a s se ssm e n t  

( P a l s s o n  1 9 5 5 / •  The a c t u a l  w e ig h t  i n c r e m e n t ,  th e  

p e rc e n ta g e  in c re m e n t  and th e  w e ig h t  g a i n  p e r  u n i t  tim e 

have a l l  b e en  u se d  to  i l l u s t r a t e  d iffe ren t a p p ro a ch e s  to  

th e  p rob lem  o f  g ro w th .  The g ro w th  o f  p a r t s  r e l a t i v e  

t o  th e  whole h as  r e c e i v e d  some a t t e n t i o n  on th e  b a s i s  

o f  w e ig h t  i n c r e a s e  as w e l l  a s  o f  l e n g th  ( " H u x l e y ,  1 9 ;2 ,  

Teissier, 1934; . Brody ( 1 9 4 5 ) h a s  ad v o ca ted  th e  

a p p l i c a t i o n  o f  th e  p r i n c i p l e  o f  mass a c t i o n  to  a l l  p h a se s  

o f  g ro w th ,  a l th o u g h  t h i s  has  b e en  c r i t i c i z e d  by Mayer 

( I 9 4 9 ) on th e  g ro u n d s  t h a t  i t  l a c k s  g e n e r a l i t y  because  

o f  t h e  im p r e c i s e  c h a r a c t e r i z a t i o n  o f  a g e in g .  I t  may 

be a rg u e d ,  e q u a l ly  w e a l ,  how ever, t h a t  th e r e  i s  no 

p r e c i s e  y a r d s t i c k  o f  th e  c r i t e r i a  f o r  y o u th .

D e s p i te  a fo rm id a b le  a r r a y  o f  m a th e m a tic a l  

a n a ly s e s  o f  g row th  c u rv e s  i n  w hich  grow th h a s ,  f o r  th e  

m ost p a r t ,  b e en  t a k e n  as e q u iv a le n t  t o  an i n c r e a s e  i n  

w e i g h t ,  t h e r e  has  been  a grow ing  d e m o n s tr a t io n  from 

v a r io u s  s t a n d p o i n t s  t h a t  mere mass i s  a r a t h e r  in a d e q u a te  

m easure  f o r  th e  g ro w th  o f  o rg a n is m s .  T h is  i s  s t r i k i n g l y  

i l l u s t r a t e d  by th e  m arked d i f f e r e n c e  i n  w e ig h t  v a lu e s  

o f  th e  same c a l o r i c  e q u i v a l e n t  o f  f a t  and p r o t e i n  

r e t a i n e d  i n  th e  body (M eyer, 1949a; G aun t, 1954)* and 

t h e  r e c e n t  i n c r e a s e  i n  i n t e r e s t  i n  body c o m p o s it io n  (p .  id ) 

t e n d s  t o  s h i f t  th e  em phasis  from  w e ig h t i n c r e a s e  p e r  so 

to  th e  components o f  t h i s  w e igh t i n c r e a s e .



I t  i s  a g a i n s t  t h i s  background  t h a t  i n  th e  

p r e s e n t  worn grow th  i s  ta k e n  as r e f e r r i n g  to  th e  

m e ta b o l i c  p r o c e s s e s  u n d e r ly in g  th e  g a i n  i n  w e ig h t 

w hich  i s  n o rm a l ly  a s s o c i a t e d  w i t h  i n c r e a s i n g  a g e .  I n  

th e  s tu d y  o f  t h i s  a s p e c t  o f  g row th  i n f o r m a t io n  was 

r e q u i r e d  abou t th e  r e t e n t i o n  o f  n i t r o g e n ,  w a te r  and 

e n ergy  a t  d i f f e r e n t  ages and ab o u t th e  in ta k e  and o u tp u t  

o f  th e s e  s u b s ta n c e s .  I t  was p la n n e d  to  s tu d y  th e  

en e rg y  e x p e n d i tu re  o f  r a t s  a t  d i f f e r e n t  ages and i t s  

r e l a t i o n s h i p  to  body w e igh t and fo o d  i n t a k e .  The 

p r o p o s i t i o n  has b een  made (Mayer, 1 9 4 9 a) t h a t  grow th 

c o n ta in s  a  change from p r o t e i n  s y n t h e s i s  to  f a t  s y n t h e s i  

w i th  c o n se q u e n t  c o n t i n u a l l y  i n c r e a s i n g  energy  c o n te n t  o f  

t h e  added t i s s u e .  I n  o th e r  w ords , th e  p o t e n t i a l  energy  

p e r  u n i t  w e ig h t  i n c r e a s e s  d u r in g  g ro w th . I t  was 

s u g g e s te d  t h a t  th e  h e a t  c o n te n t  o f  an im als  i n c r e a s e d  

s t e a d i l y  w i th o u t  any p o i n t  o f  i n f l e c t i o n  i n  th e  c u rv e ,  

u n l ik e  th e  s igm oid  curve  o f  body w e ig h t on age (p .  3 '

The e x a m in a t io n  o f  t h i s  p r o p o s i t i o n  o f  Mayer ( 1 9 4 9 a) 

was t h e  p u rp o se  o f  th e  f o l lo w in g  s tu d y .  I t  was a ls o  

d e s i r e d  to  e s t a b l i s h  th e  norm al p a t t e r n  o f  grow th  

b e fo re  any s tu d y  o f  abnorm al c o n d i t i o n s  o f  growth was 

u n d e r t a k e n .

As h as  been  i n d i c a t e d ,  th e  e x p e r im e n ta l  work 

was d iv id e d  i n t o  two p a r t s .



PART I .

m easurem ents were made o f  e n e rg y ,  n i t r o g e n  

and w a te r  exchanges i n  male r a t s  d u r in g  g ro w th ,  u s in g  

a c l o s e d - c i r c u i t  r e s p i r o m e te r  f o r  lo n g - te rm  s t u d i e s .

S tu d ie s  o f  th e s e  exchanges, vv'ere made c o n t in u o u s ly  f o r  

24 h o u r s  f o r  5 day p e r i o d s ,  commencing a t  th e  age o f  

30 d a y s .  E s t im a t io n s  were done a t  i n t e r v a l s  o f  10 days 

up t o  th e  age o f  115  d a y s , i . e .  9 p e r i o d s , e a c h  o f  5 d a y s .  

D a ta  were th u s  o b t a in e d  f o r  days 30 -  35 , 40 -  45 ,

50  -  5 5 , 6 0  -  6 5 , 70  -  7 5 , 80  -  8 5 , 9 0  -  9 5 , 1 0 0  -  1 0 5 ,

110 -  115* Three  s e r i e s ,  each  composed o f  9 p e r io d s  

w ere  u n d e r ta k e n .

Y /ith in  each  s e r i e s ,  th e  an im als  u s e d  were 

l i t t e r m a t e s .  I n  th e  f i r s t  s e r i e s ,  i t  was i n te n d e d  to  

u se  one r a t  th r o u g h o u t ,  b u t  a  second r a t  was s u o s t i t u t e d  

f o r  3 ou^ 9 p e r io d s  ( p . 7 2 , Vol,.2). I n  th e  second

s e r i e s ,  s e v e r a l  r a t s  were u s e d  b ecau se  o f  t e c h n i c a l  

d i f f i c u l t i e s ,  w i th  th e  m e ta b o l ic  a p p a r a t u s .  In  th e  

t h i r d  s e r i e s ,  two r a t s  were s t u d i e d  on a l t e r n a t e  p e r i o d s  

and i n  t h i s  s e r i e s ,  44 ou t o f  45 days r a n  c o n s e c u t iv e ly  

w i th o u t  m ish a p .  I n  th e  e a r l i e r  two s e r i e s  t h e r e  were 

o c c a s i o n a l  gaps i n  th e  scheme, e i t h e r  due to  obv ious 

i n s t r u m e n t a l  breakdowns o r  to  e r r o r s  i n  the  w e ig h t  

b a la n c e  o f  components ( p .  64 ) s u b s e q u e n t ly  d i s c o v e r e d .

I n  a d d i t i o n  to  th e s e  3 s e r i e s  ( t o t a l l i n g  1 3 5  h a y s ) ,  

two w e a n l in g  r a t s  (21 days o ld )  were s t u d i e d  i n  th e



m e ta b o l i c  a p p a ra tu s  f o r  5 c o n s e c u t iv e  clays. The 

a p p a r a tu s  was a lso  i n  use  on numerous o th e r  o c c a s io n s  

to  g iv e  a d d i t i o n a l  in fo r m a t io n  (on  u r i n e  s o l i d s  (p .  -g )

2 1  d a y s ,  on m o is tu re  on fu n n e l  and fram e (p .  £5  )

23 days and on ' 'b la n k ” ru n s  ( p .  75  ) 9  d a y s ) .  T hat i s ,

i n  th e  p r e s e n t  worn th e  a p p a ra tu s  was i n  use  f o r  a

t o t a l  o f  193  days .

A na lyses  f o r  w a te r ,  n i t r o g e n ,  f a t  and head  of 

com bus tion  were made o f  th e  c a r c a s e s  o f  th e  r a t s  on 

m e ta b o l i c  s tu d y  and o f  th e  c a r c a s e s  o f  l i t t e r m a t e s  o f  

th e s e  r a t s .  A t o t a l  o f  28 a n a ly s e s  a t  d i f f e r e n t  ages 

w ere  made, as f o l lo w s

PART I I  .

Number a n a ly s e d

1 l i t t e r  (1 0  r a t s )

1  l i t t e r  ( 1 2  r a t s )

1 group ( 4  l i t t e r m a t e s )  

1 group (3  l i t t e r m a t e s )

Newborn

20  days

21  days

1 day

5 r a t s

5 r a t s  

3 r a t s

6 r a t s  

2  r a t s  

1 r a t  

1 r a t  

1 r a t

30  days 

60  days 

80 days

115  days 

143 days 

194 days 

242 days

■47 day s
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BEVIE7/ OF THE LITERATURE.

M e ta b o l ic  r a t e  d u r in g  g row th .

The m e ta b o l i c  r a t e  i s  a m easu re  o f  th e  energy 

o r  h e a t  r e l e a s e d  by a l l  th e  b o d i ly  a c t i v i t i e s  u n d e r  

c e r t a i n  c i r c u m s ta n c e s .  The m ethods u s e d  a re  e i t h e r  

d i r e c t  m easurem ent o f  th e  h e a t  p ro d u ced  o r  i n d i r e c t  

e s t i m a t i o n  o f  th e  energ y  e q u i v a l e n t  o f  th e  f u e l  

u t i l i z e d  to  p roduce  t h i s  e n e rg y .  T h is  in v o lv e s  

m easurem ent o f  r e s p i r a t o r y  g aseo u s  exchange and u r in a r y  

n i t r o g e n .  Oxygen c o n su m p tio n  can  be u s e d  to  g iv e  an 

a p p ro x im a te  e s t im a te  o f  th e  h e a t  p r o d u c t io n .

Much o f  th e  p r e v io u s  work on m e ta b o l i c  r a t e  i n  

a l l  s p e c i e s  o f  an im als  has  b e e n  c o n ce rn ed  w i th  b a s a l  

v a l u e s ,  w h ic h ,  though  p r o v id in g  much u s e f u l  i n f o r m a t i o n  

h a v e ,  n e v e r t h e l e s s ,  many d raw back s, as h a s  been  

em p h as ized  by M o rr iso n  (1955) f ° r  a d u l t  fem ale  r a t s .

I n  r o d e n t s ,  t h e  c i r c u m s ta n c e s  u n d e r  w h ich  b a s a l  v a lu e s  

o f  h e a t  p r o d u c t io n  a re  e s t im a te d  b o r d e r  c l o s e l y  on 

s t a r v a t i o n .  The measurement o f  b a s a l  m e ta b o l ic  r a t e  

i n v o lv e s  th e  r e s t r i c t i o n  of a c t i v i t y  and th e  w i th h o ld iu  

o f  fo o d  f o r  some t im e ,  u s u a l l y  o v e r  12 h o u r s .  These 

a r t i f i c i a l  c o n d i t i o n s  i n  th e  a d u l t  an im al may g iv e  an 

i n d i c a t i o n  o f  th e  minimum h e a t  p ro d u c e d  u n d e r  th e s e  

r e l a t i v e l y  s t a t i c  c i r c u m s ta n c e s .  In  th e  grow ing  ardm.-; 

how ever, i n  w ^ich  th e  a c t i v e  s y n t h e s i s  o f  new t i s s u e  -is



m ain c h a r a c t e r i s t i c ,  th e  e x t e n t  o f  c a ta b o l i s m  im posed 

by t h e s e  b a s a l  c o n d i t i o n s  r e n d e r s  i n v a l i d  any e s t im a te  

o f  norm al e v e n t s .

T o ta l  h e a t  p r o d u c t io n  i s  th e  sum o f  th e  b a s a l  

h e a t  p r o d u c t io n  p lu s  th e  en e rg y  c o s t  o f  f e e d in g  and th e  

h e a t  g e n e r a t e d  by p h y s i c a l  a c t i v i t y .  I t s  m easurem ent 

g iv e s  a  much l e s s  a r t i f i c i a l  p i c t u r e  o f  m e ta b o l ic  

p r o c e s s e s  i n  the  grow ing  an im a l  and has  th u s  b e en  u sed  

i n  th e  p r e s e n t  w ork.

The m e ta b o l ic  r a t e  r e q u i r e s  to  be e x p re s s e d  on 

some r e f e r e n c e  b a s i s  i n  o rd e r  to  compare th e  h e a t  

p ro d u c e d  by an im als  o f  d i f f e r e n t  s i z e  i n  th e  same 

s p e c i e s  o r  by a n im a ls  o f  d i f f e r e n t  s p e c i e s ,  e i t h e r  o f  

th e  same o r  d i f f e r e n t  s i z e s .  There has been  much 

argum ent a b o u t  th e  b e s t  method o f  e x p re s s in g  m e ta b o l ic  

r a t e  ( B e n e d ic t ,  1915> 1-938; Bu B o is ,  1927; K le ib e r ,  1 9 4 7 a , 

1 9 5 8 ) .  T h is  h a s  been  m ain ly  co n ce rn ed  w i th  w h e th er  

th e  s t a n d a r d  o f  r e f e r e n c e  s h o u ld  be body w e ig h t ,  a 

power o f  body w e ig h t  o r  body s u r f a c e .

I n  th e  p r e s e n t  w ork, when a r e f e r e n c e  s ta n d a rd  

f o r  h e a t  p r o d u c t io n  h as  b e en  r e q u i r e d  r a t h e r  th an  

a b s o lu te  v a l u e s ,  body w e ig h t  has  b e en  u se d  because  i t  

g iv e s  a  s im p le  and r e a d i l y  m easured  in d e x  o f  t i s s u e  

m e ta b o l ism  ta k e n  as  a  whole ( K l e i b e r ,  1 9 5 6 }. Body 

s u r f a c e  o r  a power f u n c t i o n  o f  body w e ig h t  a re  o f  use  i n



i n t e r s p e c i e s  co m p a r iso n s ,  s in c e  th ey  p ro v id e  a more 

u n i fo rm  m easure  o f  body s i z e  when t h e r e  a re  l a r g e  

d i f f e r e n c e s  o f  s i z e  among s p e c i e s .  A lth o u g h  i n  th e  

p r e s e n t  c a se  t h e r e  a re  d i f f e r e n c e s  i n  body s i z e ,  th e  

above r e a s o n in g  does n o t  a p p ly ,  s in c e  th e  d i f f e r e n c e s  

i n  s i z e  a re  c o m p lic a te d  by th e  accompanying d i f f e r e n c e s  

i n  a g e .  The v a r i e t y  o f  fo rm u la e  f o r  s u r f a c e  a r e a  

even  f o r  one s p e c i e s  such  as th e  r a t ,  rev ie w ed  by 

K l e ib e r ,  (1944) and by Brody ( I 9 4 5 ) ,h a s  r e n d e re d  

d i f f i c u l t  com p ariso n  o f  d a t a  i n  th e  l i t e r a t u r e  and 

i n c r e a s e d  th e  co m p lex ity  o f  t h e i r  i n t e r p r e t a t i o n  f o r  

l a t e r  w o r k e r s .  I t  sh o u ld  be n o te d  t h a t  s in c e  s u r f a c e  

gp?ea v a r i e s  as a  power o f  body w e ig h t  (a p p ro x im a te ly
0 . 7 5  \

w e ig h t  , • J  f s u r f a c e  a r e a  i n c r e a s e s  l e s s  r a p i d l y  th a n

body w e ig h t .  T h e r e f o r e ,  as  w i l l  be seen  (p .  13 ) ,

i n  e a r l y  l i f e  b a s a l  m e tab o lism  i s  h ig h e r  th a n  t h a t  o f  th e

a d u l t  on a  w e ig h t  b a s i s  b u t  low er on a  s u r f a c e  a r e a  b a s i s

I t  h a s  been  p ro p o se d  t h a t  b a s a l  m etabo lism  sh ou ld

be e x p r e s s e d  as a f u n c t i o n  o f  th e  t o t a l  mass o f  a c t i v e

p ro to p la s m  (R u b n e r ,  1902; B e n e d ic t ,  1938)* The

i n f e r e n c e  was t h a t  much o f  th e  v a r i a t i o n  i n  w e igh t

among a d u l t s  o f  th e  same s p e c i e s  i s  due to  acc u m u la t io n

o f  f a t ,  w h ich  i s  a  t i s s u e  r e l a t i v e l y  i n a c t i v e  i n

en erg y  ex ch a n g e .  The use  o f  th e  t o t a l  mass o f  a c t i v e

p ro to p la s m  was c r i t i c i z e d  as a vague c o n cep t  (Brody, 1 9 4 5  

K l e i b e r ,  1 9 4 7 a ) ,  h>ut i t  c an n o t  be l i g h t l y  d ism is se d  a t



th e  p r e s e n t  tim e b e ca u se  o f  th e  h ig h  c o r r e l a t i o n  

r e c e n t l y  d e m o n s tra te d  b e tw een  B.M.R. and l e a n  body 

mass (Keys, B ro zek , H e n sc h e l ,  M ic k e ise n  & T a y lo r ,  1950; 

B ehnke, 1953; Oarn, C la rk  & P o r t r a y ,  1953; M i l l e r  &

B ly th ,  1953; von D obeln , 1 9 5 6 ) .  I t  sh o u ld  n o t  be 

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

i n e r t ,  th oug h  i t  i s  l e s s  a c t i v e  th a n  o th e r  t i s s u e s  

(S h a p i ro  & W erthe im er, 195&)• O th e r  s t a n d a r d s  o f  

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

m etabo lism  have b e en  t o t a l  body n i t r o g e n  (M oulton, 1 9 1 6 ; 

Z eu th en ,  1953)* e x t r a c e l l u l a r  f l u i d  (D a h ls tro m , 1 9 5 0 ) 

and  th e  o th e r  f l u i d  com partm ents (Wedgewood, B a s s ,  Klima§ 

Kleeman & Quinn, 1953)* At f i r s t  s i g h t ,  th e s e  would 

a p p e a r  to  be more u s e f u l  as  s t a n d a rd s  th a n  body w e ig h t 

b e ca u se  th e y  a re  more homogeneous., w i th  l e s s  v a r i a b l e  

com ponents , b u t ,  as has  been p o i n t e d  o u t  (B rozek &

G rande, 1955)* t h e r e  i s  g dan g er  i n  assum ing t h a t  a 

s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  im p l ie s  a 

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

The changes i n  th e  r a t i o  o f  th e  f l u i d  compartment 

o f  th e  body d u r in g  grow th and i n  t h e i r  a s s o c i a t e d  

m in e r a l  s a l t s  (McCance & Widdowson, 195&) p rove  to

have some b e a r i n g  on the  changes i n  b a s a l  m e ta b o l ic  

r a t e .  D uring  g ro w th ,  th e  e x t r a c e l l u l a r  f l u i d  (E .C .F .)  

u n d e rg o e s  a g ra d u a l  p r o c e s s  o f  c o n t r a c t i o n  r e l a t i v e  to  

th e  i n t r a c e l l u l a r  f l u i d  ( i . C . F . )  and t h e r e  i s  a r i s e



I n  th e  N/K r a t i o  i n  th e  b o d y . Developm ent may th u s  

be a s s o c i a t e d  w i th  a g r a d u a l  i n c r e a s e  o f  p r o t e i n  and 

a  d e c r e a s e  o f  w a te r  and p o ta s s iu m  p e r  u n i t  volume o f  

c e l l .  A l t e r a t i o n  o f  h y d r a t i o n  o f  c e l l s  h a s  been  

shown, i n  k id n ey  s l i c e s ,  to  a f f e c t  t h e i r  consum ption  

o f  oxygen , n am ely , t h a t  as  th e  m e ta b o l i c  r a t e  i n c r e a s e s ,  

t h e  I . C . F .  d e c r e a s e s  and  th e  E .C .F .  i n c r e a s e s  

(R o b in so n , 1950) . The f i n d i n g s  o f  McCance & Widdowson 

and R o b in so n  c a n n o t  be d i r e c t l y  c o n n e c te d ,  b u t  th e y  

s e r v e  t o  i l l u s t r a t e  the. p o i n t  t h a t  ch an g es  a t  th e  

c e l l u l a r  l e v e l  i n  w a te r  c o n te n t  and oxygen consum ption  

may i n  some way be r e f l e c t e d  i n  changes i n  oxygen 

co n su m p tio n  o f  th e  whole o rg a n is m .

I n  m a tu re  a n im a ls  o f  d i f f e r e n t  body s i z e ,  b a s a l  

m e ta b o l ism  e x p re s s e d  i n  te rm s  e i th e r -  o f  body w e ig h t  o r  

o f  body s u r f a c e  h a s  been  shown to  d im in is h  w i th  

i n c r e a s i n g  age (B e n e d ic t ,  1 9 3 8 ) .  D uring  th e  g row th  

o f  many a n im a ls  i n c l u d i n g  man, th e  g ra p h  o f  b a s a l  

m e ta b o l i c  r a t e  (B.M.R.) on age r i s e s  to  a  p eak  and th e n  

g r a d u a l l y  d e c l i n e s  (Du B o is ,  1 9 1 6 ; B e n e d ic t  & T a l b o t ,  1925 . 

D e ig h to n ,  1924; Wood, 1926; Du B o i s ,  1927; R id d le ,

Nussman & B e n e d ic t ,  1932; B rody , 1945; Q u e n o u i l l e ,

Boyne, F i s h e r  & L e i t c h ,  1951)*

A s i m i l a r  p a t t e r n  i s  fo u n d  i n  r a t s .  A lthough  

i n f o r m a t i o n  on th e  m e ta b o l ic  r a t e  i n  th e  e a r l y  s t a g e s



o f  deve lo pm en t i s  l i m i t e d ,  i t  seems t h a t  th e  h ig h  

oxygen consum ption  p e r  u n i t  w e ig h t  o f  th e  r a t  ovum 

(B o e l l  N ic h o la s ,  1939; Sm ith & K l e i b e r ,  1950) 

d im in i s h e s  t i l l  i t  r e a c h e s  th e  l e v e l  o f  th e  m a te r n a l  

t i s s u e s  a t  m id - te r m .  Then t h e r e  i s  p resum ab ly  an 

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

w e ig h t  i s  g r e a t e r  th a n  th e  a d u l t  v a lu e  (G u l ic k ,  1937;

K l e i b e r ,  Cole & S m ith ,  1 9 4 3 ) .

T here  seems to  be ag reem en t t h a t  i n  e a r l y  

p o s t - n a t a l  l i f e ,  th e  oxygen consum ption , f o r  b o th  b a s a l  

and  r e s t i n g  v a lu e s ,  and th e  m e ta b o l ic  r a t e  on a s u r f a c e  

a rea , b a s i s  r i s e s  to  a  peak and  th e n  d e c l i n e s ,  a l th o u g h  

th e  tim e o f  th is ,  maximum i s  v a r i o u s l y  e s t im a te d  a t  

b e f o r e  one month (G rad , 1953; M i l l e r  & C onrad , 1956) > 

a t  40 days ( K l e i b e r ,  Smith & C h e r n ik o f f , 1956) and a t  

4 5  days p o s t -p a r tu m  ( K ib le r  & Brody, 1 9 4 2 ) .  A c o n t in u o u s  

d e c l in e  i n  B.M.R. has  been  d e s c r i b e d  by w orke rs  who 

commenced e s t im a t io n s  on r a t s  a t  d i f f e r e n t  ag es  a f t e r  

b i r t h ,  nam ely a t  1 3 , 35  and. 3 9  days r e s p e c t i v e l y ,

(M eCashland, 1951; D avis & H a s t in g s ,  1 9 34; M i t c h e l l  

& Carman, 1 9 2 6 ) .  The d i f f e r e n t  v a lu e s  from s e v e r a l  

l a b o r a t o r i e s  a r i s e  m a in ly  from th e  d i f f e r e n c e s  i n  

t e c h n iq u e  b u t  a l s o  from d i f f e r e n c e s  i n  s t r a i n  o f  

a n im a l s .  However, a m arked l a b i l i t y  o f  3 . M . R . , i . e .  

c o n s i d e r a b le  v a r i a t i o n  from  dag to  day w i t h in  a s h o r t  

p e r i o d ,  h a s  been d e s c r ib e d  in  g row ing  r a t s  (H<\ mi I t  on , l ° 9 ' ' b ) .



From, d a ta  i n  r a t s  a p p ro a ch in g  m a t u r i t y  a 

d e c re a s e  i n  B.M.R. w i th  i n c r e a s i n g  age has heen  

c o n c l u s i v e l y  shown ( H i l l  & H i l l ,  1913; B e n e d ic t  & 

MacLeod, Houssay &. A rtundo , 1929; L a n d e l iu s

& L j u n g k v i s t ,  1934; Sherwood, 1 9 3 6 ; Schopbach, K e e le r  

& G reen b e rg , 1943)•  These e s t im a t e s  a re  o f  th e  sane 

o r d e r  o f  m agn itude  as v a lu e s  f o r  th e  B.M.R. o f  young 

m a tu re  r a t s  (Lewis & Luck, 1933; H o r s t ,  Mendel & 

B e n e d ic t ,  1934b; K rans & C a r r ,  1933; Greenbaum, 1953; 

Noach, 1933)* However, t h e r e  i s  a  lacK o f  ag reem en t 

i n  th e  d a t a  on o l d e r  a n im a ls .  A c o n t in u e d  d e c l in e  

i n  B.M.R. w i th  age h a s  b e e n  r e p o r t e d  by some (Sherwood, 

1 9 3 6 ; D a v i s ,  1937) Nut Ny o t h e r s  a  r i s e  (B e n e d ic t  & 

MacLeod, 192 .9b ;  B e la sc o  and M u r l in ,  1 9 4 1 ) .  A r i s e  

i n  t o t a l  h e a t  p r o d u c t io n  h a s  a l s o  b e en  d e s c r i b e d  

(B lack  & M u r l in ,  1939)* No c o n v in c in g  e x p la n a t io n  

h a s  b e e n  advanced  f o r  t h i s  p o s s i b l e  r i s e  i n  t o t a l  h e a t  

p r o d u c t i o n  w i t h  a g e .  I t  h a s  b e e n  a t t r i b u t e d  to  an 

i n c r e a s e  i n  a c t i v i t y  r e s u l t i n g  from  th w a r te d  s e x u a l  

im p u lse s  and to  a  g r e a t e r  d i s s i p a t i o n  o f  h e a t  from  th e  

fo o d  i n g e s t e d ,  b e c a u se  i n  o ld  age t h e r e  i s  a lm ost 

co m p le te  absence  o f  r e t e n t i o n  o f  energy  f o r  grow th  

(B lack  & M u r l in ,  1939)* The i n c r e a s e  i n  B.M.R. w ith  

age i s  even  more ^m izzling; one p o s s i b l e  e x p la n a t i o n  

c o u ld  be  th e  e x i s t e n c e  o f  a  lo w -g ra d e  pneumonia 'which 

i s  common i n  o ld  l a b o r a t o r y  r a t s  ( G r i f f i t h  A F a r r i s ,  .h



The re a s o n s  f o r  th e  changes i n  B.M.R. d u r in g  

th e  m ain  p e r i o d  o f  grow th  have a ro u s e d  more s p e c u l a t i v e  

e n q u iry  t h a n  s y s te m a t i c  s tu d y .  A lth o u g h  s e v e r a l  

cau ses o f  th e  v a r i a t i o n s  i n  B.M.R. a t  d i f f e r e n t  ages 

have been  c i t e d  i n  e x p la n a t i o n ,  no d e f i n i t e  answer 

has y e t  been g iv e n .  The prob lem  has b e en  a p p ro a ch e d  

from d i f f e r e n t  a n g le s .

The low r a t e  o f  b a s a l  m e tab o lism  on a s u r f a c e

area  b a s is  i n  th e  newborn, r e l a t i v e  to  l a t e r  s t a g e s

o f  l i f e ,  i s  p ro b a b ly  due , i n  p a r t ,  to  in c o m p le te n e s s

o f  n e u ro m u sc u la r  developm ent (K rogh , 1 9 1 6 ) .  On th e

o th e r  h an d , horm onal i n f l u e n c e s  may be i n  a c t i o n .

The s i g n i f i c a n t  f i n d in g  t h a t  i n j e c t i o n  o f  g row th

hormone c au se s  a r e d u c t i o n  i n  B.M.R. (L ee ,  T e e l  &

Gagnon, 1929; K le ib e r  8c C o le ,  1939) c o u ld  g iv e  r i s e  to

s p e c u l a t i o n  t h a t  i n  e a r l y  in f a n c y  i n t r i n s i c  grow th

hormone i s  p r e s e n t  i n  g r e a t e r  abundance th a n  a t  o th e r

t im e s  o r  t h a t  th e  t i s s u e s  a re  t h e n  s p e c i a l l y  s e n s i t i v e

to  i t s - e f f e c t s .  R e c e n t  work h as  s u g g e s te d  t h a t  th e r e

i s  g r e a t e r  t i s s u e  r e s p o n s iv e n e s s  to  g row th  hormone i n

e a r l y  i n f a n c y  (G e rsc h b e rg ,  1956) Nut th e  amount o f

g ro w th  hormone p r e s e n t  a t  d i f f e r e n t  ages i s  n o t  y e t

known (G au n t,  1954 ) . The i n c r e a s e  i n  B.M.R. from i t s

r e l a t i v e l y  low v a lu e  may be due to  d e c l i n i n g  in f lu e n c e  

o f  g ro w th  horm one. The p re d o m in a n t  r e t e n t i o n  o f



p r o t e i n  w hich  o c c u rs  i n  e a r l y  l i f e  i s  c o n s i s t e n t  w i th  

a c t i v i t y  o f  grow th hormone th e n  (Lee 8c S h a f f e r ,  1934; 

G ordon, Berrnet, L i & E vans , 1943; Young, 1943; L i ,  

Simpson &•. E vans , 1948, M aasen, 1 9 5 2 ) .  L a te r  th e  

e f f e c t  o f  growth hormone i s  b e l ie v e d  to  d im in i s h ,  

b e in g  su p e rse d e d  by s t e r o i d  hormones ( K i n s e l l ,  1 9 5 5 ) .  

A lth o u g h  i n  o ld  age t h e r e  i s  d im in ish e d  r e s p o n s iv e n e s s  

to  t h y r o x in e  (G rad , 1953)> M i l l e r  Conrad ( 1 9 5 6 ) 

c o n s id e r  t h a t  th e  d e c l in e  i n  b a s a l  m e ta b o l i c  r a t e  

from y o u th  to  o ld  age i s  n o t  due t o  a  p r o g r e s s i v e  

w aning o f  t h y r o i d  i n f l u e n c e .

A p a r t  from  n e u ro m u scu la r  and horm onal i n f l u e n c e s ,  

changes i n  b o d i l y  c o m p o s it io n  may a f f e c t  th e  l e v e l  o f  

b a s a l  and t o t a l  m e ta b o l i c  r a t e .  The e s t i m a t i o n  o f  

t h e  am ounts and r e l a t i v e  p r o p o r t i o n s  o f  th e  d i f f e r e n t  

t i s s u e s ,  i s  n o t ,  how ever, e a s y .  Even su p p o s in g  t h a t  

th e  q u a n t i t i e s  o f  d i f f e r e n t  t i s s u e  a t  d i f f e r e n t  ages 

c o u ld  be r e a d i l y  a s s e s s e d ,  th e  d e te r m in a t io n  o f  

v a r y in g  l e v e l s  o f  c e l l u l a r  m e ta b o l ic  r a t e  i n  th e  

d i f f e r e n t  t i s s u e s  w ould  be d i f f i c u l t  to  make and 

" b a s a l*  c o n d i t i o n s  o f  c e l l s  w ould  s t i l l  be d i f f i c u l t  

to  d e f i n e .  I t  h ^ s  been c o n c lu d e d ,  p o s s ib l y  w ith  

r a t h e r  to o  sw eeping an a s s e r t i o n ,  t h a t  changes i n  body
i - Ac o m p o s i t io n  probaD ly  p la y  a m in o r  r o l e  m  the  d e c l in e  

o f  B.ivl.n. w i th  age (Conrad & m i l l e r , 1 9 5 6 ) . I t  i s



c la im e d  t h a t  th e  " a c t iv e  t i s s u e  m ass" (Keys e t _ a l . ,  

1 9 5 0 ) re m a in s  v i r t u a l l y  un changed  w i th  i n c r e a s i n g  age . 

T h is  c la im  i s  b ased  on th e  b e l i e f  t h a t  th e  p rog ress ive?  

i n c r e a s e  i n  bone and f a t  c o n te n t  w i th  age i s  o f f s e t  

by a  d e c r e a s e  i n  th e  e x t r a c e l l u l a r  f l u i d ,  w i th  th e  

r e s u l t  t h a t  t h e r e  i s  no a p p r e c i a b le  change i n  th e  

^ a c t i v e  t i s s u e  m ass* .

The in f lu e n c e  o f  changes i n  b o d i ly  c o m p o s it io n  

on  B.M.R. may be approached  d i r e c t l y  from a s tu d y  o f  

t i s s u e  m e tab o lism  i n  v i t r o . I n  t h i s  c o n n e c t io n ,  t h e r e  

i s  th e  q u e s t i o n  o f  w h e th e r  th e  b a s a l  oxygen consum ption  

o f  th e  whole an im a l  c an  be a c c o u n te d  f o r  by th e  summed 

oxygen consum ption  o f  th e  t i s s u e s  w hich  compose i t .  

A t t e n t i o n  h a s  t h e r e f o r e  b e e n  g iv e n  to  th e  r e l a t i v e  

c o n t r i b u t i o n  o f  each  t i s s u e  to  th e  b a s a l  m e ta b o l ic  

r a t e  o f  th e  i n t a c t  a n im a l .  A lso th e  q u e s t i o n  h as  

b e en  c o n s id e r e d  w h e th er  th e  d e c r e a s e  i n  B.M.R. w i th  

i n c r e a s e  i n  body s i c e  i s  due to  i n t r i n s i c  d i f f e r e n c e s  

i n  c e l l u l a r  m e tabo lism  or to  r e g u l a t i v e  f a c t o r s  i n  th e  

o rgan ism  as a  w h o le .

E a r l i e r  work on th e  r e s p i r a t i o n  o f  homologous 

t i s s u e s  ( i . e .  co m p ar iso n  o f  th e  oxygen u sag e  o f  one 

o rg an  o f  one s i je c ie s  w i th  t h a t  o f  th e  same o rg an  o f  

a n o th e r  s p e c i e s )  was c o n t r a d i c t o r y , l a r g e l y  f o r  

t e c h n i c a l  r e a s o n s  (von G ra fe , 1925; T e r r o i n e  A Roche,  1



W eis, 1925; I-e B re to n  & K a y s e r ,  1 9 2 6 ) .  More r e c e n t  

work, how ever, i s  n o t  c o m p le t e ly ' c o n c l u s i v e . There 

a r e  d a t a  from v a r io u s  s o u rc e s  showing t h a t  th e  

r e s p i r a t i o n  o f  mammalian t i s s u e s  d e c l i n e s  w i th  age , 

h u t  t h e s e  e s t im a t io n s  ta k e  no acco u n t o f  th e  v a ry in g  

p r o p o r t i o n s  o f  th e  t i s s u e s  i n  th e  body w i th  age 

(M eyerhof & Himwich, 1924; McEachern, 1932; V i c t o r  

& P o t t e r ,  1935; P e a rc e ,  193&; Adams, 1937; B e la s c o ,  1941; 

W olle riberger  8c. «Jehl, 1952). I t  h a s ,  how ever, been  

c a l c u l a t e d  t h a t  summated t i s s u e  r e s p i r a t i o n  w i l l  

acc o u n t  f o r  8 9 $ o f  th e  r e s p i r a t i o n  o f  th e  i n t a c t ,  

m a tu re  r a t  ( F i e l d ,  B e ld in g  8c M a r t in ,  1939); i n th e  

dog and  mouse s i m i l a r  c o n c lu s io n s  have  b een  re a c h e d  

(M a r t in  8c Fuhrman, 1955) • On th e  o th e r  h an d , w i th  a 

d i f f e r e n t  medium i t  has  been  a l l e g e d  t h a t  i n  th e  r a t  

a  v a lu e  o ver 100$ ( B e r t a l a n f f y  8c P i r o z y n s k i ,  1953) 

I n s t e a d  o f  89$ ( F i e l d  et_ a l_ ., 1939) w ould  have b e en  

r e c o r d e d .  T h is  d is c r e p a n c y  o f  e s t i m a t e s  and the  

m arked d i f f e r e n c e s  o f  oxygen u sa g e  i n  d i f f e r e n t  m ed ia  

(K reb s , 1950} throw  doubt on th e  v a l i d i t y  o f  a s s e s s in g  

th e  t o t a l  B.M.R. from summed v a lu e s  o f  i s o l a t e d  t i s s u e s .  

The l e a s t  t h a t  can  be s a i d  i s  t h a t  c a re  i s  n e c e s s a r y  

i n  th e  i n t e r p r e t a t i o n  o f  t h e s e  i n  v i t r o  s t u d i e s ;  on 

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

d e d u c t io n s  from such  work may be j u s t i f i e d .



B ecause o f  th e  a p p a re n t  ag reem en t be tw een  

th e  oxygen u sa g e  o f  summed t i s s u e s  and th e  oxygen 

u sa g e  o f  th e  whole a n im a l ,  th e  c o n c lu s io n  h a s  been  

drawn t h a t  th e  l e v e l  o f  t i s s u e  r e s p i r a t i o n  i s  d e te rm in e  

by a  f a c t o r  o p e r a t in g  i n  v i t r o  as w e l l  as i n  v iv o  

(Weymouth, F i e l d  & K l e i b e r ,  1942.). T h is  b e l i e f  i s  

s u p p o r te d  by th e  f i n d i n g  t h a t  th e  low er B.M.R. o f  r a t s  

g iv e n  i n j e c t i o n s  o f  g row th  hormone was r e f l e c t e d  i n  a 

low er r a t e  o f  oxygen con sum p tion  p e r  u n i t  dry  w e ig h t  

o f  i s o l a t e d  t i s s u e .  A lso th e  t i s s u e s  o f  r a t s  exposed  

to  c o ld  f o r  f i f t y  d a y s ,  and p resum ab ly  a c c l i m a t i z e d ,  

h a d  a  h i g h e r  m e ta b o l ic  r a t e  i n  v i t r o  t h a n  th o s e  o f

c o n t r o l  r a t s  (D en ison , J a s p e r ,  H ie s ta n d  & Zarrow , 1955)

I n  a n im a ls  o f  d i f f e r e n t  s i z e ,  i t  has  been  fo u n d  

t h a t  i n  s e v e r a l  t i s s u e s ,  th e  m e ta b o l ic  r a t e  p e r  u n i t  

w e ig h t  i n  v i t r o  d e c r e a s e d  c o n s i s t e n t l y  w i th  i n c r e a s i n g  

s i z e  (Weymouth e t  a l . , 1 9 4 2 ;  K l e ib e r ,  1 9 47 a),  b u t  w i th  

a  more s t r i n g e n t  te c h n iq u e ,  no s t r i c t  p a r a l l e l i s m  was 

fo u n d  be tw een  th e  oxygen usage  p e r  u n i t  d ry  w e ig h t  

e x p re s s e d  i n  mmVmg/hr (Q0 2 ) o f  s e v e r a l  t i s s u e s  and 

th e  B.M.R. o f  n in e  d i f f e r e n t  s p e c i e s  (K re b s ,  1950).

I n  g e n e r a l ,  how ever, i t  was foun d  t h a t  th e  Gog 

t i s s u e s  from l a r g e r  an im als  was l e s s  t h a n  t h a t  o f

t i s s u e s  from s m a l l e r .  F o r  exam ple, th e  mean
a

f o r  l i v e r  i n  one medium i n  th e  mouse was 1 9 .3  and i n



t h e  h o r s e  2 . 6 .

I t  h a s  oeen suggested , t h a t  t h e  £ 0 2  i s  governed  

m a in ly  by th e  l o c a l  energy  r e q u i r e m e n ts  o f  th e  t i s s u e s  

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

a n im a ls  o f  d i f f e r e n t  s i z e  a re  to  be a t t r i b u t e d ,  f o r  

th e  m ost p a r t ,  to  v a r i a t i o n s  i n  th e  Qq2  o f  th e  s k e l e t a l  

m u s c u la tu re  (K re b s ,  1 9 5 0 ; S c h m id t -N ie ls e n ,  1 9 5 1 ) .  T h is  

h y p o th e s i s  seems to  r e c e iv e  some s u p p o r t  from th e  f i n d i n g  

t h a t  i n  th e  r a t  th e  o n ly  t i s s u e  o f  th o s e  examined which 

showed a  s i g n i f i c a n t  c o r r e l a t i o n  be tw een  th e  r a t e  o f  

oxygen u sag e  and body s i z e  was th e  diaphragm  ( B e r t a l a n f f y  

8c P i r o z y n s k i ,  1953) • When d i r e c t  e s t im a t io n s  o f  th e  

oxygen usage  o f  s k e l e t a l  m uscle  i n  v i t r o  were made, 

t h e r e  was l i t t l e  change i n  oxygen consum ption  p e r  u n i t  

d ry  w e ig h t  w i th  a g e , and  th e  change i n  oxygen consum ption  

d i d  n o t  e x p l a i n  th e  d e c l in e  i n  b a s a l  m e ta b o l ic  r a t e  w i th  

i n c r e a s i n g  body s i z e  ( B e r t a l a n f f y  & E s tw ic k ,  1953)> 

a l th o u g h  th e  change i n  w a te r  c o n te n t  o f  s k e l e t a l  m uscle 

w i t h  i n c r e a s e  i n  age does n o t  seem to  have b e en  ta k e n  

i n t o  a c c o u n t .  The e f f e c t  o f  th e  g r e a t e r  w a te r  c o n te n t  

o f  m usc le  i n  young r a t s  w ould , how ever, r e s u l t  i n  a 

low er oxygen consum ption  p e r  g t o t a l  m usc le  t i s s u e ,  i . e .  

i n  th e  o p p o s i t e  d i r e c t i o n  to  th e  changes i n  b a s a l  oxygen 

consum ption  o f  th e  whole an im al w i t h  a g e .  I n  any c a s e ,  

th e  c o n t r i b u t i o n  o f  t o t a l  oxygen u sag e  from s k e l e t a l



m u sc le  may be s m a l l e r  th a n  m ight a t  f i r s t  s i g h t  be 

t h o u g h t ,  i f  th e  v a lu e s  from  a r t e r i o —venous oxygen 

d i f f e r e n c e s  i n  man a re  c o n s id e r e d .  I n  th e  r e s t i n g  

s t a t e ,  t h e  s k e l e t a l  m u s c u la tu re  i s  r e s p o n s i b l e  f o r  about 

o n ly  2%  o f  th e  b a s a l  oxygen co n su m p tio n  o f  th e  b ody .

T h is  t e c h n iq u e  m u s t ,  how ever, be c o n s id e r e d  w i th  

r e s e r v a t i o n s  (M ottram , 1954, 1955; B rozek  & G rande, 1955).

When a i l  th e  e v id e n c e  from i n  v i t r o  s t u d i e s  i s  

t a k e n  t o g e t h e r ,  i t  would seem t h a t  m e ta b o l ic  d i s s e c t i o n  

o f  th e  body c an n o t  y e t  s t a t e  c o n c l u s i v e l y  w h e th e r  th e  

d e c re a s e  i n  m e ta b o l i c  r a t e  w i th  age i s  due to  i n t r i n s i c  

d i f f e r e n c e s  i n  c e l l u l a r  m e tab o lism  o r  to  r e g u l a t i v e  

f a c t o r s  i n  th e  o rgan ism  as a w h o le .  The w e ig h t  o f  

e v id e n c e  fa v o u rs  th e  l a t t e r  v iew , a l th o u g h  t i s s u e  

m e ta b o l ism  i n  v i t r o  seems to  r e f l e c t  to  some e x te n t  

th e  e f f e c t s  o f  m e ta b o l i c  r e g u l a t i o n  i n  th e  i n t a c t  

a n im a l .  At th e  t i s s u e  l e v e l ,  t h e r e  a r e  u n d o u b te d ly  

c h em ic a l  (B ra c h e b ,  1940p D av idson  & Wcymouthy 1Q44; 

D av id son  & L e s l i e ,  1950) and enzymic changes  w i th  age 

( F r i e d  & T ip to n ,  1953; K unkel, S p a ld in g ,  De F r a n c i s c i s  

& F u t r e l l ,  1 9 5 6 ) .  I n  th e  l i v e r  i t  h a s  b e en  c a l c u l a t e d  

t h a t  t h e r e  a re  changes i n  th e  oxygen usage  p e r  l i v e r  

c e l l  a t  d i f f e r e n t  a g e s .  The oxygen consum ption  p e r  c e l l  

a t  8 days o f  age i s  o n ly  h a l f  th e  a d u l t  v a l u e .  At 

2 m onths t h e  oxygen consum ption  i s  s t i l l  20,.,.. low er t i ia n  

th e  a d u l t  v a l u e .  I n  o ld  age ( r a t s  ove r  2 y e a r s )  a



d e c l in e  i n  oxygen consum ption  p e r  l i v e r  c e l l  has  been  

d e s c r i b e d  ( J a c o b ,  Mandel & M andel, 1 9 5 4 ) .

A nother p rob lem  w hich  has  a b e a r i n g  on th e  

c a u s e s  o f  th e  v a r i a t i o n s  o f  B.M.R. w i th  age i s  concerned  

w i th  s o - c a l l e d  " o r g a n i z a t i o n a l  energy" a s s o c i a t e d  w i th  

th e  g row th  p r o c e s s  (Brody, 1 9 4 2 ) .  T h is  s p e c i f i c  

o r g a n i z a t i o n a l  energy  was p o s t u l a t e d  b ecau se  a  h ig h e r  

h e a t  p r o d u c t i o n  was found i n  r a p i d l y  growing w e a n l in g  

r a t s  t h a n  i n  th o s e  g row ing  more s lo w ly .  T h is  work 

h a s  b e e n  c r i t i c i z e d  on th e  g roun ds  t h a t  th e r e  was food  

r e s t r i c t i o n  i n  th e  more s lo w ly  g row ing  group which 

c a u se d  su b se q u e n t  lo w e r in g  o f  th e  B.M.R. (p .  13 )

( K le ib e r  6c C o le ,  1950}. An a l t e r n a t i v e  h y p o th e s is  to  

t h a t  o f  " o r g a n i z a t i o n a l  en ergy "  is. t h a t  th e  a d d i t i o n a l  

e n e rg y  expended d u r in g  g row th  i s  w h o l ly  a c c o u n te d  f o r  

by th e  i n c r e a s e  i n  body w e ig h t  and th e  i n c r e a s e  i n  fo o d  

i n t a k e .  No d i r e c t  p r o o f  o f  t h i s  h a s  b e en  g iv e n ,  b u t  

t h e r e  a r e  i n d i c a t i o n s  t h a t  fo o d  i n t a k e  h a s  some i n f l u e n c e .  

A h i g h e r  B.M.R. has  b een  n o t e d  i n  r a t s  on a h ig h e r  

p la n e  o f  n u t r i t i o n  compared w i t h  th o s e  on a low er p la n e  

(B la c k ,  1 9 3 9 ) .  A r a i s e d  B.M.R. i s  a l s o  seen  i n  r a t s  

a f t e r  an  i n c r e a s e  i n  fo o d  i n t a k e  (M ukherjee  6c M i t c h e l l ,  

1949; T r i e c h l e r  & M i t c h e l l ,  1 9 4 9 ) .  D i f f e r e n c e s  i n  fo o d  

i n t a k e  may a l s o  a cco u n t  f o r  th e  s l i g h t  i n c r e a s e  i n  

B.M.R. o b se rved  i n  r a p i d l y  growing r a t s  (4C -  ICC days old} 

compared w i th  l e s s  r a p i d l y  growing a n im a ls  ( H o r s t ,  .sew .. 1̂



& B e n e d i c t ,  1 9 3 4 b ) . C o n v e r s e ly ,  r a t s  r e t a r d e d  i n

grow th  b e c a u s e  o f  c a l o r i c  r e s t r i c t i o n  have  a  B .H .11.

1 ov'vcr on a ouriciCc u r e a  oasis.  ( h o r s t ,  m enuel  a

B e n e d ic t ,  1934a; W i l l  & McCay, 1 9 4 3 ) b u t  h ig h e r  on a

w e ig h t  b a s i s ,  compared w i th  c o n t r o l s  (B e n e d ic t  h

Sherman, 1937> W il l  & ticCay, 1 9 4 3 / .  S in ce  s u r f a c e
2 ,

a r e a  i s  a p p ro x im a te ly  W / 3  i t  changes l e s s  r a p i d l y

th a n  does body w e ig h t .  The h ig h e r  m e ta b o l ic  r a t e

h a s  b een  a t t r i b u t e d  to  th e  f a c t  t h a t  th e  v i s c e r a

c o n s t i t u t e  a  g r e a t e r  p r o p o r t i o n  o f  th e  body w e ig h t  i ;

th e  r e t a r d e d  r a t s  (A shw orth , Brody & Hogan, 1932}, bu

th e  d im in is h e d  amount o f  a d ip o se  t i s s u e  w h ich  they

c o n ta in  w i t h  i t s  low er r e q u i r e m e n t  o f  oxygen c o u ld  a l

be c i t e d  i n  e x p l a n a t i o n .

I t  i s  im p o s s ib le  to  s e p a r a t e  th e  i n f lu e n c e  o f

fo o d  i n t a k e  on B . i l .E .  from  some a l t e r a t i o n s  i n  body

c o m p o s i t io n  w hich  have been  d e s c r i b e d  as b e in g

a s s o c i a t e d  w i th  changes i n  u t i l i s a t i o n  o f  n u t r i e n t s ,

o r  to  s e p a r a t e  th e  in f lu e n c e  o f  fo o d  i n t a k e  from

horm onal e f f e c t s .  '.Vhen r a t s  w i th  a  h ig h  end low

e f f i c i e n c y  Of fo o d  u t i l i s a t i o n  e x p re s s e d  as
________ ICC x (d ry  m a t t e r  consumed) i____

( g a in  i n  weight/~(mec,n Douy w e ig h t  d u r in g '  tTieTperiocC

w ere  compared as r e g a r d s  o a s a l  m e ta b o l i sm  p e r  u n i t

body w e ig h t ,  th e  fo rm er  showed low er v a l u e s . Cn th e

S c \ j . i c  c’m O U n t  O.L i O O u .  I L x . l w ^ c  Oi_c'  i c o S  U _ 1  I C l t .  J l  SU.L\  1 1 ;

mu us s~.m..i-ier .v.,.iijs h i  ■..rotcd.n. ... s i . Tib- ■ . ;• rr-'. -



t h a n  th e  more e f f i c i e n t  s t r a i n  (P a lm e r ,  Kennedy, 

G a lv e r l e y ,  Lohn & Weswig, 1 9 4 6 ) .  A l t e r a t i o n s  i n  

body c o m p o s it io n  may a c c o u n t  f o r  th e  a p p a r e n t ly  

c o n t r a d i c t o r y  f i n d i n g  t h a t  d i f f e r e n t  r a t e s  o f  grow th  

u n a s s o c i a t e d  w i th  d i f f e r e n t  c a l o r i c  i n t a k e  d id  n o t  

cause  any change i n  B.M.R. (H a m il to n ,  19 37 ) .  R a ts  

o f  a  h e a v i e r  s t r a i n  ( i . e .  an im als  whose w e ig h t  a t  

m a t u r i t y  was g r e a t e r  th a n  a n o th e r ,  l e s s  heavy s t r a i n )  

were fo un d  to  have  a B.M.R. low er t h a n  th o se  o f  th e  

l i g h t e r  s t r a i n  (K le ib e r  & C o le ,  19 50 ) .  No in f o r m a t io n  

was g iv e n ,  how ever, about th e  fo o d  i n t a k e  o r  body 

c o m p o s i t io n  i n  th e  two g ro u p s .

C lo s e ly  l in k e d  w i th  e f f i c i e n c y  i n  food  

u t i l i s a t i o n  i s  an i n f lu e n c e  o f  t h y r o i d  horm one, f o r  

th e  low and h ig h  e f f i c i e n c y  s t r a i n s  o f  r a t s  q u o ted  

above seem to  have h i g h e r  and low er l e v e l s  o f  t h y r o id  

a c t i v i t y ,  r e s p e c t i v e l y  (Palm er et_ a l . ,1946) . A 

s i m i l a r  e x p la n a t io n  may a l s o  accoun t f o r  th e  d i f f e r e n c e s  

be tw een  one group  o f  r a t s  w h ich  grew f a s t e r  b u t  f o r  a  

s h o r t e r  t im e  and which had  a g r e a t e r  deg ree  o f  

e x c i t a b i l i t y  and a n o th e r  g ro u p  o f  l e s s  r a p i d l y  grow ing , 

l e s s  e x c i t a b l e  an im als  ( L a t ,  1 9 5 ^)* The more r a p i d  

g row th  o f  male r a t s  compared w i th  fem a le  r a t s  on 

i s o c a l o r i c  f e e d in g  (Kim, Magee a  I v y ,  1952) m igh t rep a y  

m e ta o o l ic  s tu d y  arid most c r i t i c a l  a p p r a i s a l , 3eusora j.



changes- i n  B.M.R. (Sherwood, 1 9 3 6 ) and  i n  the  r a t e  o f  

g row th  o f  r a t s  (Hanson & H ey s , 1327; C am pbell ,  I 9 4 5 ) 

have 'been d e s c r i b e d ,  b u t  no s y s te m a t i c  i n v e s t i g a t i o n  

i n t o  any p o s s i b l e  r e l a t i o n s h i p  be tw een  them seems to  

have b e e n  made.

There  a re  th u s  many complex i n f lu e n c e s  w hich 

may a c c o u n t  f o r  th e  changes o f  B.M.R. w i th  a g e .

There a re  n eu ro m u scu la r  and horm onal e f f e c t s  and 

c hang ea  i n  body c o m p o s i t io n  and  c e l l u l a r  a c t i v i t y ,  a l l  

o f  w hich  a r e  c lo s e l y  l i n k e d  w i t h  a l t e r a t i o n s  i n  fo o d  

i n t a k e  and g e n e t i c  and c o n s t i t u t i o n a l  d i f f e r e n c e s .  

I n s e p a r a b le  i n t e r a c t i o n  o f  a l l  th e s e  e f f e c t s  m ust 

c o n t r i b u t e  to  th e  g e n e r a l  a s s o c i a t i o n ,  namely a 

p a r a l l e l  d e c l in e , ,  be tw een  g row th  r a t e  (on  a p e rc e n ta g e  

b a s i s )  and b a s a l  m e ta b o l ic  r a t e  ( K ib le r  & B rody , 1942: 

B rody, 1 9 4 5 ) ,  w h ich  i s  fo u n d  i n  r a t s ,  ex ce p t  i n  th e  

e a r l y  p o s t - n a t a l  p e r i o d .  T h is  i n t r i c a t e  a s s o c i a t i o n  

o f  i n f l u e n c e s  m ust a ls o  a c c o u n t  f o r  th e  i n c r e a s e  i n  

B.M.R. w hich  c o in c id e s  w i th  th e  a d o le s c e n t  growth s p u r t  

fo u n d  i n  c h i l d r e n  (Du B o i s ,  19^7; T an n e r ,  1955)* 

S y s te m a tic  s tu d y  o f  th e  b a s a l  m e ta b o l i c  r a t e  combined 

w i th  a sse ssm e n t  o f  th e  changes i n  body c o m p o s it io n  

which accompany a l t e r a t i o n  i n  fo o d  i n t a k e  and r a t e  o f  

g row th  (McMeekan & Hammond, 1940) m ig h t  a s s i s t ,  to  some 

e x t e n t ,  i n  e l u c i d a t i n g  some a s p e c t s  o f  th e  complex 

cau ses  o f  th e  changes o f  B .M .H. wi lh  age . In  a



c o n s i d e r a t i o n  o f  th e  changes o f  t o t a l  m e ta b o l ic  

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

as  w e l l  as fo o d  i n t a k e  a t  d i f f e r e n t  ages  has  to  be tak en  

i n t o  a c c o u n t .

Food I n t a k e  d u r in g  Grow th.

Over s h o r t  p e r i o d s ,  g a in  i n  w e ig h t  i s  d i r e c t l y  

p r o p o r t i o n a l  to  c a l o r i c  v a lu e  o f  foo d  (Ros.t, 1902;

W ilson , 1903; R u bner ,  1 9 0 8 ; H opk ins ,  1912; Funk &

MacCallum, 1915)* a l th o u g h  t h e r e  is .  a ch an g ing  p a t t e r n  

o f  g a in  i n  w e ig h t  and c a l o r i c  i n t a k e  w i th  i n c r e a s i n g  

a g e .  I n  r a t s ,  as i n  o th e r  a n im a ls ,  fo o d  i n ta k e  

i n c r e a s e s  w i t h  age when e x p re s s e d  as. k c a l / g  body w e ig h t  

i n c r e a s e .  F o r  i n s t a n c e ,  4 .8  k c a l / g  a re  r e q u i r e d  i n  

th e  t im e  n e c e s s a ry  to  d ou b le  the  b i r t h  w e ig h t  (R ubner, 1 9 0 o ) , 

w h i le  w e an lin g  r a t s  r e q u i r e  a g r e a t e r  amount o f  d i e t a r y  

en e rg y  p e r  g new t i s s u e  (1 0  -  15  k c a l / g  from  th e  d a ta  

o f  Funk & MacCallum, 1915* Sm ith & C arey , 1923,

G r i f f i t h ,  1929 , Cam pbell, 1945* F o r b e s ,  S w if t ,  J a n e s ,  

B r a t z l e r  & B lac k ,  1946, and F re n c h ,  I n g r a n ,  Uram,

B arro n  & S w i f t ,  1953)* O ld e r  r a t s  r e q u i r e  s t i l l  more 

energy  i n t a k e  p e r  g w e ig h t  i n c r e a s e  (3 0  -  15 0  k c a l / g  

from  th e  d a t a  o f  H itc h c o c k ,  1927 and F rench  £ t  al*. 1953/ •

The r e a s o n  f o r  th e  i n c r e a s e  i n  amount o f  food  

energy  i n t a k e  p e r  g new t i s s u e  w i th  age i s  t h a t ,  as on 

an im a l grow's r a r g e r , i  os mnintsricnee c o s t  i n  com parison to



w e ig h t  g a i n  i n c r e a s e s  and t h a t  r e l a t i v e l y  more fo o d  

i s  r e q u i r e d  f o r  each  u n i t  o f  w e ig h t  g a i n .

An a l t e r n a t i v e  method o f  e x p r e s s in g  f o o d ’i n t a k e ,  

nam ely i n  k e a l  i n t a k e  p e r  100 g body w e ig h t  p e r  day, 

shows t h a t  t h e r e  i s  a d im in u t io n  i n  t h i s  v a lu e  w i th  

i n c r e a s i n g  ag e , when i n d i v i d u a l  e s t im a t e s  a re  compared 

(from  5 0  down to  20 k c a l / lO O  g body w e ig h t /d a y ,  from 

th e  d a ta  o f  H o pk ins ,  1912, Funk & McCalium, 1 9 1 5 , 

Drummond, 1918, and C am pbell ,  1 9 4 5 ) .  I n  one 

l o n g i t u d i n a l  su rv e y  o f  c a l o r i c  i n t a k e ,  t h e r e  was a 

sh a rp  d e c r e a s e  i n  c a l o r i c  i n t a k e  from 2 0  to 60  days o f  

age and a slow  d e c l in e  t h e r e a f t e r  (Wang, 1 9 2 5 ) .  I n  

a l a t e r  e s t im a t e ,  u s in g  a b e t t e r  d i e t  ( H a r te ,  T ra v e rs  

& S a r i c h ,  1948) a  maximum v a lu e  f o r  energy  i n t a k e ,  

e x p re s s e d  i n  k e a l / s q -  d ir/day , o c c u r r e d  d u r in g  th e  5 th  

week o f  p o s t - n a t a l  l i f e ,  fo l lo w e d  by a d e c l i n e .

T h is  p a t t e r n  c l o s e l y  p a r a l l e l e d  th e  g ra p h  o f  B.M.R. 

wi t h  a g e .

Because o f  th e  f a c t  t h a t  a  g r e a t e r  p r o p o r t io n

o f  fo o d  i n t a k e  i s  d i r e c t e d  tow ards m a in ten a n ce  w i th

i n c r e a s i n g  a g e ,  t h e r e  i s  a r e d u c t i o n  i n  g ro s s  e f f i c i e n c y ,  
w e ig h t  o f  added t i s s u e  ( g ) 

e x p r e s s e d  as weight' o f  f o o d " i n ta k e  (g ;  (Armsby &

M o u lto n , I 9 2 5 ) • Many o f  th e  v a lu e s  g iv e n  f o r  g ro ss

e f f i c i e n c y  a re  s u b j e c t  to  c r i t i c i s m  because  th e y  a re

b a s e d  on a r b i t r a r y  c o n v e r s io n  f a c t o r s  and no a l lowance



h a s  "been made f o r  th e  d i f f e r e n c e s  i n  en ergy  e q u iv a le n t s

o f  th e  w e ig h t  g a in s  (Brody, 1 9 4 5 ) .  The e n e r g e t i c  
energy  g a in  (k c a l )  

e f f i c i e n c y ,  energy  i n t a k e  (h e a l )  o f  e a r l y  p o s t - n a t a l

g ro w th ,  d u r in g  d o u b l in g  o f  th e  b i r t h  w e ig h t  was e s t i m a t e d

by R ubner ( 1 9 0 8 ) to  be 38$ and th e  v a lu e  q u o ted  by

Lusk (1928) was 20$ • There  i s  a s te a d y  d e c l i n e  i n

g r o s s  e f f i c i e n c y  e x p re s s e d  on a w e ig h t  b a s i s  from

w ean ing  onw ards, b u t  i t  h a s  b e en  n o te d ,  i n  c o n t r a s t ,

t h a t  th e  e n e r g e t i c  (o r  thermo chem ica l)  e f f i c i e n c y , does

n o t  d e c l in e  t i l l  th e  3 0 th  day a f t e r  w ean in g .  The

r e a s o n  f o r  th e  d e la y e d  d e c l in e  i s  t h a t  th e  en e rg y

e q u iv a le n t  o f  w e ig h t  i n c r e a s e  becomes p r o g r e s s i v e l y

h i g h e r  w i th  age , due , p r i n c i p a l l y ,  to  f a t  d e p o s i t i o n .

The therm o c h e m ic a l  e f f i c i e n c y  was a t  f i r s t  e s t im a te d

to  be 35$ (Mayer, 1 9 4 9 b)  b u t  l a t e r  d e te rm in e d  as 24$

(M ayer, V i t a l e  & T a i r a ,  1951) • From b a la n c e  s t u d i e s

d u r in g , . th e  p e r i o d  o f  maximal g ro w th ,  g r o s s  e f f i c i e n c y

( c a l c u l a t e d  from th e  d a t a  o f  F o rbes  e t  a l . ,  1946a)

on th e  b a s i s  o f  m e ta b o l iz a b le  e n e rg y  in ta k e  i s  2 0 $ .

O th e r  v a lu e s  a re  25$ and 1 9 $ f o r  r a t s  o f  h ig h  and low

e f f i c i e n c y  r e s p e c t i v e l y  (P a lm er e t  a l . ,  19 46).

C o n s id e ra b le  v a r i a b i l i t y  i s  found  i n  th e  e f f i c i e n c y

o f  g ro w th  o f  r a t s  c a l c u l a t e d  from  d i r e c t  c a l o r i c

e q u i v a l e n t s  o f  c a r c a s e s  ( M i tc h e l l  & Carman, 1 9 2 6 ) .

The s p e c i f i c  dynamic a c t i o n  (S .D .A .)  o f  th e  

r a t i  on f e d  d u r in g  growth  i s  im p o r ta n t  i n  a considers-,  l i o n



o f  t o t a l  m e ta b o l ism . The S .D .A .,  th e  h e a t  in c re m e n t  

o f  f e e d i n g  o r  th e  c a l o r i g e n i c  e f f e c t  o f  fo o d , r e p r e s e n t s  

th e  e x t r a  h e a t  i n c i d e n t  to  th e  u t i l i s a t i o n  o f  fo o d .

The h e a t  in c re m e n t  c a n  be m easured  e i t h e r  from the. b a s e ­

l i n e  o f  th e  p o s t - a b s o r p t i v e  o r  o f  th e  m a in ten a n ce  s t a t e  

and  i t s  v a lu e  f o r  d i e t a r y  c o n s t i t u e n t s  t h e r e f o r e  v a r i e s  

w i th  t h i s  i n i t i a l  s t a r t i n g  l e v e l .  S.D .A. i s  im p o r ta n t  

i n  young a n im a ls ,  f o r  when p r o t e i n  i s  r e t a i n e d  f o r  

t i s s u e  g row th  i t  i s  -withdrawn from  dynamic a c t i o n  

(B rody , 1 9 4 5 ) .  T h is  i s  w e l l  i l l u s t r a t e d  i n  a com parison  

o f  egg and m i lk  p r o t e i n s  w i t h  i s o c a l o r i c  f e e d in g ;  th e  

fo rm er  was s u p e r i o r  f o r  grow th  and c a u se d  a low er 

p r o d u c t i o n  o f  h e a t  (B lack  & M u r l in ,  1939)* T h e •energy 

c o s t  o f  f e e d in g  i s  d i s t i n g u i s h e d  from S.D .A. by th e  

f a c t  t h a t  i t  a l s o  in v o lv e s  th e  p h y s i c a l  energy  g e n e ra te d  

i n  th e  o b t a in in g  o f  fo o d .

N i t ro g e n  M etabo lism  d u r in g  g ro w th .

Many s t u d i e s  o f  n i t r o g e n  (N) i n ta k e  and b a la n c e  

have b e e n  made i n  r a t s .  These h a v e ,  however, b een  more 

c o n ce rn ed  w i th  th e  d e te r m in a t io n  o f  th e  b i o l o g i c a l  v a lu e  

o f  p r o t e i n s  th a n  w i th  a  s y s te m a t ic  s tu d y  o f  th e  changes 

i n  n i t r o g e n  m etab o lism  d u r in g  g ro w th . One c l e a r - c u t  

f a c t  i s  e v i d e n t ,  nam ely, t h a t ,  on an adequa te  d i e t ,  th e  

p o s i t i v e  N b a la n c e  p e r  g i n g e s t e d  N d e c re a s e s  r a p i d l y  

w i th  a^e ( A l l i s o n ,  1951) • C et _L c u l a t i o n  f r O in s cme

r e p r e s e n t a t i v e  d a t a  co n firm s  t h a t  th e  p e rc e n ta g e  o f  N



i n t a k e  r e t a i n e d  i s  g r e a t e r  i n  y o u n g e r  ( M i t c h e l l ,  1924; 

F o r b e s , S w i i t ,  J a n e s ,  B ra tz . le r  & B la c k ,  1946^ A T n f ic h , 

H un t, A x e lro d  & Morgan, 1 9 5 1 ) ,  than, i n  o ld e r  r a t s  

(B la c k ,  F rench  & S w i f t ,  I 9 4 9 ) .  T h is  m ethod o f  

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

t h a n  th e  more u s u a l  m ethod o f  e x p r e s s in g  p r o t e i n  

e f f i c i e n c y ,  v iz :, g a in  i n  w e ig h t /g N  i n g e s t e d  (A rn r ic h  

e t  aJL, 1951o Ruegam er, P o l l i n g  & L o c k h a r t ,  1 9 5 0 }.

The N c o n te n t  o f  t i s s u e  added d u r in g  g row th , d e r iv e d  

by b a la n c e  t e c h n iq u e s  (B lac k ,  F ren ch  & S w i f t ,  1949j 

F o rb es  e t  a l ,  1946a; A rn r ic h  e t a l»  1951; Kon, 1 9 3 1 ) 

i s  s i m i l a r  to  t h a t  d e te rm in e d  by c a r c a s e  a n a ly s i s  ( p . ±r.A. 

S in ce  d u r in g  g row th  t h e r e  i s  a s t r o n g  s t im u lu s  f o r  N 

r e t e n t i o n ,  i t  i s  n o t  s u r p r i s i n g  t h a t  th e  r e l a t i o n s h i p  

be tw een  endogenous N and b a s a l  m e ta b o l ism  i n  g row ing 

r a t s  (B rody, 1945) i s  s i m i l a r  to  t h a t  i n  a d u l t s  

(2  m g .N / k c a l ) , (Sm uts, 1935)* Endogenous N i s  

d e f i n e d  e m p i r i c a l l y  as th e  lo w e s t  l e v e l  o f  N e x c r e t i o n  

a t t a i n e d  a f t e r  an a r b i t r a r i l y  d e f in e d  tim e i n t e r v a l  on 

a  d i e t  low i n  N b u t  o th e rw is e  c o m p le te .

A nalogous w i th  B.M.R. i n  th e  grow ing an im al 

18 ) ,  th e  r e a l i t y  o f  t r u e  eiidogenous N i s  even 

more s u s p e c t  i n  th e  young th a n  i n  th e  a d u l t  a n im a l ,  

owing to  th e  h ig h ly  a r t i f i c i a l  p ro c e d u re  o f  f e e d in g  

a  d i e t  p o o r  i n  n i t r o g e n  a t  a t im e  when N r e t e n t i o n  i s  

n o rm a l ly  e x tre m e ly  m ark e d .



A c t i v i t y  d u r in g  Grow th.

P h y s ic a l  a c t i v i t y ,  l i k e  fo o d  in ta k e ,m a k e s  a 

v a r i a b l e  c o n t r i b u t i o n  to  th e  t o t a l  m e ta b o l ism . E s t im a te s  

o f  th e  e x te n t  o f  p h y s i c a l  a c t i v i t y  v a ry  b e ca u se  o f  

d i f f e r e n t  m ethods o f  m ea su r in g  th e  movements o f  r a t s ;  

i n  a d u l t  r a t a  t h e  ran g e  i s  from 10 to Z %  o f  th e  t o t a l  

m e ta b o l i s m .  Gross sp o n ta n eo u s  movements o f  a  r a t  i n  

a  f i x e d  l i v i n g  space  can  be r e c o r d e d  i n  some way and 

t h e i r  m agn itude  e s t im a te d  q u a n t i t a t i v e l y  o r  sem i- 

q u an t  i t  a t i v e l y .  A lso , th e  r e v o l u t i o n s  o f  an ” a c t i v i t y ”

w heel s e t  i n  m o tio n  v o l u n t a r i l y  by a r a t  can  be c o u n te d  

and  th e  sp o n ta n eo u s  ru n n in g  i n  th e  w hee l m easu red . These 

two m ethods and  o t h e r  t e c h n iq u e s  d e t e c t  d i f f e r e n t  ty p es  

o f  p h y s i c a l  a c t i v i t y .  The r e l a t i o n s h i p  be tw een  

a c t i v i t y  and age has  n o t  been  c l e a r l y  d e f in e d ,  though  

r e c e n t  work h a s  a t t e m p te d  to  c l a r i f y  th e  p o s i t i o n  ( J o n e s ,  

K im e ld o r f ,  Rubadeau & C a s ta n e ra ,  1953)* The c lo s e  

i n t e r a c t i o n s  be tw een  age and  e x p e r ie n c e  i n  th e  'wheel cage 

seemed to  be an  im p o r ta n t  f a c t o r  i n  d e te rm in in g  th e  

r e l i a b i l i t y  i n  v o l i t i o n a l  a c t i v i t y ,  and i t  was su g g e s te d  

t h a t  e x p e r ie n c e  i s  th e  m ain  so u rc e  o f  d is c r e p a n c y  i n  

p r e v io u s  r e s u l t s ,  a lo n g  w i th  d i f f e r e n c e s  i n  g e n e t i c  

b a c k g ro u n d , i l l u m i n a t i o n ,  sound i n s u l a t i o n  and 

e n v iro n m e n ta l  t e m p e r a tu r e .  I t  was fo u n d  t h a t  a c t i v i t y  

v a r i e d  i n v e r s e l y  w i t h  age f o r  a i l  an im a ls  o f  e q u a l



e x p e r i e n c e ,  though  th e  r e l a t i o n s h i p  was n o t  l i n e a r .

The g r e a t e s t  a c t i v i t y  o c c u r re d  aoo u t th e  t im e  o f  puber 

(50 10 day s j  w hich  a g re e d  w i th  some o f  th e  p re v io u s

d a ta  ( S lo n a k e r ,  I 9 0 7 ; H i tc h c o c k ,  1 9 2 6 ; R i c h t e r ,  1 9 2 7 ) 

b u t  n o t  w i t h 'o t h e r s  (S lo n a k e r ,  1912; R i c h t e r ,  1922; 

S h i r l e y ,  1 9 2 8 ) ,  who fou nd  th e  peak a c t i v i t y  a t  20 C, 17 

and  200  days r e s p e c t i v e l y .  S in ce  th e  c o n d i t io n s  o f  t  

w heel cage a re  n o t  d i r e c t l y  com parab le  w i th  norm al 

s p o n ta n e o u s  movements i n  " f ix e d *  accommodation (E a y rs ,  

19 5 4 ) ,  r e s u l t s  t h e r e f o r e  o b t a in e d  by v a r io u s  t e c h n iq u e  

a re  n o t  d i r e c t l y  c o m p a rab le . On th e  o th e r  hand , 

g e n e r a l  ty p e s  o f  a c t i v i t y ,  such  as  c y c l i c a l  changes in­

a c t i v i t y ,  o ccu r  i n  b o th  c i r c u m s ta n c e s .

The n o n - p e r io d ic  a c t i v i t y  o f  th e  newborn r a t  

i s  su c ce ed e d  by th e  developm ent o f  p e r i o d i c  rhythm 

a b o u t  th e  1 0 t h - l 6 t h  day a f t e r  b i r t h  ( R i c h t e r ,  1 9 2 7 }. 

C y c l i c a l  a c t i v i t y  w i th  lo n g e r  o r  s h o r t e r  rhythm s 

(S lo n a k e r ,  1912, 192? , 1926; Szym anski, I 9 I 8 ; Brown 

S h r in e r  & R a lp h ,  1 9 5 6 ) h a s  been  d e s c r ib e d  as l a r g e l y  

a s s o c i a t e d  w i th  p h y s i o l o g i c a l  p r o c e s s e s ,  p a r t i c u l a r l y  

w i th  t h e  f e e d in g  c y c l e .  F l u c t u a t i o n s  i n  i d l y  a c t i v i  

have  been  compared i n  a g e n e r a l  v /g  w i t i i  f lu c tu u . t  1 *..• ns 

g ro w th ,  and a re  o f t e n ,  though  n o t  a lw a y s , ro li. teo. t>_

c h a r g e s  i n  food  in te rne .  The d i u r n a l  rhythm ,;i t h  maulo u

no c u o n  a. -i. L.ij t.i. v i  a : , -j. e . . ± :  .i* ;.ou u j.

V «—X ' l  - b l  v U j . o  ( * » x  n : O C i  ,  J - y  ■— j  .  -J.'- -U . J. -i. ;  — 1- ; )  — • •••• ' - —



1937; H e r r in g  & Brody, 1938> . Hunt & S c h io sb e rg ,  1 9 9 9 }

seems to  become e s t a b l i s h e d  oonetim e b e tw een  1 and 

6 m onths o f  age (S lo n a k e r ,  1912.) . I n  d i f f e r e n t  s t r a i n s  

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

That d i e t a r y  f a c t o r s  in f lu e n c e  a c t i v i t y  i s  

shown by th e  c o n s i s t e n t  i n c r e a s e  i n  a c t i v i t y  on a 

s y n t h e t i c  d i e t  com pared w i th  a n a t u r a l  d i e t  ( . /a id  & 

J a c k s o n ,  1 9 4 4 ) and a ls o  by th e  f a c t  t h a t  d e p r i v a t i o n  o f  

f o o d  o r  w a te r  c au se d  i n c r e a s e d  ru n n in g  i n  a c t i v i t y  cages 

( R i c h t e r ,  1922; H i tc h c o c k ,  1928; R i c h t e r  & R ic e ,  1954).

I t  i s  p o s s i b l e  t h a t  t h i s  i n c r e a s e d  a c t i v i t y  o c c u rs  oruy 

i n  a n im a ls  w hich  have been c o n d i t i o n e d  to  a s s o c i a t e  t h e  

a c q u i s i t i o n  o f  fo o d  w i t h  a c t i v e  e x p e n d i tu re  o f  m u scu la r  

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

p roduce  fo o d  w i l l  l e a d  to  e x t i n c t i o n  o f  th e  a c t i v i t y  

d r i v e  ( A n l ik e r ,  u n p u b l i s h e d ) .
a

W ater M etabo lism  d u r in g  G row th .

Only a  l i m i t e d  s tu d y  h a s  b e en  made o f  th e  w a te r  

exchanges o f  th e  r a t ,  grow ing o r  a d u l t .  I n  f a c t ,  no 

co m p le te  a n a l y s i s  o f  w a te r  b a la n c e  has  b een  done a p a r t  

from, th e  work o f  M o rr iso n  (1 9 5 5 , 193^) u s in g  n o n -p re g n a n t  

and p r e g n a n t  r a t s .  O ther  s t u d i e s  on w a te r  m e tab o lism  

w hich  a re  r e c o r d e d  have been  r e s t r i c t e d  to  m easurement 

o f  f l u i d  w a te r  i n t a k e  and v a p o r i z e d  w a te r  l o s s .

F l u i d  w a t e r  i n t o n e  has  been found  to i n c r e a s e



g r a d u a l ly  w i t h  age and to  a l e s s  e x t e n t  th a n  th e  

i n c r e a s e  i n  body w e ig h t  accom panying i n c r e a s i n g  age 

( R i c h t e r ,  1 9 2 6 ; J a c k s o n  & Sm ith , 1 9 3 1 ) % A h ig h  

c o r r e l a t i o n  w i th  body s u r f a c e  a r e a ,  how ever, h a s  been  

c la im e d  ( R i c h t e r  & B r a i l e y ,  1 9 2 9 ) .  R a ts  from 3 c to 160 

days o ld  were fo u n d  to  d r in k  800 m l / s q  m body s u r f a c e  

a r e a  p e r  day . A lthou gh  d a i l y  v a r i a t i o n s  m ig h t  be 

c o n s id e r a b le  a c o n s ta n c y  i n  amount from  one 10 -d a y  

i n t e r v a l  to  a n o th e r  was r e p o r t e d .

R e g a rd in g  w a te r  l o s s ,  c o n s ta n c y  o f  th e  t o t a l  

q u a n t i t y  o f  v a p o r i z e d  w a te r  o ve r  th e  body w e ig h t  range  

100 -  250 g was found  by M o rr iso n  (1955)•  T h is  i s  

c o n s i s t e n t  w i t h  th e  b a s i c  d a t a  fo u n d  by Greene &

Luce (1931)*  F o r  r a t s  f o r  w hich  v a lu e s  o f  en e rg y  

e x p e n d i tu re  below 25  k c a l /d a y  (below 80 g body w e ig h t)  

w ere  r e c o r d e d  t h e r e  was a  tend ency  f o r  a  d e c l in e  i n  

v a p o r i s e d  w a t e r .  T h is  i s  c o n s i s t e n t  w i th  th e  form  

o f  c u rv e  o b ta in e d  i n  c a t t l e  (Armsby & E r i e s ,  1917) 

f o r  th e  r e l a t i o n s h i p  o f  v a p o r iz e d  w a te r  l o s s  to  t o t a l  

h e a t  l o s s .

The i n s e n s i b l e  w a te r  l o s s  h a s  been  u sed  to  

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

and t h e r e  seems to  be ag reem ent t h a t  u n d e r  tem p e ra te  

c o n d i t i o n s  th e  h e a t  l o s s  by v a p o r i z a t i o n  o f  w a te r  

(from  s k i n  and lu n g s  i n  a d u l t s )  i s  23;, o f  the  t o t a l  

h e a t  l o s s  (Greene A L uce ,  I 93 I \ Greene ,  1934; Newburgh,



J o h n s to n ,  L as lm et & S h e ld o n ,  1937; L ee , 1 9 4 0 ) . I n  

c h i l d r e n ,  th e  same p r o p o r t i o n  o f  th e  t o t a l  h e a t  l o s s  

from  v a p o r iz e d  w a te r  h a s  b e en  fo u nd  (Levirie  & Li I so n ,  1 9 2 7

Growth C u rv e s .

Since, th e  term  g row th  Mcurve"- i s  commonly a p p l i e d  

to  th e  g ra p h  o f  body w e ig h t  on a g e ,  such w i l l  be th e  

u sa g e  h e r e .  Numerous, r e c o r d s  o f  s e r i a l  w e ig h ts  o f  

r a t s ,  a s  w e l l  as o f  o th e r  a n im a l s ,  have b een  made, e i t h e r  

w i th  th e  aim of. d e m o n s tra t in g  n u t r i t i o n a l  improvements 

o r  o f  f o r m u la t in g  m a th e m a tic a l  t h e o r i e s  o f  g row th .

Much d i s c u s s i o n  h a s  c e n t r e d  on th e  l a t t e r .  The e a r l i e r  

c o n ce p t  (R o b e r t s o n ,  1923; C ro z . ie r ,  1 9 2 6 ) o f  g row th  as 

an a u t o c a t a l y t i c , m onom olecular p r o c e s s  h a s  been  

c r i t i c i z e d  on th e  grounds t h a t  th e s e  e q u a t io n s  do n o t  

t a k e  i n t o  a c c o u n t  th e  expanding  volume o f  th e  grow ing 

o rg an ism  ( S n e l l ,  I 9 2 9 ) . The m a th e m a tic a l  a n a l y s i s  o f  

g ro w th  c u rv e s  has  been  c o n s id e r e d  u n r e l i a b l e  b e c a u se  

g row th  h a s  b e e n  r e g a rd e d  as a  s im p le  p h y s ic o -c h e m ic a l  

p r o c e s s  i n  th e  a b sen ce  o f  r i g i d  and d i r e c t  p ro o f  

(G ray , 1 9 2 9 ) .  N e v e r th e l e s s ,  more r e c e n t l y  th e  v a lu e s  

f o r  th e  d a i l y  w e ig h ts  o f  r a t s  have b e e n  s t a t e d  to  be 

r e p r e s e n t e d  by a  p o ly n o m ia l  p lu s  a s in e  cu rve  component 

p l u s  a  r e s i d u a l  mean sq u a re  o r  v a r i a n c e  (Baker & K l e i b e r ,  

I 9 4 4 ) .  F u r t h e r  a n a l y s i s  a t  a  h i g h l y  t h e o r e t i c a l  l e v e l  

( a i c h o r n ,  1940) d e r i v e d  m a th e m a t ic a l  e x p re s s io n s  r e l a t i n g
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th e  c y c le  o f  g row th  arid, r e p r o d u c t i o n  to  th e  c o n t in u o u s  

exchange o f  v i t a l  power from g e n e r a t i o n  to  g e n e r a t i o n .

ZucKer, H a l l ,  Young & Z ucker, ( 1 9 4 1 h ) ,  c r i t i c a l l y

a n a l y s e d  th e  grow th  e q u a t io n s  o f  many e a r l i e r  w orke rs

and fo u n d  them f o r  th e  mosrt p a r t  u n s a t i s f a c t o r y  f o r

t h e i r  g row th  d a t a  o f  r a t s  i n  th e  p o s t -w e a n in g  p e r i o d .

I n  f a c t ,  th e y  fo u n d  them r e p r e s e n t a t i v e  o f  g ro w th  a t

su b o p t im a l  n u t r i t i o n a l  l e v e l s .  They p ro p o se d  a fo rm u la

f o r  t e s t i n g  g ro w th  (on  th e  b a s i s  o f  g a i n  i n  w e ig h t)  und e r

a d e q u a te  n u t r i t i o n a l  c o n d i t i o n s  which h as  been

s a t i s f a c t o r i l y  a p p l i e d  to  o t h e r  r a t  c o lo n ie s  ( B e r t r a n d

& Q uivy, 1947; Dunn, Murphy & R o ck lan d , 1 9 4 7 ,;. Gray
k& A d d is ,  1 9 4 8 ) .  The e q u a t io n  i s  lo g  W = £  + lo g  A 

where W = v^eight a t  tim e t ,  A i s  t h e  w e ig h t  ap p ro ach ed  

a s y m p to t i c a l l y  i n  th e  a d u l t  an im al ( l o g  A b e in g  th e  

i n t e r c e p t  o f  th e  s t r a i g h t  l i n e )  and  k  i s  th e  s lo p e  o f  

th e  l i n e  w h ich  c h a r a c t e r i z e s  th e  r a t e  o f  g row th .

A lth o u g h  i t  h a s  an e m p i r i c a l  b a s i s ,  t h i s  e q u a t io n  

i s  c la im e d  t o  conform  w i th  two b a s i c  c o n ce p ts  o f  g row th  

(H uxley , 1932.), s e l f - m u l t i p l i c a t i o n  o f  l i v i n g  su b s ta n c e  

and  r e d u c t i o n  o f  th e  ra te ,  o f  s e l f - m u l t i p l i c a t i o n  w i th  

i n c r e a s i n g  s i z e .

On a d i e t  o p t im a l  f o r  g row th  th e  p o i n t  o f  

i n f l e c t i o n  i s  s t a t e d  to  occu r  a t  3 ~ 4 weeks (Zucker ,  

K a i l ,  Young & Zucker ,  1941a) b u t  i t  can  be a r t i f i c i a l l y  

d e la y e d  by i n f e r i o r  n u t r i t i o n  to  6 weeks (Sherman &



C am pbell, 1924; Sherman & MacLeod, 19?p; Sherman &

B ooh er ,  1931} o r  to  10 weeks (D onaldson , Dunn & Watson, 

1 9 0 6 ) .  V a r io u s  a l t e r a t i o n s  i n  th e  shape o f  i :e g rowth  

cu rve  may be p ro d u ce d  by changes i n  t h e  d i e t  (MacDowelx, 

1928; MacDoweli, G ates  & MacDowell, 3,930; McC,.:/, C rowell 

& M aynard, I 9 3 5 .; McCay, Maynard, S p e r l i n g  & B a rn e s ,  1939} 

Thus th e  s im u lta n e o u s  o c c u r re n c e  o f  th e  p o i n t  o f  

i n f l e c t i o n  and p u b e r ty  (Brody, 1945) may o n ly  o c c u r  on 

a  d e f i c i e n t  d i e t .

More r e c e n t l y ,  Z u c k e r ’ s r e l a t i o n  h a s  been  found  

to  be i n v a l i d  when a p p l i e d  i n  r a t s  to  g row th  w hich was 

more r a p i d  th a n  any p r e v i o u s ly  r e c o r d e d  (Mayer, 1 9 4 8 ) .

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

t h a t  more r a p i d  g a in  i n  w e ig h t  i s  n o t  n e c e s s a r i l y  

b e t t e r  g ro w th ;  on th e  o t h e r  h an d , th e  e m p i r ic a l  n a tu r e  

o f  th e  e q u a t io n  r e n d e r s  i t  s u b j e c t  to  amendment. A p l e a  

h as  b e en  made f o r  c o n s i d e r a t i o n  o f  therm odynam ics i n  

g ro w th  e q u a t io n s  (Mayer, 1 9 4 9 a) on th e  g ro unds t h a t  a 

b e t t e r  r e p r e s e n t a t i o n  o f  g ro w th  i s  g iv e n  th a n  when body 

w e ig h t  i s  u s e d .



MATERIAL AM) METHODS .

E x p e r im e n ta l  A n im a ls .

A l l  th e  an im als  u se d  f o r  m e ta b o l ic  s t u d i e s  and 

c a r c a s e  a n a l y s i s  were male r a t s  o f  th e  hooded W is ta r  

s t r a i n ,  b r e d  as a c lo s e d  co lo n y  i n  th e  I n s t i t u t e  o f  

P h y s io lo g y  from  an im als  o r i g i n a l l y  o b ta in e d  from th e  

s to c k  o f  th e  R ow ett R e s e a rc h  I n s t i t u t e .  Both male and 

fem a le  r a t s  o f  t h i s  s t r a i n  were u se d  i n  th e  g row th  

s t u d i e s  f o r  d i e t a r y  e v a l u a t i o n .  D e t a i l s  o f  se x ,  d a te  

o f  b i r t h  and e x p e r im e n ta l  use  a re  i n  T a b le s  6 and 7 , 

th e  g row th  c u rv e s  a re  i n  F ig s  14 — 17 and th e  body 

w e ig h ts  d u r in g  m e ta b o l i c  s tu d y  i n  F ig s  46 -  4 8 .

D i e t .

Choice o f  d i e t .

The d i e t  u s e d  was c a l l e d  M e ta b o l ic  S y n th e t i c  

Number I ,  s u b s e q u e n t ly  r e f e r r e d  to  as  M .S .I .  I t s  

p r e p a r a t i o n  i s  g iv e n  i n  A ppendix  I ,  G, and i t s  

c o m p o s i t io n  i s  as  f o l l o w s : -



C om position  o f  D ie t  M .S . I .

C a se in  ( l i g h t ,  w h i t e ,  B .D .H .) 20 p a r t s

R ic e  s t a r o h  55  "

S u c ro se  9 n

S p e c i a l  m a rg a r in e  ( v i t a m in iz e d )  9 . 5  w

S a l t  m ix tu re  ( p .  40) 5 w

Hepamino (Evans) ( p .  41) 1 "

Cod l i v e r  o i l  0 .5  ,f

To 10 kg o f  t h i s  m ix tu re  w ere  added th e  

f o l lo w in g  s y n t h e t i c  v i t a m in s  (R och e) .

Thiam in 40 mg.

R i b o f l a v i n  40 mg.

E y r id o x in  2 0  mg.

C h o lin e  c h lo r id e  20 g .

ex-tocopherol a c e t a t e  5 0 0  mg.



S a l t  M ix tu r e .

grams

Sodium c h l o r i d e  1 68 .6

D ib a s ic  c a lc iu m  p h o sp h a te  ' 1 6 7 .3

p a ta s s iu m  c i t r a t e  111 . 5

C alcium  c a rb o n a te  77 .0

D ip o ta s s iu m  ph o sp h a te  3 6 . 4

Magnesium c a rb o n a te  1 9 . 2

F e r r i c  c i t r a t e  7*5

Manganous s u l p h a t e  0*59

Copper s u lp h a te  (anhyd rou s)  0 .0 5 1

P o ta s h  alum . 0 .0 4

C o b a lt  c h l o r i d e  (an h y d ro u s)  0.02.5

P o ta s s iu m  io d id e  0 .0 2

Z in c  c a rb o n a te  0 . 0 2

Sodium f l u o r i d e  0 .0 0 0 4



C o n te n ts  o f  Hepamino ( p e r  1QQ g ) .

T hiam in

B i b o f l a v i n

P y r id o x in

P a n to th e n ic  a c id

P o i i c  a c i d

B i o t i n

I n o s i t o l

N i c o t i n i c  a c i d

Hydrolysed p r o t e i n

I r o n

Copper

1 mg.

13 mg.

2  mg.

100 mg.

3 mg .

0 . 4  mg.

250 mgg,

60 mg.

80 g .

230 p a r ts  per mi H i  

40 *



a  semi—s y n t h e t i c  d i e t  was ch o sen  i n s t e a d  of a s to c k  

d i e t  b e c a u se  o f  th e  g r e a t e r  accu racy  p o s s i b l e  i n  th e  

c a l c u l a t i o n  o f  th e  o u lan c es  o f  e n e rg y ,  n i t r o g e n  and 

w a te r  when th e  e x a c t  d i e t a r y  c o n s t i t u e n t s  a re  known. 

The a d v a n ta g e  o f  more r i g i d  chem ica l  and e n e r g e t i c  

d e f i n i t i o n  o f  th e  d i e t a r y  components was c o n s id e re d  to  

be w o r th  th e  r i s k  o f  n o t  o b t a in in g  o p t im a l  g row th  w ith  

a  s e m i - s y n th e t i c  d i e t .  When th e  growth r a t e s  o f  th e  

r a t s  on th e  s e m i - s y n th e t i c  d i e t  M .S . I .  were compared 

w i t h  th o s e  on th e  s to c k  d i e t  M.R.C, d i e t  41 (Bruce & 

P a r k e s , 1 9 4 9 ) ,  g row th  p e rfo rm an ce  on d i e t  iv i *3*1# W d S - 

n o t  g r e a t l y  i n f e r i o r  to  t h a t  on d i e t  41 (F ig s*  14 -  17 

and  (p. 1 3 ) .  Male r a t s  a t  115 days o f  a g e ,  w hich

w ere th e  o l d e s t  r a t s  s t u d i e d  i n  th e  m e ta b o l ic  a p p a r a tu  

w eighed  230g. when f e d  on d i e t  M .S . I .  L i t t e r m a t e s  o f  

th e  same age and s e x ,  when f e d  on d i e t  4 1 ,  w eighed  

260 g .  T here  i s  q u i t e  a m arked d i f f e r e n c e  i n  th e  

c o n s t i t u e n t s  o f  th e  two d i e t s ,  d i e t  41 h a v in g ,  f o r  

i n s t a n c e ,  t h e  n a t u r a l  s u b s ta n c e s  wholemeal f l o u r ,  

g ro u n d  o a ts  and f i s h m e a l ,  i n s t e a d  o f  p u r i f i e d  p r o t e i n ,  

f a t  and c a rb o h y d ra te ;  th e  l e v e l  o f  p r o t e i n  i n  d i e t  41 

was 1 5p  compared w i th  20p f o r  d i e t  M .S . I .

F o r  ease  o f  c a l c u l a t i o n  one m ain sou rce  o f  

p r o t e i n  was c h o sen ,  namely c a s e i n ,  a t  a l e v e l  o f  20p 

by w e i g h t .  A sm a ll  amount o f  h y d ro ly se d  p r o t e i n  was
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a ls o  p r e s e n t  i n  "Hepamino” (E v a n s ) ,  w hich  i s  

p r o t e o l y s e d  and d r i e d  l i v e r .  "Hepanino" was in c lu d e d  

i n  th e  d i e t  b e c a u se  i t  c o n ta in e d  a c o n c e n t r a te d  so u rce  

o f  im pure  v i ta m in s  o f  th e  B complex and t r a c e s ,  o f  

v i t a m in s  w h ich  would o th e rw is e  be a b s e n t  from th e  

d i e t  ( e . g .  p a n to th e n i c  a c i d ,  f o l i c  a c i d ,  b i o t i n  and 

i n o s i t o l ) .

" S p e c i a l  M a rg a r in e ”' was th e  f a t  u sed  i n  th e  

d i e t .  I t  was a  n o n -b ra n d e d  p r o d u c t ,  m an u fa c tu red  

u n d e r  th e  g o v e rn m en ta l  c o n t r o l  o f  th e  M i n i s t r y  o f  

Food, d u r in g  and f o r  some tim e a f t e r  th e  second  w o r ld  

w a r .  I t s  c o m p o s i t io n  v a r i e d  s l i g h t l y  depend ing  on th e  

v e g e t a b l e  f a t s  a v a i l a b l e ;  th e  average  c o m p o s i t io n  was, 

how ever, k in d ly  s u p p l i e d  by D r. P .N . W illiam s o f  

U n i l e v e r  L t d . ,  and i s  as  f o l l o w s : -

Average C om position  o f  **Special M a rg a r in e " .

S a t u r a t e d  f a t t y  a c id s  JL
C a p r y l i c  a c i d  (Ca) 2-

C a p r ic  a c i d  (C1 0 ) 3

L a u r i e  a c i d  (C i2_) 20 .5

M y r i s t i c  a c id  ( 0 ^4 ) 7

P a lm i t i c  a c id (C p a )  22

S t e a r i c  a c i d  (C-^q) 4

C20  ° 2 2  and C2 4  a c id s  1 .5



44 .

20

9

11

36 

23 

31 

10

I t  was f o r t i f i e d  by th e  m a n u f a c tu r e r s  by th e  a d d i t i o n  

o f  450 -  500 I . U .  V itam in  A and 90 I .U .  v i ta m in  D 

p e r  o z .  The w a t e r - s o l u b l e  v i ta m in s  were d e r iv e d  from 

th r e e  s o u r c e s ,  from  p u re  v i t a m in s ,  from  "He^amino” 

an d , i n  t r a c e s ,  from c a s e i n .

W ith  a s e m i - s y n th e t i c  d i e t ,  s p e c i a l  a t t e n t i o n  

h a s  to  be p a id  to  th e  l e v e l  o f  v i ta m in s  f e d .  In  

c o n s t r u c t i n g  th e  d i e t ,  r e q u i r e m e n ts  f o r  v i ta m in s  were 

t a k e n ,  f o r  th e  m ost p a r t ,  from R u s s e l l ’ s (1948) 

re v ie w ,  w h ich  i s  con ce rn ed  m a in ly  w i th  r e q u ire m e n ts  

f o r  p re g n a n c y . From T ab le  1 i t  can  be se e n  t h a t ,  

a p a r t  from  f o l i c  a c i d  and p a n to t h e n i c  a c id  which were 

s l i g h t l y  below th e  recommended am ounts, the  v i ta m in  

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

U n s a tu r a t e d  f a t t y  a c id s

O le ic  a c i d  (m onoetheno id  G

I s o - o l e i c  a c i d  (C_Q)
18

18'

L i n o l e i c  a c i d  ( d i e t h e n o i d  G^g)

G ly c e r id e  c o m p o s it io n

T r i - s a t u r a t e d  g l y c e r i d e s  

D i - s a t u r a t e d ,  m ono-unssa tu ra ted  

M ono-- s a t u r a t e d ,  d i - u n s a t u r a t e d  

T r i - u n s ,a tu r a t  e d



A c co rd in g  to  Unna, R ic h a rd s  & Sampson ( 1 9 4 1 ) ,  th e  

d i e t  c o n ta in e d  s u f f i c i e n t  ca lc iu m  p a n to t h e n a t e  to  

p r e v e n t  a c h r o m o t r i c h i a ,  i f  an a v e ra g e  d a i l y  fo o d  i n t a k e  

o f  10 g i s  assum ed . However, h i g h e r  l e v e l s  i n  d i e t  

M.S . 1 .  would p ro b a b ly  have b e en  d e s i r a b l e ,  s in c e  a t  

IOC days o l d ,  s e v e r a l  r a t s  f e d  on t h i s  d i e t  had  g r e y e r  

c o a t s  th a n  t h e i r  l i t t e r m a t e s  f e d  on d i e t  4 1 .

C opping, Crowe & Pond ( 1 9 5 1 ) ,  u s in g  a s y n t h e t i c  

d i e t ,  f e d  to  r a t s  l e v e l s  o f  p u re  v i ta m in s  s i m i l a r  to  

th o s e  i n  d i e t  M . S . I . ;  when c rude  l i v e r  e x t r a c t  was 

s u b s t i t u t e d  f o r  th e  p u re  v i t a m in s  i n  th e  sane d i e t  

l i t t l e  b e t t e r  g row th  was o b ta in e d .  The v i ta m in  

c o n te n t  o f  d i e t  M .S . I .  was 'w ell above th e  r e q u i r e m e n ts  

f o r  g row th  i n  r a t s  recommended by Cowgrd (1953) who 

b a s e d  h e r  s u g g e s te d  v a lu e s  on a  rev iew  by Brown & 

S t u r t e v a n t  (1949) i n  w hich  s e a r c h in g  a n a l y s i s  o f  th e  

l i t e r a t u r e  on t h i s  s u b j e c t  was made. A more r e c e n t  

d i e t a r y  recom m endation  f o r  g row th  i n  r a t s  (C u th b e r ts o n ,  

1 9 5 7 ) p r o p o s e s  a  v i ta m in  c o n t e n t ,  w h ich , i n  g e n e r a l ,  

i s  below t h a t  w h ic h  d i e t  M .S .I*  c o n t a i n s ,  w i th  th e  

e x c e p t i o n  o f  th e  c o n te n t s  o f  v i ta m in  D and n i c o t i n i c  

a c id  w hich  a re  s l i g h t l y  ab0 ve th o s e  i n  d i e t  M. 3 . 1 .

Much l a r g e r  q u a n t i t i e s  o f  v i ta m in s  were f e d  b o th  by 

Mayer (1948) who o b ta in e d  g r e a t e r  w e ig h t  g a in s  on a 

s y n t h e t i c  d i e t  t h a n  w i th  s to c k  d i e t s  and by th e  Glaxo 

L a b o r a t o r i e s  (C u th b e r t s o n ,  1957} who o b ta in e d  no i n c r e a
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i n  g ro w th  r a t e  when even  l a r g e r  q u a n t i t i e s  o f  v i ta m in s  

w ere a d m i n i s t e r e d .

C om parison  be tw een  D i e t s  U . S . I .  and 4 1 .

No e x te n s iv e  t e s t  of. d i e t  M .S . I .  f o r  growth 

and r e p r o d u c t io n  was c a r r i e d  o u t ,  b u t  s e v e r a l  

com p ariso n s  o f  th e  w e ig h t s  o f  l i t t e r m a t e s  on th e  two 

d i e t s  M .S . I .  and  41 were m ade, t h e  g r a p h ic a l  r e c o r d s  

o f  w h ich  a re  i n  F i g s .  14 -  17 and th e  d e t a i l s  o f  th e  

a n im a ls  u se d  i n  T ab le  7 . I t .  can  be s e e n  t h a t ,  i n  

g e n e r a l ,  m a le s  and  fem a le s  on d i e t  41 g a in e d  w e ig h t  

somewhat more r a p i d l y  t h a n  th o s e  on d i e t  M .S . I .  though 

i n i t i a l l y  th e  l a t t e r  d i e t  p rom oted  g r e a t e r  g a in  i n  

w e ig h t ,  p resu m ab ly  becau se  o f  i t s  h i g h e r  c o n te n t  o f  

p r o t e i n .  I n  one i n s t a n c e ,  ( F ig .  1 7 ) when th e  m ales  

on  d i e t  41 w ere  h e a v i e r  th a n  ,the f e m a le s ,  w h i le  th e  

f e m a le s  on  d i e t  M .S . I .  were h e a v i e r  th a n  th e  m a le s ,  

t h e r e  was s t r i k i n g  s i m i l a r i t y  i n  th e  growth c u rv e s  f o r  

m a les  and f e m a le s  t a k e n  t o g e t h e r .  D a ta  from an im als  

on  b o th  d i e t s  w ere p l o t t e d  on a l o g - r e c i p r o c a l  g r i d  i . e .  

on a  g r a p h  where t h e  o r d i n a t e  i s  th e  lo g a r i th m  o f  body 

w e ig h t  and th e  a b s c i s s a  i s  th e  r e c i p r o c a l  o f  time 

e x p r e s s e d  i n  weeks ( F i g .  1 8 ) .  I t  i s  c la im e d  by 

Zueker e_t a l . (I941kx) t h a t  when d a ta  a re  th u s  p l o t t e d

and a s t r a i g h t - r i n e  r e l a t i o n  i s  g iv e n ,  growth o f  r a t s  

i s  a d e q u a t e .  I t  i s  shown t h a t ,  f o r  the  most ^ a . r t , the
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r e l a t i o n  d e r i v e d  by Zucker a t  a l .  i s  s a t i s f i e d  by th e  

p r e s e n t  d a t a ,  tho ugh  i n  one case  a b r e a k  i n  th e  l i n e  

a p p e a r s  to  be p r e s e n t  ( d a t a  f o r  male and fem ale  r a t s  

b o rn  1 9 . 9 . 5 3  29«9*53> f e d  on d i e t  M .S ' . I . ) .

I n  a d d i t i o n ,  h i s t o l o g i c a l  e x a m in a t io n  o f  t i s s u e s  

( l i v e r ,  k id n e y ,  a d r e n a l ,  thym us, sm a ll  and l a r g e  

i n t e s t i n e ,  t e s t i s  o r  o v a ry j was made- from .two groups o f  mi • t c 

f e d  d i e t  M.S. I.- and d i e t  41 f o r  5k days a f t e r  w ean ing .

No a b n o r m a l i t i e s  i n  e i t h e r  g roup  n o r  any d i f f e r e n c e s  

be tw een  t h e  g rou ps were d e t e c t e d .  A few s t u d i e s  o f  

r e p r o d u c t iv e  p e rfo rm an ce  were made w i th  an im als  f e d  

d i e t  M .S .I*  M ating  o f  t h r e e  m ales  and t h r e e  fem a le s  

was u n im p a i re d  and p regn an cy  was c o n t in u e d  to  te rm  i n  

a l l  t h r e e  c a s e s .  I n  two c a se s  i n  w h ich  l a c t a t i o n  was 

u n d e r ta k e n  on d i e t  M .S . I .  a  f a i r  d e g re e  o f  su c c e ss  was 

a c h ie v e d .

M e ta b o l ic  A p p a r a tu s .

The a p p a r a tu s  u se d  f o r  th e  m easurem ent o f  

r e s p i r a t o r y  m etab o lism  was a c i o s e d - c i r c u i t  r e s p i r o m e te r  

w i th  p u m p -c i r c u l a t e d  a i r ,  b a s e d  on t h a t  d e s c r ib e d  by 

Dewar & Newton (1946) and m o d if ie d  c o n s id e r a b ly  by 

M o r r i s o n  ( 1 9 5 2 ) .  S ince  i t s  c o n s t r u c t i o n  has  a l r e a d y  

b e en  d e s c r i b e d  i n  d e t a i l  (M o rr iso n ,  1954,  1955)> o n l k 

a  g e n e r a l  o u t l i n e  o f  i t s  u se  w i l l  be g iv e n  h e r e ,  to  

accompany F i g s .  1 -  3 •



The components o f  th e  a p p a r a tu s  were e n c lo se d  

i n  an i n s u l a t e d  'wooden c a b i n e t  which was t h e r m o s t a t i c n l l  

c o n t r o l l e d ,  u s u a l l y  a t  23  ( -  l ) ° G .  The te m p e ra tu re  i n  

th e  an im a l  chamber was abou t 3°C h i g h e r  th a n  t h a t  i n  

th e  c a b i n e t  b ecau se  o f  th e  h e a t  g e n e r a te d  by th e  r a t  

t h e r e .  I n  th e  p r im a ry  c i r c u i t ,  a i r  was c i r c u l a t e d  

th ro u g h  th e  an im al chamber and th en c e  to  th e  tu b es  

c a r r y i n g  a b s o r b e n ts  f o r  c a rb o n  d io x id e  and w a te r .

The a i r  t h e n  r e t u r n e d  to  th e  an im al chamber v i a  th e  a i r  

pump. A i r t i g h t n e s s  o f  th e  system  was o f  prim e 

im p o r ta n c e ;  th e  d e t e c t i o n  and p r e v e n t io n  o f  l e a k s  i s  

d i s c u s s e d  l a t e r  ( p .  54 )•

I n s i d e  th e  an im al cham ber, o f  a p p ro x im a te ly  

7 l i t r e s  c a p a c i t y ,  was f i t t e d  a fram e to  c a r r y  th e  fo o d -  

box and w a t e r - b o t t l e .  T h is  f ram e ,w h ich  com prised  th e  

l i v i n g - s p a c e  o f  th e  r a t ,  h ad  two g r i d s ,  one o f  w ide 

mesh on w hich  th e  an im al s to o d ,  arid a n o th e r ,  below t h i s ,  

o f  f i n e  mesh w hich  r e t a i n e d  th e  f a e c e s  p ro d u c e d .  Beceus 

o f  th e s e  a r ra n g e m e n ts  o f  g r i d s  cojjrophagy was p r e v e n te d ,  

b u t  u r i n e  was a b le  to  p a s s  th ro u g h  th e  f i n e  mesh o f  th e  

lo w er  g r i d .  I t  was c o l l e c t e d ,  v i a  a  f u n n e l  i n t o  which 

th e  lo w er  p a r t  o f  th e  fram e was i n s e r t e d ,  i n  a c o n ic a l  

f l a s k  c o n ta in i n g  ab o u t 10 ml o f  10p s u lp h u r ic  a c id .

The a b so rb in g  t r a i n  c o n s i s t e d  o f  a s e r i e s  o f  

U - tu b e s .  One tu b e  o f  anhydrous c a lc iu m  c h lo r id e  and 

one tu b e  o f  magnesium p e r c h l o r a t e  ( "A nhydrone") were



f o r  th e  a b s o r p t i o n  o f  v a p o r iz e d  w a te r  and two tu b e s  

o f  so d a  a s b e s to s  w ere f o r  a b s o r p t io n  o f  c a rb o n  d io x id e  

Soda a s b e s t o s  was u se d  i n s t e a d  o f  soda  lim e b e c a u se  i t  

h a s  a  h i g h e r  c a rb o n  d io x id e  com bin ing  pow er, namely 

44 g p e r  100 g a b s o r b e n t ,  compared w i th  6 g p e r  100 g 

f o r  so d a  l im e .  A f i n a l  g u a rd  tub e  o f  anhydrone was 

p r e s e n t  to  ab so rb  th e  w a te r  o f  r e a c t i o n  from  th e  

" so d a  a s b e s t o s "  t u b e s .  I n t o  th e  f i n a l  lim b o f  t h i s  

U -tu b e  a  few grains o f  a c t i v a t e d  c a rb o n  were in t ro d u c e d  

as a  m o d i f i c a t i o n ,  to  re d u c e  th e  tendency  to  v i t i a t i o n  

o f  th e  p r i v a t e  a tm osphere  i n  w h ich  th e  r a t  l i v e d .  Trier 

was a  s u b j e c t i v e  im p r e s s io n ,  how ever, t h a t  th e  need  f o r  

t h i s  was much l e s s  when a  s e m i - s y n th e t i c  d i e t  r a t h e r  

t h a n  a  s to c k  d i e t  was u s e d .  The p ro c e d u re  f o r  chang ing  

a b s o rb in g  tu b e s  d u r in g  th e  ru n n in g  o f  th e  m e ta b o l ic  

a p p a r a tu s  i s  g iv e n  i n  A ppendix I , C .

C i r c u l a t i o n  o f  a i r  i n  th e  c lo s e d  system  was 

done by means o f  a  D a ie -S c h u s te r  membrane pump w i th  a  

s p e c i a l  v a lv e  sy s tem  d r i v e n  by 1 /8  H .P . m otor v i a  a 

d r i v i n g  b e l t  and p u l l e y s .  The v a lv e s  p r e v io u s ly  u se d  

w ere Bunsen v a lv e s  w hich  have th e  d i s a d v a n ta g e  t h a t  th e  

c o n s t r i c t i o n  o f  th e  g l a s s  d u c ts  to  w h ich  th e  v a lv e  

tu b in g  was a t t a c h e d  o b s t r u c t e d  th e  a i r f lo w  and l i m i t e d  

th e  v e n t i l a t i o n  o f  th e  sy s te m . Rubber w i th  a  w ider b u r  

a n d /o r  h e a / i e r  tu b in g  made th e  Bunsen v a rv e  too 

i n s e n s i t i v e  o r  d e c r e a s e d  i t s  com pe tence . b i t n  th e  s y s I



o f  Bunsen v a lv e s  a h ig h e r  c o n c e n t r a t i o n  o f  carbon  

d io x id e  ( 0 .5  ~ O.Sp) and a h ig h e r  r e l a t i v e  h u m id i ty  

(R .H .)  (7 0  -  8Oh) were o b ta in e d  th a n  was d e s i r a b l e .

A c c o rd in g ly ,  to  im prove th e  e n v iro n m e n ta l  

c o n d i t i o n s  o f  th e  r a t ,  a  l i g h t e r  and more e f f i c i e n t  

fo rm  o f  v a lv e  was s o u g h t .  At f i r s t ,  t r i a l  was made 

o f  th e  " f l a p 1* v a lv e s  o f  r u b b e r  dam u se d  i n  r e c o r d i n g  of 

t i d a l  a i r  and r e s p i r a t o r y  r a t e  i n  r a t s  i n to  which a 

t r a c h e a l  c a n n u la  had  been  i n s e r t e d  (D/Amour & B lood, 

I 9 4 8 ) . These v a lv e s  w ere s im p ly  c i r c u l a r  membranes o f  

t h i n  r u b b e r ,  a t t a c h e d  f o r  one—q u a r t e r  o f  t h e i r  

c i r c u m fe re n c e  to  th e  ends o f  g l a s s  t u b e s .  The a i r  flow 

i n  t h e  sys tem  was too  g r e a t  f o r  th e s e  to  be u s e d ,  f o r  i t  

c au se d  th e  f r e e  edge o f  th e  membranes (which were 

u n a t t a c h e d  f o r  t h r e e - q u a r t e r s  o f  t h e i r  c i rc u m fe re n c e )  to 

be  su c k ed  back i n t o  th e  g l a s s  tu b e .  I f ,  how ever, th e  

c i r c u l a r  membrane o f  ru b b e r  dam was H a n ch o red 58 to  th e  

edge o f  th e  g l a s s  tu b e  i n  t h r e e  p l a c e s  by t h i n  s t r i | j s  o f  

ru b b e r  dam i n  c o n t i n u i t y  w i th  th e  m ain  c i r c u l a r  membrane 

u s i n g  MB o s t ik w, a  l i g h t  and  com petent v a lv e  was o b ta in e d  

( F i g . 4 )  . I t  was e x p e c te d  t h a t  th e s e  v a lv e s  would 

p ro b a b ly  r e q u i r e  f r e q u e n t  r e p la c e m e n t ,  b u t  th e  o r i g i n a l  

v a lv e s  rem ained  i n  u se  f o r  a p p ro x im a te ly  f o u r  y e a r s  and 

w ere i n  good c o n d i t i o n  th r o u g h o u t .

D r ie d  oxygen p a s s e u  i n t o  th e  cj.oseo. system  from 

s p i r o m e te r  th ro u g h  a Bunsen v a lv e  as th e  i n t e r n a l  p res su :



f e l l  due t o  th e  consum ption  o f  oxygen and a b s o r p t io n  

o i  o a ro o n  d i o x i d e . The s p i r o m e te r  h ad  a c u r s o r  

a t t a c h e d  to  i t s  c o u n te r p o is e  w hich  r a n  on a c e n t im e t r e  

s c a l e  a t  th e  s id e  o f  th e  s p i r o m e te r .  H eadings o f  the  

s p i r o m e t e r  were made on t h i s  s c a le  a t  th e  b e g in n in g  

and end  o f  e ac h  2.4 h r ,  p e r i o d  and on r e f i l l i n g  th e  

s p i r o m e t e r ;  th e s e  m easu rem en ts  c o rre sp o n d e d  to  th e  

u n c o r r e c t e d  volume o f  oxygen . The c o r r e c t e d  volum e  o f  

oxygen and i t s  w e ig h t  were d e r iv e d  as shown on p .  5 8 . 

C o n t in u o u s  r e c o r d in g  o f  oxygen usage  was done by 

a r r a n g in g  t h a t  a  l i g h t  p o i n t e r  f i x e d  on to p  o f  th e  

s p i r o m e te r  b e l l  w ro te  on smoked, p a p e r  on a 1 2 - in c h  

kym ograph. Each p a p e r  was g r a d u a te d  i n  l i n e s  1 cm, 

a p a r t .  S ince  a  s l o p i n g  l i n e  was. t r a c e d  on th e  smoned 

p a p e r  by th e  p o i n t e r  th e  t r e n d  o f  oxygen co nsum ption  

was im m e d ia te ly  e v id e n t  d u r in g  th e  course, o f  th e  day 

( s e e  F i g .  9)* Because  o f  th e  l i m i t e d  c a p a c i ty  o f  th e  

s p i r o m e t e r ,  (5  l i t r e s ) ,  r e f i l l i n g  w i th  oxygen had  to  be 

done once o r  tw ic e  a  d ay . The s t a n d a r d  r o u t in e  i s  

g iv e n  i n  Appendix I , B .

To e s t im a te  th e  V e n t i l a t i o n  r a t e *  o f  th e  pump 

and  compare th e  new “f l a p "  v a lv e s  w i th  th o se  Bunsen 

v a lv e s  fo rm e r ly  i n  u s e ,  th e  c lo s e d  c i r c u i t  was broken 

on th e  i n t a k e  s id e  o f  th e  pump and a Bunsen v a lv e  was 

f i t t e d  to  th e  o u t l e t  d u c t  o f  the  cham ber. The a i r  

i n l e t  t o  tne  puiip was occ iuueo*  Tne pump o h e re fo re



d e l i v e r e d  i t s  lo a d  o f  a i r  th ro u g h  a n o n - r e t u r n  v a lv e  

to  t h e  e x t e r n a l  a i r ,  i t s  o n ly  so u rce  o f  gas b e in g  

oxygen s u p p l i e d  from  th e  s p i r o m e te r .  The r a t e  o f 

rem ova l o f  oxygen from th e  s p i r o m e te r  was th u s  a  m easur 

o f  th e  " v e n t i l a t i o n  r a t e "  o f  th e  pump. W ith th e  Bunse 

va lves ,  a  s l i g h t  and v a r i a b l e  e f f e c t  o f  pump speed  on 

pump v e n t i l a t i o n  was p r e v i o u s l y  found  (M o rr iso n ,  1 9 5 2 ) .  

T h is  was due to  incom petence  o f  th e  v a lv e s  end was 

c o n f irm e d  i n  f u r t h e r  t e s t s  w i th  t h i s  ty p e  o f  v a lv e .

When th e  " f l a p "  v a lv e s  were i n  u s e ,  " v e n t i l a t i o n  r a t e "  

v a r i e d  c o n s i s t e n t l y  w i th  a l t e r a t i o n  i n  pump sp eed , and 

h i g h e r  " v e n t i l a t i o n  r a t e s "  were o b ta in e d  th a n  w i th  th e  

Bunsen v a lv e s  ( F ig .  8 ) .

A pump sp eed  o f  240 r . p .m .  was u se d  th ro u g h o u t  

th e  p r e s e n t  s tu d y  and th e  pump s t r o k e  w.as v a r i e d  from  

8 -  12 mm, d ep en d in g  on th e  s i z e  o f  th e  r a t  i n  th e  

an im al cham ber. T h is  m eant t h a t  th e  membrane o f  th e  

pump was n e v e r  b e in g  o v e r - s t r a i n e d  (maximum s t r o k e  15  ra 

and  y e t  a  s u i t a b l e  ra n g e  o f  " v e n t i l a t i o n  r a t e s "  was 

o b t a i n e d  (a p p ro x im a te ly  1015 ~ 1&70 l i t r e s / d a y ) .  The 

mean p r o d u c t i o n  o f  ca rb o n  d io x id e  and w a te r  f o r  each 

e x p e r im e n ta l  s e r i e s  a t  each  l e v e l  o f  pomp s t r o b e  i s  

g iv e n  on page ' ana from t h e s e  and th e  " v e n t i l a t i o n  

r a t e "  o f  th e  pump th e  mean R .h .  (45*3 /0  anci niean 

p e r c e n t a g e  o f  c a m  on d io x id e  (0 .4 3 )0  a re  c a l c u l a t e d .  

These v a l u e s  ixiciicaLc t i i a m o r e  s a m is x a c to r y
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5 4 .

e n v iro n m e n ta l  c o n d i t i o n s  f o r  th e  r a t  a re  o b ta in e d  w i th  

th e  f l a p  v a lv e s  th a n  w i th  th e  Bunsen v a lv e s  fo rm e r ly  

i n  u s e ;  th e  R .H. was t h e n  ~]Q — 80/3 and th e  p e r c e n ta g e  

o f  c a rb o n  d io x id e  0.5 ' -  0 . 8 £ , .  On s e v e r a l  o c c a s io n s  

a  d i r e c t  r e a d i n g  hyg ro m ete r  was i n t r o d u c e d  i n t o  th e  

a n im a l  chamber f o r  a p p ro x im a te ly  s i x  h o u rs  a lo n g  w i th  

th e  r a t  and w a t e r - b o t t l e .  H ead ings  o f  H.H. s t a b i l i s e d  

u n d e r  t h e s e  c o n d i t i o n s  a t  a b o u t  5 0  -  55£ .

T e s t  m e th o d s .

C o n s id e ra b le  d i f f i c u l t y  h as  b e en  e x p e r i e n c e d  

i n  t e s t i n g  th e  a p p a ra tu s  f o r  l e a k s  by th e  c l a s s i c a l  

a l c o h o l  com bustion  m etho d , s in c e  th e  v e n t i l a t i o n  r a t e  

f o r  m a i n t a i n in g  c a rb o n  d io x id e  c o n c e n t r a t i o n  and 

h u m id i ty  a t  a  s a t i s f a c t o r y  l e v e l  f o r  a  r a t  i s  q u i t e  

i n a d e q u a t e  t o .m a i n t a i n  th e  s m a l l e s t  a lc o h o l  f lam e  f o r  

any l e n g t h  o f  t im e .  However, s a t i s f a c t o r y  e v id en ce  o f  

a i r t i g h t n e s s  f o r  t h i s  a p p a r a tu s  had  p r e v i o u s l y  b een  . 

o b t a i n e d  by t h i s  method and by H aldane gas a n a ly s e s  

(M o rr iso n ,  1955) • R o u t in e  t e s t i n g  o f  th e  a p p a ra tu s  

f o r  l e a k s  was done i n  th e  p r e s e n t  work by p l a c i n g  an 

a n e r o id  b a ro m e te r  i n s t e a d  o f  a r a t  i n  th e  an im al chamber 

and r a i s i n g  o r  lo w e r in g  th e  i n t e r n a l  p r e s s u r e  by a b o u t  

5 cm Hg. I f  t h e r e  was an a l t e r a t i o n  o f  more th a n  2mn Hg,

t a k i n g  acc o u n t  o f  t e m p e r a tu re  c h a n g e s ,  a l e a k  was 

p resu m ed . The m ost f r e q u e n t  c a u se  o f  le a k s  came from

th e  an im a l ch am b ers ,  -which were t h e r e f o r e  t e s t e d  u n d e r



w a te r  w ith , r a i s e d  i n t e r n a l  p r e s s u r e  a t  th e  b e g in n in g  

o f  each  5 -d a y  p e r io d  ( p .  5 ) .  The o n ly  o th e r  cau se  

f o r  leaks , w h ich  was d i s c o v e r e d  was th e  deve.lopne.nt o f  

a f la w  i n  th e  r u b b e r  membrane o f  th e  pump; f o r t u n a t e l y ,  

t h i s  o c c u r r e d  on o n ly  one o c c a s io n .  I n d i r e c t  e v id e n c e  

o f  th e  p re s e n c e  o f  leaks, was d e r i v e d  from  c a l c u l a t i o n  

o f  t h e  t o t a l  w e ig h t  b a la n c e  o f  a l l  in g o in g  and. a l l  

o u tg o in g  components ( p .  56 ) . i n  th e  d a i l y  R e co rd  S h e e t  

(A ppendix  I , B ) .  I f  t h e r e  was m arked  d i s c re p a n c y  i n  

t h i s  w e ig h t  b a la n c e  ( p .  66  } , t h a t  i s  i f  th e  computed 

w e ig h t  b a la n c e  were o u tw i th  4*0.70 t o  - l . Q g  a  l e a k  was

s u s p e c te d .  On th e  days when such  d i s c r e p a n c i e s  

o c c u r r e d  (1 5  o u t  o f  a  t o t a l  o f  135  d ays  i n  th e  m ain  

e x p e r im e n ta l  s e r i e s )  th e  d a t a  on r e s p i r a t o r y  exchange 

w ere  d i s c a r d e d .

E x p e r im e n ta l  P ro c e d u re s

D a i ly  r o u t i n e .

The m e ta b o l ic  a p p a r a tu s  i s  so d e s ig n e d  t h a t

m easurem ents  c a n  be made o f  th e  t o t a l  i n t a k e  and th e

t o t a l  o u tp u t  o f  a l l  com ponen ts , i . e .  g a seo u s  exchanges ,

s o l i d  and  l i q u i d  i n g e s t a  and  e x c r e t a .  I n  th e  p r e s e n t

work th e  i n t a k e  and th e  o u tp u t  o f  n i t r o g e n ,  energy  and

w a te r  w ere m easu red  and from  th e s e  w ere  d e r iv e d  th e  
b a la n c e s  o f  n i t r o g e n ,  e n e rg y  and w a t e r .



The p r im a ry  d a t a  from  w hich  t h e s e  b a la n c e s  w ere 

e v e n t u a l l y  o b ta in e d  a re  shown i n  th e  R eco rd  S h ee t  

(A ppendix  I ,D )  and. th e  d e r i v a t i v e s  o f  th e s e  p r im a ry  

d a t a  a r e  g iv e n  i n  th e  s e c t i o n  on c o m p u ta t io n  o f  

r e s u l t s  ( p .  58  ) .  Oxygen usage  was d e te rm in e d  

volume t r i e  a l l y  b u t  a l l  the. o t h e r  e s t im a t i o n s  w ere 

g r a v i m e t r i c .  W eighings were done on a  b a la n c e  w i t h  a  

p r e c i s i o n  l i m i t  o f  5

The o r d e r  o f  w e ig h in g  th e  v a r i o u s  i te m s  was 

a rra n g e d ,  so t h a t  m in im al l o s s  o f  w a te r  w ould  o c c u r  

from  them , e i t h e r  b e fo r e  th e y  w ere p la c e d ,  i n  th e  

m e ta b o l i c  a p p a r a tu s  o r  rem oved from i t .  F o r  exam ple , 

on  rem ova l from  t h e  a p p a r a tu s  p r i o r i t y  o f  o r d e r  o f  

w e ig h in g  was g iv e n  to  th e  r a t ,  th e  u r i n e  f l a s k ,  th e  

f u n n e l  and  fram e w i th  s c a t t e r e d  c o n ta m in a te d  f o o d ,  

t h e  w e t f a e c e s  and. th e  w a te r  b o t t l e .  Then th e  a b s o rb in g  

tubes, f o r  w a te r  and  c a rb o n  d io x id e ,  th e  f o o d  box and 

th e  d r i e d  s c a t t e r e d  fo o d  w ere  w e ig h ed .

The r a t  was w eighed  d a i l y  i n  a  v e n t i l a t e d  t i n  

b o x . When n o t  i n  u se  f o r  t h i s  p u rp o se  th e  same box 

c o n t a i n e d  f a e c e s  w hich  w ere w eighed  i n  i t  i n  th e  f r e s h  

and th e n  i n  th e  d r i e d  s t a t e s .

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

A ppend ix  I ,A .  N orm ally  t h e r e  was a  b re a k  o f  o n ly  

10 -  15 m in u te s  be tw een  two d a i l y  r u n s .  The c h a n g e -o v e r



57 -

was a lw ays made i n  th e  m orning  a t  a p p ro x im a te ly  th e  

same t im e  each  day . T h is  was u s u a l ly  b e tw ee n  9 .3 0  a .m. 

and 1 0 . 3 0  a  .m. ;  from th e  d a i l y  r e c o r d s  th e  e a r l i e s t  

t im e  o f  c h a n g e -o v e r  was 8 .1 5  a .m . and th e  l a t e s t  1 1 .3 0  a .m .

H ea t o f  C om bustion .

The h e a t  o f  com bustion  o f  fo o d  and f a e c e s  was 

m ea su re d  by a  B e r th e lo t - M a h le r  bomb c a l o r i m e t e r  

(A ppendix  I , E ) ,  u s i n g  p e l l e t s  o f  m a t e r i a l  w e ig h in g

1 .5  -  2 .0  g .

Ni 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  c o n te n t  o f  u r i n e ,  f a e c e s  and fo o d  

was e s t im a te d  by a  m ic r o - K je ld a h l  m ethod (Ma & Zuazaga, 

1 9 4 2 ) .  The u r in e  was c o l l e c t e d  i n  a  100 ml E rlenm eyer 

f l a s k  c o n t a i n i n g  abou t 10 ml o f  10$ s u lp h u r ic  a c i d .

The u r in e - c o n ta m in a te d  fo o d  a d h e r in g  to  th e  f u n n e l  and 

fram e was w ashed w i th  d i s t i l l e d  w a te r  i n t o  th e  f l a s k  and 

f i l t e r e d  o f f ;  th e  f i l t r a t e  and f i l t e r  w ash in g s  were made 

up to  100 ml w i th  d i s t i l l e d  w a t e r .  N i t ro g e n  e s t im a t io n s  

were made on 1 ml a l i q u o t s  o f  t h i s  s o l u t i o n ;  d u p l i c a t e s  

a g re e d  w i t h i n  0*5$ . T e s ts  o f  r e c o v e r y  o f  n i t r o g e n  were 

made, w hereby 5 ml o f  a u r i n e  o f  known n i t r o g e n  c o n te n t  

was p i p e t t e d  o v e r  th e  g r i d  o f  th e  fram e where food  had  

b e e n  s c a t t e r e d .  When th e  f u n n e l  and fram e W ere washed 

and  th e  w ash in g s  a n a ly s e d  a s  o u t l i n e d  above, 96$ r e c o v e r y



o f  n i t r o g e n  from  th e  u r i n e  was o b ta in e d .

C o m p u ta t io n  o f  D a ta .

I n  d e r i v i n g  th e  d a i l y  v a lu e s  f o r  e n e rg y ,  

n i t r o g e n  and w a t e r ,  th e  a r b i t r a r y  c o n v e n t io n  was 

a d o p te d  t h a t  i n t a k e  o f  fo o d  and o u tp u t  o f  f a e c e s  and 

u r i n e  w ere  on  a  24 h o u r  b a s i s ,  th o u g h ,  i n  f a c t ,  th e y  

w ere  m ea su re d  o ve r  a  ra n g e  o f  22^ -  2 5  1 / 6  h o u r s .

Most o f  th e  m easurem ents  w e re ,  h ow ever ,  w i t h i n  

234 -  24^  hours, ( s e e  T a b le  3 5 ) .  The v a lu e s  f o r  en erg y  

e x p e n d i t u r e , v a p o r i z e d  w a te r  and m e ta b o l i c  w a te r  w ere 

a l l  computed to  a  2 4 -h o u r  b a s i s ,  s in c e  th e y  w ere p ro d u ced  

c o n t i n u o u s l y  d u r in g  t h e  day , th ough  n o t ,  o f  c o u r s e ,  a t  

a  c o n s t a n t  r a t e .

Oxygen c o n s u m p tio n .

The c a l i b r a t i o n  cu rv e  f o r  th e  s p i r o m e te r  was 

l i n e a r  and  th e  e q u a t io n  f o r  th e  s t r a i g h t  l i n e  o f  b e s t  f i t ;  w a s :

i n i t i a l  s p i r o m e te r  r e a d in g  -  
Vol.. o f  oxygen (Op) i n  l i t r e s  = f i n a l  s p i ro m e te r  r e a d i n g  (mm)

5 " 7 m

To re d u c e  oxygen volume to  S .T .P .  c o r r e c t i o n  f a c t o r s  

d e r iv e d  from  th e  nomogram g i v e n  by W eir (1949) ( F i g . 10) 

w ere  u s e d .  F u r t h e r  c o r r e c t i o n s  f o r  t h e  u n c a l i b r a t e d  

volume o f  s p i r o m e te r  and d u c t s  and f o r  th e  change i n  

t e m p e r a tu re  i n  th e  an im al cham ber w ere embodied i n  

M o r r i s o n ' s  (1955) e q u a t io n  f o r  th e  volume o f  oxygen u s e d ;~



1

V o l .0 2  = ̂ T T l  ^PXl ~  qX2  ̂ + ° * 4 5 4  ^P_q  ̂ + ° - 0 2 1 4  ( T 2  ~ T
3TP + 0 .0 1 5  l i t r e s )

w here  x^ ^ i n i t i a l  s p i r o m e te r  r e a d i n g

x^  a  f i n a l  s p i r o m e te r  r e a d in g

p = c o r r e c t i o n  f a c t o r  ( t o  S .T .P . )  o f  x.  ̂

q = c o r r e c t i o n  f a c t o r  ( t o  S .T .P . )  o f  x^

T_̂  » i n i t i a l  t e m p e r a tu re  o f  an im al chamber

a f i n a l  te m p e ra tu re  o f  an im al chamber

The volume <of oxygen i n  ml a t  S .T .P .  was c o n v e r te d  i n t o  

w e ig h t  i n  g  by m u l t i p l y i n g  by th e  f a c t o r  1 .4 2 9 .

Carbon D io x id e  P r o d u c t io n .

The w e ig h t  o f  c a rb o n  d io x id e  (CC^) was g iv e n  by 

th e  f i n a l  w e ig h ts  o f  sod a  a s b e s t o s  and anhydrone g u a rd  

tu b e s  l e s s  th e  i n i t i a l  w e ig h t s  o f  th e s e  t u b e s .  A 

c o r r e c t i o n  o f  45 ml o r  0 .0 9 3  6  CQg was added to  a l lo w  

f o r  th e  r a i s e d  c a rb o n  d io x id e  c o n c e n t r a t i o n  i n  th e  

a p p a r a t u s .  T h is  c o r r e s p o n d s  to  a  c o n c e n t r a t i o n  o f  

0 . 7p CO2  i n  th e  e n d  chamber a i r  w h ich  i s  g r e a t e r  th a n  

th e  e s t im a t e d  a v e ra g e  c o n c e n t r a t i o n  o f  CO2  i n  th e  p r e s e n t  

work ( 0 .4 3 p ) .  I t  i s  r e c o g n i s e d  t h a t  th e  u se  o f  t h i s  

c o r r e c t i o n  i n v o lv e s  an e r r o r .  T h is  i s  n o t  l a r g e ,



h ow ev er ,  b e c a u s e  o f  th e  sm a ll  s i z e  o f  th e  c o r r e c t i o n  

r e l a t i v e  to  th e  t o t a l  w e ig h ts  o f  CO2 p ro d u c e d .  The 

p e r c e n t a g e  e r r o r  when O.0 9 3  g i s  added as a  c o r r e c t i o n ,  

i n s t e a d  o f  0 .0 5 8  g ( c a l c u l a t e d  on th e  b a s i s  o f  a  C02 

c o n c e n t r a t i o n  o f  0 .4 3 £ )  t o ,  s a y ,  12  g C0 2  i s  o n ly  0 . 3=0 

and may t h e r e f o r e  be r e g a r d e d  l i g h t l y .

E nergy  e x p e n d i t u r e .

T h is  was c a l c u l a t e d  from  th e  v a lu e s  o f  oxygen, 

c a rb o n  d io x id e  and u r i n a r y  n i t r o g e n ,  u s in g  a  form o f  

W e i r r s (1949) e q u a t io n .  The fo l lo w in g  b a s i c  m e ta b o l ic  

c o n s t a n t s  w ere U se d :-

C a rb ohy d ra te  P r o t e i n  F a t  

R e s p i r a t o r y  q u o t i e n t  (R .Q .) 1 .0  0 .8 2 1  O.7 0 7

k c a l / l i t r e  Oxygen 5*033 4 .5 8 6  4 .7 5 7

These c o n s t a n t s  v^ere d e r i v e d  from  v a r io u s  s o u r c e s .  For 

c a r b o h y d r a t e ,  th e  energy  e q u i v a l e n t s  o f  a  l i t r e  o f  oxygen 

u s e d  t o  m e t a b o l i t e  su c ro se  and  s t a r c h  a re  5 * 0 0 9 1  k c a l  

a n d  5 .0 3 7  k c a l  r e s p e c t i v e l y .  W eigh ting  t h e s e  v a lu e s  

a c c o r d in g  to  th e  c a rb o h y d ra te  d i s t r i b u t i o n  o f  th e  d i e t  

(w hich  was f o r  s t a r c h  8 5 . 94/  and  f o r  su c ro se  1 4 .06% o f  

t h e  c a r b o h y d r a te  p r e s e n t )  g i v e s  an energy  e q u iv a le n t  

o f  5 .033  k c a l / l i t r e  o f  oxygen. F o r f a t ,  th e  R.Q. 

and  th e  en e rg y  e q u iv a l e n t  o f  oxygen -were computed from 

a v e ra g e  f i g u r e s  f o r  th e  c o m p o s i t io n  o f  " S p e c ia l  M a rg a r in e '* , 

k i n d l y  s u p p l i e d  by D r. P .N . W illiam s, o f  U n i le v e r  L td .  ( p . 4 3 ) .



I t  was assum ed t h a t  co m ple te  com bustion  o f  t h e  f a t ,  

f o r  w h ich  an  e m p i r i c a l  fo rm u la  was d e r i v e d ,  had  ta k e n  

p l a c e .  F o r  p r o t e i n ,  th e  v a lu e s  f o r  th e  R .Q . ,  th e  

en e rg y  e q u i v a l e n t  o f  oxygen and th e  en e rg y  e q u i v a l e n t  

o f  u r i n a r y  n i t r o g e n  were e s t im a te s  from  th e  d a t a  o f  

K r i s s  &. M i l l e r  (1934) f o r  th e  a lb in o  r a t  f e d  c a s e i n  

e x c l u s i v e l y .  They a re  i n  v e ry  c lo s e  agreem ent w i th  

t h e  c o n s t a n t s  l a t e r  d e r i v e d  by K r i s s  & Y o r is  (1937) 

from  r a t s  f e d  a  m ix ed  d i e t  su p p le m e n te d  w i th  c a s e i n .

S in c e  s o u r c e s  o f  p r o t e i n  o th e r  th a n  c a s e i n  i n  th e  

p r e s e n t  d i e t  w ere  v e ry  sm a l l  ( p .  42 ) th e s e  v a lu e s  

w ere  c o n s id e r e d  v a l i d .  The data , o f  K r i s s  & M i l l e r  

in v o lv e  a  v e ry  s l i g h t  e r r o r ,  w h ich  i s  n o te d  by th e m se lv e s  

namely t h a t  no d i r e c t  e x p e r im e n ta l  d e te r m in a t io n s  were 

made o f  th e  h y d ro g en  and oxygen c o n te n t  o f  th e  e x c r e t a .  

A l s o ,  th e  en erg y  o f  th e  u r i n e  was c o r r e c t e d  to  n i t r o g e n  

e q u i l i b r i u m  w hich  d i f f e r s  from  th e  s t a t e  o f  n i t r o g e n  

r e t e n t i o n  i n  th e  p r e s e n t  work and  in v o lv e s  a n o th e r  

s l i g h t  e r r o r .  These d a t a ,  how ever, a r e  th e  b e s t  

a v a i l a b l e ,  an d , on th e  w h o le ,  seem q u i t e  s a t i s f a c t o r y .

A l l  t h e  en ergy  v a lu e s  on p .  6 c a re  r e f e r r e d  

to  th e  d i e t a r y  components d i r e c t l y ,  w hich  i s  an 

a d v a n ta g e  o f  u s in g  a  s e m i - s y n t h e t i c  d i e t .  Sometimes 

e n e rg y  e q u i v a l e n t s  a re  b a s e d  on th e  m etabo lism  o f  

body s u b s ta n c e  i n  a  p o s t - a b s o r p t i v e  c o n d i t i o n ,  which 

v a lu e s  w ou ld  n o t  be a p p l i c a b l e  to  a s tu d y  o f  t o t a l



m e ta b o l is m  such  as th e  p r e s e n t  w ork . U s in g  th e  above 

c o n s t a n t s ,  t h e  e q u a t io n  t o r  en e rg y  e x p e n d i tu re  i s :  —

T o t a l  k c a l  ~ (4 .0 7 7  x  l i t r e s  02  u se d )  * ( 0 .9 5 6  x  l i t r e s  

GO2  p ro duced) -  (1 .8 4 1  x  g u r i n a r y  N ) .

E nergy  B a la n ce

The e q u a t io n  f o r  e n e rg y  b a la n c e  i s : -

E * E. -  E „ -  E -  E 
g 1 f  u m

Where E = h e a t  o f  c o m b u s tio n  o f  body s u b s ta n c e  g a in e d  
S.

=- h e a t  o f  co m bu s tio n  o f  fo o d  consumed

Eg ~  h e a t  o f  co m bus tion  o f  f a e c e s  form ed

Eu  =:= h e a t  o f  co m bustion  o f  u r i n e  s o l i d s  fo rm ed

Em = en e rg y  e x p e n d i tu r e  ( c a l c u l a t e d  from
r e s p i r a t o r y  exchange)

The a s s u m p t io n  was made t h a t  f a e c e s  and u r i n e  e x c r e t e d  

on one day were e q u i v a l e n t  to  th e  f a e c e s  and u r in e  

form ed d u r in g  t h a t  d ay , T h is  i s  n o t  s t r i c t l y  a c c u r a t e ,  

th oug h  i t  was c o n s id e r e d  a  ^ j u s t i f i a b l e  assum ption  

b e c a u s e  th e  e r r o r  i s  r e d u c e d  when r e s u l t s  a re  t a k e n  

o v e r  3 - d a y  p e r i o d s .  Some i n d i c a t i o n  t h a t  th e  e r r o r  

i n v o lv e d  w i th  a  5 ~clay b lo c k  i s  l i k e l y  to  be sm a ll  i s  

shown i n  F i g .  30• Here a l i n e a r  r e l a t i o n  be tw een  

th e  f a e c a l  en e rg y  and th e  i n g e s t e d  en e rg y  over 3 “ day



p e r i o d s  i s  s e e n .  Even th e  r e l a t i o n  betw een th e  d a i l y  

w e ig h ts  o f  fo o d  and f a e c e s  shows a f a i r l y  c lo s e  

c o r re s p o n d e n c e  ( F ig .  3 6 ) .

The h e a t  o f  c o m b u s tio n  o f  fo o d  and o f  f a e c e s  

was m ea su re d  d i r e c t l y  w i th  a bomb c a l o r i m e t e r .  S in ce  

th e  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 id  to  p r e v e n t  l o s s  

o f  n i t r o g e n  and f o r m a t io n  o f  gaseous p r o d u c ts  o f  

d e c o m p o s i t io n ,  no d i r e c t  m easurem ent o f  u r i n a r y  h e a t  

o f  co m b u s tio n  was made r o u t i n e l y .  However, p o o le d  

sam ples  o f  u r i n e ,  c o l l e c t e d  from  r a t s  w hich  were u sed  

i n  th e  d e t e r m i n a t i o n  o f  th e  amount o f  m o is tu r e  on th e  

f u n n e l  and fram e ( p .  7 3 ) were f r o z e n - d r i e d  and th e  h e a t  

o f  co m bus tion  o f  th e  u r i n e  s o l i d s  was m e a su re d .  A 

sm a ll  w e ig h ed  p e l l e t  o f  b e n z o ic  a c i d  was u se d  to  prom ote 

and m a i n t a i n  co m b u s tio n ;  th e  h e a t  o f  com bustion  p ro d u c e d  

by th e  b e n z o ic  a c i d  was th e n  s u b t r a c t e d  from th e  t o t a l  

h e a t  g e n e r a t e d ,  g i v in g  th e  h e a t  o f  com bustion  o f  th e  

u r i n e  s o l i d s .  Only s i x  e s t i m a t i o n s  were made, s in c e  

i t  was d i f f i c u l t  t o  o b t a i n  a  s u f f i c i e n t  q u a n t i t y  o f  u r i n e  

s o l i d s ,  a s  th e  d r i e d  m a t e r i a l  ad h ered  t e n a c i o u s l y  to  th e  

f l a s k s  a f t e r  b e in g  f r o z e n - d r i e d .  The av e rag e  energy  

v a lu e  o b t a i n e d  was I .6 5  k c a l / g  u r i n e  s o l i d s  and 8 .8 1  k c a l /  

u r i n a r y  n i t r o g e n  ( ra n g e  ~J.4  -  I O .7 ) .  I n  view o f  th e  

s m a l l  number o f  d e t e r m i n a t i o n s  and th e  w ide s c a t t e r  o f  

r e s u l t s ,  i t  was d e c id e d  to  u se  th e  v a lu e  o f  8 . 6  k c a l / g  

u r i n a r y  N, d e r i v e d  by M o rr iso n  (1952) from the  dat,a o f



F o r b e s ,  B r a t z l e r ,  T h ack er  & Marcy (1 9 3 9 ) ,  F o rb e s  &

S w if t  ( 1 9 4 4 ) ,  F o r b e s ,  S w if t ,  E l l i o t  & James ( 1 9 4 6 a) and 

(1 9 4 6 b ) ,  B la c k , Maddy & S w if t  ( 1 9 5 0 ) ,  s in c e  t h i s  v a lu e

was b a s e d  on a  much g r e a t e r  number o f  e s t im a t i o n s  ( 2 9 ) .

N o n - p r o t e in  R e s p i r a t o r y  Q u o t ie n t  ( N o n -p ro te in  R .Q .)

N p n -p ro te in  R .Q . i s  g iv e n  by th e  e x p r e s s i o n ; -  

( T o ta l  CO^ -  P r o t e i n  GO^) l i t r e s  

( T o ta l  0^  ~ P r o t e i n  0 ^  ) l i t r e s

U s in g  th e  c o n s t a n t s  o f  K r i s s  & M i l l e r  (1934) (p .  6c ), 
f o r  c a ta b o l i s m  o f  c a s e i n ,  th e  e x p r e s s io n  becom es: -

T o ta l  CO2  l i t r e s  -  5*47 g u r i n a r y  N

T o ta l  O2  l i t r e s  -  6 .6 7  g u r i n a r y  N

Food consum ption

The d i f f e r e n c e  b e 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  fo o d  g iv e s  th e  w e ig h t  o f  s c a t t e r e d  fo o d  

i n  a d d i t i o n  to  t r u e  fo o d  consum p tion . U ncon tam inated  

fo o d  was w e ighed  d i r e c t l y  b u t  s c a t t e r e d  fo od  c o n ta m in a te d  

w i t h  u r i n e  h a d  to  be e s t im a t e d  and a  c o r r e c t i o n  made.

A c o r r e c t i o n  c an  be d e r iv e d  from  a mean v a lu e  o f  

c o n ta m in a te d  fo o d  on th e  f u n n e l  and fram e o b ta in e d  from



ru n s  s i m i l a r  to  b u t  o u tw i th  th e  experim en ted  s e r i e s .

T h is  was th e  app roach  u se d  by M o rr iso n  ( 1 9 5 2 ) .  T h is  

was a l s o  e s s e n t i a l l y  th e  approach  u se d  i n  p a r t  o f  the  

p r e s e n t  work ( S e r i a l  numbers 1 -  17  and 41 -  1 3 3 ) ,  

w here th e  t o t a l  w e ig h t  o f  c o n ta m in a te d  foo d  on th e  u r i n e  

f u n n e l  and  f l o o r  g r i d s  o f  th e  fram e was p l o t t e d  a g a i n s t  

t h e  t o t a l  d ry  w e ig h t  o f  u n c o n ta m in a te d  fo o d  a f t e r  w ash ing  

and d r y in g  ( F ig .  12.). T h is  c o r r e c t i o n  was b a s e d  on 

21 r u n s  a d d i t i o n a l  to  th e  e x p e r im e n ta l  s e r i e s  (T a b le s  4 

and  9 )•

I n  t h e  r e s t  o f  th e  work ( S e r i a l  numbers 18 -  40 

and 13 6  -  1 4 0 ) ,  a  more d i r e c t  and a c c u r a t e  method o f  

e s t a b l i s h i n g  t h i s  c o r r e c t i o n  was u s e d .  T h is  was 

p a r t i c u l a r l y  n e c e s s a r y  when t h e r e  was a l a r g e  amount o f  

s c a t t e r e d  fo o d .  A l l  th e  c o n ta m in a te d  fo o d  on th e  

p r e v i o u s l y  w e ighed  fu n n e l  and  fram e was washed i n t o  th e  

u r i n e  f l a s k ,  f i l t e r e d  th ro u g h  t a r e d  f i l t e r  p ap er  and th e  

r e s i d u e  and f i l t e r  p a p e r  d r i e d  o v e rn ig h t  a t  30°C. T h is  

gave  th e  w e ig h t  o f  t h e  w ashed  and d r i e d  c o n ta m in a te d  

fo o d ,  w h ich  w e ig h t  was th e n  c o r r e c t e d  to  i t s  norm al 

m o is tu r e  c o n t e n t .  A u n iq u e  c o r r e c t i o n  was th u s  o b ta in e d  

f o r  e ac h  day o f  r u n n in g  and  no b lo c k  c o r r e c t i o n  w i th  i t s  

s e c o n d  o r d e r  e r r o r  was i n v o lv e d .

W eight b a l a n c e .

As i n d i c a t e d  (p .  55 )> th e  a p p a ra tu s  was d e s ig n e d



fob.

to  m ea su re  th e  b a la n c e s  o f  v a r io u s  com ponents . Because 

o f  th e  law o f  th e  c o n s e r v a t io n  o f  m a t t e r  th e  sum o f  

th e  w e ig h ts  o f  th e  i n g o in g  components sh o u ld  e q u a l  th e  

sum o f  t h e  o u tg o in g  com ponents i . e .  th e  w e ig h t  b a la n c e  

s h o u ld  be  z e ro  i n  a  c o m p le te ly  c lo s e d  sys tem .

An e q u a t io n  f o r  t h i s  w e ig h t b a la n c e  i s : -

WQ *  Wf *  -  Woo 4- We + f u + W2

w here  W = w e ig h t  o f  oxygen u s e d

= w e ig h t  o f  fo o d  i n g e s t e d

Ww ~ w e ig h t o f  f l u i d  w a te r  i n g e s t e d  

= i n i t i a l  w e ig h t  o f  an im al 

WQ0= w e ig h t  o f  CO2  p ro d u ced  

We s  w e ig h t  o f  f a e c e s  p ro d u c e d  

= w e ig h t  o f  u r in e  p ro d u ce d  

W2  «■ f i n a l  w e ig h t  o f  an im al

On t h e  l e f t  hand  s id e  o f  t h e  e q u a t io n  a re  th e  

i n g o in g  components and on th e  r i g h t  h an d  s id e  th e  

o u tg o in g  co m ponen ts . I f  th e  two s id e s  o f  th e  e q u a t io n  

a re  n o t  e q u a l ,  t h e  w e ig h t  b a la n c e  i s  n o t  z e ro ,  b u t  i s  

e i t h e r  p o s i t i v e  o r  n e g a t i v e .  ( i f  th e  sum o f  th e  o u tg o in g  

com ponen ts  i s  l e s s  t h a n  th e  sum o f  th e  in g o in g  i t  i s  

c o n s id e r e d  n e g a t i v e ,  i f  th e  r e v e r s e ,  p o s i t i v e ) .  I f  

t h e r e  a re  d i s c r e p a n c i e s  i n  th e  w e ig h t  b a la n c e  i n  e i t h e r  

a  p o s i t i v e  o r  n e g a t iv e  d i r e c t i o n ,  th e y  must o c cu r  b ecau se  

o f  i n a c c u r a c i e s  i n  th e  a p p a r a tu s  o r  from e r r o r s  i n



6 7 .

w e ig h in g  o r  m e a s u r in g .  I n  p r a c t i c e ,  t h e  w e ig h t  b a la n c e  

i s  u s u a l l y  n e g a t i v e .

I n  a  l e a k - f r e e  sy s tem , t h e r e  i s  th e  p o s s i b i l i t y  

o f  i n s t r u m e n t a l  w a te r  l o s s  u n d e r  c e r t a i n  c o n d i t i o n s  o f  

o p e r a t i o n  i . e .  a  d e f i c i t  i n  r e c o v e r y  o f  w a te r  from  th e  

a p p a r a t u s .  This., was c o n s id e r e d  by M o rr iso n  (1952.) t o  

be a  ma^jor cau se  o f  n e g a t iv e  w e ig h t  b a la n c e  d i s c r e p a n c y  

fo u n d  by him and to  be due t o  r a t h e r  in a d e q u a te  c o n d i t i o n s  

o f  v e n t i l a t i o n .  I n  th e  p r e s e n t  work th e  mean n e g a t iv e  

w e ig h t  b a la n c e  was much l e s s ,  nam ely  - 0 . 4  g (w i th  e x tre m e s  

o f  ^ 0 .6 7  to  -0 * 9 8  g) com pared w i t h  M o r r i s o n ’s - 1 . 0  g o r  

m o re ,  and w i th  th e  b e t t e r  c o n d i t i o n s  o f  v e n t i l a t i o n  

i n s t r u m e n t a l  w a te r  l o s s  was p r o b a b ly  n e g l i g i b l e .

T here  was some l o s s  o f  v a p o r i s e d  w a te r  and c a rb o n  

d io x id e  when th e  r a t  was o u t  o f  th e  a n im a l  chamber d u r in g  

t h e  c h a n g e -o v e r .  F o r  exam ple , w i th  a  mean d a i l y  l o s s  

o f  v a p o r i z e d  w a te r  o f  15  g ,  when th e  r a t  i s  o u t  o f  th e  

chamber f o r  10 -  15  m in s ,  0 . 1 5  g i s  l i a b l e  t o  be l o s t  

f rom  t h i s  s o u r c e .  The mean d i f f e r e n c e  be tw een  th e  CO2 

p ro d u c e d  and  th e  oxygen consum ed o v e r  th e  same p e r i o d  

w ould  be  a p p ro x im a te ly  0 .0 3  g ,  so t h a t  th e  mean w e ig h t  

l o s s  from  v a p o r i z e d  w a te r  and  c a rb o n  d io x id e  to g e t h e r  

w o u ld  be 0 .1 8  g ,  w h ich  w o u ld  a c c o u n t  f o r  4 5 ^ o f  th e  

w e ig h t  d e f i c i t .  The l a c k  o f  p r e c i s i o n  i n  w e ig h ing  a 

r a t  w hich  was n o t  a lw ays im m obile  was a n o th e r  sou rce  o f  

e r r o r ,  b u t  t h i s  was c o n s i d e r e d  s m a l l ,  f o r  an anim al



c o u ld  be w e ig h ed  a c c u r a t e l y  to  w i t h i n  20  mg, w i th  

p r a c t i c e  (M o rr iso n ,  1 9 5 2 ) .

To a c c o u n t  f o r  th e  n e g a t iv e  w e ig h t  b a la n c e  

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

i n s t r u m e n t a l  w a te r  l o s s  and th e  l o s s  o f  v a p o r iz e d  w a te r  

and c a rb o n  d io x id e  from  th e  r a t  when o u t  o f  th e  an im al 

cham ber. T here  a re  a l s o  random e r r o r s  i n  w e ig h in g  

( 2  s e t s  o f  11  com ponen ts , each  s e t  t o t a l l i n g  a p p ro x im a te ly  

3 kg) and t h e r e  a r e  p o s s i b l e  e r r o r s  i n  m e a su r in g  th e  

volume o f  oxygen , i n c l u d i n g  th e  c o r r e c t i o n  f a c t o r s .

The m ain  so u rc e  o f  th e  rem a in d e r  o f  th e  w e ig h t  d e f i c i t  

p r o b a b ly  l a y  i n  e v a p o r a t i o n  from th e  w et f a e c e s  and 

from  th e  f u n n e l  and frame d u r in g  th e  c h an g e -o v e r  p e r i o d  

(10 -  15 m i n . ) .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  i n  a 

r e c e n t  s e r i e s  o f  e x p e r im e n ts  (Gumming & M o rr i s o n ,  1955) 

w i t h  r a t s  f e d  on d i e t  41 and th e n  f a s t e d  f o r  48 h o u r s ,  

t h e  d i s c r e p a n c y  i n  w e ig h t  b a la n c e  was l e a s t  on th e  days 

o f  f a s t i n g  and g r e a t e s t  on th e  days o f  f e e d in g  when 

t h e r e  was a  l a r g e  amount o f  s c a t t e r e d  fo o d .  The 

c o n c lu s io n ,  t h e r e f o r e ,  was t h a t  w a te r  l o s s  (and a 

c o r r e s p o n d in g  w e ig h t  b a la n c e  d e f i c i t ) ,  came i n  th e s e  

c i r c u m s ta n c e s  l a r g e l y  from  w et f a e c e s  and from u r in e  

c o n ta m in a t in g  th e  s c a t t e r e d  f o o d .

W ater B a la n c e .

The r e q u i r e d  m easurem ents  f o r  w a te r  b a la n c e  

in v o lv e  th e  i n t a k e  o f  w a te r  from  fo o d ,  f l u i d  and m e ta b o l i c



w a te r  and  th e  l o s s  o f  w a te r  from u r i n e ,  f a e c e s ,  lu n g s  

and s k i n .  The w o rk in g  e q u a t io n  f o r  d i r e c t  e s t i m a t i o n  

o f  th e  w a t e r  b a la n c e  o f  an  an im al  w hich  was u s e d  by 

M o r r i s o n  (1952) w as:;-

Wi  *  Wf  *  Wm 88 Wu  *  wa  *  We *  Wt  +  Ww + ?

w here

W. ss f l u i d  w a te r  i n t a k e  l
W '=• fo o d  w a te r  i n t a k e

Wm = m e ta b o l i c  w a te r

= u r i n a r y  w a te r

W « w a te r  a b s o rb e d  on s c a t t e r e d  fo o d  a
W *= w a te r  o f  s o l i d  e x c r e t a  e

« w a te r  i n  a b s o rb in g  tu b e s  

W,„ = w a te r  in c re m e n t  ■ o f  th e  an im al 

P  s= i n s t r u m e n t a l  w a te r  l o s s

T h is  e q u a t io n  r e p r e s e n t s  t o t a l  w a te r  b a la n c e ,  b u t  i n  

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

o f  i t s  com ponents  i s  d i f f i c u l t .  T h is  i s  d i s c u s s e d  i n  

th e  s e c t i o n  on v a p o r i z e d  v m te r  ( p .  7 5  ) .

B ecause  o f  th e  d o u b t f u l  a s s e s s m e n t  o f  i n s t r u m e n t  

w a te r  l o s s ,  w a te r  b a la n c e  was e s t im a t e d  i n d i r e c t l y  by

M o r r i s o n  (1952) u s in g  an- e q u a t io n  m o d if ie d  from  t h a t  o f  

P e t e r s ,  Kydd & L a v ie t e s  (1933)*  n a m e ly : -
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W = f t  -f Se -  S i 4- C *  F Q,4 Q P

w here

g. = w a te r  l o s s  from  anim al 

Wt =:: body w eight in c re m e n t  

Se a  w e ig h t  o f  d ry ,  s o l i d  e x c r e t a

.S i a  w e ig h t  o f  d r y ,  s o l i d  i n g e s t a

C a- w e ig h t  o f  c a rb o h y d ra te  m e ta b o l iz e d  

F = w e ig h t  o f  f a t  m e ta b o l i z e d  

P « w e ig h t  o f  p r o t e i n  m e ta b o l iz e d

F o r  p r o t e i n ,  th e  f a c t o r  u se d  i n  th e  p r e s e n t  work was 

O .5 6 , d e r i v e d  from  th e  c o n s t a n t s  f o r  c a s e i n  a l r e a d y  

g iv e n  ( p .  6 0  ) .  C and F w ere e s t im a te d  from a

nomogram ( F ig .  11} s i m i l a r  to  t h a t  u s e d  by Forbech  ( 1 9 3 8 }

and M o rr i s o n  (1952) b u t  d e r iv e d  from  c o n s t a n t s  r e l e v a n t  

to  t h e  d i e t  u se d  and  c o v e r in g  a ran g e  o f  v a lu e s  more 

s u i t a b l e  f o r  th e  p r e s e n t  w o rk . The nomogram was 

c o n s t r u c t e d  from  th e  f o l lo w in g  e q u a t io n s

0 l i t r e s  -  GOP l i t r e scL
F a t  c a t a b o l i z e d  = “

0.576

CO l i t r e s .  -  0 ,1 1 0 o l i t r e s  
2  2

C a rb o h y d ra te  c a t a b o l i z e d  -  ~
0 .241

T hese  e q u a t io n s  a re  s im p ly  d e r iv e d  u s in g  th e  c o n s ta n t s



0 2 r e q u i r e d  f o r  com ple te  co m b u s tio n  o f  1 g  c a r b o h y d r a te  

(m ix tu re  p .  6c ) = 0 .8 29  l i t r e s

r e q u i r e d  f o r  co m p le te  com bustion  o f  1 g  f a t  

( " S p e c i a l  M a rg a r in e " )  =. I .9 8 5  l i t r e s

B oth  d i r e c t  and  i n d i r e c t  w a te r  b a la n c e s  have b e e n  

com puted  (T a b le s  3.8 and 3 9 ) .  I n  m ost c a se s  t h e r e  i s  

c lo s e  c o r re s p o n d e n c e  be tw een  them.

F l u i d  w a te r

F l u i d  w a te r  has, b een  d e r i v e d  a s  th e  d i f f e r e n c e  

b e tw ee n  th e  i n i t i a l  and  th e  f i n a l  w e ig h ts  o f  th e  w a te r  

b o t t l e .  A s e r i e s  o f  n in e  " b la n k "  ru n s  w i th  th e  w a te r  

b o t t l e  a lo n e  i n  t h e  an im al chamber showed a  mean d a i l y  

lo ss :  o f  0 . 6 l  g o f  w a t e r .  As t h i s  amount was n o t  l a r g e  

and c o u ld  be presum ed to  be c o n s t a n t ,  i t  was n o t  a p p l i e d  

as  a  c o r r e c t i o n  to  th e  d a i l y  m easure  o f  f l u i d  i n t a k e ,  

b u t  c o u ld ,  i f  n e c e s s a r y ,  be a p p l i e d  as a  c o r r e c t i o n  to  

th e  d e r i v e d  m ea n s . I t  d o e s ,  o f  c o u r s e ,  m agnify  t h e  

a p p a r e n t  w a te r  t u r n o v e r  when c o n s id e r e d  i n  th e  w a te r  

b a l a n c e ,  b u t  t h i s  amounts to  o n ly  0 . 6  g i n  a  mean d a i l y  

t o t a l  f l u i d  i n t a k e  o f  24 g .

Food m o i s t u r e .

The m o is tu r e  c o n te n t  o f  each  b a t c h  o f  d i e t  M .S . I .

was e s t i m a t e d  by d r y in g  sam ples  to  c o n s t a n t  w e ig h t  a t  

50°0 (24 -  48 h o u r s )  (T ab le  2 ) .  The w e ig h t  o f  th e  fo o d



m o is tu r e  was d e r iv e d  from th e  m easu red  d a i l y  fo o d  

c o n su m p tio n  u s in g  th e s e  v a lu e s  f o r  m o is tu r e  c o n te n t .

The mean m o is tu r e  c o n te n t  was 7£ .

M e ta b o l ic  w a t e r .

M e ta b o l ic  w a te r  o r  w a te r  o f  o x i d a t i o n  was; 

c a l c u l a t e d  u s in g  M o rr iso n * a  (1953) m ethod . An e q u a t io n  

was d e r iv e d  from  th e  c o n s t a n t s  o f  th e  d i e t a r y  c o n s t i t u e n t s  

u s e d ; -

Carbohydrate. P r o te in •Fat

! . Q . 1 .0 0 .8 2 1 0 .707

k c a l / l i t r e .  0^ 5*033 4 .5 8 6 4 .7 5 3

g H 0 / l i t r e  0 2 O.6 9 9 0 .386 0 .533

The s o u rc e s  o f  t h e s e  c o n s t a n t s  a re  g iv e n  on p .  6 c 

The e q u a t i o n  i s  th u s  fo u n d  to  b e ; -

M e ta b o l ic  w a te r  form ed (g ) = (0 .2 0 5  xl-.Qg u s e d )  +

0 .4 6 4  x  1< C02  p ro d u ced )  

-  (1*334 x  g u r i n a r y  N ).

T h is  d i f f e r s  f ro m  th e  e q u a t io n  g iv e n  by M o rr iso n  (1953) 

s in c e  d i f f e r e n t  c o n s ta n ts ,  a re  u s e d  h e r e .

U r in a r y  w a t e r .

The d i f f e r e n c e  b e tw e e n  th e  w e ig h ts  o f  th e  u r i n e  

f l a s k  a t  th e  e n d  and  th e  b e g in n in g  o f  a ru n  gave th e  

w e ig h t  o f  u r i n e  p a s s e d  d i r e c t l y  i n t o  th e  f l a s k .  U rin e
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r e t a i n e d  on th e  fu n n e l  and  frame was d e r iv e d  as th e  

d i f f e r e n c e  be tw een  th e  w e ig h t  o f  th e  f u n n e l  and fram e 

p l u s  c o n ta m in a te d  fo o d  and th is ,  w e ig h t  l e s s  t h a t  o f  th e  

i s o l a t e d ,  d r i e d  fo o d ,  c o r r e c t e d  f o r  m o is tu r e  c o n t e n t .

T h is  v a lu e  was added to  th e  w e ig h t o f  u r i n e  i n  th e  f l a s k .  

U r in e  s o l i d s ,  w hich  a re  r e q u i r e d  f o r  th e  e s t i m a t i o n  o f  

th e  w a te r  b a la n c e  canno t be m easu red  r o u t i n e l y  b e c a u se  

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

F o r  th e  e s t i m a t i o n  o f  u r i n e  s o l i d s ,  M o rr iso n  ( 1 9 5 2 ) 

u se d  a  v a lu e  o f  12p, d e r iv e d  from  t h r e e  sam ples o f  u r i n e  

c o l l e c t e d  i n  a  d ry  f l a s k  and  m easu red  by e v a p o ra t in g  th e  

u r i n e  i n  v a c u o , o v e r  ca lc iu m  c h l o r i d e .  I n  th e  p r e s e n t  

w ork , 21 ru n s  w ere  made, com parable  w i t h  b u t  o u tw i th  th e  

e x p e r im e n ta l  s e r i e s ,  d u r in g  w hich  u r i n e  was c o l l e c t e d  i n  

d ry  f l a s k s  and sam ples w ere  t a k e n  f o r  n i t r o g e n  e s t i m a t i o n .  

The r e m a in d e r  o f  th e  u r i n e  c o l l e c t e d  was th e n  f r o z e n - d r i e d .

The w e ig h t  o f  u r i n e  s o l i d s  was p l o t t e d  a g a i n s t  th e  N

c o n t e n t  o f  th e  sam ples  ( F i g ,  1 3 , T ab les  5 and  10) and a  

v e ry  r e g u l a r  r e l a t i o n s h i p  w.as o b t a i n e d .  The e q u a t io n  o f  

t h e  r e g r e s s i o n  l i n e  f i t t e d  to  t h e s e  d a t a  i s ; -

S = O . I 7 4  + 0 .0 0 4 1  U

w here  S i s  u r i n e  s o l i d s  i n  g and U i s  u r i n a r y  N i n  mg.

S in c e  d a t a  f o r  u r i n a r y  N w ere a v a i l a b l e  f o r  a l l  days o f  

th e  m e t a b o l i c  m easu rem en ts ,  v a lu e s  f o r  u r in e  s o l i d s  were 

a lw ays d e r i v e d  from  t h i s  g r a p h .
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F a e c a l  w a t e r .

F a e c a l  w a te r  was m easu red  as t h e  d i f f e r e n c e  i n  

w e ig h t  "between th e  f r e s h  f a e c e s  and t h e i r  w e ig h t  a f t e r  

d r y in g  f o r  24 h o u rs  i n  an oven a t  50°C. No a llo w an ce  

was made f o r  th e  v a r i a b l e  d e g re e  o f  d ry in g  o f  th e  f a e c e s  

by a i r  flow, t h r o u g i  th e  chamber no r  f o r  th e  p o s s i b l e  

a d d i t i o n  o f  m o is tu r e  to  them by u r in e  o r  by w a te r  s p i l t  

f rom  th e  w a t e r - b o t t l e .  These o c c u r re n c e s  w ould  n o t ,  

i n  any c a s e ,  a f f e c t  th e  v a l i d i t y  o f  th e  g e n e r a l  w a te r  

b a l a n c e .

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

was n o t  c o n s t a n t ,  b u t  i t  i s  n o t  known. A b lo c k  c o r r e c t i o n  

( 2 .5  g w a t e r / g  d ry  f a e c e s )  was a p p l i e d  by M o rr iso n  ( 1 9 5 6 ) 

t o  th e  w e ig h t  o f  d ry  f a e c e s  from p re g n a n t  r a t s .  The 

d i f f e r e n c e  b e tw een  t h i s  w e ig h t  and t h a t  w e ig h t  o f  w a te r  

m easu red  i n  th e  f a e c e s  was s u b t r a c t e d  from th e  w a te r  i n  

t h e  a b s o r b in g  t u b e s ,  as b e in g  " a d v e n t i t i o u s "  w a te r  ( s e e  

p .  7 5 ) from  th e  f a e c e s .  The v a lu e  f o r  th e  c o r r e c t i o n  

q u o te d  above was d e r iv e d  from  f a e c e s  f r e s h l y  p a s s e d  by 

r a t s  on d i e t  4 1 .  I n  p re g n a n c y ,  b e c a u se  o f  the  l a r g e  

f a e c a l  mass i t  was s p e c i a l l y  im p o r ta n t  f o r  t h i s  

ap p ro x im a te  c o r r e c t i o n  to  be a p p l i e d .  I n  the  p r e s e n t  

work th e  f a e c a l  m ass was v e ry  much l e s s  and no c o r r e c t i o n  

was m ade. The mean v a lu e  f o r  d ry  f a e c a l  mass was abou t 

0 . 4  g  com pared w i th  o ve r  t e n  t im e s  t h i s  amount i n  r a t s  

r e c e i v i n g  d i e t  4 1 .
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V a p o r iz e d  w a t e r .

T o ta l  v a p o r iz e d  w a te r  was m easured  as th e  

d i f f e r e n c e  b e tw ee n  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  w a te r  a b so rb in g  t u b e s .  T h is  v a lu e  r e p r e s e n t e d  

w a te r  o f  r e s p i r a t i o n  (from  lu n g s )  and w a te r  o f  

t r a n s p i r a t i o n  (from  s k in )  b u t  i t  a ls o  in c lu d e d  any w a te r  

from  u r i n e ,  f a e c e s  o r  w a t e r - b o t t l e  w hich  m igh t have  b een  

v a p o r iz e d  by th e  a i r  flow  th ro u g h  th e  cham ber. These 

s o u r c e s  o f  w a t e r ,  o t h e r  than, from lu n g s  and s k in ,  may . 

be te rm e d  " a d v e n t i t i o u s " .  I t  was v i r t u a l l y  im p o s s ib le  

t o  g e t  an  a c c u r a t e  m easure  o f  t h i s  a d v e n t i t i o u s  w a t e r ,  

th oug h  an  a t t e m p t  was made to  e s t im a t e  p a r t  o f  i t  by 

r u n n in g  th e  m e ta b o l i c  a p p a r a tu s  w i th o u t  a  r a t ,  namely 

a  " b la n k "  r u n ,  and m ea su r in g  th e  w a te r  removed from  th e  

w a t e r - b o t t l e  and u r i n e  f l a s k  u n d e r  t h e s e  c o n d i t i o n s .

I n  n in e  su ch  "b lan k "  ru n s  th e  averag e  w a te r  removed from 

th e  w a t e r - b o t t l e  was 0 . 6 1  g and from th e  u r i n e  f l a s k  

0 .1 3  g ,  a  t o t a l  o f  O.7 4  from th e s e  s o u r c e s .  S ince  th e  

R .H . w ould  be  v e ry  much l e s s  u n d e r  t h e s e  c o n d i t io n s  th a n  

n o r m a l ly ,  th e  w a te r  t a x e n  up  i n  th e  a b so rb in g  tu b e s  would 

be much g r e a t e r  th a n  n o rm a l .  T h is  would be o f f s e t  to  a 

c e r t a i n  s m a l l  e x t e n t  by th e  h i g h e r  te m p e ra tu re  when a r a t  

i s  p r e s e n t ,  b u t  n e v e r t h e l e s s  t h e s e  "b lan k "  run s  w ould  g iv e  

an  e x c e s s iv e  e s t im a t e  o f  norm al e n v iro n m e n ta l  d r y in g .

I t  i s  d o u b t f u l ,  t h e r e f o r e ,  i f  a c o r r e c t i o n  sh ou ld

l e g i t i m a t e l y  be a p p l i e d  to  th e  no rm al r u n s ,  and, i n  f a c t ,



no suoh c o r r e c t io n  has been  made. N e ith er  has any 

accou nt b een  ta k e n  o f  w ater from a d v e n t it io u s  sou rces  

i n  p a r t i t io n in g  the components o f  th e  w ater b a la n c e .
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RESULTS OF METABOLIC STUDIES

The d a ta  o f  r e s u l t s  a re  p r e s e n te d  i n  e x te n s o  i n  

T a b le s  JO —■ 39* I n  each  T a b le ,  s e r i a l  numbers 1 - 4 5  

r e f e r  to  S e r i e s  I ,  4p -  90 to  S e r i e s  I I  and  9 1  -  1 35  

to  S e r i e s  I I I .  Numbers 136  -  140 r e f e r  to  d a ta  on 

w e a n l in g  r a t s .

E nergy  M etabo lism

The d a t a  f o r  th e  r e s p i r a t o r y  exchanges from  

w hich  th e  e n e rg y  e x p e n d i tu re  i s  d e r iv e d  a re  i n  T a b le s  31  

and J2 and th e  d a t a  f o r  energy  m e ta b o l ism  i n  T ab le  3 4 .

E nergy  E x p e n d i tu re

W ith in  th e  t o t a l  c o n s e c u t iv e  s e r i e s  o f  days th e  

mean day to  day v a r i a t i o n  i n  energ y  e x p e n d i tu re  amounted 

to  4 .7 *  o f  th e  mean (3 3 -2  k c a l / d a y )  ( F ig .  1 9 ) .  At 30  

days o f  a g e ,  e n e rg y  e x p e n d i tu re  i s  a b o u t  2 2  k c a l /d a y ,  

a t  115 days 44  k c a l / d a y .  The d a i l y  v a r i a b i l i t y  was 

p ro b a b ly  due i n  p a r t  to  a l t e r a t i o n s  i n  th e  food  and 

w a t e r  i n t a k e  and to  v a r i a t i o n  i n  p h y s i c a l  a c t i v i t y ,  

b u t  t h e r e  i s  no way o f  d e te rm in in g  th e  e x te n t  o f  t h e s e  

e f f e c t s ,  w i t h  t h e  e x c e p t io n  o f  th e  e f f e c t  o f  food  i n t a k e  

( p .  SC ) .  S c a t t e r  o f  r e s u l t s  was r e d u c e d  when 5“ day 

p e r i o d s  w ere  ta k e n  t o g e t h e r .  There i s  a c e r t a i n  l i m i t  

t o  t h e  d a i l y  v a r i a t i o n s  b e c a u s e  o f  the  ap p ro x im ate



c o n s ta n c y  o f  e n v iro n m en t as r e g a r d s  te m p e r a tu re ,  h u m id i ty ,  

fo o d  and w a te r  s u p p l i e s  and b e ca u se  o f  some r e s t r i c t i o n  

o f  p h y s i c a l  a c t i v i t y  due to  th e  c o n f in e d  l i v i n g  sp a c e .

T here  i s  n o t  th e  a t t e m p t  a t  r i g i d  a r t i f i c i a l  

s t a n d a r d i s a t i o n  o f  c o n d i t i o n s  w hich  i s  made i n  e s t im a t i o n s  

o f  B .M .R .;  on th e  o t h e r  h a n d , t h e r e  i s  n o t  th e  f reedo m  

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

T o ta l  d a i l y  e n e rg y  e x p e n d i tu r e  i n c r e a s e d  w i th  

body w e i g h t .  The r e l a t i o n  b e tw ee n  en e rg y  e x p e n d i tu r e  

and body w e ig h t  was s u b s t a n t i a l l y  l i n e a r  ove r th e  w e ig h t  

ra n g e  s t u d i e d ,  b u t  t h e  v a lu e  (1 6 .7  k c a l / 2 4  h r )  f o r  th e  

one 5~day p e r i o d  s t u d i e d  i n  w e a n l in g  r a t s  l a y  below t h i s  

l i n e  (F ig ..  20) * The f i t t e d  l i n e a r  r e g r e s s i o n  e q u a t io n  

(T a b le  11} w a s : -

E = 20.34  (* 0 .427) + W (0.0833 -  0 . 003)

w here E i s  e n e rg y  e x p e n d i tu r e  i n  k c a l  and W i s  body w e ig h t  

i n  g .

The a n a l y s i s  o f  v a r i a n c e  o f  energy  e x p e n d i tu r e  

i s  g iv e n  i n  T a b le  2 0 .  T here  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  days w i t h i n  p e r i o d s  b u t  t h e r e  was a  s i g n i f i c a n t  

d i f f e r e n c e  b e tw e e n  p e r i o d s  and b e tw ee n  s e r i e s .  The 

d i f f e r e n c e  be tw een  p e r i o d s  i n v o lv e s  a  d i f f e r e n c e  i n  age 

as  w e l l  a s  i n  w e ig h t .  The d i f f e r e n c e  be tw een  s e r i e s  

i s  r e l a t e d  to  t h e  d i f f e r e n t  r a t s ,  n o t  l i t t e r m a t e s ,  w h ich



w ere  u s e d  i n  t h e s e  s e p a r a t e  m e ta b o l ic  s t u d i e s .

The w hole  m e ta b o l ic  e x p e r im e n t  was o r i g i n a l l y  

d e s ig n e d  to  be s u s c e p t i b l e  o f  f a i r l y  com ple te  

s t a t i s t i c a l  a n a l y s i s .  However, b e ca u se  o f  th e  

im p o r ta n c e  o f  tim e seq u en ce  i n  grow th  s t u d i e s ,  d a t a  

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

breakdow ns c a n n o t  be  r e p l a c e d .  Out o f  th e  t o t a l  

p r o j e c t e d  number o f  days ( 1 3 5 ) "the d a t a  f o r  e n e rg y  

e x p e n d i tu r e  o f  13  days were l o s t  i n  t h i s  way.

S u b s t i t u t e  v a lu e s  f o r  th e s e  l o s t  d a t a  w ere d e r i v e d  by 

a  " m is s in g  p l o t "  te c h n iq u e  (K e n d a l l ,  1946} which 

e l i m i n a t e s  th e  g r e a t  a d d i t i o n a l  l a b o u r  o f  c o m p u ta t io n  

in v o lv e d  i n  a n a l y s i s  o f  u n e q u a l  c l a s s e s .  I n  th e  m is s in g  

p l o t  t e c h n iq u e ,  t h e  r e d u c t i o n  i n  th e  t o t a l  d e g re es  o f  

f ree d o m  com pared  w i t h  th e  a c t u a l  number o f  o b se rv e d  data, 

a l lo w s  th e  e r r o r  v a r i a n c e  to  be a  v a l i d  e s t im a te  

( K e n d a l l ,  1 9 4 6 ) .  The w e ig h t  to  be a l l o t t e d  to  th e  m ain  

o r  " e f f e c t ”' v a r i a n c e  i s ,  h o w ev er ,  s t i l l  m a g n i f ie d .  An 

a d ju s tm e n t  was made to  ta k e  a c c o u n t  o f  t h i s  i n c r e a s e d  

w e ig h t  by a l t e r i n g  th e  c a l c u l a t e d  e f f e c t  v a r i a n c e  i n  th e  

r a t i o  o f  th e  o r i g i n a l  t o  c o m p le te d  (by m is s in g  p l o t s )  

t o t a l  v a r i a n c e  f o r  t h e  same ( re d u c e d )  number o f  d e g re e s  

o f  f ree d o m  (M o rr iso n ,  1952.).

I t  h a s  b e e n  shown t h a t  th e  f a l l  i n  energy  

e x p e n d i tu r e  d u r in g  a 46~ hour f a s t  i n  r a t s  i s  w h o l ly  

a c c o u n ta b le  to  th e  f a l l  i n  body w e ig h t  and food  i n t a k e



(Cumming & M o rr iso n ,  1 9 5 5 ) .  I t  was o f  i n t e r e s t  to  

know, w h e th e r ,  when energy  e x p e n d i tu re  i n c r e a s e s  w i th  

a g e ,  t h i s  i n c r e a s e  can  s t i l l  be h e ld  w h o l ly  a c c o u n ta b le  

t o  ch anges  i n  food, in ta u e .  and body w e ig h t .  The 

p o s s i b i l i t i e s  a re  e i t h e r  t h a t  ( l )  th e  i n c r e a s e  i n  en e rg y  

e x p e n d i tu r e  d u r in g  grow th i s  w h o l ly  a t t r i b u t a b l e  to  

i n c r e a s e  i n  body w e ig h t  and  in c r e a s in g  fo o d  i n t a k e  o f  

t h a t  ( 2 ) th e  i n c r e a s e d  e n e rg y  e x p e n d i tu re  c o n ta in s  a 

component in d e p e n d e n t  o f  body w e ig h t  and  food  i n t a k e  

w h ic h  may be a t t r i b u t a b l e  to  a t r u e  i n c r e a s e  o f  t i s s u e  

m e ta b o l i s m .  On th e  o th e r  h a n d , ( 3 ) th e  change may c o n ta in  

an  in d e p e n d e n t  component w h ich  i s  n o t  d e t e c t a b l e  by th e  

p r e s e n t  m e th o d s .  T hat i s  to  s a y ,  t h a t  th e  m ethod o f  

a n a l y s i s  may n o t  be  s u f f i c i e n t l y  s e n s i t i v e  to  r e v e a l  a 

s m a l l  change i n  t i s s u e  m e tab o lism  o r  t h a t  an in d e p e n d e n t  

component i s  masked by th e  e f f e c t  o f  body w e ig h t  and fo o d  

in ta K e  and t h e r e f o r e  i s  n o t  m e a su ra b le  by th e s e  t e c h n iq u e s .

To ap p ro a ch  t h i s  complex prob lem , a n a l y s i s  o f  

c o - v a r i a n c e  o f  th e  d a t a  f o r  energy  e x p e n d i tu re  on th o s e  

f o r  body w e ig h t  and fo o d  i n t a k e  was done and the  g e n e r a l  

c o - v a r i a n c e  o r  m u l t i p l e  r e g r e s s i o n  e q u a t io n  found was 

(T a b le  2 1 ) : -

E = (1 4 .8 9  ± 4 .3 0 )  + (0 .0 8 6  -  0 .013.)2  + (0 .1 1 5  -  C.08O

w here  E i s  d a i l y  e n e rg y  e x p e n d i tu re  p e r  24 h r .  i n  k c a l ,  W 

i s  body w e ig h t  i n  g and F i s  d a i l y  a b so rb e d  food  energy  i n  

k c a l .  T h is  e q u a t io n  was d e r iv e d  from th e  means (2 7 ) o f



th e  n in e  5”“hsy p e r i o d s  i n  th e  th r e e  s e r i e s  f o r  energy  

e x p e n d i t u r e ,  body w e ig h t  and food  i n t a k e .

F o r  th e  13  days when v a lu e s  f o r  E were m is s in g ,  

s u b s t i t u t e  v a lu e s  f o r  2  w ere  d e r iv e d  by th e  m is s in g  

p l o t  t e c h n iq u e  d e s c r ib e d  by K endall  ( 1 9 4 6 ) .  I t  was 

c o n s i d e r e d  j u s t i f i a b l e  to  ta k e  as v a lu e s  f o r  F and W 

th e  means o f  th e  a v a i l a b l e  v a lu e s  i n  each 5~day p e r i o d ,  

i . e .  i f  4  o u t  o f  a  p o s s ib l e  t o t a l  o f  5 v a lu e s  f o r  F o r  

W w ere p r e s e n t ,  a  mean v a lu e  f o r  th e s e  4 m easurem ents 

was t a k e n .  There were l e s s  m is s in g  v a lu e s  f o r  food  

en e rg y  i n t a k e  ( 8 ) and f o r  body w e ig h t  ( 5 ) th a n  f o r  

e n e rg y  e x p e n d i tu r e ,  s in c e  th e s e  m easurem ents d id  n o t  

depend on  th e  e x i s t e n c e  o f  a l e a k - f r e e  sys tem .

The a n a l y s i s  o f  c o - v a r ia n c e  shows t h a t ,  a f t e r  

e l i m i n a t i o n ,  o f  th e  component due to  th e  m u l t i p l e  

r e g r e s s i o n ,  no s i g n i f i c a n t  v a r i a t i o n  rem a in s  be tw een  

th e  d a i l y  means o f  energy  e x p e n d i tu r e .  A f te r  

a d j u s t i n g  to  a  s t a n d a r d  body w e ig h t  o f  2 0 0 g and a  

s t a n d a r d  fo o d  i n t a k e  o f  JQ k c a l / d a y  o f  absorbed  fo o d ,  

t h e  g ra p h  o f  en e rg y  e x p e n d i tu r e  a g a i n s t  age shows no 

v a r i a t i o n  w i t h  age ( F ig .  2 1 ) .  T h is  a d ju s tm en t  to  th e  

v a lu e s  f o r  e n e rg y  e x p e n d i tu r e  was made f o r  each o f  th e  

9 age p e r i o d s  i n  th e  f o l lo w in g  way. The d i f f e r e n c e  

b e tw een  th e  a c t u a l  (o r  c ru d e )  v a lu e  f o r  food  in t a k e  

and  th e  s t a n d a r d  v a lu e  was ta k e n  and m u l t i p l i e d  by 

th e  c o e f f i c i e n t  f o r  fo o d  i n t a k e .  T h is  p ro d u c t  was



e i t h e r  added  to  o r  s u b t r a c t e d  from th e  s ta n d a rd  v a lu e  

f o r  e n e rg y  e x p e n d i tu r e ,  depending  on w h e th e r  th e  c rude  

v a lu e  was l e s s  th a n  o r  g r e a t e r  th a n  th e  s t a n d a r d  v a lu e  

f o r  fo o d  i n t a k e ,  r e s p e c t i v e l y .  The sane p ro c e d u re  

was c a r r i e d  th ro u g h  f o r  th e  v a lu e s  o f  body w e ig h t ,  so 

t h a t  th e  c rud e  v a lu e s  w ere a d ju s te d  to  th e  s t a n d a r d  

v a lu e s  o f  b o th  fo o d  i n ta k e  and body w e ig h t .

I t  i s  t h e r e f o r e  a p p a r e n t  t h a t  th e  i n c r e a s e  i n  

t o t a l  en e rg y  e x p e n d i tu r e  d u r in g  g row th  can  be w h o l ly  

a t t r i b u t e d  to  changes i n  body w e ig h t  and food  i n t a k e ,  

a s  v^as fo u n d  f o r  th e  a d u l t  f a s t i n g  r a t .  The same 

r e s e r v a t i o n ,  how ever, s t i l l  h o ld s ,  t h a t  t h e r e  may be 

e i t h e r  a  sm a ll  com ponent, n o t  d e t e c t a b l e  by th e s e  

t e c h n iq u e s ,  o r  t h a t  a component, p o s s i b l y  l a r g e ,  i s  

e n t i r e l y  m asked by th e  e f f e c t  o f  body w e ig h t  and food  

i n t a k e  and t h e r e f o r e  is .  n o t  m ea su ra b le  by th e s e  t e c h n iq u e s .

D iu r n a l  V a r i a t i o n  i n  Energy E x p e n d i tu r e .

A d i r e c t  e s t im a t i o n  o f  d i u r n a l  v a r i a t i o n  i n  

energy  e x p e n d i tu r e  was n o t  made. Oxygen consum ption 

h a s  b e e n  u s e d  as an ap p ro x im a te  s u b s t i t u t e  f o r  energy  

e x p e n d i tu r e ,  tho ugh  i t  i s  n o t  e x a c t l y  p r o p o r t io n a l  to  

e n e rg y  e x p e n d i tu r e  b e c a u se  o f  v a r i a t i o n s  i n  R.Q. 

S u b s t a n t i a l  c o n s ta n c y  o f  R .Q . h a s ,  however, been  fo u n d  

th ro u g h o u t  t h e  day i n  r a t s  f e d  a  s to c k  d i e t  ad l i b .

(B u r r  & B e b e r ,  1937) . I n  t h e  p r e s e n t  work th e  d i u r n a l



v a r i a t i o n  i n  oxygen consum ption  i n  S e r i e s  I I I  was 

e s t im a t e d  as d e s c r i b e d  (Appendix I ,  F) a t  4 - h o u r ly  

i n t e r v a l s  (10 a .m . -  2  p .m . ,  2  p.m. -  6 p .m. ,  6 p.m.  -  

10 p . m . ,  10 p.m. -  2  a .m . ,  2 .a .m . -  6 a .m . ,  6 a .m . -1 0  a

The r e s u l t s  a re  p r e s e n t e d  I n  F i g s .  2.3 -  2.5 .

A c y c l i c a l  change i n  oxygen consum ption  

th ro u g h o u t  th e  day i s  e v id e n t  from th e  means o f  th e  

5 -d a y  p e r i o d s  ( F i g .  2 5 } and from th e  t o t a l  e s t im a t i o n s  

( F i g .  2 3 ) .  The maximum r a t e  o f  oxygen consum ption  

o c c u r s  be tw een  6 p .m . ana  2 . a .m . b u t  t h e r e  i s  some 

i r r e g u l a r i t y  i n  th e  p a t t e r n  o f  oxygen usage  on 

i n d i v i d u a l  days ( F ig .  2 4 ) .  The v a r i a t i o n  has  a t o t a l  

mean sw ing o f  1 0 . 8 /  o f  th e  mean oxygen consu m ption .

From F i g .  25  i t  i s  a p p a re n t  t h a t  th e  c y c l i c a l  change 

f o r  th e  30  -  35  day ru n  i s  much l e s s  e v id e n t  th a n  f o r  

l a t e r  age p e r i o d s .  The r e g u l a r  form o f th e  d i u r n a l  

c y c le  does n o t  a p p e a r  to  become e s t a b l i s h e d  u n t i l  th e  

age p e r i o d s  o f  50 -  55 o r  60  -  65  d a y s .  I t  i s  p o s s ib l e  

t h e r e f o r e ,  t h a t  t h e  a d u l t  p a t t e r n  of oxygen consum ption  

th r o u g h o u t  th e  day does n o t  become f i n a l l y  e s t a b l i s h e d  

u n t i l  a b o u t  t h e  age o f  5 0  -  60  d a y s ,  which i s  ro u g h ly  

th e  age o f  p u b e r t y .

Food energy  i n t a k e

The v a r i a t i o n  i n  d a i l y  food  energ y  in ta k e  

( F i g .  26 and T ab le  3 3 ) was g r e a t e r  th 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 tu r e .  On c o n se c u t iv e  days th e  mean 

day to  day v a r i a t i o n  i n  g ro s s  fo o d  energy  in t a k e  was 

1 7 *9a o f  mean (4 5 . 8  k c a l /d a y )  and  i n  ab so rb ed  fo o d  

e n e rg y  i n t a k e  was 1 6 .6 /  o f  th e  mean (4 4 . 6  k c a l / d a y ) .

At 30 days  o f  a g e ,  g ro s s  fo o d  in t a k e  was abou t 24 k c a l /d a y  

and a t  115 days k c a l / d a y . There was a  s u b s t a n t i a l l y

l i n e a r  r e l a t i o n  be tw een  a b so rb ed  fo o d  energy  and 

e n e rg y  e x p e n d i tu r e  ( F ig .  2 7 } f o r  which th e  f i t t e d  

l i n e a r  r e g r e s s i o n  e q u a t io n  (T ab le  12) i s : -

E = ( 1 1 .2 2  -  2 . 3 2 ) + N (0 .4 9 0  -  O.O5I )

w here  E. i s  en e rg y  e x p e n d i tu r e  i n  k c a l  and N i s  a b so rb ed

f o o d  en ergy  i n  k c a l .  The. averag e  p e r c e n ta g e  o f  fo o d

e n e rg y  a b s o rb e d ,  fo o d  en e rg y  -  f a e c a l  energy  x  1 0 0 ,
fooci energy

was 9 6 . 8/  (T ab le  2 4 ) .  T h is  v a lu e  i s  s i m i l a r  to  a  v a lu e  

c a l c u l a t e d  from  th e  d a ta  o f  F o rb e s  e t  a l . ( l9 4 6 c ) j  nam ely

9 5 . 5* •

The n o n - p r o t e i n  R .Q . d e r i v e d  from th e  R.Q.

( p .  64 , T ab le  3 5 ) was v a r i a b l e ,  w i th  a  mean v a lu e  o f  

0 .9 3 ,  ex trem e  v a lu e s  b e in g  0 .6 9 7  ancL 1.109* The R.Q. 

e x p e c te d  from  th e  d i e t a r y  c o m p o s i t io n ,  assuming an 

e n e rg y  b a la n c e  o f  z e r o ,  was 0 .899  (T ab le  3 ) -  l n 

a d u l t  m ouse , i t  was fo u n d  (Dewar and  Newton, 1948) 

t h a t  th e  R .Q . v a r i e s  d i r e c t l y  w i th  th e  fo o d  i n t a k e .

T h is  o c c u r r e d  when body w e ig h t  and energ y  exxjenditure  

r e m a in e d  s u b s t a n t i a l l y  c o n s t a n t .  I n  M o r r i s o n ’ s (1955)



d a t a  t h e s e  c o v e r e d  a wide range  i n  a d u l t  r a t s  and  so 

some d e g re e  of* a d ju s tm e n t  f o r  th is ,  was made by r e l a t i n g  

n o n - p r o t e i n  R.Q. to  th e  r a t i o  o f  en ergy  i n t a k e  to  

en e rg y  e x p e n d i tu r e .  However, when a p red o m in a n t ly  

p o s i t i v e ,  though  v a r i a b l e ,  energy  g a in  o c c u r s ,  as  i n  

th e  p r e s e n t  d a t a ,  t h i s  a d ju s tm e n t  i s  n o t  s u f f i c i e n t  and 

th e  r e l a t i o n  c a n n o t  be c l e a r  c u t .  The f i t t e d  r e g r e s s i o n  

l i n e s  a re  shown f o r  th e  r e l a t i o n  o f  n o n - p r o t e i n  R.Q. 

t o  ( a )  th e  r a t i o  o f  i n g e s t e d  energy to  en erg y  e x p e n d i tu r e ,  

(x/E ( F i g .  28 , Table  1 3 ) and to  (b) th e  r a t i o  o f  

a b s o rb e d  energ y  to  en e rg y  e x p e n d i tu r e ,  N/E ( F ig .  2 9 ,

T a b le  1 4 ) .  At th e  av e rag e  R .Q . ,  C.93> th e  r a t i o  . 

l / E  i s  I .3 6  and th e  r a t i o  G/E i s  1 .4 0 ,  i n d i c a t i n g  t h a t  

t h e r e  was a  l o s s  i n  th e  f a e c e s  o f  2 . 8 /  o f  th e  g r o s s  

e n e rg y  i n t a k e .  A s i m i l a r  v a lu e  ( j .2%)  was d e r iv e d  

from  th e  r e l a t i o n  be tw een  fo o d  en ergy  and f a e c a l  e n e rg y  

( F i g .  3 0 ,  T ab le  16) . T h is  c o n t r a s t s  w i th  th e  v a lu e  o f  

2 2 /  d e r i v e d  from  r a t s  on a s to c k  d i e t  c o n ta in in g  a 

r e l a t i v e l y  h ig h  amount o f  f i b r e  (M o rr iso n ,  1955)- 

A lth o u g h  s e p a r a t e  r e g r e s s i o n  l i n e s  f o r  th e  t h r e e  s e r i e s  

w ere n o t  drawn ( i n  F i g .  30) th e  im p re s s io n  i s  g a in e d  

t h a t  t h e r e  was a  s l i g h t  d i f f e r e n c e ,  among th e  t h r e e  

s e r i e s ,  i n  th e  r e l a t i o n  be tw een  i n g e s t e d  energy and 

f a e c a l  e n e rg y .  I n  S e r i e s  I I I ,  i t  a p p ea rs  t h a t  a 

g r e a t e r  amount o f  energy .was i n g e s t e d  f o r  th e  sane amount 

o f  energy  l o s t  i n  t h e . f a e c e s .



E nergy B a lan ce

The mean en e rg y  b a la n c e  f o r  each  5""day p e r i o d  

was u n i f o r m ly  p o s i t i v e . .  W ith in  c o n se c u t iv e  s e r i e s  o f  

days th e  mean day to  day v a r i a t i o n  was c o n s id e r a b le ,  

b e in g  6 6 /  o f  th e  mean v a lu e  (10 k c a l / d a y ) . At 30  days 

o f  a g e ,  th e  energy  b a la n c e  i s  6 k c a l /d a y  and a t  1 1 5  days 

14 k c a l /d a y . .  The o b se rv ed  d a i l y  energy  b a la n c e s  d i f f e r  

to  an unknown e x t e n t  from th e  t r u e  v a lu e s  f o r  en e rg y  

b a l a n c e ,  b e ca u se  o f  th e  unknown and c h an g e ab le  amount 

o f  g u t  c o n t e n t s  from day to  day . However, th e  

ag reem en t shown to  e x i s t  be tw een  d a i l y  fo o d  i n t a k e  and 

f a e c a l  mass ( F i g .  3 6 ) i n d i c a t e s  t h a t  t h i s  i s  h o t  a 

l a r g e  e f f e c t .  D u r in g  th e  r e t e n t i o n  o f  n i t r o g e n  i n  th e  

body some energy  i s  r e t a i n e d ,  th e  amount o f  w h ich  i s  

r e l a t e d  to  th e  amount o f  n i t r o g e n  s t o r e d .  T h is  en e rg y  

g a in  i s  u n u t i l i s a b l e  energy  and can n o t  be " r e l e a s e d "  

u n t i l  th e  n i t r o g e n  w i th  w hich  i t  i s  a s s o c i a t e d  comes 

to  be e x c r e t e d .  The mean e n e rg y  b a la n c e  f o r  each  

5 -d a y  p e r i o d  i s  a  more v a l i d  e s t im a te  o f  th e  d a i l y  

e n e rg y  b a l a n c e ,  b e ca u se  th e  e r r o r s  due to  the  changes 

i n  g u t  c o n t e n t s  become r e l a t i v e l y  l e s s .  T h is ,  how ever, 

does n o t  e l i m in a te  th e  e r r o r  e n t a i l e d  i n  n i t r o g e n  

r e t e n t i o n .

I t  can  be s e e n  (from  F ig .  J l )  t h a t  th e  mean 

d a i l y  e n e rg y  b a la n c e  o ve r  summed age p e r io d s  i n c r e a s e d  

w i th  i n c r e a s i n g  body w e ig h t ,  though  i n  s e r i e s  I  t h i s



67.

i n c r e a s e  i s  n o t  s u s t a i n e d  i n  th e  p e r i o d s  100  -  105
/

and  110 — 115 d a y s . There  i s  no obv ious  r e a s o n  f o r  

t n i s ,  e x c e p t  t h a t  d u r in g  th e s e  p e r io d s  t e c h n i c a l  

d i f f i c u l t i e s  c au se d  a  l a c k  o f  c o n s e c u t iv e  e s t im a t io n s  

i n  th e  m e ta b o l i c  a p p a r a tu s .

When th e  r e s u l t s  from  m e ta b o l ic  s tu d y  and 

c a r c a s e  a n a l y s i s  came to  be compared,, i t  was n o te d  t h a t  

t h e r e  were d i f f e r e n c e s  i n  th e  b a la n c e s  o f  en erg y , 

n i t r o g e n  and w a te r  ^  th e  two m eth ods . I t  became 

e v id e n t  t h a t ,  w h i le  th e  r a t s  w ere  i n  th e  m e ta b o l ic  

a p p a r a t u s  th ey  were g a in i n g  energy  and n i t r o g e n  b u t  

t h a t  th e  g a i n  i n  body w a te r  was much l e s s  th a n  t h a t  

e x p e c te d  f o r  th e  g a i n  i n  body w e ig h t  ( p .  1 2 3 ) .  I n  

o t h e r  w o rd s ,  i t  seemed t h a t  r e l a t i v e  d e h y d ra t io n  was 

o c c u r r i n g .  I t  t h e n  became im p o r ta n t  to  know i f  t h i s  

r e l a t i v e  d e h y d ra t io n  h ad  any i n f lu e n c e  on th e  c o n c lu s io n s  

r e a c h e d  ab o u t  th e  r e l a t i o n  be tw een  energy  e x p e n d i tu r e  

and body w e ig h t  and fo o d  i n t a k e  ( p .  82 ) .  To d i s c o v e r  

i f  t h e r e  was any change i n  t h i s  r e l a t i o n  on i n d iv i d u a l  

days  i n  t h e  m e ta b o l ic  a p p a r a t u s ,  a  com plete  a n a l y s i s  o f  

c o - v a r i a n c e  was done , u s in g  d a t a  f o r  i n d iv i d u a l  days 

i n s t e a d  o f  mean v a lu e s  (p .  88  ) .

A somewhat l e s s  e l a b o r a t e  and l e s s  l a b o r io u s  

m ethod t h a n  t h a t  u s e d  f o r  th e  m is s in g  d a i l y  v a lu e s  o f  

e n e rg y  e x p e n d i tu r e  was u s e d  f o r  th e  d e r i v a t i o n  o f  th e  

m is s i n g  v a lu e s  o f  body w e ig h t  and fo o d  in ta k e  (Groulden, 1M



The com ple te  a n a l y s i s  o f  c o -v a r ia n c e  (T ab le  22) u s in g  

d a ta  f o r  i n d i v i d u a l  day s , shows t h a t  th e  c o -v a r i a n c e  

r e l a t i o n s h i p  e s t a b l i s h e d  u s in g  th e  means s t i l l  h o l d s .

The r e s i d u a l  v a r i a n c e s  ( a f t e r  rem oval o f  th e  r e g r e s s i o n  

v a r i a n c e )  betw een p e r i o d s ,  and betw een  days w i t h i n  

p e r io d s  a re  n o t  s i g n i f i c a n t  ( 0 .1  > P > 0 .0 5  and 

P > 0 .1  r e s p e c t i v e l y } .

A djustm ent o f  th e  v a lu e s  f o r  en erg y  e x p e n d i tu re  

f o r  each  o f  th e  5 days was made to  a s ta n d a r d  body 

w e ig h t  .o f  20Og and  a s t a n d a r d  v a lu e  f o r  a b so rb ed  fo o d  

e n e rg y  o f  pG k c a l /d a y ,  f o l lo w in g  th e  same m ethod  as 

g iv e n  on p .  8 1 .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  

b e tw ee n  th e  c rude  mean v a lu e s  o f  a l l  t h e  d a t a  f o r  

e n e rg y  -ex p e n d itu re  ta k e n  o v e r  c o r re sp o n d in g  days 

w i t h i n  th e  5“ &=$r p e r i o d s .  That i s ,  th e  t o t a l  means 

f o r  day_ 1, day 2 , day 3 , day 4 ,  and day 5 do n o t  d i f f e r  

s u b s t a n t i a l l y  o r  any more th a n  do th e  a d ju s te d  m eans.

The d i f f e r e n c e  b e tw ee n  th e  two l i n e s  f o r  crude  and 

a d j u s t e d  m ean s, shown i n  F i g .  22 , i s  due to  th e  

d i s p la c e m e n t  p ro d u ce d  by th e  a r b i t r a r y  s t a n d a r d s  u se d  

f o r  a d ju s tm e n t .  The c o e f f i c i e n t s  o f  body w e ig h t  and 

fo o d  i n t a k e  f o r  th e  m u l t i p l e  r e g r e s s i o n  e q u a t io n  d e r iv e d  

from  th e  "days. and r e s i d u a l ” and from " p e r io d s  and 

r e s id u a l" "  v a r i a n c e  a re  s i m i l a r  ( v i z .  0 .086  and 0 .0 8 7  

and 0 .1 0 7  and 0 .1 1 2 ,  r e s p e c t i v e l y ) ,  (T ab le  2 2 ) .

T h is  i n d i c a t e s  t h a t  th e  r e g r e s s i o n  e f f e c t s  a re  homogeneous



i n  th e  two p a r t s .  T hat i s  to  sa y ,  w h a te v e r  e f f e c t  

d e h y d ra t io n  may n a v e ,  th e  r e l a t i o n s h i p  betw een  e n e rg y  

e x p e n d i tu r e  and body w e ig h t  and fo o d  i n t a k e  i s  n o t  

a p p r e c i a b l y  a f f e c t e d .

Another in d ic a t io n  o f  the in f lu e n c e  o f  

d eh yd ra tion  may be d e r iv e d  in  the fo l lo w in g  way. From 

th e  mean v a lu e s  o f  the th ree  s e r ie s  fo r  energy  

exp en d itu re  (F ig .  J2 ) the in crem en ts in  energy  

ex p en d itu re  over age p e r io d s  o f  5 days can be c a lc u la te d ,  

fo r  exam ple, increm en ts betw een 30 and 35 d ays, 3.5 and 

40 days and so on . In  th e se  two age p e r io d s , the  

increm en t betw een 30 and 3-5 days occurred  in  the  

m e ta b o lic  apparatus and the increm ent betw een 35 sud.

40 days took  p la c e  in  the anim al h o u se . Thus the  

v a lu e s , o f  th e  in crem en ts in  th ese  a lt e r n a t in g  h a b ita ts  

can be compared and have been  p lo t t e d  as a h istogram  

i n  F ig .  3 3 . I t  can be seen  th a t  th ere  i s  no c o n sta n t  

tren d  betw een them , the mean v a lu e s ,  in  f a c t ,  b e in g  

s im i la r ,  i f  one r a th er  anomalous va lu e  fo r  the animal 

house (b etw een  65 and JO days) i s  exclu d ed . That th e re  

i s  no a p p re c ia b le  d iffe re n c e , betw een th e  increm ents in  

en ergy  exp en d itu re  over 5~<iâ  age p er io d s in  the  

m eta b o lic  apparatus and in  the anim al house i s  a fu r th e r  

s u g g e s t iv e  in d ic a t io n  th a t  the e f f e c t  o f  r e la t iv e
OO

d eh y d ra tio n  in  the m eta b o lic  apparatus i s  n e g l ig ib le .

I f  i t  w ere  a f f e c t i n g  energy  e x p e n d i tu r e  to  any m arked



9c.

e x t e n t ,  a  c l e a r - c u t  d i f f e r e n c e  would e x i s t  "between 

th e  in c re m e n ts  o f  energy  e x p e n d i tu re  i n  the  two 

s i t u a t i o n s .

From en e rg y  b a la n c e  can  be d e r iv e d  th e  g ro s s

e n e r g e t i c  e f f i c i e n c y  w hich  i s  energy  r e t a i n e d  fa c a l /d a v i  Y 1 0 0 .
energy  i n t a k e  ( k c a l / d a y j  

I t  c an  be e x p re s s e d  e i t h e r  on th e  b a s i s  o f  th e  g r o s s

f o o d  i n t a k e  o r  o f  a b so rb e d  fo od  i n t a k e .  I n  th e  p r e s e n t

w ork , i t  h a s  b e en  e x p re s s e d  on th e  b a s i s  o f  th e  a b so rb ed

fo o d  en e rg y  i n ta k e  (T ab le  2 4 ) .  I n  a l l  th e  s e r i e s

t h e r e  i s  some f l u c t u a t i o n  i n  th e  v a lu e s  f o r  g ro s s

e f f i c i e n c y  ( i n  S e r i e s  I I I  th e  v a lu e s  ra n g e  from  19  -  41%,

t h e  mean b e in g  3 0 $ ) .  No g e n e r a l  ten den cy  f o r  an

i n c r e a s e  o r  d e c r e a s e  i s  a p p a re n t  o v e r  th e  age ran g e

s t u d i e d .

N i t ro g e n  M etabo lism  

The f u l l  d a t a  f o r  n i t r o g e n  m e tab o lism  a re  g iv e n

i n  T a b le

N i t r o g e n  I n t a k e

The d a i l y  n i t r o g e n  in t a k e  fo l lo w e d  the  cou rse  

o f  fo o d  i n t a k e ,  and s in c e  t h e  c o m p o s it io n  o f  d i f f e r e n t  

b a tc n e s  o f  d i e t  was v e ry  s i m i l a r  (T ab le  2.}, v a lu a t i o n s  

i n  n i t r o g e n  (n ) i n t s k e  c l o s e l y  p a r a l l e l e d  th e  v a r i a t i o n s  

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  (p .  83 }. The



a v e ra g e  p e rc e n ta g e  o f  n i t r o g e n  i n t a k e  a b so rb e d ,

n i t r o g e n  i n t a k e  -  f a e c a l  n i t r o g e n  x ICC.was 
n i t r o g e n  in ta k e  —

(T a b le  2 4 ) .  T h is  compares w e l l  w i th  o th e r  v a lu e s

w i t h  s y n t h e t i c  d i e t s ,  namely 9 3 . 6 $ ,  9 0 . 1$ and 9 3 . 5 $

from  th e  d a ta  o f  F o rbes  _et _al. ( 1 9 4 6 c ) ,  Brown & Morgan

(1948) and A rn r ic h  e t  a d . ( 1 9 5 1 ) r e s p e c t i v e l y .  The

p e r c e n ta g e  o f  n i t r o g e n  r e t a i n e d  d e c r e a s e d  i n  g e n e r a l

w i t h  a g e ,  b e in g  80$ a t  3 0  -  3 5  days and 3 8 $ a t  1 1 0  -  l i p

days i n  S e r i e s  I I I .  T h is  t r e n d  i s  l e s s  r e g u l a r  i n

S e r i e s  I  and I I ,  p r o b a b ly  b ecau se  th e  mean d a ta  were

n o t  a l l  from  c o n s e c u t iv e  days as  i n  S e r i e s  I I I .

N i t r o g e n  Loss

U r in a ry  N i t r o g e n . W ith in  th e  t o t a l  s e r i e s  o f  

c o n s e c u t iv e  days th e  mean day to  day 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  was l 6 . 5 p o f  ^Ne mean ( 158mg/day)

( F i g . 3 4 ) .  At 30 days o f  age abou t 70mg/dsy u r i n a r y  N 

was e x c r e t e d ,  a t  1 1 5  days 23Gmg/day. The f r a c t i o n  o f  

t o t a l  N e x c r e t i o n  w h ich  was l o s t  i n  th e  u r in e  was 9 1 $ .

The g ra p h  o f  u r i n a r y  n i t r o g e n  a g a i n s t  food  

i n t a k e  ( i n g e s t e d  energy} i s  g iv e n  i n  F ig .  35 821(1 

r e g r e s s i o n  e q u a t io n  i n  T ab le  1 5 . (The r e g r e s s i o n  l i n e  

i n  F i g .  35 i s  th e  j o i n t  r e g r e s s i o n  d e r iv e d  from th e  

t h r e e  s e r i e s ,  i . e .  w i th  th e  d is p la c e m e n t  d i f f e r e n c e s  

be tw een  th e  s e r i e s  rem o v ed ) . The r e l a t i o n  betw een



u r i n a r y  n i t r o g e n  and fo od  i n t a k e  r e p r e s e n t s  th e  

com bined e f f e c t s  o f  age change and v a r i a t i o n  i n  fo o d  

i n t a k e .  I t  i s  n o t  p o s s i b l e ,  t h e r e f o r e ,  to  p r e s e n t  

any s im p le  p h y s i o l o g i c a l  i n t e r p r e t a t i o n  o f  th e  s lope  

o r  o f  th e  i n t e r c e p t  o f  t h i s  l i n e .

F a e c a l  n i t r o g e n . The v a r i a t i o n  i n  N c o n te n t  o f  th e  

f a e c e s  amounted t o  3 5 A o f  th e  mean ( l 6 mg/day) w i t h i n  

th e  s e r i e s  o f  c o n s e c u t iv e  d a y s .  T h is  was i n  p a r t  due 

to  th e  o c c a s i o n a l  and v a r i a b l e  a b s o r p t io n  o f  u r i n a r y  N 

on th e  f a e c a l  p e l l e t s .  T hat t h i s  c o n ta m in a t io n  was 

n o t  g r e a t ,  how ever, was shown by th e  h ig h  v a lu e  f o r  

a p p a re n t  a b s o r p t i o n  o f  i n g e s t e d  N (p .  91 ) .  The 

f r a c t i o n  o f  t o t a l  N e x c r e t e d  as f a e c a l  N was % .  At 

30 days o f  age f a e c a l  N was ab o u t 10 m g/day , a t  115  days 

a b o u t  2 0m g /d a y .

I n  F i g .  3 6 , th e  d a i l y  d ry  f a e c a l  w e ig h t h a s  

b e e n  p l o t t e d  a g a i n s t  d a i l y  fo o d  in t a k e  (T ab le  1 7 ) .

The r e l a t i o n  be tw een  them i s  l i n e a r ,  a l th o u g h  w i th  a 

l a r g e  s c a t t e r .  T h is  h a s  been  commented on e a r l i e r  

i n  a  d i f f e r e n t  c o n n e c t io n  ( p .  86  ) .  The t o t a l  N 

l o s t  i n  f a e c e s  and i t s  r e l a t i o n  to  fo o d  in ta k e  i s  

t h e r e f o r e  p a r a l l e l e d  by th e  t o t a l  d ry  f a e c a l  m ass.

N i t ro g e n  B a lance

The d a i ly  n i t r o g e n  b a la n c e  'was v a r i a b l e  and 

i n m o s t  c a s e s  p o s i t i v e .  The day to  day v a r i a t i o n



w i t h i n  c o n s e c u t iv e  days was 33$ o f  th e  mean ( 154m g/d ay ) .

The mean N b a la n c e  f o r  each  5- d s y  p e r i o d  was u n ifo rm ly  

p o s i t i v e  ( F i g .  3 7 }. I t  f l u c t u a t e d  i r r e g u l a r l y  b u t  

i t s  a b s o lu te  sjnount d id  n o t  a l t e r  a p p r e c i a b ly  w i th  

i n c r e a s i n g  body w e ig h t .  At 3 0  days o f  age i t  was 

140m g/day, a t  1 1 5 •days 190mg/day. T h e r e f o r e ,  computed 

on  th e  b a s i s  o f  body w e ig h t ,  t h e r e  was more N r e t a in e d / 1 0 0  g 

body w e ig h t  i n  you nger  r a t s  th a n  i n  o l d e r  o n e s .

V a lu es  f o r  r e t e n t i o n  o f  N i n  grow ing  r a t s ,

3 0 p , 36% 821(1 49$ o f  th e  N i n g e s t e d  r e s p e c t i v e l y  from 

th e  d a t a  o f  F o rb es  e t  a l , ( 1 9 4 6 c ) , Brown & Morgan (1948) 

and A rn r ic h  et_ a l . ( 1 9 5 1 ) c an no t be d i r e c t l y  compared 

w i t h  th e  p r e s e n t  d a t a  ( 3 7 * 5  ~ 80 .7$  8-$ d i f f e r e n t  ages 

i n  S e r i e s  I I I -  (T ab le  24) b e c a u se  o f  th e  e x i s t e n c e  o f  

r e l a t i v e  d e h y d r a t io n  ( p .  123) • The d i s c re p a n c y  i s  

even  more e v id e n t  when th e  r e t e n t i o n  o f  N p e r  g g a in  

i n  w e ig h t  i s  c o n s id e r e d .  For i n s t a n c e ,  when th e  d a t a  

o f  T a b le  24 (5 6  -  175 mg N/g g a in  i n  w e ig h t  i n  S e r i e s  I I I  

a r e  c o n s i d e r e d  b e s i d e  th e  v a lu e s  o f  F o rb es  e t  a l . ( 1 9 4 6 c )  

f o r  r e t e n t i o n  o f  N /g g a i n  i n  w e ig h t  viz.. 3 4 .3  mg, th e  

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

th e  r a t s  i n  th e  m e ta b o l i c  a p p a ra tu s  i s  s t r i k i n g l y  a p p a r e n t .

An e s t im a t e  o f  th e  N r e t a i n e d  p e r  g body 'weight 

on a  f a t - f r e e  b a s i s  may be r e a c h e d  by com bining th e  

d a t a  o f  c a r c a s e  a n a l y s i s  ( p .  1 2 1  ) w i th  th e  r e s u l t s  

from  th e  m e ta b o l ic  s t u d y .  A r a t  aged  l i p  day's, w e ig h in g
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233g ^ as a  f a t - f r e e  body w e ig h t  o f  212 g . The N

c o n te n t  i s  7g* T h e re fo re  th e  f a t - f r e e  body w e ig h t

p e r  mg H i s  JO mg. From N b a la n c e  s t u d i e s ,  th e  N

r e t a i n e d  i s  abou t 190  mg. T h e re fo re  th e  f a t - f r e e

body w e ig h t  g a in e d /d a y  i s  5 . 7  g .  T h is  i s  abo u t tw ice

th e  a c t u a l  body w e ig h t  g a i n  m easured  and th e  d is c re p a n c y

l i e s  i n  th e  c o n d i t i o n  o f  r e l a t i v e  d e h y d ra t io n  p r e v i o u s ly

m en tio n ed  ( p .  8 7 ) and  d i s c u s s e d  l a t e r  (p .  148).

G ross n i t r o g e n o u s  e f f i c i e n c y , !! r e t a i n e d  (mg/day) x  p0 0
N i n t a k e  (m g/day) 9

c a n ,  l i k e  g r o s s  e n e r g e t i c  e f f i c i e n c y  (p .  90  ) ,  be

e x p re s s e d  on th e  b a s i s  o f  e i t h e r  th e  g r o s s  N in t a k e  o r

th e  a b s o rb e d  N i n t a k e . The l a t t e r  r e f e r e n c e  s t a n d a r d

h a s  b e e n  u s e d  i n  th e  p r e s e n t  w ork . I n  S e r i e s  I I I  (and

to  a  l e s s e r  e x t e n t  i n  th e  o t h e r  s e r ie s . )  a  d e c re a s e  i n

g r o s s  N e f f i c i e n c y  w i t h  age i s  shown (T ab le  2 4 ) .  The

v a lu e  i s  83p a t  3 0  -  3 5  &&& 3X1(1 40^ a t  110  -  115

d a y s .

W ater M e ta b o l is m .

The f u l l  d a t a  f o r  w a te r  m etabo lism  a re  g iv e n  i n

T a b le s  37 ~ 39*

W ater I n t a k e

F l u i d  W a te r . The d a i l y  f l u i d  w a te r  i n t a k e  was v e ry  

v a r i a b l e  ( F i g .  3 8 ) .  W ith in  c o n s e c u t iv e  days th e  day to



day v a r i a t i o n  was J2£ o f  th e  mean ( 1 9 . 4 g / d a y ) . Mean 

v a lu e s  i o r  w a te r  i n t a k e  o f  r a t s  o f  JO days o f  age and 

113 days  w ere  I Jg  and  24g r e s p e c t i v e l y .  O c c a s io n a l ly  

a c c i d e n t a l  w a te r  r e s t r i c t i o n  o c c u r re d  (8  t i m e s ) ,  due 

to  b lo c k a g e  o f  th e  d u c t  o f  th e  w a t e r - b o t t l e  by a i r - l o c k s  

b u t  t h i s  was u s u a l l y  o f f s e t  on th e  fo l lo w in g  day by a  

g r e a t l y  i n c r e a s e d  i n t a k e  o f  w a te r .  However, th e  

v a r i a t i o n  i n  w a te r  i n t a k e  among r a t s  o f  comparable age 

and  body w e ig h t  and  among e x p e r im e n ta l  s e r i e s  was g r e a t .  

T here  was som etim es c o n s id e r a b le  v a r i a t i o n  betw een 

s u c c e s s iv e  p e r io d s  f o r  th e  same r a t .  An

e x c e p t i o n a l l y  vo lum inous w a te r  i n t a k e  and  p o l y u r i a  was 

shown by r a t  33 ( s e r i a l  numbers 14 -  1 8 ) ,  so l a r g e ,  

in d e e d  t h a t  l e a k a g e  from th e  w a t e r - b o t t l e  was s u s p e c t e d .  

T h is  d i d  n o t  a p p e a r  to  be th e  c a s e ,  so th e  anim al was 

c o n s i d e r e d  abnorm al i n  t h i s  r e s p e c t ,  and p o s s i b l y  i n  

o t h e r  m e t a b o l i c  f u n c t i o n s  and  was te m p o r a r i ly  w ith d raw n  

from  m e ta b o l i c  s tu d y  a t  tn e  age o f  65  d a y s .  For th e  

age p e r i o d s  9 0  -  95  anci 1 0 0  ~ 105  ^ay s 1 1  was a g a in  

s t u d i e d  i n  th e  m e ta b o l ic  a p p a r a t u s .  The r e s u l t  o f  a 

p o s t-m o r te m  e x a m in a t io n  showed no h i s t o l o g i c a l  

a b n o rm a l i ty  o f  th e  h y p o th a la m ic  r e g i o n ,  b u t  a m y co tic  

l e s i o n  i n  th e  abdomen was found  w hich  may have been 

r e s p o n s i b l e  f o r  th e  a n im a l ’ s l a c k  o f  w e l l - b e in g  and 

f o r  th e  abnorm al w a te r  e x c h a n g e s .  I n  F ig .  39 are 

p l o t t e d  th e  d a i l y  w a te r  i n t a k e  and th e  d a i l y  fo o d  i n t a k e



,'vhile t h e r e  Twas some g e n e r a l  c o r re sp o n d e n c e  t h e r e  was 

no c l o s e  a s s o c i a t i o n  b e tw ee n  them.

Food M o i s t u r e . The fo o d  as e a t e n  c o n ta in e d  ~J% m o i s tu r e .  

Food m o i s tu r e ,  t h e r e f o r e ,  v a r i e d  w i th  fo o d  i n t a k e  

(T a b le  3 3 )* As b e en  n o te d  (p . 83 ) da ily ,  fo o d  

i n t a k e  was v e ry  v a r i a b l e .  Food m o is tu r e  a c c o u n te d  f o r  

2 .9 k  o f  th e  mean t o t a l  w a te r  i n t a k e ,  a p p ro x im a te ly  0 .7 g  

f o r  a l l  a n im a ls  ( 0 .4 g  a t  JO d a y s ,  0 .8 g  a t ' 115 d a y s ) .

M e ta b o l ic  W a te r . M e ta b o l ic  w a te r  showed v a r i a t i o n s  

s i m i l a r  to  th o se  o f  e n e rg y  e x p e n d i tu r e  ( p .  7 7 ) ,  b e in g

d e r i v e d  from  a s i m i l a r  ty p e  o f  e q u a t io n .  From th e s e  

two e q u a t io n s  an  a p p ro x im a te  e s t im a t e  c an  be d e r iv e d  o f  

th e  t o t a l  m e ta b o l i c  w a t e r  (d )  i n  g i n  te rm s  o f  th e  t o t a l  

e n e rg y  p r o d u c t i o n  i n  k c a l  (K ) , namely W = 0 .1 2 4  K.

.( in  o b t a i n i n g  t h i s  e q u a t io n  th e  mean v a lu e  o f  R .Q . ,

0 .9 3  was t a k e n ,  t h e  e n e rg y  v a lu e  o f  c a s e i n  was t a k e n  as 

3 0 .6  k c a l / g  u r i n a r y  N ( K r i s s  6c M i l l e r ,  1934 ) and th e  

p r o t e i n  e n e rg y  was assumed to  be £ o f  th e  t o t a l  e n e r g y ) . 

M e ta b o l ic  w a te r  am ounted to  abou t Jg  a t  JO days and Jg  

a t  120 d a y s .  I t  made u p ,o n  th e  a v e ra g e ,  1 6 . 5$ o f  th e  

t o t a l  w a t e r  i n t a k e ,  b u t  t h e r e  was a w ide s c a t t e r  o f  

v a lu e s  i n  te rm s o f  p e r c e n ta g e s  b e c a u se  o f  th e  g r e a t  

v a r i a t i o n  i n  f l u i d  w a te r  i n t a k e .



97.

W ater L oss

y.Q&Pgiz e d  W-a t e r  The day to  day v a r i a t i o n s  o f  v a p o r i z e d

w a te r  w i t h i n  c o n s e c u t iv e  days ( F i g .  40} amounted to  

Q . %  o f  th e  mean (15 O g / ^ ) . The mean d a i l y  

v a p o r i z e d  w a te r  was l l g  a t  30  days and 18g a t  1 1 5  d a y s .

The v a p o r iz e d  w a te r  a c c o u n te d  f o r  6 2 /  o f  th e  t o t a l  w a te r  

l o s s . .  The c o e f f i c i e n t  f o r  th e  r e g r e s s i o n  o f  v a p o r i z e d  

w a te r  p e r  24 h r  on body w e ig h t  f o r  a n im a ls  above 120g 

d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from  z e ro  ( F ig .  41 and 

T a b le  1 8 ) .  For a n im a ls  below 120g i n  body w e ig h t ,  

v a p o r iz e d  w a te r  v a r i e d  d i r e c t l y  w i t h  body w e ig h t  

( 0 . 9 g  v a p o r i z e d  w a te r / lO g  change i n  body w e ig h t ,  T ab le  1 9 } . 

No a t t e m p t  ?^as made to  f i t  an e q u a t io n  to  th e  combined 

d a t a ,  as i t  was found  by a t t e m p ts  a t  i n s p e c t i o n  f i t t i n g  

o f  v a r i o u s  f u n c t i o n s  t h a t  no s im p le  e x p r e s s io n  c o u ld  be 

d e r i v e d  to  f i t  th e  d a t a  b e t t e r  th a n  do th e  two. s t r a i g h t  

l i n e s .

The v a p o r i s e d  w a te r  ap p ea rs  a t  f i r s t  s i g h t  to  

v a ry  d i r e c t l y  w i th  th e  l e v e l  o f  energy  e x p e n d i tu r e  

( F i g .  4 2 ) .  However, th e  p o i n t s  on F i g .  42 w hich  do 

a p p e a r  to  i n d i c a t e  a  s lo p e d  r e l a t i o n  b e tw een  v a p o r i z e d  

w a te r  and  e n e rg y  e x p e n d i tu re  a r e  a l l  th o se  r e p r e s e n t i n g  

d a t a  from  r a t s  o f  l e s s  th a n  1 2 Qg body w e ig h t .

The p a r t i t i o n  o f  v a p o r i z e d  w a te r  be tw een  lu n g s  

and s k i n ,  th o u g h  n o t  m easu red  d i r e c t l y ,  can  be e s t im a t e d



a p p ro x im a te ly  (M o rr iso n ,  1955)• Assuming t h a t  th e

mean oxygen c o n te n t  o f  th e  e x p i r e d  a i r  v^as 4 .5 p  below

t h a t  o f  th e  chamber a i r ,  th e  t o t a l  24 h r  pulm onary

v e n t i l a t i o n  o f  th e  r a t  can  be c a l c u l a t e d  from  th e  24 h r

oxygen  u s a g e .  Assuming a l s o  t h a t  th e  r e l a t i v e

h u m id i ty  was c o n s t a n t  and a t  th e  mean v a lu e  o f  4 5 . 3$

( p .  53 ) and t h a t  th e  chamber te m p e ra tu re  was c o n s t a n t  
,0

a t  26 G th e  w a te r  lo a d  o f  th e  chamber a i r  was c a l c u l a t e d  

to  be O . O l l g / l i t r e .  I f  i t  i s  f u r t h e r  assum ed t h a t  th e  

h u m id i ty  o f  th e  e x p i r e d  a i r  i s  e q u iv a le n t  to  s a t u r a t e d  

a i r  a t  34 °C (O sborne , 1 9 1 3 )> th e  w a te r  lo a d  o f  t h e  

e x p i r e d  a i r  i s  c a l c u l a t e d  to  be Q . Q 4 g / l i t r e .  T h is  

g iv e s  a w a te r  e l i m in a t i o n  from  th e  lu n g s  o f  0 . 0 2 9 g / l i t r e  

o f  pu lm onary  v e n t i l a t i o n .  I n  T ab le  23  th e  w a te r  l o s t  

from  th e  lu n g s  is .  e x p re s s e d  i n  g /d a y  ( 3 ~ 6 g) a s  

a  p e r c e n ta g e  o f  th e  t o t a l  v a p o r i z e d  w a te r  (2 3  -  34 p) . 

Under t h e s e  e n v iro n m e n ta l  c o n d i t i o n s  ( 2 6 °C and R .H .4 5 .3 /0  > 

th e  v a lu e  f o r  th e  l a t e n t  h e a t  o f  e v a p o r a t io n  o f  w a te r  

i s  O.5 8  k c a l / g  (Newburgh & J o h n s to n ,  1 9 4 2 ) .  The t o t a l  

mean energ y  l o s t  d a i l y  by e v a p o r a t io n  ( 6 . 7  -  1 0 .8  k c a l )  

and  th e  amounts from  lu n g s  ( 1 . 8  -  3 * 3  k c a l )  and s k in  

( 5 . 0  -  7 . 9  k c a l )  can  th u s  be' d e r i v e d  (T ab le  23 and 

F i g .  4 3 ) .  When th e  p e r c e n ta g e  o f  t o t a l  h e a t  l o s t  by

e v a p o r a t i o n  a t  d i f f e r e n t  a g es  i s  exam ined, a  te n d e n c y  

i s  s e e n  f o r  th e  v a lu e s  i n  th e  age g ro u p s  younger th a n



5 0  -  65  days (a p p ro x im a te ly  below 1 2 0 g body w e ig h t)  

to  be  h i g h e r  th a n  th e  v a lu e s  i n  th e  o ld e r  age groups., 

a l th o u g h  t h e r e  i s  a ls o  c o n s i d e r a b le  i r r e g u l a r i t y  o f  

t h e  v a l u e s ,  e s p e c i a l l y  i n  S e r i e s  I I .  The t r e n d  o f  a  

f a l l  i n  th e  p e rc e n ta g e  o f  t o t a l  h e a t  l o s t  by e v a p o r a t i o n  

i s  m ost n o t i c e a b l e  i n  S e r i e s  I I I ,  w hich  was t e c h n i c a l l y  

th e  m ost s a t i s f a c t o r y  s e r i e s ,  b e c a u se  t h e r e  were no 

m is s i n g  d a t a  on c o n s e c u t iv e  d a y s .  Because, th e  t o t a l  

h e a t  l o s t  by e v a p o r a t io n  i s  c o n s t a n t  i n  a l l  r a t a  above 

1 2 0 g  i n  w e i g h t ,  w h i le  th e  h e a t  l o s t  by  e v a p o r a t io n  from  

th e  lu n g s  r i s e s ,  th e  p e rc e n ta g e  o f  h e a t  l o s t  from th e  

s k i n  i s  l e s s  i n  th e  o l d e r  t h a n  i n  t h e  y o u n g e r  age g ro u p s .

U r in a r y  w a t e r . The d a i l y  u r i n a r y  w a te r  l o s s  was v e ry  

v a r i a b l e ,  ( F i g .  44 ) am ounting to  a. day to  day v a r i a t i o n  

o f  42p o f  th e  mean v a lu e  ( 7 . 6 g /d a y )  on c o n s e c u t iv e  d a y s .

At 30 days  o f  a g e ,  u r i n a r y  w a te r  was ab o u t J g 9 a t  1 1 5  days 

1 7 g .  I t  showed a g e n e r a l  ten d e n cy  to  f o l lo w  th e  

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 ,  and composed, on 

a v e r a g e ,  3 Ip  o f  t h e  t o t a l  w a te r  l o s s .

F a e c a l  W a te r . The d a i l y  w a te r  l o s s  i n  faeces ,  was a l s o  

v a r i a b l e ,  b u t ,  as  i n d i c a t e d  ( p .  74  ) ,  th e  f a e c a l  w a te r

m easu red  i n  t h e  p r e s e n t  work i s  n o t  a  t r u e  m easure o f  

th e  w a t e r  c o n te n t  o f  f r e s h l y  p a s s e d  f a e c e s .  The amount



ICC.

o f  w a t e r  a p p a r e n t ly  l o s t  i n  f a e c e s  was e x tre m e ly  sm a ll  

( 0 . 0 3  -  0 . 1 3 g /d a y )  which was 0 . 5# o f  th e  t o t a l  mean 

w a t e r  l o s s .

W ater  B a la n ce

The d a i l y  w a te r  b a la n c e  was q u i t e  v a r i a b l e ,  

ou t  th e  v a lu e s  f o r  th e  mean w a te r  b a la n c e  were n e a r  

z e r o ,  sometimes below  z e ro  (Fig;. 4 5 ) .  W ith th e  

i n c r e a s e  i n  body w e ig h t ,  t h i s  r e p r e s e n t e d  r e l a t i v e  

d e h y d r a t io n  ( p .  87  ) .

U sing  d a t a  from  c a rc a s e  a n a ly s e s  one can  o b t a i n  

an  ap p ro x im a te  e s t im a t e  o f  th e  e x t e n t  o f  t h i s  d e h y d ra t io n  

A r a t  aged  115 days w e ig h in g  233g h a s  a  w a te r  c o n te n t  o f  

153g* U sing  r e s u l t s  from  S e r i e s  I I I  th e  body w e ig h t  

g a i n  o v e r  a  5~hay p e r i o d  f o r  a  r a t  o f  t h i s  age was * 15 'g 

and th e  body w a te r  g a in  o ver th e  same p e r i o d  wqs n e g a t iv e  

~ 3 .5 g .  Thus th e  p e rc e n ta g e  body w e ig h t  i n c r e a s e  i s  

46.4 p w h i le  th e  body w a te r  has  d e c r e a s e d  by ~2 . 3p .

Body W eight In c rem en t 

I n  F i g s .  4.6 -  48 a re  shown th e  d a i l y  body w e ig h t  

o f  th e  a n im a ls  on m e ta b o l ic  s tu d y .  I n  a l l  c a s e s ,  

r e c o r d s  w ere  k e p t  o f  th e  body w e ig h ts  i n  th e  an im al 

h o u s e ,  b u t  th e s e  have n o t  been  shown i n  F i g s .  46 -  48 

i n  o r d e r  to  av o id  c o n fu s io n .



The g a i n  i n  w e igh t i n  th e  an im al house d id  

n o t  d i f f e r  i n  amount from  t h a t  i n  th e  m e ta b o l i c  

a p p a r a tu s  a l th o u g h  th e  c o m p o s it io n  o f  th e  w e ig h t  g a in s  

i n  th e  two c i r c u m s ta n c e s  was d i f f e r e n t  ( d i s c u s s e d  on 

P. 143).

I n  F i g s • 46 — 48 t h e r e  i s  no e v id e n c e  o f  any 

p o i n t  o f  i n f l e c t i o n  i n  th e  g row th  c u rv e s ;  p re su m a b ly ,  

t h e r e f o r e ,  i t  o c c u r r e d  a t  an  e a r l i e r  age th a n  30  d a y s .

M ercury P o is o n in g  

An u n e x p e c te d  c o m p l ic a t io n  was th e  developm ent 

o f  m erc u ry  p o is o n in g  on one o c c a s io n  ( 9 . 1 0 .5 3 ) .  When 

th e  an im a l  chamber was b e in g  p l a c e d  i n  p o s i t i o n  a f t e r  

t h e  d a i l y  c h a n g e -o v e r ,  th e  chamber therm om eter  b ro ke  

and th e  m ercury  becane  s c a t t e r e d .  The c o n te n t s  o f  th e  

an im al chamber, i n c l u d i n g  th e  r a t ,  were q u ic k ly  rem oved, 

t h e  s c a t t e r e d  m ercu ry  ta k e n  o u t  and th e  c o n te n ts  

r e p l a c e d .  On th e  fo l lo w in g  m orning  i t  was o b s e rv e d  

t h a t  th e  r a t  lo o k e d  i l l  and had  e a t e n  h a r d l y  any f o o d .  

T h is  an im a l was removed from m e ta b o l ic  s tu d y  and on 

s u b s e q u e n t  days v o lu n ta r y  s t a r v a t i o n  en sued  w i th  r a p i d  

d e t e r i o r a t i o n  i n  i t s  c o n d i t i o n .  D u r in g  th e  n i g h t  o f  

l l . l O . 5 3 . d e a th  o c c u r r e d .  No o o v io u s  a b n o rm a l i ty  o f  

l i v e r ,  s j j l e e n ,  k id n e y s  and lu n g s  was n o te d  h i s t o l o g i c & l l  

b u t  i t  seemed c e r t a i n  t h a t  d e a th  was due to  th e  e f f e c t s



o f  v a p o r i z e d  m ercu ry , a m in u te  amount o f  w h ich  m ust 

have  "been l e f t  i n  th e  an im al chamber and w hich had  

fo rm ed  an  amalgam w i th  c o p p e r .  T h is  h a z a r d  h a s  been  

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

cham bers when m ercu ry  v a lv e s  were i n  u se  . (C a rp e n te r  & 

B e n e d ic t ,  1 9 0 9 ) .

The f i n d i n g s  i n  th e  m e ta b o l i c  s t u d i e s  o f  P a r t ;  I  

a r e  d i s c u s s e d  a lo n g  w i th  th e  r e s u l t s  o f  P a r t  I I  on th e  

ch an g es  i n  body c o m p o s it io n  d u r in g  g ro w th .
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REVIEW OF THE LITERATURE.

The f i r s t  s c i e n t i f i c  app roach  to  th e  p rob lem  

o f  c h em ic a l  c o m p o s it io n  o f  th e  body d u r in g  g row th  was 

made by yon Bezold. ( 1 8 5 7 ) ,  who showed, a f t e r  a n a l y s i s  

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

m a t u r i t y  was a s s o c i a t e d  w i th  a d e c re a s e  i n  body w a te r  

and  an i n c r e a s e  i n  a s h .  The i n f lu e n c e  o f  f a t  

d e p o s i t i o n  on th e  w a te r  c o n te n t  o f  th e  t i s s u e s  a l s o  

i n t e r e s t e d  o th e r  e a r l y  w o rk e rs  ( E f e i f f e r ,  I 8 8 7 ) and 

i t  was n o te d  t h a t  on a dry w e ig h t  b a s i s  t h e r e  were 

g r e a t  d i f f e r e n c e s  be tw een  th e  body f a t  a t  b i r t h  and a t  

d i f f e r e n t  ages. (Thomas, 1 9 1 1 ) .  Growth and developm ent 

o f  mammals h a s  b e en  e x te n s iv e ly  re v ie w e d  and th e  g e n e r a l  

p a t t e r n  o f  p ro x im a te  p r i n c i p l e s  i n  th e  body d u r in g  

g ro w th  h a s  b e en  d e s c r ib e d  (Dunn, Murphy & R o c k la n d , 1947; 

S p ray  & Widdowson, 1958; McCance &. 7/iddowson, 19518) •

I t  i s  g e n e r a l l y  a g re e d  t h a t  w i th  i n c r e a s i n g  age the  

p e r c e n t a g e  o f  w a te r  i n  th e  body d e c re a s e s  and th e  

p e rc e n ta g e s  o f  p r o t e i n  and o f  f a t  i n c r e a s e .

The d a t a  p e r t a i n i n g  to  r a t s ,  from v a r io u s  s o u r c e s ,  

a r e  sum m arised i n  F i g s .  50  and 5 1 . F o e t a l  r a t s  have 

a h ig h  w a te r  c o n t e n t ,  (G o n z a lez ,  1932; Roche & G a rc ia ,  I 9 3 3

Widdowson, 1950) and i t  has  been  p o s t u l a t e d  t h a t  th e  

p e r i o d i c i t y  i n  th e  d e c r e a s in g  p e rc e n ta g e  o f  w a te r  i n  t h e



se c o n d  h a l f  o f  g e s t a t i o n  i n d i c a t e s  tim es o f  c e l l  

d i f f e r e n t i a t i o n .  R ap id  l o s s  o f  w a te r  c o n te n t  o c c u rs  

i n  th e  f i r s t  t e n  days a f t e r  b i r t h  (H am ilton  & Dewar, 1938) 

and  a s u b s t a n t i a l  i n c r e a s e  i n  th e  p e r c e n ta g e  o f  d ry  

m a t t e r  (Lowrey, 1 9 1 3 ) and f a t  ( lo b  & Swanson, 1 9 3 8 ) 

i n  t h e  f i r s t  3 weeks o f  l i f e  has  been  n o te d .  I t  has  

b e e n  a d v o c a te d  t h a t  r e s u l t s  o f  c a rc a s e  a n a l y s i s  sh o u ld  

be e x p r e s s e d  on a f a t - f r e e  b a s i s  b ecau se  o f  th e  g r e a t  

v a r i a b i l i t y  o f  f a t  i n  th e  body, and on t h i s  b a s i s  th e  

a t t a i n m e n t  o f  a s te a d y  p e r c e n ta g e  l e v e l  o f  w a t e r ,  

p r o t e i n  and a sh  h a s  c l a s s i c a l l y  b e e n  te rm ed  "ch em ica l  

m a t u r i t y ’1 (M oulton , 1923)* There i s  some d isa g re e m e n t  

a b o u t  th e  a c t u a l  tim e o f  t h i s  m a t u r i t y  i n  r a t s  -  

v a r i o u s l y  20 -  38 days (C h a n u tin ,  1931) 10 180 days 

(S p ra y  & Widdowson, 1 9 5 8 ) ,  w i th  i n t e r m e d i a t e  ages 

( H a ta i ,  1917; M i t c h e l l  & Carman, 1926; H u r s t ,  1933; 

A shw orth  & C o w g ii i ,  1938 )* There i s ,  how ever, no 

s u b s t a n t i a l  d i f f e r e n c e  i n  th e  b a s i c  f a c t s .  There i s  

m arked  s i m i l a r i t y  i n  th e  r e s u l t s  o f  c a r c a s e  a n a ly s e s  

o f  a d u l t  r a t s ,  done f o r  v a r i o u s  r e a s o n s ,  i n  s p i t e  o f  

d i f f e r e n c e s  i n  g e n e t i c  s t r a i n s ,  d i e t s  and t e c h n i c a l  

m ethods (T ru szo w sk i ,  I 9 2 6 ; R eed , Yamaguchi, A nderson  & 

M endel, 1 9 3 0 ; H o r s t ,  Mendel & B e n e d ic t ,  1934 a ; L i g h t ,  

S m ith ,  Sm ith  & A n d e rso n , 1934 ; F e y d e r ,  1935; Bachmann, 

H a l d i , Wynn & E n so r ,  1938 ; H a l d i ,  Bachmann, S nso r  &

Wynn, 1938; H a m il to n ,  1939a ; D e u e l ,  H allm an, M o v i t t ,



M a tts o n  & ¥ u , 1944; L i ,  Simpson & E v an s ,  1948;

Greenbaum, 1953; van  P u t t e n ,  v an  Bekkum & Q u e r id o ,  19 5 5 ) .

The tim e o f  r e a c h in g  * c h e m ic a l  m a t u r i t y ” a t  

a p p ro x im a te ly  th e  same age as t h a t  when th e  p o i n t  o f  

i n f l e c t i o n  i n  th e  grow th cu rve  o c c u rs  may c o r re s p o n d  

to  th e  e x i s t e n c e  o f  a  d e f i n i t e  s h i f t  a t  t h a t  tim e from  

p r o t e i n  s y n t h e s i s  to  f a t  s y n t h e s i s .  O f te n ,  though  

n o t  a lw ay s ,  th e s e  s im u lta n eo u s  changes c o in c id e  w i th  

p u b e r t y .

The f i n d i n g  t h a t  a l l  m a tu re  a n im a ls  o f  th e  same 

s p e c i e s  h a d  an i d e n t i c a l  c o m p o s i t io n  when th e  r e s e r v e s  

o f  f a t  w ere  removed by i n a n i t i o n  (R ubner, 1881) l e d  to  

th e  d i v i s i o n  o f  th e  body i n t o  ,!1 1 o rgan ism e r e e l ” , 

h a v in g  u n a l t e r a b l e  c o m p o s i t io n  and " l* o rg an ism e  de 

r e s e r v e ” , h a v in g  v a r i a b l e  c o m p o s it io n  ( T e r r o in e ,  F e u e rb a ch  

& Brenkmann, 1 9 2 4 ) .  These c o r re sp o n d  e s s e n t i a l l y  w i th  

th e  " v i t a l "  and " ' r e d u c ib l e 11 p o r t i o n s  p ro p o se d  by 

Hash ( 1 9 4 2 ) ,  who s t u d i e d  th e  h e fe ra iu x e s is  o f  t h e s e  

f r a c t io n s :  . He c o n c lu d e d  t h a t  d u r in g  grow th  an an im al 

becomes i n c r e a s i n g l y  d e h y d ra te d  and m i n e r a l i s e d ,  and 

t h a t  t h i s  d e h y d r a t io n  and m i n e r a l i s a t i o n  d e v e lo p e d  

more r a p i d l y  i n  th e  v i t a l  p o r t i o n .  He e s t a b l i s h e d  

from  h i s  d a t a  t h a t  one o f  th e  m ost p ronounced  ch anges  i n  

th e  g row th  o f  r a t s  i s  th e  i n c r e a s e  i n  c o n c e n t r a t io n ,  o f  

p r o t e i n  i n  th e  v i t a l  p o r t i o n .



From a n o th e r  ap p ro ach , namely th e  co m parison  

b e tw e e n  norm al r a t s  and r a t s  s t u n t e d  i n  g row th  from 

p r o t e i n  d e f i c i e n c y ,  i t - w a s  als.o c o n c lu d ed  t h a t  i n  th e  

e a r l y  s t a g e s  o f  norm al grow th  th e  em phasis  i s  l a i d  upon 

d e p o s i t i o n  o f  p r o t e i n  a t  th e  expense o f  f a t ,  w h i le  a t  

a  l a t e r  age  th e  a c c u m u la t io n  o f  f a t  i s  do m inan t;  t h e  

f a t - f r e e  t i s s u e s  i n  b o th  g roups o f  a n im a ls  had  a lm ost 

i d e n t i c a l  c o m p o s it io n  (P ic k e n s ,  A nderson  & S m ith , 1940}.

A r e c e n t  s t a t i s t i c a l  t r e a tm e n t  o f  c a r c a s e  

a n a ly s e s  a l s o  u s e d  r e s u l t s  e x p r e s s e d  on a  f a t - f r e e  

b a s i s  (A nn egers ,  1 9 5 4 ) .  Data, were a n a ly s e d  by th e  

m ethod o f  m u l t i p l e  r e g r e s s i o n  i n  w hich  in d e p e n d e n t  

v a r i a b l e s  were f a t - f r e e ,  d ry  body w e ig h t  and body f a t  

a n d  th e  d ep enden t v a r i a b l e  was t o t a l  body w a t e r .  The 

changes i n  body w a te r  p e r  g o f  body f a t  were 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 .  Thus, no in d e p e n d e n t  e f f e c t  

o f  body f a t  on t o t a l  body w a te r  was d e m o n s t r a b le .

F u r t h e r  a n a l y s i s  f a i l e d  to  d e m o n s tra te  t h a t  t h e  i n t e r c e p t  

v a lu e s  o f  w a te r  w ere  d i f f e r e n t  from z e r o .  Thus t o t a l  

body w a t e r  was n o t  shown to  be o t h e r  th e n  a  d i r e c t  

p r o p o r t i o n  o f  f a t - f r e e ,  d ry  body w e ig h t .

U n d ou b ted ly  th e  use  o f  f a t - f r e e  t i s s u e  as a 

r e f e r e n c e  s t a n d a r d  h as  s i m p l i f i e d  th e  s tu d y  o f  body 

c o m p o s i t io n  o f  a n im a ls  o f  d i f f e r e n t  ages  and r e v e a l e d  

u n i f o r m i t y  o f  c o n s t i t u t i o n  o f  m atu re  a n im a ls  o f  d i f f e r e n t  

s p e c i e s ,  b u t  i t  i s  n e v e r t h e l e s s  an a r t i f i c a l  d e v ic e
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w i t h  l im i te d ,  p h y s i o l o g i c a l  s i g n i f i c a n c e .  I t s  u se  has  

b e e n  c r i t i c i z e d  on th e  grounds: t h a t  fu n d am e n ta l  ch an g es  

c o i n c i d e n t  w i th  g row th  may be o b sc u re d  i f  e x p re s s e d  on 

t h a t  b a s i s ,  p a r t i c u l a r l y  w i th  r e g a r d  to  t h e  a l t e r a t i o n  

i n  l i p i d  c o m p o s i t io n  w hich  o c c u rs  ( S i n c l a i r ,  1930;

H u r s t ,  1933; W il l ia m s ,  G a l b r a i th ,  K au ch e r ,  M ayer,

R ic h a r d s  & Macy, 19 4 3 ) .  The d i f f e r e n c e  i n  f a t  c o n te n t  

o f  b o d ie s  o f  r a t s  f e d  oh d i e t s  w i th  c o n s id e r a b le  

v a r i a t i o n  i n  f a t  and c a l o r i c  c o n te n t  was n o t  g r e a t  

( E c k s t e in ,  1929; S.cheer, S t r a u b ,  F i e l d s ,  M eserve , H e n d r ic k  

& D e u e l , 1947)•

I n  a d d i t i o n  to  a n a l y s i s  o f  c a r c a s e s  f o r  w a te r ,  

f a t  and p r o t e i n ,  th e  h e a t  o f  com bustion  o f  r a t  t i s s u e s  

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

o f  r a t s  em phasize  t h a t  th e  c o m p o s i t io n  o f  th e  g a in s  i n  

w e ig h t  o f  g row ing  r a t s  v a r i e s  c o n s i d e r a b ly ,  even though  

th e  r a t i o n  consumed, th e  l e n g th  o f  th e  g row th  p e r i o d  

and th e  r a t e  o f  g row th  may be th e  same . ( M i tc h e l l  & Carmen, 1 n 2(g 

C a rcase  a n a ly s e s  i n  s p e c ie s  o t h e r  t h a n  th e  r a t  

have b e e n  c a r r i e d  o u t  s in c e  th e  e a r l y  work o f  L&wes &

G i l b e r t  ( I 8 5 8 ) . A l a r g e  volume o f  d a t a  m ain ly  from 

m a tu re  fa rm  an im als  b u t  a l s o  from  a n im a ls  a t  v a r i o u s  

s t a g e s  o f  g ro w th ,  i s  a v a i l a b l e  (Armsby & M oulton , 1925;

E l l i s  & H a n k in s ,  1923; S c o t t ,  1930; Hammond, 1932), 

g i v i n g  th e  t y p i c a l  f i n d i n g s  o f  d im in i s h in g  p e rc e n ta g e  o f  

w a te r  and th e  r i s i n g  p e r c e n t a g e  o f  f a t  i n  th e  body
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d u r in g  g ro w th .  Marked changea i n  th e  s i t e s  o f  f a t  

d e p o s i t i o n  have been  n o t e d  d u r in g  grow th  and f a t t e n i n g  

(C a llo w , 1 9 4 7 > 1948} • The f a c t  t h a t  a  d im in i s h in g  

p e r c e n t a g e  o f  w a te r  i n  f a t - f r e e ,  t i s s u e  c o in c id e d  w i th  

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

th e  p o s s i b l e  c o n n e c t io n  be tw een  th e s e  phenomena 

(M urray , 1 9 2 2 ) .

The te c h n iq u e  o f  d e te r m in in g  ch em ica l c o m p o s i t io n  

by c a r e f u l  d i s s e c t i o n  h a s  been  d e v e lo p e d  (Hammond, 1 9 3 2 ) 

and  a p p l i e d  w i th  p r a c t i c a l  v a lu e  to  fa rm  a n im a ls  a t  

v a r io u s  s t a g e s  o f  grow th (McMeekan 1940, 1941; W a l la c e ,  

1948; P a l s s o n  & V e rg e s ,  1950). I n  t h i s  way th e  

fu n d a m e n ta l  p a t t e r n  o f  d i f f e r e n t i a l  g row th  r a t e s  o f  th e  

v a r i o u s  t i s s u e s  h a s  been f i r m l y  e s t a b l i s h e d .  R e c e n t l y  

a t t e n t i o n  has  b een  g iv e n  to  th e  a l t e r a t i o n  o f  c a r c a s e  

c o m p o s i t io n  o f  farm  a n im a ls  by i m p l a n ta t i o n  o f  h e x o e s t r o l .  

The t i s s u e s  o f  an im als  th u s  t r e a t e d  have b e en  fo u n d  to  

c o n t a i n  a  h i g h e r  p e rc e n ta g e  o f  p r o t e i n  and w a te r  and a 

lo w e r  p e r c e n ta g e  o f  f a t  th a n  c o n t r o l  a n im a ls  ( o ’Mary,

P ope , W ilso n ,  Bray & C a s id a ,  1952; W ilK inson , O’Mary, 

W ilso n ,  B ra y ,  Pope & C a s id a ,  1955; A i tk e n  & C r i c h t o n ,

1956; Gee & P r e s t o n ,  1 9 5 7 ) .

C hem ica l c o m p o s i t io n  o f  th e  human body h a s  b e e n  

s t u d i e d  o n ly  to  a  l i m i t e d  e x t e n t  by c a r c a s e  a n a l y s i s ,  

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

w h ich  have  b een  rev ie w ed  by Me Ounce & Widdowson, 0-9519) >



had. b e e n  p u t  to  p r a c t i c a l  u se  i n  th e  c a l c u l a t i o n s  o f  

d i e t a r y  r e q u i r e m e n ts  d u r in g  pregnancy  and l a c t a t i o n  

(G a rry  & S t i v e n ,  1 9 3 6 ) .  U n t i l  r e c e n t l y  ( M i t c h e l l ,  

H a m il to n ,  S te g g e rd a  & Bean, 1945; Widdowson, McCance & 

S p ra y ,  1 9 5 1 ) ,  t h e r e  was o n ly  one a c c u r a t e ,  d i r e c t  

e s t i m a t i o n  on an a d u l t  human (M o le sc h o t t ,  I 8 5 9 ) . One 

o t h e r  e a r l y  a n a ly s i s  gave l e s s  com plete  in f o r m a t io n  

( B i s c h o f f ,  I 8 6 3 } .

Most o f  th e  in f o r m a t io n  on th e  c o m p o s it io n  o f  

man h a s  b e e n  d e r iv e d  by i n  v iv o  t e c h n iq u e s .  F o r f a t ,  

t h e  m ethods o f  s p e c i f i c  g r a v i t y  (Behnke, 1941; M ess in g e r  

& S t e e l e ,  1949) and n i t r o g e n  s o l u b i l i t y  (Behnke, 1941) 

have  b e e n  u s e d ,  fo r - ,  w a t e r ,  a n t i p y r i n e  ( S t e e l e ,  B e rg e r ,  

D unning & B ro d ie ,  l y j O)  and i s o  t o p i c  t e c h n iq u e s  (von Hevesy 

& H o f e r ,  1934; Moore, 1 9 4 6 ; P a c e ,  K l in e ,  Schachman & 

H a r f e n i s t ,  1 9 4 7 ) .  ' I s o t o p i c  t e c h n iq u e s ,  when t e s t e d  i n  

a n im a l s ,  have  shown c lo s e  agreem ent w i th  r e s u l t s  from 

c a r c a s e  a n a l y s i s  (Rathbun & P a c e ,  1945; L e s s e r ,  Blumberg 

A S t e e l e ,  1952; H aigh & S c h n e ia e n ,  19 -5 6 ) .  Some c r i t i c i s m  

o f  t h e s e  t e c h n iq u e s  h as  b een  made on th e  g rounds t h a t  th e  

w a t e r  c o n t e n t  o f  th e  g u t  was n o t  ta k e n  i n t o  c o n s i d e r a t i o n  

( C ia e k ,  1 9 5 4 ) .  An a t te m p t  to  combine s e v e r a l  o f  th e  

i n  v iv o  te c h n iq u e s  to  a n a ly s e  th e  l i v i n g  body i n  te rm s  o f  

c e l l  m a ss ,  f a t ,  t o t a l  body w a te r  and e x t r a c e l l u l a r  f l u i d  

have b e en  made by McCance & l id d o w so n ,  (195I&J • TAe 

i n  v iv o  t e c h n iq u e s  have been  a p p l i e d  m a in ly  to  th e  a d u l t ,



b u t  t n e i r  u se  f o r  o u t l i n i n g  th e  p a t t e r n  o f  c h em ica l  

g ro w th  h a s  n o t  Deen e n t i r e l y  n e g le c te d  (Robinow & 

H a m il to n ,  1940; F l e x n e r ,  W ilde, P r o c t o r ,  Gowie, V osburgh 

& H eilm an , 1947; M orse, C a s se ls  & S c h u l t z ,  1 9 4 7 ) .

T o ta l  body w a te r  e x p re s s e d  a,s a  p e rc e n ta g e  o f  body w e ig h t  

i s  h ig h  i n  p rem a tu re  and newborn i n f a n t s  and i s  f o l lo w e d  

by a  g r a d u a l  d e c re a s e  w i th  age (F 'r i i s -H a n s e n ,  H o l id a y ,  

S t a p l e t o n  & W a lla c e ,  1951, Edelman, H a ley ,  S c h lo e rb ,  

S h e ld o n ,  F r i i s - H a n s e n ,  S t o l l  & Moore, 1952; F 'r i i s -H a n s e n ,  

1957)* The e x t r a c e l l u l a r  f l u i d  compartment o f  t o t a l  

body w a te r  d e c r e a s e s  when e x p re s s e d  on th e  b a s i s  o f  body 

w e ig h t  and i n c r e a s e s  on th e  b a s i s  o f  s u r f a c e  a re a  

(Robinow & H a m il to n ,  1940; D o x iad is  & G a i rd n e r ,  1 9 4 8 ) .  

T h is  i s  r e l a t e d  to  th e  changes i n  body w e ig h t  and s u r f a c e  

a r e a  w i t h  age ( p .  10 ) .  I n  young i n f a n t s  th e  e x t r a ­

c e l l u l a r  f l u i d  volume p e r  t o t a l  body mass i s  57  -  l&fi 

g r e a t e r  t h a n  i n  th e  a d u l t  ( F e l l e r s ,  B a r n e t t , .  Hare &

McNamara, 1 9 4 9 ) .

An a n a l y s i s  o f  ch em ica l  grow th  i n  man from 

m i d - f o e t a l  l i f e  has  d e s c r i b e d  th e  w a te r  ( a l s o  Na and  

K c o n te n t )  o f  th e  body as conform ing  to  th e  e q u a t io n  

f o r  d i f f e r e n t i a l  g row th  ( F o rb e s ,  1 952 ) .  I n  a d d i t i o n  

to  th e  w e l l - e s t a b l i s h e d  d e c r e a s e  i n  p r o p o r t io n  o f  w a te r  

i n  th e  body i n  e a r l y  l i f e  a g en u in e  d e c re a s e  i n  w a te r  

c o n t e n t  d u r in g  m a t u r i t y  (20 -  25 y e a r s ) ( B r o z e k ,  1952)
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i n n  "been CLescribe.d, due p r i n c i p a l l y  to  a d d i t i o n  o f  

f a t  (Keys- & Bro&ek, 1953/* * In c re m e n ta l  methods as 

a p p l i e d  "by H am ilto n  & m o r ia r ty  ( 1 9 2 .8 ) and Macy ( 1 9 4 2 } 

h av e  d e a n  u se d  i n  a s s e s s i n g  th e  r e t e n t i o n  i n  g row ing  

c h i l d r e n  o f  n i t r o g e n ,  ca lc iu m  and  o th e r  m in e r a l s .

Thus, t h e  chang ing  c h em ic a l  p a t t e r n  o f  body c o m p o s it io n  

d u r in g  l i f e  w h ich  h a s  been e s t a b l i s h e d  i n  a n im a ls ,  h a s  

b e en  c o n f i rm e d  i n  man.

T h ere  has:- been  an a t te m p t  to  s e t  f o r t h  c e r t a i n  

g e n e r a l  * la w s11 a b o u t  t h i s  chem ica l p a t t e r n .  For exam ple , 

th e  h e t e r a u x e t i c  t h e o r y ,  o r i g i n a l l y  a p p l i e d  to  morphology 

(K u x ley ,  1 9 3 2 ) has  b een  e x te n d e d  to  ch em ica l  developm ent 

( T e i s s i e r ,  1 9 3 4 ) .  W ater i s  b ra d y a u x e t ic  i n  r e l a t i o n  

to  t o t a l  body w e ig h t ,  p r o t e i n  1\T i s  i s o a u x e t i c ,  f a t  i s  

t a c r iy a u x e t ic  and  a sh  b ra d y a u x e t ic  i n  r e l a t i o n  to  d ry  w e ig h t  

(Needham, 1934, 1942) . From t h i s  ty p e  o f  a n a l y s i s  o f  

date , on body c o m p o s it io n  h a s  a r i s e n  th e  f o r m u la t i o n  o f  

a  " c h e m ic a l  g rou nd  p la n  o f  an im al g ro w th ” . T h is  im p l i e s  

t h a t  a n im a ls  o f  d i f f e r e n t  form and d i f f e r e n t  s i z e  have  

t h e  same g e n e r a l  c h em ic a l  p a t t e r n  o f  grow th  and t h a t  th e  

p r o c e s s  o f  g row th  p ro c e e d s  a c c o rd in g  to  a d e f i n i t e  p la n  

w h ich  c a n  be r e a d i l y  r e c o n i l  s e d  a t  any s ta g e  0 f  g r o w tb .

T h ere  i s  d a n g e r ,  how ever, i n  th e  f a l s e  sen se  o f  

s e c u r i t y  w hich  may be eng endered  by b e n d in g  b io lo g ie s , !  

e v e n t s  i n t o  r i g i d  m a th e m a t ic a l  e x p r e s s i o n s . O ver- 

s i m p l i f i c a t i o n  o f  th e  i n t r i c a t e  ,,r e c e s s e s  i n h e r e n t  i n



c h e m ic a l  g ro w th  may be  d e c e p t iv e .  For i n s t a n c e ,  th e  

marmed v a r i a t i o n  i n  th e  t i s s u e  c o n s t i t u e n t s  even i n  t h e  

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

t o  w h ic h  such  c u rv e s  have to  be r e l a t e d .  When such  

v a r i a t i o n  i s  a l s o  c o n s id e re d  i n  th e  growing anim al th e  

v a l i d i t y  o f  such  m a th e m a tic a l  fo rm u la t io n  becomes even 

more l i m i t e d .  On th e  o t h e r  hand , a t te m p ts  to  s e t  f o r t  

as  g e n e r a l i s e d  e x p re s s io n s  f a c t s  about chem ical g row th  

may e v e n t u a l l y  a s s i s t  the. p r o g r e s s  o f  knowledge abou t 

c h e m ic a l  g row th  beyond th e  d e s c r i p t i v e  p h a s e .  T h is  

i s  a lw ay s  p r o v id e d  t h a t ,  a t  th e  sane t im e , r e s e a r c h  

c o n t i n u e s  i n t o  t h e i r  s i g n i f i c a n c e  ( G la s e r ,  1938).



METHODS for CARCASE analysts

I n  T a b le  8 i s  a  summary o f  some v a r io u s  m ethods

w h ic h  have been  u s e d  f o r  a n a ly s i s  o f  c a r c a s e s  o f  r a t s .

F o r  d i r e c t  e s t im a t i o n s  o f  n i t r o g e n  v a r io u s  m o d i f i c a t i o n s

o f  t h e  K qjeldahl method have  been  u sed  i n  a l l  c a s e s ,  w i th

th e  e x c e p t i o n  o f  th e  g r a v im e t r i c  te c h n iq u e  o f  A d d is ,  Poo,

Lew & Yuen, ( 1 9 3 6 ) .  For f a t ,  s a p o n i f i c a t i o n  m ethods

o r  S o x h le t  e x t r a c t i o n  have been  u se d ,  w i th  v a r io u s
o

s o l v e n t s .  O ven-dry ing  a t  te m p e ra tu re s  from 55  C to  

110°C h a s  b e e n  u s e d  f o r  th e  d e te r m in a t io n  o f  w a te r  

c o n te n t  b u t  th e  l a t e r  im proved tec h n iq u e s  o f  vacuum 

d e s i c c a t i o n  and f r e e z e - d r y in g  ( l y o p h i l i z a t i o n )  ( F lo s d o r f  

& Mudd, 1935; G re av e s ,  1946; H a r r i s ,  1954) have su p e rse d e d  

o v e n -d r y in g  i n  many c a s e s .  O ven-dry ing  o f  f a t s  a t  

70° -  100°C may r e s u l t  i n  th e  v o l a t i l i z a t i o n  o f  e s s e n t i a l  

o i l s  (B e n e d ic t  & M anning, 1 9 0 5 ) ,  d e co m p o s it io n  o r  

o x i d a t i o n  o f  f a t s  and lo s s  o f n i t r o g e n  (Howe, R u t h e r f o r d  

& Hawk, 1910; T eague, G a lb r a i th ,  Hummel, W illiam s & iviacy, 

1 9 4 2 ) .  O v en -d ry in g  a t  70°C and below has  been  found 

n o t  to  a l t e r  th e  v a lu e  f o r  t o t a l  f a t t y  a c id s  (Teague e t  a h , 

1942) and f o r  t o t a l  f a t  a t  50°C, a t  atmosioheric p r e s s u r e ,  an- 

th e  r e s u l t s  o f  oven—d ry in g  have n o t  d i f f e r e d  s i g n i f i c a n t l y  

from  d r y in g  a t  th e  same te m p e ra tu re  a t  0 .1  mm Hg ( F lo s d o r f  

& W e b s te r ,  1937)* However, even though o v en -d ry in g
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a t  low te m p e ra tu re s  r e s u l t s  i n  m inim al l o s s  o f  v o l a t i l e  

m a t e r i a l s ,  f r e e z e - d r y in g  s t i l l  a llow s maximum p r e s e r v a t i o n  

o f  n i t r o g e n o u s  m a t e r i a l s .  I n  a d d i t i o n ,  o rg a n ic  s o l v e n t s  

a re  b e t t e r  a b le  to  p e n e t r a t e  th e  f r i a b l e  and po rous  

f r o z e n - d r i e d  m a t e r i a l  compared w i th  th e  h a r d e r ,  more 

r e s i s t a n t  m a t e r i a l  d r i e d  i n  th e  oven (S h f tek e ll ,  I 9 0 9 ) .

P r e p a r a t io n  o f  C arcase

The r a t s  were k i l l e d  by exposure  to  c o a l  gas  

and weighed.. The s k in  was d i s s e c t e d  o f f  and w eighed 

r a p i d l y  on a P e t r i  d i s h .  S e p a ra te  a n a l y s i s  o f  s k in  

was done b e c a u se  o f  the  d i f f i c u l t y  o f  hom ogenizing  th e  

s k i n .  I f  th e  s k i n  had  been  in c lu d e d  a lo n g  w i th  th e  

m a c e r a te d  c a r c a s e ,  sam pling  e r r o r s  would have b e e n  g r e a t ,  

owing t o  uneven  d i s t r i b u t i o n  o f  h a i r s .  The c o n te n t s  

o f  th e  g u t  w ere  removed and w eighed r a p i d l y  on a  w a tc h -  

g l a s s .  The empty c a r c a s e  w eigh t was th u s  g iv e n  by th e  

t o t a l  body w e ig h t  minus th e  w e igh t o f  th e  g u t  c o n t e n t s .

The c a r c a s e  was th e n  c u t  i n t o  sm all  p i e c e s ,  u s in g  s c i s s o r s  

and  bone f o r c e p s ,  and p l a c e d  i n  th e  c o n ta in e r  o f  a  t o p -  

d r i  ve m a e e r a to r  w i th  d i s t i l l e d  w a te r  added to  co v e r  th e  

b l a d e s .  M a c e ra t io n  was c o n t in u e d  t i l l  a s t a t e  o f  

homogeneity was re a c h e d  (10 — 20 m i n u t e s ) , t h e n  th e  

hom ogenate was washed i n t o  a w eighed  b e ax e r  (o f  1 l i t r e  

c a p a c i  ty  ̂ .



I n  t h e  c o m p u ta t io n  o f  r e s u l t s ,  th e  added w a te r  

iic.s o f  c o u rs e  to  be t a k e n  i n t o  c o n s i d e r a t i o n .  T h is  i s  

fo u n d  as  th e  t o t a l  w e ig h t  o f  th e  b e a k e r  w i th  th e  

hom ogenate  l e s s  th e  w e ig h t  o f  th e  f r e s h  c a rc a s e  ( fo u n d  

above) and  th e  d ry  w e ig h t  o f  th e  b e a k e r .

E s t im a t io n  o f  N i t ro g e n

C a rc a s e  ■

The e s t i m a t i o n  o f  n i t r o g e n  i n  th e  c a rc a s e  was 

done on 3 sam ples o f  m a c e ra te d  t i s s u e  p la c e d  i n  30ml 

b e a k e r s .  C o n c e n tra te d  s u lp h u r i c  a c id  ( a p p ro x im a te ly  20ml) 

was add ed  to  each  b e a k e r  and s t i r r e d  w i th  a  g l a s s  r o d ,  

w h i le  th e  i n i t i a l  d i g e s t i o n  took  p l a c e .  When c o o l ,  th e  

c o n t e n t s  o f  each  b e a k e r  were washed i n t o  100ml v o lu m e tr ic  

f l a s k s  w i t h  d i s t i l l e d  w a te r  and made up to  volume..

Sam ples o f  lm l w ere  ta k e n  f o r  m ic ro -K je ld a h l  e s t i m a t i o n .  

D u p l i c a t e s  a g re e d  w i t h i n  1$ .

S k in

0 * 5  ~ 2 . 0 g of s k in  w ere p la c e d  i n  a b e a k e r  w i th  

c o n c e n t r a t e d  s u l p h u r i c  a c id  (2 0  "* 50^ 1 ) h e a te d  on a

h o t  p l a t e  t i l l  s o l u t i o n  o c c u r r e d .  The p ro c e d u re  was th e n  

s i m i l a r  to  th e  a n a l y s i s  o f  c a r c a s e .



E s t im a t io n  o f  F a t

C a rc a se  and s k in

Sam ples o f  3 ~ 5 g- w ere  wrapped i n  f i l t e r

p a p e r  and p l a c e d  i n  e x t r a c t i o n  th im b le s  and e x t r a c t e d

w i t h  c h lo ro fo rm  i n  a  S o x h le t  ap p a ra tu s , ,  s e t  on a  h o t  
o

p la t e -  a t  • ~]J G. Three e s t i m a t i o n s  were c a r r i e d  o u t  

i n  s e r i e s  ( F i g .  7 ) •  E x t r a c t io n s ,  were c o n t in u e d  f o r  

16 -  2 0  h o u r s ,  t h e  s o lv e n t  was e v a p o r a te d  o f f  and th e  

f l a s k s  d r i e d  to  c o n s t a n t  w e ig h t .  D u p l i c a te  e s t im a t i o n s  

a g re e d  w i t h i n  2$  f o r  c a r c a s e  and w i t h i n  1 0# f o r  s k i n .

The s o l v e n t  c h o sen  was c h lo ro fo rm  i n  o rd e r  to  a v o id  t h e  

r i s k  o f  f i r e  when fume cupboard  accom m odation was 

i n a d e q u a t e .  I t  i s  known t h a t  c h lo ro fo rm  e x t r a c t s  

p ig m e n ts  as. w e l l  a s  f a t  b u t  t h i s  waa n o t  c o n s id e r e d  

d i s a d v a n ta g e o u s ,  s in c e  th e  a b s o lu te  r e s u l t s  w ere  o f  l e s s  

im p o r ta n c e  t h a n  th e  co m p ar iso n  o f  th e  f a t  c o n te n t  o f  r a t s  

a t  d i f f e r e n t  a g e s .

E s t im a t io n  o f  W ater and T o ta l  S o l i d s

C a rc a se

I n i t i a l l y  w a te r  and t o t a l  s o l i d s  w ere  e s t im a te d  

by d r y i n g  th e  m a c e ra te d  t i s s u e  to  c o n s t a n t  w e ig h t  i n  

P e t r i  d i s h e s  i n  an oven a t  50 °C . D u r in g  th e  co u rse  o f

t h e  o v e n -d ry in g  a  d i s t i n c t l y  rep u g n a n t  odour p e rv a d e d  th e



l a b o r a t o r y  i n  w h ich  t h i s  was b e in g  c a r r i e d  ou t  and 

s u b s e q u e n t ly  f r e e z e - d r y i n g  te c h n iq u e  w i th  i t s  many 

a d v a n ta g e s  ( p .  U p )  was u s e d .

The a p p a r a tu s  ( F i g s .  5  &n d 6) c o n s i s t e d  o f  a  

ro u n d -b o t to m e d  f l a s k  ( 5 0 0  o r  1000ml) a t t a c h e d  to  a  t r a p  

f o r  c o n d e n se d  w a te r  v a p o u r ,  e n c lo s e d  i n  a  Dewar f l a s k  

c o n t a i n i n g  a  m ix tu re  o f  a l c o h o l  and s o l i d  ca rb o n  d io x id e  

a t  a  t e m p e r a tu re  o f  - 7 0  t o  -7 8 °C . The c o n d e n s e r - t r a p  

was i n  t u r n  c o n n e c te d  to  a  m o is tu re  t r a p  c o n ta in i n g  

m agnesium p e r c h l o r a t e  ( ,rA nhydronelt) , from w hich  l e d  

r u b b e r  tu b in g  to  a  h ig h  vacuum pump ("Speedivac** Model 

I S 5 0 ,  Edwards & Co. L t d . ) ,  d r iv e n  by a  m o to r o f  £ H .P .

I n i t i a l  f r e e z i n g  o f  th e  samples, o f  m a c e ra te d  

c a r c a s e  was done by im m ersing  th e  f l a s k  i n  a  l a r g e  

e v a p o r a t i n g  d i s h  c o n t a i n i n g  a l c o h o l - s o l i d  c a rb o n  d io x id e  

m i x t u r e  a n d  s p in n in g  i t  ro u n d  w i th  a  c o n t in u o u s  c i r c u l a r  

m o tio n  t i l l  a  t h i n  l a y e r  o f  f r o z e n  m a t e r i a l  c o v e re d  th e  

i n n e r  s u r f a c e  o f  th e  f l a s k .  R a p id  c o n n e c t io n  o f  th e  

f l a s k  t o  the. f r e e z e - d r y i n g  a p p a ra tu s  was made and th e  

vacuum pump s t a r t e d .  The o u t s i d e  o f  th e  f l a s k  became 

c o v e re d  w i t h  a l a y e r  o f  f r o s t  due to  c o n d e n s a t io n  and 

f r e e z i n g  o f  a tm o sp h e r ic  m o is tu r e ,  e v a p o r a t i o n  i n  vacuo 

o f  i c e  from  th e  f r o z e n  m a t e r i a l  o c c u r r e d  and th e  w a te r

vapo u r  c o l l e c t e d  i n  th e  c o n d e n s e r - t r a p .  The c o o l in g  

e f f e c t  o f  r a p i d  e v a p o r a t i o n  k e p t  th e  hcm ogenate f r o z e n



a t  a l l .  s t a g e s  o f  th e  p r o c e s s .  As the. r a t e  o f  e v a p o r a t i o n  

d im in is h e d ,  th e  t e m p e r a tu r e  r o s e  s lo w ly  to  t h a t  o f  th e  

room a n d  th e  e x t e r n a l  f r o s t  thaw ed. The f r o s t  

d i s a p p e a r e d  i n  a b o u t  sev en  h o u r s ,  on a v e ra g e ,  and  o f t e n  

i t  was fo u n d  t h a t  c o n s t a n t  w e ig h t  was o b t a i n e d  a f t e r  a  

f u r t h e r  t w o 'h o u r s .  The d r i e d  p r o d u c t ,  l i g h t  brown and 

f r i a b l e ,  was rem oved from  th e  f l a s k  by s c r a p in g  w i t h  a  

w ir e  b e n t  to  a  s u i t a b l e  a n g le .  T h e r e a f t e r  i t  was s t o r e d  

i n  j a r s  w i th  a i r - t i g h t  b a k e l i t e  l i d s .  T h ree  o r  f o u r  

sam p les  w ere  t a k e n  o f  each  r a t  c a r c a s e :a n a ly s e d ;  

r e p l i c a t e s  a g re e d  w i t h i n  2 p .

S k in

The s k i n  was s p r e a d  o u t  on a  P e t r i  d i s h ,  i n n e r  

s i d e  u p p e rm o s t ,  and  d r i e d  i n  an  oven a t  5 0 °C t i l l  i t  

reach ed , c o n s t a n t  w e ig h t ;  t h i s  to o k  a p p ro x im a te ly  one w eek . 

On one o c c a s i o n ,  s k in  was f r o  s e n - d r i e d  b u t  th e  t im e  t a k e n  

was to o  g r e a t  t o  make t h i s  m ethod  p r a c t i c a b l e  f o r  r o u t i n e  

u s e .

H eat o f  c o m b u s tio n

C a rc a se  and s k in

F o r  e s t i m a t i o n  o f  th e  h e a t  o f  co m b u s tio n  o f

c a r c a s e ,  p e l l e t s  o f  l . p  “ 2 . 0 g w ere u s e d  f o r  bomb 

c a l o r i m e t r y  end r e p l i c a t e s  a g re e d  w i t h i n  2%. F o r  s k i n ,



tvtfo p i e c e s  o f  s k i n ,  w e ig h in g  t o g e t h e r  1 . 0  -  2 . 0 g , 

w ere  p l a c e d  i n  t h e  c r u c i b l e  w i th  t h e i r  i n n e r  s i d e s  

n e x t  to  th e  fu s e  w i r e ;  r a r e l y  was t h e r e  any d i f f i c u l t y  

i n  o b t a i n i n g  com plete  c o m b u s tio n .  R e p l i c a t e s  a g re e d  

w i t h i n  6 )b.



RESULTS OF CARCASE ANALYSIS

The r e s u l t s  o f  c a r c a s e  a n a l y s i s  f o r  w a te r ,  f a t ,  

n i t r o g e n  and h e a t  o f  c o m b u s tio n  a re  s e t  o u t  i n  T a b le s  

25 -  2 7 .  P r o t e i n  i s  t a k e n  as n i t r o g e n  x  6 . 2 5 . D a ta  

on w a t e r ,  f a t  and p r o t e i n ,  c o l l e c t e d  from  v a r io u s  s o u rc e s  

and o f t e n  r e - c a l c u l a t e d ,  a re  shown, a lo n g  w i th  th e  

p r e s e n t  w ork , as a  p e r c e n t a g e  o f  th e  body w e ig h t  and o f  

th e  f a t - f r e e  body w e ig h t  ( F i g s .  50  and 5 1 ) ;  ag reem en t 

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

The a sh  c o n te n t  o f  th e  c a r c a s e s  was n o t  m ea su re d .  

I n  one s e r i e s  o f  d a t a ,  v a lu e s  f o r  - ra ts . . f ro m  4 , to  16  weeks 

o f  age a re  g iv e n  as 2 . 9  -  3 * l£  (B uckner & p e t e r ,  1 9 2 2 .). 

O th e r  v a lu e s  a re  s l i g h t l y  h i g h e r  (3  - . 5 $) ( M i t c h e l l  & 

Carman, 1 9 2 6 ; C h a n u tin ,  1931; P ic k e n s  a t  aL, 1940;

L i  e t  a l. ,  1 9 4 8 ) .

The mean body c o n te n t  o f  w a t e r ,  f a t  and p r o t e i n  

fo u n d  i n  th e  p r e s e n t  work i s  e x p re s s e d  i n  a  h is to g ra m  

i n  F i g .  4 9 ,  w here t h e  d e c r e a s e  i n  th e  p e r c e n t a g e  o f  w a te r  

and  th e  i n c r e a s e  i n  th e  p e r c e n ta g e  o f  f a t  i n  t h e  b o d ie s  

o f  th e  r a t s  w i th  age i s  c l e a r l y  shown. The r e l a t i v e  

c o n t r i b u t i o n  o f  f a t  to  th e  t o t a l  c a l o r i c  c o n te n t  o f  th e  

body i n c r e a s e d  w i t h  age ( F ig .  5 2 ) .  D u r in g  g ro w th , w h i le  

c a l o r i e s  from  b o th  p r o t e i n  and f a t  i n c r e a s e d  i n  amount, 

t h e i r  c o n t r i b u t i o n  to  th e  t o t a l  c a l o r i c  c o n te n t  d i f f e r e d



a t  d i f f e r e n t  a g e s .  The c o n t r i b u t i o n  from p r o t e i n  

i n c r e a s e d  r a p i d l y  a t  f i r s t  i n  young r a t s  w h i le  t h a t  from 

f a t  was s lo w e r .  T h is  r e l a t i v e l y  r a p i d  i n c r e a s e  i n  t o t a l  

c a l o r i e s  from  p r o t e i n  and s lo w e r  i n c r e a s e  i n  t o t a l  

c a l o r i e s  from  f a t  o c c u r r e d  when e x p r e s s e d  b o th  on th e  

b a s i s  o f  t o t a l  c a l o r i e s  ( F i g .  5 3 ) o r  on th e  b a s i s  o f  

c a l o r i e s  p e r  lOOg body w e ig h t  ( F i g .  5 4 ) .  L a t e r  as  th e  

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

f rom  p r o t e i n  re m a in e d  a lm o s t  s t a t i c ,  w h i le  t h e  c a l o r i e s  

from  f a t  c o n t in u e d  to  r i s e .  The g ra p h  o f  k c a l / r a t  p l o t t e d  

a g a i n s t  body w e ig h t  r i s e s  s t e e p l y  ( F ig .  5 5 ) .  T here  i s ,  

ho w ev er ,  a  l e s s  p ronounced  s lo p e  to  th e  g rap h  o f  k c a l / lO O g  

body w e ig h t  p l o t t e d  a g a i n s t  body w e ig h t  ( F i g .  5 6 ) .

An e s t im a t e  o f  th e  c o m p o s it io n  o f  in c re m e n ts  i n  

body w e ig h t  can  be d e r iv e d  by s u b t r a c t i n g  th e  t o t a l  

b o d i ly  c o n s t i t u e n t s  o f  o ld e r  r a t s  from  th o se  o f  l i t t e r m a t e s  

k i l l e d  and a n a ly s e d  a t  an e a r l i e r  a g e ,  and th u s  d e r i v i n g  

th e  c o m p o s i t io n  o f  one gram i n c r e a s e  i n  w e ig h t  a t  

d i f f e r e n t  ages  (T ab le  28 and F i g .  37)* T h is  e s t im a t e  

c a n  o n ly  be a p p ro x im a te ,  s i n c e  v a lu e s  from  r a t s  o f  

d i f f e r e n t  i n i t i a l  b o d ily ,  c o m p o s i t io n  a r e ,  o f  n e c e s s i t y ,  

u s e d ,  s i n c e  each  r a t  c a n n o t  s e rv e  as  i t s  own c o n t r o l .  

N e v e r t h e l e s s ,  t h i s  p ro c e d u re  g iv e s  some g e n e r a l  i n d i c a t i o n

o f  th e  f a c t s .  I n  you nger  r a t s  (0 -  3 0  d a y s ) ,  t h e r e  was 

l e s s  f a t  ( 0 .0 4 g /g  w e ig h t  i n c r e a s e )  and more w a te r



(0 .-7g /g  w e ig h t  i n c r e a s e )  l a i d  down, i n  o l d e r  r a t s  

(1 1 5  -  2 2 8 ,d a y s J ,  more f a t  (G .2 8 g /g  w e ig h t  i n c r e a s e )  

and l e s s  w a te r  ( 0 .4 p g /g  w e ig h t  i n c r e a s e ) .  The amount 

o f  p r o t e i n  p e r  g.w e ig h t  in c re m e n t  d id  n o t  a l t e r  g r e a t l y  

from  b i r t h  t o  m a t u r i t y  (0 . 1 5  -  0 .2 0 g /g  w e ig h t  i n c r e a s e ) .

I t  h a d  b e en  hoped  to  p r o v id e  c o n f i r m a to ry  e v id e n c e ,  

by means o f  m e ta b o l i c  s t u d i e s ,  o f  th e  c o m p o s i t io n  o f  th e  

t i s s u e  added d u r in g  g row th  and a p p ro x im a te  c o rre sp o n d e n c e  

o f  r e s u l t s  was a n t i c i p a t e d .  However, r a t h e r  u n e x p e c te d  

r e s u l t s  w ere  o b t a i n e d .  I t  a p p e a re d  t h a t  th e  w e ig h t  

g a in s  d u r in g  th e  p e r i o d  i n  th e  m e ta b o l i c  a p p a r a tu s  and  

i n  th e  an im a l  h o u se  w ere o f  d i f f e r e n t  c o m p o s i t io n  (T a b le s  

28 and  2.9 and  F i g s .  58  -  6 c ) . I n  t h e  m e ta b o l i c  a p p a r a tu s  

n i t r o g e n  and  e n e rg y  w ere r e t a i n e d  and  body w e ig h t  

i n c r e a s e d ,  b u t  body w.ater d i d  n o t  i n c r e a s e  c o r r e s p o n d in g ly  

( p .  87  ) . Thus r e l a t i v e  d e h y d r a t io n  o c c u r r e d .

I n  th e  an im al  house  i t  was p resum ed  t h a t  w a te r  

was r e t a i n e d  and t h a t  th e  b a la n c e s  o f  n i t r o g e n  and energy  

w ere n e g a t i v e .  I n  e f f e c t ,  t h e r e f o r e ,  th e  r a t s  w ere  a t  

one t im e  c o n s i d e r e d  to  be g a i n i n g  s o l i d s  and a t  a n o th e r  

t im e  g a in in g  f l u i d .  The a p p ro x im a te  c o m p o s i t io n  o f  body 

w e ig h t  i n c r e m e n t /d a y /g  body w e ig h t  g a i n  i s  shown i n  

F i g .  6 l ,  w here  i t  i s  s e e n  t h a t ,  i n  th e  m e ta b o l ic  

a p p a r a t u s ,  p r o t e i n  and en ergy  g a in  i s  g r e a t e r  th a n  i s  

shown from  c a r c a s e  u n a i y s i s ;  on th e  o t h e r  h a n d , l o s s  o f  

w a te r  o c c u r s  i n  tn e  m e ta o o i i c  a p p a r a tu s  i n s t e a d  of g a in
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o f  w a te r  w h ich  i s  shown by d i r e c t  a n a l y s i s  o f  c a r c a s e  

c o m p o s i t io n .  The d a t a  from  th e s e  two ty p e s  o f  s tu d y  

a r e  n o t  s t r i c t l y  com p arab le  b ecau se  o f  s l i g h t  d i f f e r e n c e s  

i n  t h e  t im e  i n t e r v a l s  d u r in g  w hich  th e  g a i n s  i n  w e ig h t  

o c c u r r e d ,  b u t  a t  l e a s t  th e  g e n e r a l  t r e n d  i n  the. two 

c i r c u m s ta n c e s  i s  d e m o n s t r a te d .

The r a t s  e n t e r i n g  t h e  m e ta b o l i c  a p p a ra tu s  

p resu m ab ly  h a d  a  no rm al b o d i ly  c o m p o s i t io n  b u t  no d i r e c t  

e v id e n c e  f o r  t h i s  was a v a i l a b l e .  On t h r e e  o c c a s io n s ,  

a  r a t  w h ic h  h ad  s p e n t  f i v e  days i n  th e  m e ta b o l ic  

a p p a r a t u s  was a n a ly s e d  a t  th e  same t im e  as a  l i t t e r m a t e  

from  t h e  an im al h o u s e .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  

c o m p o s i t io n  w ere  fo u n d ,  b u t  u n f o r t u n a t e l y  two o f  th e  r a t s  

a n a ly s e d  h a d  s p e n t  th e  n i g h t  p r i o r  to  b e in g  s a c r i f i c e d  

i n  th e  an im al h o u s e ,  owing to  t e c h n ic a l ,  d i f f i c u l t i e s  

w i t h  th e  m e ta b o l i c  a p p a r a t u s .  I n  no case  w.as th e  

d e h y d r a t io n  i n  th e  m e ta b o l i c  a p p a r a tu s  s u f f i c i e n t l y  

s e v e re  to  b e  a p p a re n t  from  th e  e x t e r n a l  a p p e a ra n c e  o f  

the. a n im a ls ,  a l th o u g h  i t  was d e t e c t a b l e  by th e  m ethod  o f  

m e ta b o l i c  b a la n c e  s tu d y .

A t y p i c a l  example g i v e s  an  ap p ro x im a te  e s t im a t e  

o f  th e  e x t e n t  o f  th e  d e h y d r a t io n .  A r a t  o f  115 days 

w i t h  a body w e ig h t  o f  233 g (T ab le  25) h a s  an  a b s o lu te  

w a te r  c o n te n t  o f  1 5 3 g a p e r c e n ta g e  w a te r  c o n te n t  o f  

65  . W ith  a  t o t a l  n e g a t i v e  w a te r  b a la n c e  o v e r  p days

o f  -3* 5  g ^<3- & t o t c l  w e ig h t  g a i n  o f  + 1 5 g , th e  r a t  h a s
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t h e n  a body 'w eight o f  248g ,  an  a b s o lu te  w a te r  c o n t e n t  

o f  1 4 9 .5g a  p e r c e n ta g e  w a te r  c o n te n t  o f  6o.3p.

The e x t e n t  o f  th e  d e h y d ra t io n  c a n  a l s o  be e x p re s s e d  

on a f a t - f r e e  b a s i s .  I f  th e  i n i t i a l  f a t - f r e e  w e ig h t  

o f  t h e  r a t  was 212g,. th e  p e r c e n ta g e  w a te r  c o n te n t  on a  

f a t - f r e e  b a s i s  i s  ~]2 .1 ^ .  I f  an  ap p ro x im a te  g a in  i n  

f a t / g  g a i n  i n  w e ig h t  f o r  a r a t  o f  t h i s  age i s  4 0 . 3g , th e  

f a t  g a in e d  o v e r  5 days w ould  be 4 .5 g ,  f o r  a  body w e ig h t  

g a i n  o f  l p g .  A f t e r  5 days t h e n ,  th e  f a t - f r e e  body 

w e ig h t  g a i n  w ou ld  be 2 2 2 .5g . W ith an  a b s o l u t e  w a te r  

c o n te n t  o f  1 4 9 .5g  ( see  a b o v e ) ,  th e  p e rc e n ta g e  w a t e r  

c o n te n t  on a  f a t - f r e e  b a s i s  w ould  now be 6 7 . 2 p . From 

th e  p r e s e n t  exam ple , t h e r e f o r e ,  t h e r e  was a f a l l  o f  abo u t 

%  i n  t h e  p e rc e n ta g e  o f  w a te r  i n  an a d u l t  r a t  a t  th e  end 

o f  a. p e r i o d  i n  th e  m e ta b o l i c  a p p a ra tu s : ,  e i t h e r  on

th e  b a s i s  o f  t o t a l  body w e ig h t  o r  o f  f a t - f r e e  body w e i g h t .

B ecause  o f  th e  e x is te n ce ,  o f  r e l a t i v e  d e h y d r a t io n ,  

d i r e c t  co m p arison  be tw een  th e  m e ta b o l i c  and a n a l y t i c a l  

s t u d i e s  c o u ld  n o t  be 'made.* b u t  on th e  common b as is :  o f  

d ry  body w e ig h t  in c re m e n t  th e  p a t t e r n  o f  w e ig h t  g a i n  

d u r in g  g row th  was' exam ined . (T h is  c o m p u ta t io n  was made 

o n ly  i n  S e r i e s  I I I ,  s i n c e  i n  t h i s  s e r i e s  a l l  th e  

e s t i m a t i o n s  w ere  c o n s e c u t iv e l y  w i th o u t  i n t e r r u p t i o n )  . 

A lth oug h  a b s o lu te  v a lu e s  a re  n o t  c o m p a rab le ,  th e  seme 

t r e n d  was ^ .re se n t  in* b o th  ty p e s  o f  s t u d y . I n  b o th  c a se s

n i t r o g e n  r e t a i n e d  p e r  g d ry  body w e ig h t  in c re m e n t  d e c r e a s e d



w i t h  a g e ,  and k c a l  d e r iv e d  from f a t  ( i n  th e  c a r c a s e  

a n a l y s i s )  and n o n - p r o t e i n  k c a l  ( i n  th e  m e ta b o l i c  s tu d y )  

i n c r e a s e d  w i t h  age ( F ig .  6 2 ) . The p e rc e n ta g e  o f  k c a l  

d e r i v e d  from  p r o t e i n  p e r  d ry  body w e ig h t  in c re m e n t  was 

g r e a t e r  i n  young r a t s  and  d e c re a s e d  i n  o l d e r  an im als  

(T ab le  2 9 ) . .  At 30  ~ 35 d a y s ,  k c a l  from p r o t e i n  p e r  

d ry  body w e ig h t  in c re m e n t  w ere  9 9 . 8p ;  a t  1 1 0  -  1 1 5  d a y s ,  

t h e  c o r r e s p o n d in g  v a lu e  was . The p e rc e n ta g e  o f

k c a l  from  n o n - p r o t e i n  s o u r c e s  a l t e r e d  i n  th e  r e v e r s e  

d i r e c t i o n  ( 0 . 2 p and 6 7 +5% y o u n g e r  and  o l d e r  r a t s ,  

r e s p e c t i v e l y ) *



DISCUSSION

The s u b s ta n c e  o f  th e  f o r e g o in g  work was th e  

i n t e r r e l a t i o n  o f  th e  components o f  e n e rg y  exchange, o f  

w a t e r  exchange and o f  n i t r o g e n  exchange d u r in g  g ro w th .

An a t t e m p t  h a s  a l s o  b e en  made to  r e l a t e  th e s e  to  t h e  

in c re m e n ts ,  o f  body w e ig h t  and th e  c o m p o s i t io n  o f  t h e s e  

i n c r e m e n t s  i n  te rm s o f  e n e r g e t i c  m a t e r i a l s  d u r in g  th e  

same g ro w th  p e r i o d s .

I t  i s  o f  i n t e r e s t  to  a t t e m p t  to  r e s o l v e  th e  

p r o p o r t i o n s  o f  th e  t o t a l  en e rg y  e x p e n d i tu r e  w hich  a re  

composed by b a s a l  e n e rg y  e x p e n d i tu r e ,  e n e rg y  c o s t  o f  

fo o d  i n t a k e  and  m u sc u la r  a c t i v i t y .  Some e s t im a te  o f  

t h i s  c a n  be made, p r o v id e d  i t  i s  r e c o g n i s e d  t h a t  t h i s  

d i v i s i o n  i n t o  component p a r t s  i s  somewhat a r t i f i c i a l .

As r e g a r d s  b a s a l  m e ta b o l i c  r a t e ,  t h e r e  i s  q u i t e  a w ide 

ra n g e  o f  v a lu e s  i n  th e  l i t e r a t u r e ,  due to  s t r a i n  

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

b a s a l  v a lu e s  a t  d i f f e r e n t  ages i s  f o l lo w e d  i n  g e n e r a l  by 

th e  p r e s e n t  d a t a  on t o t a l  en ergy  e x p e n d i tu r e  ( p .77)

A few o f  th e  d i f f e r e n t  v a l u e s  f o r  b a s a l  m e ta b o l i c  r a t e  

have b e e n  s e l e c t e d  f o r  i n c l u s i o n  i n  F i g .  63  (and  a l s o  

F i g s .  6 4  and 6 3 ) .  I f  one a c c e p t s  th e  v a lu e s  o f  

B e n e d ic t  (193&) as b e in g  t e c h n i c a l l y  th e  m ost s a t i s f a c t o r y ,  

th e  e x c e s s  o f  th e  p r e s e n t  V alue f o r  t o t a l  over  t h e s e  

b a s a l  v a lu e s  ( a t  2C0g body w e ig h t)  i s  8C>, b u t  t h i s



f i g u r e  becomes much l e s s  i f  any o f  t h e  o t h e r  d a t a  a re  

t a k e n .  Com parisons o f  e s t im a t e s  on d i f f e r e n t  s e r i e s  

o f  a n im a ls  i s  l i m i t e d  i n  v a l u e ,  b u t  one i s  l e d  to  make 

some su ch  a p p ro x im a t io n s  b e ca u se  o f  th e  p a u c i t y  o f  d a t a  

i n  th e  same r a t s  o f  t o t a l  and b a s a l  l e v e l s ' o f  m e ta b o l ism .

I n  one c a se ,  i n  w hich  t o t a l  m e ta b o l ic  r a t e  was m easu red  

( i n  a  d i r e c t - i n d i r e c t  c a l o r i m e t e r  w i th  foo d  and w a te r  

ad  l i b , i n  s m a l l  i n d i v i d u a l  c ag e s  w i t h  freedom  o f  

movement f o r  19  -  22 h o u r s )  and compared w i th  b a s a l  

m e ta b o l i c  r a t e  th e  d i f f e r e n c e  was 2 6 $ (B lack  & M u r l i n ,1 9 3 9 ) .

To d e r iv e  th e  en e rg y  c o s t  o f  fo o d  u t i l i s a t i o n ,  th e  

m u l t i p l e  r e g r e s s i o n  e q u a t io n  ( p . 7 8 ) o&n be u s e d  as 

M o r r iso n  (1955) d i d ,  p u t t i n g  F = 0 ,  w hich  e n a b le s  a l i n e  

to  be drawn i n d i c a t i v e  o f  th e  m e ta b o l ism  o f  th e  f a s t i n g  

r a t .  T h is  l i n e  b e a r s  an  a lm ost c o n s t a n t  r a t i o  to  th e  

l i n e  r e p r e s e n t i n g  t o t a l  m e ta b o l ism  and to  t h e  l i n e s  o f  

b a s a l  m e t a b o l i c  v a lu e s  from v a r i o u s  so u rc e s  ( F ig .  6 3 ) .

The e x c e s s  o f  t o t a l  o v e r  n f a s  t i n g 11 e n e rg y  e x p e n d i tu re  i s  

2 1 $ a t  lOOg body w e ig h t  and 1 6 $ a t  2 C0 g ,  which i s  th e  

h e a t  a t t r i b u t a b l e  to  th e  e n e rg y  c o s t  o f  fo o d  i n t a k e .

T h is  compares w i t h  M o r r i s o n 's  (1955) v a lu e  o f  22% w h ich  

i s .  p r o b a b ly  more r e l i a b l e ,  s in c e  i n  h i s  d a t a  t h e r e  were 

v a lu e s  o f  a lm o s t  z e ro  fo o d  i n t a k e .  A lso i t  i s  l e s s  

j u s t i f i a b l e  to  p u t  F = 0 i n  t h i s  c a se  s in c e  w e ig h t 

change i s  c o m p l ic a te d  by a  somewhat g r e a t e r  change i n  a g e .



F o r  c o m p a r iso n ,  v a lu e s  o f  S .D .A . w i th  ad l i b .  

f e e d i n g  as r e f e r e n c e  s t a n d a r d  a re  o f  th e  same o r d e r  o f  

m a g n i tu d e  ( K r i s s ,  F o rb e s  & M i l l e r ,  1934; K r i s s  &. S m ith , 

1 9 3 8 ) .  Com parison o f  th e  e x c e ss  o f  n o n - f a s t i n g  o ve r  

f a s t i n g  m e ta b o l i c  r a t e  i n  th e  sane  a n im a ls  a t  r e s t  

( K i b l e r  & B rody , 1942.) g i v e s  a v a lu e  o f  9 . 8$ ,  w hich  

a g re e s  w i th  e a r l i e r  work on 3 .B .A . w here th e  s t a n d a r d  

o f  r e f e r e n c e  a s  th e  f a s t i n g  l e v e l  ( p . 2 9 ) .

The c o n t r i b u t i o n  o f  a c t i v i t y  to  t o t a l  en ergy  

e x p e n d i tu r e  i s  d i f f i c u l t  t o  a s s e s s  b u t ,  i n  n o n - f a s t i n g  

r a t s ,  c o m p a r iso n  o f  p e r io d s  o f  8 h o u rs  i n  w hich  th e  r a t s  

were o b s e rv e d  to  be i n a c t i v e  w i t h  p e r i o d s  i n  w h ich  t h e r e  

was a c t i v i t y  gave  a  d i f f e r e n c e  o f  11$ ( K r i s s  & S m ith , 

1 9 3 8 ) .  I n  a n o th e r  c a s e ,  i n a c t i v i t y  was p ro m o ted  by 

th e  u s e  o f  a  v e ry  b r i g h t  l i g h t ,  and  th e  d i f f e r e n c e  i n  

oxygen c o n su m p tio n  be tw een  th e  r a t s  w i th  and w i th o u t  

a c t i v i t y  i n  th e  n o n - f a s t i n g  s t a t e  (o v e r  ~j h o u rs )w a s  15$ 

( c a l c u l a t e d  from  th e  d a t a  o f  B la c k ,  F rench  & S w i f t ,  1 9 4 9  

I n  e s t i m a t i n g  c a l o r i c  r e q u i r e m e n t s  f o r  r a t s  an in c r e m e n t  

o f  2 5 $ was. ad d ed  to  th e  b a s a l  e n e rg y  v a lu e  f o r  a c t i v i t y  

(M e t ta  & M i t c h e l l ,  1 9 5 4 ) .  Com parison o f  th e  d a t a  i n  

th e  p r e s e n t  s e r i e s  w i t h  n o n - f a s t i n g ,  r e s t i n g  v a lu e s  

( K ib l e r  Sc B rody , 1942) g iv e s  an  ap p rox im ate  v a lu e  f o r  

a c t i v i t y  o f  15k w h ich  a g re e s  w i t h  M o r r iso n  '3  ( 1 9 5 6 ) 

e s t i m a t e  o f  15 ~ 20$ . I t  i s  o b v io u s ly  im p o s s ib le  to



130 .

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

th o s e  a s s o c i a t e d  w i th  o b t a i n i n g  and  e a t i n g  fo o d ,  and 

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

a n d ,  from  tim e  to  t im e ,  i n  th e  same r a t .  A d e c i s i o n  

a b o u t  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  a c t i v i t y  to  t o t a l  

m e ta b o l ism  a t  d i f f e r e n t  ages  c a n n o t  be r e a c h e d  on th e  

p r ’e s e n t  e v id e n ce  b e c a u s e  no m easu rem en ts  o f  a c t i v i t y  

w ere  made u n d e r  th e  c o n d i t i o n s  o f  th e  m e ta b o l ic  e x p e r im e n t s .

W ith  r e g a r d  to  d i u r n a l  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 ,  oxygen  consum ption  i s  n o t  e x a c t l y  p r o p o r t i o n a l  

to  e n e rg y  e x p e n d i tu r e  b e ca u se  o f  v a r i a t i o n s  o f  R .Q . ,  

th o u g h  t h e r e  i s  an  i n d i c a t i o n  from  f o u r - h o u r l y  e s t im a t i o n s  

i n  r a t s ,  on a  s to c k  d i e t  ad  l i b :. (B u rr  & B e b e r ,  1937) 

t h a t  t h e r e  i s  s u b s t a n t i a l  c o n s ta n c y  o f  R.Q.. t h ro u g h o u t  

th e  d a y .  A h i g h  c o r r e l a t i o n  b e tw ee n  oxygen consu m ptio n  

a n d  a c t i v i t y  h a s  b e e n  found  i n  m ice  (Fuhrm an, McLin & 

T u r n e r ,  19 4 6 );  t h e s e  a n im a l s ,  though  n o n - f a s t i n g ,  were 

n o t  a c t i v e l y  i n g e s t i n g  f o o d .

Com parison w i t h  M o r r i s o n ’s (1955) r e s u l t s  f o r  

fem a le  ( n o n - p r e g n a n t )  r a t s  shows g e n e r a l  ag reem ent f o r  

th e  d i u r n a l  c h an g e s  and f o r  th e  t o t a l  mean swing o f  

oxygen consum ption  (p .  8 3 ) .  T here  i s ,  how ever ,  a s l i g h t  

d i f f e r e n c e  i n  t im in g  o f  th e  peal: f o r  oxygen consum p tion , 

w hich  o c c u r r e d  f o u r  h o u rs  e a r l i e r  i n  th e  p r e s e n t  work 

(6 p .m . -  2 a . m . ) ,  and an a d d i t i o n a l  t r o u g h  i s  n o te d

(6 a .m . — 10 a .m .)  as w e l l  a s  th e  one common to  b o th  s e r i e s .



There i s  no c l e a r - o u t  e x p l a n a t i o n  f o r  th is ,  d i f f e r e n c e ,  

tho u g h  i t  i s  p o s s i b l y  r e l a t e d  to  th e  i n f l u e n c e  o f  

o e s t r o u s  c h a n g e s ;  a  se x  d i f f e r e n c e  i n  l e v e l  o f  a c t i v i t y  

i n  r e v o l v i n g  w h e e ls  h a s  a l s o  b e en  r e p o r t e d  (H i tc h c o c k ,  

1 9 2 6 ) .  T here  was no rnagor d i f f e r e n c e  i n  e x p e r im e n ta l  

p ro c e d u re . ,  f o r  th e  d a i l y  c h a n g e -o v e r  and th e  e v e n in g  

r e f i l l i n g  o f  th e  s p i r o m e te r  w ere c a r r i e d  o u t no more th a n  

one h o u r  e a r l i e r  i n  th e  d a y .  The r a t s  i n  th e  p r e s e n t  

s e r i e s  were y oun ger  t h a n  M o r r i s o n ’s a n im a ls ,  b u t  there, 

i s  no d i f f e r e n c e  a p p a re n t  i n  th e  d a i l y  p a t t e r n  o f  oxygen 

co n su m p tio n  w i t h  a g e ,  a p a r t  from  th e  one s e t  o f  

o b s e r v a t i o n s  a t  JQ -  35> days ( F ig .  2 5 ) .  The l a c k  o f  

p e r i o d i c i t y  o f  oxygen c o n su m p tio n  i n  th e s e  young a n im a ls  

seems to  be due to  in c o m p le te  deve lo pm en t o f  th e  d i u r n a l  

p a t t e r n  o f  a c t i v i t y  w hich  h as  b e en  d e s c r i b e d  as b e g in n in g  

s h o r t l y  b e f o r e  w ean ing  ( R i c h t e r ,  1 9 2 7 ) .

Com parison w i t h  o t h e r  e s t im a te s  o f  d i u r n a l  

m e ta b o l i c  rh y th m , as d i s t i n c t  from  a c t i v i t y  r e c o r d s ,  shows 

s u b s t a n t i a l  a g re e m e n t ,  thou gh  H e r r in g  & Brody (1938 ) 

fo u n d  a  l a r g e r  d i u r n a l  sw ing (2 5  — 3&h) w h ich  has  b e en  

t e n t a t i v e l y  e x p la in e d  on th e  b a s i s  o f  s h o r t  p e r i o d  

m easu rem en ts  (M o rr iso n ,  1955)* However, i n  a n o th e r  s tu d y  

o f  r e c o r d i n g  o f  h e a t  p r o d u c t i o n ,  u s i n g  a n a ly s e s  o f  gas 

c o l l e c t e d  c o n t in u o u s ly  and e s t i m a t e d  a t  4 - h o u r ly  i n t e r v a l s ,  

th e  d i u r n a l  sw ing can  be c a l c u l a t e d  to  be o f  th e  same 

o r d e r  (2 5  -  3 O p  (B u rr  & B e b e r ,  1 9 3 7 ) . I n  t h i s  l a t t e r



w ork , fo o d  was c o n s t a n t l y  a v a i l a b l e  ad  l i b .  They found  

th e  p eak  o f  oxygen consum ption  to  be be tw een  8 p .m . and 

4 a j n .  end th e  t r o u g h  b e tw een  12 noon and 4 p .m . ;  

a c t i v i t y  r e c o r d s  fo l lo w e d  th e  same t r e n d .  A d i u r n a l  

c y c le  i n  m e ta b o l ism  i s  a l s o  shown i n  th e  r e c o r d s  o f  

.B lack* F re n c h ,  Cowan & S w i f t ,  1 9 4 9 b ) ,  th o u g h  t h e i r  

r e s u l t s  a r e  n o t  com parable  b e c a u s e  o f  th e  d i f f e r e n t  mode 

o f  feed ing , -  a  m a in te n a n c e  d i e t ,  f e d  i n  two p o r t i o n s ,  

a t  8 a .m . and 8 p .m .

The c o n c lu s io n  t h a t  th e  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  was w h o lly  a c c o u n te d  f o r  by th e  i n c r e a s e  i n  

body w e ig h t  and fo o d  i n t a k e  (p .  82) makes some 

c o n t r i b u t i o n  to  th e  s o l u t i o n  o f  th e  p rob lem  o f  changes  

i n  m e ta b o l i c  r a t e  w i th  age (p .  1 2 ) .  T h a t  t h e r e  was no 

a p p a r e n t  change i n  t i s s u e  m e ta b o l ism  d u r in g  th e  p e r i o d  

o f  g ro w th  s t u d i e s  m ig h t  a p p e a r  u n e x p e c te d ,  b u t  i t  i s  

s t i l l  n o t  im p o s s ib le  t h a t ,  f o r  exam ple , a  t r u e  i n c r e a s e  

i n  m e tab o lism  m ig h t  e x i s t  w hich  c o u ld  be  o f f s e t  by a 

d e c r e a s e  i n  a n o th e r  t i s s u e  and t h e r e f o r e  be masked i n  

th e  g r o s s  summation o f  a i l  t h e  m e ta b o l ic  p r o c e s s e s .

I n  o t h e r  w o rd s ,  t h e  f i n a l  a p p a re n t  m e ta b o l i c  r a t e  

r e p r e s e n t s  an a lg e b r a i c  sum o f  m e ta b o l ic  r e s p o n s e s  to  

v a r i a t i o n s  su ch  as  horm onal e f f e c t s  and  changes i n  t i s s u e  

m e ta b o l ism .  T h is  s i t u a t i o n  i s  a n a lo g o u s  w i th  th e  much 

s im p le r  p rob lem  c o n s id e r e d  by M o rr iso n  ( 1 9 5 6 ) where he



s u g g e s te d  t h a t  i n  p re g n a n t  r a t s  t h e r e  may he a  t r u l y  

r a i s e d  m e ta b o l ic  r a t e  i n  th e  m a te rn a l  t i s s u e s  a lo n e ,  

b u t  t h e  n e t  f a l l  i n  th e  r a t e  o f  energy  e x p e n d i tu r e  w hich  

o c c u rs  a r i s e s  b e ca u se  o f  a  r a p i d l y  i n c r e a s i n g  mass o f  

f o e t a l  t i s s u e  w i t h  a  low r a t e  o f  m e ta b o l i s m .  S i m i l a r l y ,  

K l e ib e r  ( 1 9 4 7 b) fo u n d  d u r in g  s t a r v a t i o n  i n  r a t s  t h a t  

th e  change i n  m e ta b o l i c  r a t e  d i f f e r s  i n  d i f f e r e n t  t i s s u e s .

A r e d u c t i o n  i n  a c t i v i t y  m ig h t  o b sc u re  any r e a l  i n c r e a s e  

i n  t i s s u e  m e tab o lism  b u t  any  change i n  a c t i v i t y  i s  a l s o  

unknown i n  t h i s  w ork . I t  may a l s o  be t r u e  t h a t  th e  

s e n s i t i v i t y  o f  t h i s  s t a t i s t i c a l  m ethod  o f  a n a l y s i s  i s  

l i m i t e d  by th e  u se  o f  th e  n o n - s p e c i f i c  in d e x  o f  body 

w e ig h t  w i t h  i t s  l a c k  o f  homogeneous components a t  d i f f e r e n t  

a g e s .  Body w e i g h t ,  how ever, even  w i t h  i t s  d i s a d v a n t a g e s ,  

i s  th e  b e s t  a v a i l a b l e  r e f e r e n c e  s t a n d a r d  i n  th e  p r e s e n t  

c i r c u m s ta n c e s .

I t  i s  i n t e r e s t i n g  t h a t  i n  th e  t i s s u e  l o s s  o f  

f a s t i n g  r a t s  a  r e l a t i o n  was shown s i m i l a r  to  t h a t  fo u n d  

i n  th e  p r e s e n t  s tu d y  ( p .  82) be tw een  e n e rg y  e x p e n d i tu r e ,  

body w e ig h t  and fo o d  i n t a k e  (Cumming & M o r r i s o n ,  1955) 

i n  t h a t  t h e  change i n  t o t a l  e n e rg y  e x p e n d i tu r e  c o u ld  be 

e n t i r e l y  a c c o u n te d  f o r  by changes  i n  body 'weight and fo o d  

i n t a k e .  The e x i s t e n c e  o f  t h i s  s i m i l a r  r e l a t i o n s h i p  

d u r in g  f a s t i n g  and  g ro w th  seems n o t  u n r e l a t e d  to  a  

• co m p a r iso n  b e tw ee n  th e  changes  i n  c o n c e n t r a t i o n s  o f  th e  

m a jo r  c h em ic a l  com ponents w hich  h a s  b e e n  made i n  t h e s e



two s t a t e s  (N ash , 1942.). E xcep t f o r  f a t ,  t h e  changes  

i n  t h e  c o n c e n t r a t i o n s  o f  th e  m ain  c h em ic a l  components 

d u r in g  s t a r v a t i o n  re sem b le  th e  ch an g es  w hich  o c c u r  d u r in g  

g ro w th .  C a l c u l a t i o n s  have shown t h a t  th e  c o n c e n t r a t i o n s  

i n  w e l l  f e d  a d u l t  r a t s  o f  p r o t e i n ,  w a te r  and m in e r a l s  

on a  f a t - f r e e  b a s i s  c o r r e s p o n d  to  th e  c o n c e n t r a t i o n s  o f  

t h e s e  com ponents o f  s t a r v e d  r a t s  a t  much y o u n g e r  a g e s .

T h a t  t h e  ch anges  i n  she r e l a t i v e  c o n c e n t r a t i o n s  o f  th e  

c h e m ic a l  c o n s t i t u e n t s :  d u r in g  g row th  s h o u ld  re sem b le  t h e  

changes, w hich  o c c u r  d u r in g  s t a r v a t i o n  i s  due t o  the  

rem ova l o f  th e  c h e m ic a l ly  y o u n g e r  r e d u c i b l e  p o r t i o n  ( p . 1 0 6 ) 

d u r in g  s t a r v a t i o n .

S p e c u la t i o n  can  be made a b o u t  th e  p o s s i b i l i t y  o f  

s i m i l a r i t y  b e tw ee n  th e  m e ta b o l i c  p a t t e r n  o f  g row th  and  

s t a r v a t i o n ,  w i th  c o n t r o l  i n  b o th  c a s e s  by a  complex 

i n t e r p l a y  o f  horm ones, such  as  h a s  b e en  d e m o n s tr a te d  i n  

th e  case, o f  g ro w th  (W hite , 195&). A re sem b lan ce  o f  th e  

b a s i c  m e ta b o l i c  p a t t e r n  i n  b o th  t h e s e  s t a t e s  h a s  b een  

s u g g e s t e d  b e ca u se  i n  b o th  t h e  f a s t i n g  an im a l  and i n  th e  

n o n - f a s t i n g  an im a l  to  w hich  a n t e r i o r  p i t u i t a r y  e x t r a c t  

h a s  been  g iv e n  t h e r e  i s  p a r t i a l  r e p la c e m e n t  o f  co m bu s tio n  

o f  c a rb o h y d r a te  and p r o t e i n  by o x i d a t i o n  o f  f a t  (Young, 1945) . 

The i n f l u e n c e  o f  g row th  hormone on c a r c a s e  c o m p o s i t io n  

w here t h e r e  i s  r e t e n t i o n  o f  ^ r o t e i n  a n d  la c k  o f  d e p o s i t i o n  

o f  f a t  (Lee h i*y r e s ,  1936; S 'an u e ls ,  R e in eck e  cc Bautman, 1943;



L e v in ,  1944; L i ,  Simpson & E v an s , 1949; L ev in  & F i r b e r ,

1 9 5 2 ) i s  a  f u r t h e r  i n d i c a t i o n  o f  some s i m i l a r i t y  

b e tw ee n  g row th  and f a s t i n g .

I t  seem s p o s s i b l e  t h a t  p r o d u c t i o n  o f  g row th  

hormone i s  s t i m u l a t e d  by f a s t i n g ,  i n f l u e n c i n g  p re d o m in a n t ly  

c a t a b o l i s m  o f  f a t ;  r e l e a s e  o f  n i t r o g e n  i n  f a s t i n g  i s  

p r o b a b ly  due to  e x c e ss  p r o d u c t i o n  o f  A .G .T .H . (Szego &

W hite ,  I 9 4 9 ) .  A su b s ta n c e  s t i m u l a t i n g  c o m b u s tio n  o f  

f a t  p ro d u c e d -b y  t h e  a n t e r i o r  p i t u i t a r y  h a s  b een  e x c r e t e d  

I n  s t a r v i n g  a n im a ls  ( B e s t  & C a n p b e l l ,  1 9 3 6 , 1938; Szego & 

W h ite ,  1 9 4 9 |;  W eill. & R o s s ,  1 9 4 9 ) .  I t  was th o u g h t  t o  

be r e l a t e d  t o  g row th  horm one, b u t  i t  h a s  r e c e n t l y  b e e n  

shown t o  be  in d e p e n d e n t  o f  i t  (R o s e n b e rg ,  1 9 5 3 ) .  I n  

a d d i t i o n  to  a n t e r i o r  p i t u i t a r y  ho rm o n es , t h y r o i d  hormones 

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

g ro w th ;  t h y r o t r o p ic ,  hormone i s  d e p r e s s e d  i n  f s a t i n g  

(D ’A nge lo , 1 9 5 l ) -  At d i f f e r e n t  s t a g e s  o f  l i f e ,  

s t a r v a t i o n  h a s  d i s s i m i l a r  r e s u l t s ,  due p re su m ab ly  to  

the: d i f f e r i n g  ho rm onal b a la n c e  a t  v a r i o u s  a g e s .  McCance 

& S t r a n g e w a y s . (1954) fo u n d  t h a t  young i n f a n t s  d u r in g  

s t a r v a t i o n  d e r iv e  a  much lo w er  p r o p o r t i o n  o f  t h e i r  

c a l o r i e s  from  p r o t e i n  th a n  do a d u l t s  and old. men ( s e e  p . 141 ) 

A lth o u g h  from  th e  above e v id e n c e  o n ly  t e n t a t i v e  s u g g e s t io n s  

abou t ho rm onal c o n t r o l  o f  g row th  and s t a r v a t i o n  a r e  a t  

p r e s e n t  a v a i l a b l e ,  i t  seem s, how ever ,  n o t  u n re a s o n a b le  

to  s p e c u l a t e  t h a t  t h e  s i m i l a r i t y  betw een th e  m e ta b o l ic



p a t t e r n s  o f  g ro w th  and s t a r v a t i o n  may e v e n t u a l l y  be. 

shown to  be r e p r e s e n t e d  w i t h  f i n e  p r e c i s i o n  a t  th e  

c e l l u l a r  l e v e l .

The q u e s t io n  o f  w h e th e r  t h e r e  i s  a n ' a l t e r a t i o n  

o f  m e ta b o l i c  r a t e  w i th  t i s s u e  g a in  and t i s s u e  l o s s  does 

n o t  r e c e i v e  a  f i n a l  answ er ..from th e  l i t e r a t u r e  on th e  

s u b j e c t .  I n  h e a l t h y  men on s u r f e i t  f e e d i n g ,  m easu rem en ts  

o f  t o t a l  a n d .b a s a l  m e ta b o l ism  r e s p e c t i v e l y  (W iley  & 

Newburgh, 1931; Munro, 1950) have  n o t  shown any change 

a l t h o u g h  o t h e r  r e p o r t s  have  i n d i c a t e d  an i n c r e a s e  i n  

b a s a l  v a lu e s  (k lf l l le r ,  1 9 1 1 ; K le i tm a n ,  1 9 2 6 ) .

T here  i s  a  s u g g e s t i o n  o f  a  t r u e  a l t e r a t i o n  o f  

t i s s u e  m e ta b o l ism  i n  th e  l o s s  o f  t i s s u e  d u r in g  p ro lo n g e d  

u n d e r n u t r i t i o n  ( a  r e d u c t i o n  o f  t i s s u e  m e ta b o l ism )  and 

th e  g a i n  o f  t i s s u e  i n  r e c o v e r y  a f t e r  d i e t a r y  r e s t r i c t i o n  

(a n  i n c r e a s e  o f  t i s s u e  m e ta b o l i s m ) . T h is  was shown 

when t h e  B.M.B. m ea su re d  i n  th e s e  c i r c u m s ta n c e s  was 

e x p r e s s e d  i n  u n i t s  o f  a c t i v e l y  m e ta b o l i z in g  t i s s u e ,  

i n s t e a d  o f  th e  more c l a s s i c a l  u n i t s  o f  body7 w e ig h t  o r  

s u r f  ace (Keys e t  a l . ,  1950)•  A c t i v e l y  m e t a b o l i z i n g  

t i s s u e  i s  d e f in e d  by t h e s e  w o rk e rs  as g r o s s  w e ig h t  minus 

t h e  sum o f  f a t ,  bone m in e r a l  and e x t r a c e l l u l a r  f l u i d .

W hile t h i s  i s  p ro b a b ly  an e x c e l l e n t  a p p ro x im a t io n ,  th e  

v a l i d i t y  o f  sum m arily  d i s m is s in g  f a t  from  th e  r e c k o n in g  

may be q u e s t io n e d  on th e  g ro u n d s  t h a t  th e  s t r u c t u r a l  f a t  

re m a in in g  i n  th e  body may be more a c t i v e l y  m e ta b o l i z in g
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t h a n  th e  f a t  p r e s e n t  i n  th e  c o n t r o l  p e r i o d .  The 

a s s u m p t io n  t h a t  changes i n  E .C .F .  a re  s u f f i c i e n t l y  

w i th o u t  i n f l u e n c e  on c e l l  m e ta b o l ism  to  be d i s r e g a r d e d  

h a s  a l s o  been  q u e s t io n e d  ( E d i t o r i a l ,  1957)* Keys e t  a l .  

(195C) d id  n o t  c o n s i d e r  any v a r i a t i o n  o f  i n t r a c e l l u l a r  

h y d r a t i o n  b u t  th e y  r e c o g n iz e d  t h a t  a c t i v e  t i s s u e  mass 

i s  n o t  a  homogeneous con tinu um . The i m p l i c a t i o n  o f  

t r u e  a l t e r a t i o n  o f  t i s s u e  m e ta b o l ism  i s  n o t  n e c e s s a r i l y  

a t  v a r i a n c e  w i th  th e  c o n c lu s io n s  o f  th e  p r e s e n t  w ork , 

s in c e  t h e  c o n d i t i o n s  were co m parab le  n e i t h e r  i n  th e  

c i r c u m s ta n c e s  o f  t i s s u e  l o s s  o r  g a in  n o r  i n  th e  method 

o f  m e a s u r in g  m e ta b o l ic  r a t e .

A p o s s i b l e  e x t e n s i o n  to  th e  g row ing  an im al o f  

th e  c o n s ta n c y  i n  th e  a d u l t  o f  th e  r a t i o  o f  e n e rg y  i n t a k e  

to  e n e rg y  o u tp u t  a t  t h e r m o n e u t r a l i t y  (C o w g i l l ,  1 9 2 8 ; 

G a s n ie r  & M ayer, 1939; Adolph, 1947; Kennedy, 1950} 

h as  r e c e n t l y  been  s u g g e s te d  by Mayer & V i t a l e  (1957)*  

They fo u n d  t h a t  on an a d e q u a te  d i e t  th e  therm o c h e m ic a l  

e f f i c i e n c y  ( r a t i o  o f  c a l o r i e s  d e p o s i t e d  to  c a l o r i e s  

i n g e s t e d )  was c o n s t a n t  from  w ean ing  to  p u b e r ty  ( 7 0  -  80 

d a y s ) .  The v a lu e  e x p re s s e d  as a  p e r c e n ta g e  was 2 % .

The p r e s e n t  d i r e c t  m easu rem en ts  o f  t o t a l  energy  i n t a k e  

.and o u tp u t  w i th  th e  l i n e a r  r e l a t i o n s h i p  be tw een  them 

fo u n d  d u r in g  g row th  from  30  to  1 1 5  days (p .  84) i s  

c o n s i s t e n t  w i th  t h i s  p o s t u l a t e .  R a ts  y ou nger  th a n  

30  days t e n d  to  have a  d i f f e r e n t  r a t i o  b ecau se  o f  a



g r e a t e r  r e t e n t i o n  o f  e n e rg y  r e l a t i v e  to  e x p e n d i tu r e .

E s t im a te s  w h ich  have  been  made o f  en e rg y  

e x p e n d i tu r e  and i n t a k e  i n  a d u l t  men and c h i l d r e n  show 

a p p ro x im a te ly  th e  same r a t i o  (B e d a ie ,  1923; Passm ore , 

Thomson & Warnock, 1952; G a r ry ,  Passm ore , Warnock &

D u rn in ,  1955; Edholm, F l e t c h e r ,  Widdowson & McCance, 1955)* 

I n  th e  c a se  o f  th e  c h i l d r e n  who w ere  s t u d i e d  a t  s c h o o l ,  

how ever, (B e d a ie ,  1 9 2 3 ) th e  en e rg y  r e t e n t i o n  e s t im a te d  

was to o  s m a ll  to  a c c o u n t  f o r  norm al g row th  o v e r  lo n g  

p e r i o d s .  I n  t h i s  c o n n e c t io n ,  t h e  su b s e q u e n t  f i n d i n g  

o f  s lo w e r  g row th  i n  some c h i l d r e n  a t  b o a r d in g  sc h o o l  

com pared w i t h  th e  g row th  d u r in g  th e  v a c a t i o n  i s  l i k e l y  to  

be r e l e v a n t  (Widdowson & McCance, 1 9 4 4 ) .  S t u d i e s  on man 

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

o f  e n e rg y  e x p e n d i tu r e  and th e  a p p ro x im a t io n s  in v o lv e d  

i n  com puting  t o t a l  e n e rg y  e x p e n d i tu r e  from  th e s e  v a l u e s .

The p r e s e n t  ‘work c o n f i rm s  t h a t  th e  p e r c e n ta g e  o f  

i n g e s t e d  n i t r o g e n  r e t a i n e d  d e c r e a s e d  w i th  age ( A l l i s o n ,  

I 9 5 1 ) . T here  i s  a  s t r o n g  s t im u lu s  f o r  r e t e n t i o n  o f  

n i t r o g e n  d u r in g  a c t i v e ,  g row th  a s s o c i a t e d  w i th  a  g r e a t  

i n c r e a s e  i n  c e i l  p r o l i f e r a t i o n .  L a t e r ,  t h e r e  i s  l e s s  

f o r m a t io n  o f  new c e i l s ,  and w e ig h t  g a in  i s  due to  a g r e a t e r  

e x t e n t  to  a c c u m u la t io n  o f  f a t .  The horm onal c o n t r o l  o f  

n i t r o g e n  r e t e n t i o n  i s  complex ( p .  l b )  and a t  p r e s e n t  n o t  

f u l l y  u n d e r s to o d .



The r e t e n t i o n  o f  n i t r o g e n  shown i n  th e  m e ta b o l i c  

b a la n c e  s t u d i e s  ( p .  9 2 ) i s  n o te d  a l s o  i n  th e  a n a ly s e s  

o f  c a r c a s e s .  The c o n c lu s io n s  from th e  s tu d y  o f  c a r c a s e  

a n a l y s i s  ( p .  1 2 1 ) a re  i n  a c c o r d  w i th  th e  j o r o p o s i t io n  

(M ayer, 194,9a) t h a t  as th e  o rg an ism  a g e s ,  p a r t  o f  i t s  

p r o t e i n  and  w a te r  i s  p r o g r e s s i v e l y  r e p l a c e d  by f a t .

T here  i s  t h u s  an accom panying change, i n  en ergy  c o n t e n t .  

T hat i s  to  s a y ,  n o t  o n ly  do body w e ig h t  g a i n s  d i f f e r  a t  

d i f f e r e n t  ages b u t  a l s o  g a in s  i n  body w e ig h t  a t  d i f f e r e n t  

a g es  have  d i f f e r e n t  therm o c h em ic a l  v a l u e s .  F o r  exam ple, 

from  3 0  to  6 0  days from  c a r c a s e  s t u d i e s  1  g g a i n  i n  v /e igh t 

c o n t a i n s  a p p ro x im a te ly  0 .1 7  g p r o t e i n ,  0 .0 4  g f a t  and

0 . 7 0  g w a t e r ,  w h i l e  a t  80 -  1 1 5  days  1  g g a i n ' i n  w e ig h t  

i s  composed o f  0 . 2 1  g p r o t e i n ,  0 . 12g f a t  an d  0 . 6 2  g w a t e r .  

B o th  from  m e ta b o l i c  s t u d i e s  and from c a r c a s e  a n a ly s e s  

th e  d ry  w e ig h t  in c re m e n t  i s  a t  f i r s t  p re d o m in a n t ly  

p r o t e i n  (up  to  a b o u t  60  days o f  age) and  l a t e r  

p r e d o m in a n t ly  f a t  ( p .  1 2 5 ) .  The app rox im ate  c o n s ta n c y  

o f  e n e r g e t i c  e f f i c i e n c y  i n  th e  age r a n g e  s t u d i e d  (3 0  ~ 1 1 5  

d a y s)  ( p . . 9 0 ) an  ag reem en t w i th  th e  f i n d i n g s  o f  M ayer, 

V i t a l e  & T a ira .  (1 9 5 1 ) and  Mayer & V i t a l e  (1 9 5 7 )•

I n t e r e s t  i n  th e  r a t i o  o f  th e  energy  c o n te n t  o f  

a  t o t a l  o rgan ism  ( i n  k c a l )  to  i t s  m ass ( i n  g) has  evoked 

th e  p r o p o s i t i o n  t h a t  t h i s  r a t i o  sh o u ld  be u s e d  to  g iv e  

a  m easu re  o f  m e ta b o l ic  age and  so to  r e l a t e  g row th  and 

a g e in g  n u m e r i c a l ly  ( v T o rra i i , 1955)* A lthough  i t  h a s  b e en



e n e rg y
c l e a r l y  d e m o n s t r a te d  i n  th e  p r e s e n t  work t h a t  th e  mass 

r a t i o  i n c r e a s e s  w i th  age ( p .  1 2 2  ) a s  can  a l s o  he s e e n  

from  th e  d a t a  o f  M i t c h e l l  & Carman (1926) i f  th e y  a re  

r e a r r a n g e d ,  i t  is .  d i f f i c u l t  to  see  any d i r e c t  a p p l i c a t i o n  

o f  t h i s  i n f o r m a t i o n ,  su c h  a s  i t s  u se  as a  r e f e r e n c e  

s t a n d a r d  in s .te .ad  o f  c h r o n o l o g i c a l  a g e .  I n  any c a s e ,  

th e  r a t  i s  r a t h e r  an  u n s u i t a b l e  an im al to  u se  i n  s t u d i e s  

on  a g e in g ,  s in c e  th r o u g h o u t  i t s  l i f e  g row th  i s  c o n t in u o u s ,  

a l t h o u g h  i t  p ro c e e d s  a t  a  s lo w e r  r a t e  as l i f e  a d v a n c e s .

S tu d ie s  o f  t h i s  k in d  on g row th  may throw  some l i g h t  on 

p ro b le m s  o f  a g e in g ,  b u t  a l th o u g h  a g e in g  can  be d e f e r r e d  

(McCay, 1952} o r  h a s t e n e d  (Kennedy, 1957) dy d i e t a r y  

m eans, i t  does  n o t  t h e r e f o r e  im p ly  t h a t  s i m i l a r  mechanisms 

a re  i n  a c t i o n  i n  g row th  and a g e in g ;  i t  can  o n ly  be 

c o n c lu d e d  t h a t  one i s  th e  n a t u r a l  seq uence  o f  th e  o t h e r  

i n  t i m e . I t  i s ,  how ever ,  i n t e r e s t i n g  to  n o te  t h a t  t i s s u e s  

u n d e rg o  changes  o f  s e n i l i t y  i n  th e  r e v e r s e  o r d e r  o f  t h a t  

i n  w h ic h  th e y  were d e v e lo p e d  (Hammond, q u o ted  by McCay, 1 9 5 2 ) .

T here  i s  much n e e d  f o r  c l a r i f i c a t i o n  o f  th e  

m echanism o f  c o n t r o l  o f  th e  t r a n s i t i o n  from  p r o t e i n  

s y n t h e s i s  to  f a t  s y n t h e s i s  d u r in g  g ro w th .  S e t t i n g  a s id e  

t h e  c o m p le x i ty  o f  p o l y g l a n d u l a r  i n t e r a c t i o n ,  i t  i s  

p resum ed  t h a t  g ro w th  hormone w i th  i t s  ten d en cy  to  cau se  

a c c u m u la t io n  o f  x_ r o t e i n  and  w a te r  i s  a c t i v e  i n  e a r l y  l i f e  

and t h a t  t h i s  i s  s u p e r s e d e d  by A .C .T .H . and s t e r o i d  

hormones w h ich  i n h i b i t  g row th  and c a u se  a c c u m u la t io n  o f
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f a t  and. d im in u t io n  o f  w a te r  c o n te n t  ( L i ,  Simpson & E vans, 

1949}. O ld e r  an im a ls  a re  more s e n s i t i v e  to  th e  e f f e c t s  

o f  g row th  hormone th a n  w e a n l in g s ,  p resu m ab ly  b e c a u se  i n  

th e  y o u n g e r  a n im a ls  th e  maximal r e s p o n s e  to  g row th  

hormone i s  a l r e a d y  t a k i n g  p l a c e  (Browne, 1 9 5 1 ) .  The 

i n f l u e n c e  o f  th e  N - r e t a i n i n g  a c t i o n  o f  g row th  hormone 

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

lo w er  p r o p o r t i o n  o f  c a l o r i e s  i s  s u p p l i e d  by p r o t e i n  i n  

th e  newborn th a n  i n  th e  a d u l t  (McCance & S tra n g e w a y s ,  1 9 5 4 ) .  

P a r t  o f  th e  e x p l a n a t i o n  o f  th e  e x t e n s i o n  o f  th e  l i f e  sp an  

by p ro lo n g e d  u n d e r n u t r i t i o n  (McCay, M aynard, S p e r l i n g  

& B a r n e s ,  1939; McCay, 1 9 3 2 ) ,  may be t h a t  i f  th e  norm al 

change from  p r o t e i n  to  f a t  s y n t h e s i s  i s  i n h i b i t e d  due to  

l a c k  o f  fo o d  i n t a k e ,  th e  n o rm al horm onal p a t t e r n  o f  

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

The p r e s e n t  work se e n s  to  em phasise  th e  f a c t ,  

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

body w e ig h t  i s  an i n d e f i n i t e  te rm  b e c a u se  i t  can  be 

composed a t  d i f f e r e n t  t im e s  o f  components i n  v a r y in g  

p r o p o r t i o n .  I n  some n u t r i t i o n a l  s t u d i e s ,  e s t i m a t i o n  o f  

th e  a c t u a l  c h e m ic a l  c o m p o s i t io n  and en e rg y  c o n te n t  o f  

t h e  added w e ig h t  has, b e en  r e a l i s e d  t o  be n e c e s s a r y  

(Kon, 1931 ; H am il to n ,  1939a ; A l l i s o n ,  1951; Weeks, 1937) 

and t h e r e  i s  now a grow ing a p p r e c i a t i o n  t h a t ,  f o r  body 

w e ig h t  to  be f u l l y  m e a n in g fu l ,  a n a l y s i s  o f  i t s  components 

i s  r e q u i r e d .  F o r  i n s t a n c e ,  w e ig h t  g a in  can  o ccu r  on a



c a l o r i c a l l y  d e f i c i e n t  d i e t  i f  f a t  i s  o x i d i s e d  and 

r e p l a c e d  by  p r o t e i n  w i th  w a t e r  accompanying i t  i n  t h e  

u s u a l  p r o p o r t i o n s  ( R e i f e n s t e i n ,  A l b r i g h t  & W e i ls ,  1 9 4 5 ) . 

Body w e ig h t  may re m a in  s t a t i c  a l th o u g h  i t s  c o m p o s i t io n  

may a l t e r ,  p a r t i c u l a r l y  due to  changes i n  body w a te r  o r  

c o n v e r s io n  o f  c a r b o h y d ra te  to  f a t  o r  v i c e  v e r s a  (Keys a t  ah , 

1 9 5 ° ) •  Tile amount o f  n i t r o g e n  r e t a i n e d  h as  b e e n  fo u n d  

to  be c o n s i s t e n t  w i t h  th e  o b s e rv e d  in c re m e n t  i n  body 

w e ig h t  i n  norm al r a t s  (F o rb e s  e t  aL, 1 9 4 6 c) and i n  r a t s  

t r e a t e d  w i t h  g row th  hormone (Young, 1 9 4 5 ) .  I n  u n d e r ­

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

s t a r v a t i o n  and i n  n o rm a lly  n o u r i s h e d  men, r e t e n t i o n  o f  

n i t r o g e n  o c c u rs  'w ith  no change o r  w i t h  a c t u a l  l o s s  o f  

w e ig h t  ( M i t c h e l l ,  1949; P a tw ard h an , Mukundan, Bama. l a s t r i  & 

T u lp u l e ,  I 9 4 9 ; K a ram b e lk a r ,  P a tw ard han  & S r e e n i v a s a n ,  1950; 

Holm es, Jo n e s  1  S t a n i e r ,  1 9 5 4 ) .  The same o c c u r r e n c e  

has  a l s o  b e e n  n o t e d  i n  c a t t l e  ( B l a x t e r  & Wood, 1951)*

The r e a s o n  f o r  th e  r e t e n t i o n  o f  n i t r o g e n  w i t h  no change 

i n  body w e ig h t  i s  due p o s s i b l y  to  l o s s  o f  w a te r  (Macy 

e t  aL, 1 9 4 2 ) ,e x t r a c e l l u l a r  f l u i d ,  i n t r a c e l l u l a r  f l u i d  o r  

f a t  (Holmes e t  al., 19 54), a s  p r o t e i n  i s  d e p o s i t e d .

N i t r o g e n  r e t e n t i o n ,  hoY/ever, may n o t  a lw ays be synonymous 

w i th  p r o t e i n  s y n t h e s i s  (Munro & C h a lm ers ,  1 9 5 2 ) .  JTiese

exam ples em phasize  t h a t  c a u t i o n  m ust be e x e r c i s e d  i n  

i n t e r p r e t i n g  th e  s i g n i f i c a n c e  o f  body m ass ,  and i t  i s



n o t  s u r p r i s i n g  t h a t  t h e r e  h a s  been d i s a g re e m e n t  abou t 

th e  c a l o r i c  e q u i v a l e n t  o f  g a in e d  o r  l o s t  w e ig h t  

(W ish n o fsk y , 1952; P o l l a c k ,  1 9 5 3 ) .

The d i f f e r e n c e  n o te d  b e tw een  th e  g a in s  i n  w e ig h t  

i n  r a t s  m a i n t a i n e d  on th e  one hand  i n  th e  m e ta b o l i c  

a p p a r a t u s  And on th e  o t h e r  hand  i n  th e  a n im a l  house  

( p . 123 ) r e q u i r e s  to  be c o n s i d e r e d .  D uring  m e ta b o l i c  

s t u d i e s ,  th e  g a i n  i n  w e ig h t  was due to  f a t  and p r o t e i n ,  

l a i d  down, as i t  w e re ,  a t  th e  expense  o f  w a t e r ,  b ecau se  

o f  th e  o c c u r r e n c e  o f  r e l a t i v e  d e h y d ra t io n  ( p .  8 7 ) .

I t  was th u s  shown, somewhat u n e x p e c te d ly ,  t h a t  i t  i s  

p o s s i b l e  f o r  some t i s s u e  c o n s t i t u e n t s  to  be a ssem b led  

i n  a  m uch 'm ore c o n c e n t r a t e d  form  th a n  n o rm a l ly ,  more 

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

o n ly  p a r a l l e l  s i t u a t i o n  e n c o u n te re d  h as  b e en  th e  n a tu r e  

o f  th e  g a i n  i n  w e ig h t i n  r a t s  r e f e d  a f t e r  a  s h o r t  f a s t  

(C u m in g  & M o rr is o n ,  1956) ( s e e  b e lo w ) .  T here  a re  

a n a lo g o u s  f i n d i n g s  i n  o v e r f e e d in g  o f  t h i n  young men, 

when th e  g a in  i n  w e ig h t  a p p e a re d  to  be due o n ly  to  f a t  

and p r o t e i n ,  w i th o u t  a d d i t i o n a l  w-ater (P assm o re ,  

M e ik le jo h n ,  Dewar & Thow, 1955)? a l th o u g h  a n o th e r  s tu d y  

o f  o v e r f e e d in g  showed r a t h e r  d i f f e r e n t  r e s u l t s  (Keys, 

A nd erso n  & B ro zek , 1955) • C o n v e rse ly ,  t h e r e  i s  some 

e v id e n c e  t h a t  i n  u n d e r n u t r i t i o n  e x c e s s  h y d r a t i o n  o f  th e  

c e r i s  can  o c c u r ,  as w eal as e x t r a c e i r u .  1 a r  h y d r a t i o n  

( G o p a ia n , Vennatacham ct £>r i K a n t i a , 1 5 5 3 '' •
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The c au se  o f  t h i s  d e p o s i t i o n  o f  t i s s u e  w h ich  

c o n t a i n s  l e s s  th a n  i t s  u s u a l  amount o f  w a te r  p rovo kes  

some s p e c u l a t i o n .  I t  can  be s u g g e s te d  t h a t  r e l a t i v e  

d e h y d r a t io n  i s  th e  p r im a ry  i n f l u e n c e ,  and  t h e r e  a r e  many 

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

v e rs a .  (Bozem raad, 1911; H a l d i ,  G id d in g s  & Wynn, 1942;

Da Costa . & C la y to n ,  1950; Keys e t  a l  . ,  1950; Me Gance, 1 9 5 1 ) .  

I n  s t u d i e s  on t o t a l  m e ta b o l is m ,  d e p o s i t i o n  o f  f a t  has 

b e e n  fo u n d  p o s t - p a r tu m  i n  r a t s  (M o rr iso n ,  1 9 5 6 ) and  on 

r e f e e d i n g  a f t e r  a  s h o r t  f a s t  ( Gumming & M o rr iso n ,  1 9 5 6 ) .  

C onfinem ent i n  t h e  m e ta b o l i c  chamber and  c o n se q u e n t  

r e d u c t i o n  i n  a c t i v i t y  may a s s i s t  th e  f a t  d e p o s i t i o n  

( I n g l e ,  1 9 4 9 } . ; ' '

The cause  o f  th e  r e l a t i v e  d e h y d r a t io n ,  how ever, 

i s  n o t  d e f i n i t e l y  e s t a b l i s h e d .  E x c e s s iv e  d r y in g  

seems u n l i k e l y ,  th o u g h  th e  r e l a t i v e  h u m id i ty  ( p .  5 3 ) i-n 

t h e  m e ta b o l i c  box w ould  on m ost o c c a s io n s  be low er th a n  

t h a t  i n  th e  an im al h o u s e ,  f o r  th e  r e a s o n  t h a t  th e  w a te r  

b a la n c e  was p o s i t i v e ,  o r  n e a r l y  s o ,  i n  e x p e r im e n ts  w i t h  

n o n - p r e g n a n t ,  a d u l t  fem a le  r a t s ,  w i t h  t h e  same c o n d i t i o n s  

o f  v e n t i l a t i o n .  I n  p r e g n a n t  a n im a ls ,  ho w ever, r e l a t i v e  

m a t e r n a l  d e h y d r a t io n  h a s  o c c u r r e d  and th e  c o n d i t i o n s  

o f  e x p e r im e n t  were s u g g e s te d  as a  p o s s i b l e  cau se  

(M o r r iso n ,  1 9 5 6 ) .  I n  th e  p r e s e n t  w ork , a  p ro b a b le  

e x p l a n a t i o n  i s  r e l a t e d  to  a l t e r a t i o n  i n  th e  c o n s i s t e n c y  

o f  th e  d i e t .  I n  th e  m e t a b o l i c  box, fo o d  was a d m in i s t e r e d
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i n  a d ry  fo rm , w h i l e  i n  t h e  an im al h o u s e ,  w a te r  was 

added  to  g iv e  a  c o n s i s t e n c y  o f  a t h i c k  p a s t e  i n  o r d e r  

to  a v o id  s p i l l a g e  and w a s t e .  E s t im a te s  o f  fo o d  i n t a k e  

i n  t h e  an im al h o u se  w ere  n o t  made, h ow ever ,  b u t  i t  i s  

i n t e r e s t i n g  to  n o te  t h a t  l e s s  s a t i s f a c t o r y  g ro w th  

w i t h  w e t ma'sh, ju d g e d  s o l e l y  by body w e ig h t  m easu rem en ts ,  

h a s  b e e n  r e p o r t e d  (B ru c e ,  1 9 5 0 ) .  The r a t s  e n t e r i n g  

t h e  m e ta b o l i c  box w ere p o s s i b l y  n o t  c o n d i t i o n e d  to  

d r i n k in g  enough f l u i d  to  m a i n t a i n  t h e i r  w a te r  b a l a n c e ,

“ a f t e r  h a v in g  b e e n  s u p p l i e d  p r e v i o u s l y  w i t h  m o is t  f o o d .

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

5 days i t  i s  p o s s i b l e  t h a t  th e  a n im a ls  m ig h t have  

a d j u s t e d  t h e i r  i n t a k e  o f  w a te r .  No d i f f e r e n c e  i n  th e  

f a t  c o n t e n t  o f  two g ro u p s  o f  a n im a ls  e a t i n g  s o l i d  o r  

l i q u i d  d i e t  ad  l i b . h a s  been  n o te d  a f t e r  14 d ays  (Cohn, 

Jo s e p h  & S h a g ro ,  1957)•

I t  i s  p o s s i b l e  to  s p e c u l a t e  a l s o  on w h e th e r  th e  

c o n d i t i o n s  o f  co n fin e m e n t  may n o t  r e s u l t  i n  d i u r e s i s  

(G a u n t,  B i r n i e  & E v e f s o l e ,  1949) w i t h o u t  com pensa tory  

p o l y d i p s i a ,  s in c e  a n im a ls  adap ted , to  s t r e s s  have  a  

d i u r e s i s  to  a d m i n i s t r a t i o n  o f  a  m easu red  amount o f  w a t e r .  

T h is  i s  n o t  e q u i v a l e n t ,  how ever, t o  i n f o r m a t i o n  a b o u t  

th e  w a te r  b a la n c e  i n  s t r e s s ,  w hich  does n o t  seem to  have

r e c e i v e d  s y s te m a t i c  s tu d y .

I t  i s  n o t  known w h e th e r  th e  d e h y d r a t io n  i s  e x t r e -

o r  i n t r a - c e l l u l a r ,  th o u g h  th e  i n t r a c e l l u l a r  w a te r  l o s s
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i s  t h e  more l i k e l y  i f  one c o n s id e r s  th e  d e h y d ra t io n  

to  r e s u l t  from  a  l a c k  o f  i n g e s t e d  w a te r  com bined w i th  

i n t a k e  o f  a  b a la n c e d  d i e t  a d e q u a te  i n  s a l t s .  D i r e c t  

c o m p a r iso n  o f  o t h e r  d a t a  on w a te r  i n t a k e  c a n n o t  be made 

s in c e  t h i s  depends on s p e c i f i e d  e n v iro n m e n ta l  and 

d i e t a r y  c o n d i t i o n s  and  on l o s s  o f  w a te r  by v a r i o u s  

r o u t e s .  However, w a te r  i n t a k e  i n  th e  p r e s e n t  work was 

low er ( p .  94) th a n  th e  v a lu e s  g iv e n  by R i c h t e r  &

B r a i l e y  ( 1 9 2 9 ) f ° r  a n im a ls  o f  a s i m i l a r  age ra n g e  but 

i n t a k e  was g r e a t e r  th a n  th e  amount t a k e n  by  a d u l t  a n im a ls  

f e d  a  cu b ed  d i e t  (B ruce , 1950) °£ a  d i e t  f a i r l y  s i m i l a r  

i n  c o m p o s i t io n  to  th e  p r e s e n t  one (D ic k e r  & Nunn, 195 7 )•  

I n  none o f  t h e s e  c a s e s  was th e  co m p le te  w a te r  b a la n c e  

m e a su re d ,  though  i n  th e  work o f  D ic k e r  & Nunn some 

u n j u s t i f i a b l e  a s su m p tio n s  seem to  have, b een  made a b o u t  

t h e  s t a t e  o f  h y d r a t i o n  o f  th e  e x p e r im e n ta l  a n im a ls .

U r in a r y  w a te r  l o s s  i n  n o rm a l ,  a d u l t  r a t s  h a s  

b e en  d e s c r i b e d  as  l e s s  th a n  20$ o f  t h e  t o t a l  w a te r  

i n t a k e  (D ic k e r  & Nunn, 1957) a^d  2 5 $ o f  th e  e x t r a r e n a l  

w a te r  l o s s .  T ak ing  mean v a lu e s  o f  a l l  d a t a  i n  th e  

p r e s e n t  w ork , th e  c o r r e s p o n d in g  r e s u l t s  a r e  3 0 $ and 50$ 

w h ich  a p p e a rs  to  s u g g e s t  t h a t  th e  u r i n a r y  w a te r  l o s s  is. 

d i s p r o p o r t i o n a t e l y  h ig h ,  b u t  such  com parisons a re  o f  

v e ry  l i m i t e d ,  i f  n o t  n e g l i g i b l e ,  v a l u e , e s p e c i a l l y  when 

th e  t o t a l  -water i n t a k e  d e s c r i b e d  by D ic k e r  & Nunn i s  

l e s s  ( 1 8 . 6g) th a n  i n  th e  p r e s e n t  work ( 2 4 .4 g ) .
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I t  i s  d i f f i c u l t  to  compare th e  v a p o r i z e d  w a te r  

l o s s  w i t h  o t h e r  e s t im a t e s  b ecau se  o f  d i f f e r e n c e s  i n  

m ethods and d u r a t i o n  o f  m easu rem en t.  By d i r e c t  

w e ig h in g  o f  th e  r a t ,  v a p o r i z e d  w a te r  h a s  b e e n  e s t im a te d  

to  be  1 0 .8 g / l0 0 g  r a t / d a y  ( H e l l e r ,  1 9 4 7 ) ,  13 .2g /lO O g 

r a t / d a y  (D ic k e r  & Nunn, 1957) and 1 3 .2 g /d a y  f o r  a d u l t  

r a t s  (w e ig h t  n o t  g iv e n )  (G reene & L uce, 1 9 3 4 ) .  By 

p a s s i n g  a  c u r r e n t  o f  a i r  o v e r  th e  r a t  and f r e e z i n g  o u t  

th e  w a te r  e v a p o r a te d  from  i t ,  a  v a lu e  o f  26 .3g/lO O g 

r a t / d a y  v/as d e r iv e d  ( S c h m id t -N ie l s e n  & S c h m id t - N ie l s e n ,  

1950)* A n o th e r  e s t im a te  i s  g iv e n  as  9 .4 g / j0 0 g /d a y  

(Zak & L e i n e r ,  1 9 4 4 ) ,  e x p re s s e d  as  i n s e n s i b l e  w e ig h t  

l o s s ,  o f  w h ic h  w a te r  l o s s  may c o n s t i t u t e  82 -  102$ i n  

man, d e p en d in g  on th e  R .Q . ( J o h n s to n  & Newburgh, 1 9 3 0 ) .

A v a lu e  fo u n d  f o r  v a p o r i z e d  w a te r  l o s s  i n  d ry  c o n d i t i o n s  

( w i th  accom panying d e h y d r a t io n  and i n a n i t i o n } i s  much 

l e s s  ( 6 . 8 g / r a t / d a y )  (Swann 6c C o l l i n g s ,  1943)* "but t h i s  

i s  n o t  r e l e v a n t ,  s i n c e  i t  i s  known t h a t  th e  v a p o r iz e d  

w a te r  i s  a f f e c t e d  by d e h y d r a t io n  and i n a n i t i o n  (M a n ch e s te r ,  

H u s te d  & M cQ u arr ie ,  1931)-  V a p o r iz e d  w a te r  i s  n o t ,  

how ever, i n f l u e n c e d  by th e  t e m p e r a tu r e  ran g e  20 -  3 0 ° 

i n  a d u l t  r a t s  ( H e l l e r ,  1 9 4 9 ) o r  by n o n -ex tre m e  changes 

i n  h u m id i ty  (L evine  & W ilso n ,  1 9 2 7 ) .

The c o n s ta n c y  o f  v a p o r i z e d  w a te r  l o s s  i n  th e  body 

w e ig h t  ra n g e  o f  r a t s  100 -  2QGg ( p .  97 ) i s  i n  ag reem en t



w i t h  th e  f i n d i n g s  o f  M o rr iso n  (1955) who h as  a l r e a d y  

d i s c u s s e d  t h i s  phenomenon and p o s t u l a t e d  t h a t  i t  may 

he e x p la in e d  by a  d e c re a se  i n  th e  w a te r  p e r m e a b i l i t y  

o f  th e  s k i n  s u r f a c e .  I t  c o u ld  a l s o  be s u g g e s te d  t h a t  

i n  a n im a ls  w i th o u t  sw eat g la n d s  i t  may be t h a t  t h e r e  

i s  some i n e f f i c i e n c y  o f  te m p e ra tu re  r e g u l a t i o n ,  and 

t h a t  some o f  th e  h e a t  l o s s  i n  e x cess  o f  t h e  h e a t  l o s s  

c o n t r i b u t e d  by  th e  e v a p o r a t io n  o f  w a te r  can  be c o n s i d e r e d  

as  l e a k a g e .  I n  younger r a t s ,  t h e  g ra p h  o f  v a p o r iz e d  

w a t e r  on body w e ig h t  p a r a l l e l s ,  t h a t  o f  e n e rg y  

e x p e n d i tu r e  on  body w e ig h t .  A somewhat s i m i l a r  

r e l a t i o n s h i p  be tw een  p lasm a  volume and body w e ig h t  i n  

r a t s  (M e tc o f f  6c F a v o u r ,  1944; B e lc h e r  & H a r r i s s ,  1957) 

may have  a  b e a r i n g  on th e  p a t t e r n  o f  v a p o r i z e d  w a te r  

l o s s .  The p r o p o r t i o n  o f  h e a t  l o s t  by e v a p o r a t i o n  o f  

w a te r  i n  th e  p r e s e n t  work ( a p p r o x im a te ly  25$) (T ab le  23) 

i s  i n  ag reem en t w i t h  v a lu e s  f o r  th e  a d u l t  r a t  (Greene 

Sc L u ce ,  1931* G reene , 1954; M o rr iso n  1955) f o r  o t h e r  

s p e c i e s  (S o d e rs t ro m  & Du B o i s ,  1917; B e n e d ic t  6c R o o t ,  1 9 2 6  

L ev in e  6c. G i l s o n ,  1927; Newburgh, J o h n s to n ,  Lashm et 6c 

S h e ld o n ,  1937; L e e ,  1 9 4 0 ) .  L ik e w ise  t h e  p e rc e n ta g e  o f  

th e  t o t a l  v a p o r i z e d  w a te r  l o s t  i n  th e  e x p i r e d  a i r  i s  

s i m i l a r  to  th e  v a lu e s  o f  o t h e r  w o rk e rs  (Greene 6c L uce ,

1931; G reene , 1934; M o r r iso n ,  1 9 5 5 ) .

From th e  l i t e r a t u r e  t h e r e  i s  l i t t l e  i n d i c a t i o n  

o f  th e  p o s s i b l e  e f f e c t s  on m e ta b o l ic  r a t e  o f  a n im a ls
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s u p p l i e d  ad  l i b . w i th  fo o d  b u t  w i t h  r e s t r i c t i o n  o f  

w a t e r .  M e ta b o l ic  s t u d i e s  made on c a t s  f e d  uncooked  

m eat b u t  no added  w a te r  m ig h t  have  y i e l d e d  i n t e r e s t i n g  

r e s u l t s  b u t  th e  r e s p i r a t o r y  s t u d i e s  w ere  too  i n f r e q u e n t  

to  be c o n c lu s iv e  ( C a ld w e l l ,  1931)• No change i s  

r e p o r t e d  i n  th e  t o t a l  m e ta b o l ism  o f  dpgs i n  d e h y d r a t io n  

( S t r a u b ,  1899) o u t . t h i s  i s  c o n t r a d i c t e d  by th e  

s t a t e m e n t  a t t r i b u t e d  to  M a r r i o t t  b u t  w i th o u t  r e f e r e n c e ,  

t h a t  “ i n  t h e  s t r u g g l e  f o r  w a t e r  b e tw ee n  b lo o d  and  th e  

t i s s u e s  th e  m e ta b o l i c  r a t e  i s  slowed." ( U n d e r h i l l  & F i s k ,  

1 9 3 0 ) • When w a te r  i s  r e s t r i c t e d ,  f o o d  i n t a k e  i s  

v o l u n t a r i l y  r e d u c e d  and v i c e  v e r s a ; (K ieitznan , 1 9 2 .7 ;

R u p e l , 1929; S t r o m in g e r ,  1947; D icm er, 1949; F a b ry ,  1 9 5 6 ) .  

The g r o s s  p a t h o l o g i c a l  f e a t u r e s  o f  i n a n i t i o n  w h ich  have 

b e e n  d e s c r i b e d  when w a te r  i s  r e s t r i c t e d  (Kudo, 1920 , 1921; 

J a c k s o n  & S m ith ,  1931; Quimby, P h i l l i p s  & W h ite ,  1948) 

w ou ld  h a v e  t h e  e f f e c t  o f  lo w e r in g  th e  b a s a l  m e ta b o l ic  

r a t e  ( p .  2 3 ) .  The' s t r i k i n g  r e s u l t s  o f  Crampton & L lo yd  

( 1 9 5 4 ) em phasize  th e  a d v e r s e  e f f e c t s  o f  l i m i t i n g  th e  

i n t a k e  o f  f l u i d .  I n  t h e i r  e x p e r im e n ts ,  when t h i s  was 

re d u c e d  to  h a l f  th e  amount n o rm a l ly  i n g e s t e d ,  fo o d  i n t a k e  

was re d u c e d  v o l u n t a r i l y  by 25k , g a in  i n  body w e ig h t  was 

i n h i b i t e d  by 5 0p and th e  e f f i c i e n c y  o f  th e  r a t i o n  

(g  g a i n  i n  w e i g h t / g  fo o d  i n t a k e )  was r e d u c e d  by 3 0^ .  

E f f e c t s  on t o t a l  m e ta b o l i s m  o f  w a te r  r e s t r i c t i o n  w i th  

fo o d  ad l i b . a re  r i a o l e  to  be c o m p l ic a te d  by th e  i n c r e a s e
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I n  a c t i v i t y  w hich  i s  s t a t e d  to  o c c u r  i n  some 

circumstances (p. 33) (Ri&tetes,. 1927j.: mt&tasdefc, 1928; 

R i c h t e r  3c R ic e ,  1954 ) .

S in ce  d e h y d r a t io n  i n  th e  p r e s e n t  work i s  n o t  

so s e v e r e  as  i n  th e  i n s t a n c e s  q u o te d  above w i t h  m arked  

w a te r  r e s t r i c t i o n  and e x t e r n a l  e v id e n c e  o f  d e h y d r a t io n ,  

i t  i s  u n l i k e l y  t h a t  th e  ch an g es  m e n t io n e d  w ould  be 

t a k i n g  p l a c e .  I n  f a c t ,  i t  h a s  b een  shown h e r e  by 

s t a t i s t i c a l  a n a l y s i s  on th e  b a s i s  o f  i n d i v i d u a l  d a y s ,  

t h a t  th e  r e l a t i o n s h i p  b e tw ee n  energ y  e x p e n d i tu r e  and 

body w e ig h t  and  fo o d  i n t a k e  i s  n o t  a f f e c t e d  ( p .  3 8 ) .  

S i m i l a r l y  i n  s t u d i e s  on f a s t i n g  r a t s  when th e  f a l l  i n  

h y d r a t i o n  o f  f a t - f r e e  t i s s u e  f e l l  by 1 . % ,  t h i s  was 

n o t  c o n s i d e r e d  p e r  se  to  i n f l u e n c e  en e rg y  e x p e n d i tu r e  

(Cumming & M o r r i s o n ,  195&) * However, i t  i s  n o t  known 

e x a c t l y  i n  w hat way m e ta b o l i c  p r o c e s s e s  i n  th e  o rgan ism  

may be m o d i f i e d  i n  t h e s e  c i r c u m s ta n c e s .  One c a n n o t  

l e g i t i m a t e l y  a p p ly  to  th e  s t a t e  o f  r e l a t i v e  d e h y d r a t io n  

th e  c o n c lu s io n s  o f  s t u d i e s  a t  t i s s u e  l e v e l  c o n c e rn in g  

m e ta b o l i c  r a t e  and body f l u i d s ,  b u t  i t  may e v e n t u a l l y  

p rove  to  be r e l e v a n t  t h a t  a s  m e ta b o l i c  r a t e  i n c r e a s e s  

( i n  k id n ey  s l i c e s }  th e  I .C .H .  d e c r e a s e s  and  th e  E .C .F .  

i n c r e a s e s  (R o b in so n , 1 9 5 0 ) .  I n  man, when th e  e f f e c t s  

o f  v a r i a t i o n  o f  t o t a l  body w a te r  a re  rem oved (by  a 

s t a t i s t i c a l  d e v i c e ; ,  a h i g h e r  m e ta b o l i c  r a t e  i s



a s s o c i a t e d  w i th  a  low er volume o f  I . C . F .  (Wedgewood _et a l  

1953)* A lth o u g h  i n  th e  .p re s e n t  work a  d e c re a s e  i n  th e

I . C . F .  has  b e en  p o s t u l a t e d  (p .  1 4 5 ) ,  t h e  c o r o l l a r y  

c a n n o t  be i n f e r r e d  t h a t  t h e r e  i s  some r e s u l t a n t  s m a l l  

i n c r e a s e  i n  m e ta b o l i c  r a t e ;  th e  c o m p le x i ty  o f  th e  

s i t u a t i o n  i s  f a r  to o  g r e a t .  I n  t h i s  s tu d y  o f  g row th  

more q u e s t io n s  a p p e a r  to  be u n an sw ered  th a n  an sw ered , 

f o r ,  a l th o u g h  some f a c t s  and t h e i r  m ean ing  emerge c l e a r l y  

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

rem a in s  unknow n .



SUMMARY

T o t a l  m e ta b o l ism  o f  g row ing  m ale  r a t s  was m easu red  

s u c c e s s iv e l y  f o r  24 h o u rs  f o r  f i v e - d a y  p e r i o d s  from 

th e  age o f  JO t o  115 days  a t  i n t e r v a l s  o f  t e n  days 

( i . e .  9 p e r i o d s  each  o f  f i v e  d a y s ) .  Three  such  

s e r i e s  a r e  d e s c r ib e d  w i t h  t a b u l a r  and g r a p h i c a l  d a ta  

on  th e  com ponents o f  e n e rg y ,  w a te r  and n i t r o g e n  

e x c h a n g e .

T o t a l  e n e rg y  e x p e n d i tu r e  o f - m ale  r a t s  from  JO to  

1 1 5  days v a r i e d  l i n e a r l y  w i t h  body w e ig h t  and 

a b s o rb e d  i n t a k e  o f  e n e rg y .  A n a ly s i s  o f  c o - v a r i a n c e  

o f  th e  d a t a  i n d i c a t e d  t h a t  th e  i n c r e a s e  i n  en e rg y  

e x p e n d i tu r e  d u r in g  g ro w th  was w h o l ly  a t t r i b u t a b l e  

to  changes i n  body w e ig h t  and fo o d  i n t a k e .

The d i u r n a l  p a t t e r n  o f  oxygen consum ption  was 

e s t i m a t e d .

E nergy  and n i t r o g e n  b a la n c e s  w ere v a r i a b l e  b u t  

u n i f o r m ly  p o s i t i v e .

W ater b a la n c e  o v e r  th e  f i v e - d a y  p e r i o d s  d i d  n o t  

d i f f e r  m ark e d ly  from  z e r o ,  b u t  b e ca u se  o f  th e  

i n c r e a s e  i n  body w e ig h t  d u r in g  t h i s  t im e  a r e l a t i v e  

d e h y d r a t io n  o c c u r r e d .  T h is  d i d  n o t  a f f e c t  th e  

r e l a t i o n s h i p  b e tw een  en e rg y  e x p e n d i tu r e ,  body w e ig h t  

and fo o d  i n t a k e .



C a rc a se s  o f  r a t s  from  "b ir th  to  m a t u r i t y  were 

a n a ly s e d  f o r  w a te r ,  n i t r o g e n ,  f a t  and h e a t  o f  

c o m b u s t io n .

B o th  from  c a r c a s e  a n a l y s i s  and £ r d m s t u d i e s  

t h e  n i t r o g e n  r e t a i n e d  p e r  dry  body w e ig h t  in c re m e n t  

d e c r e a s e d  w i t h  age , w h i le  f a t  and  n o n - p r o t e i n  

c a l o r i e s  i n c r e a s e d .

The d i f f e r e n c e  i n  th e  c o m p o s i t io n  o f  body w e ig h t  

g a in e d  d u r in g  g row th  i s  e m p h a s is e d .

The s i g n i f i c a n c e ,  o f  m e ta b o l i c  changes  d u r in g  g ro w th  

and  th e  p a t t e r n  o f  w e ig h t  g a in  a t  d i f f e r e n t  ages 

i s  d i s c u s s e d .
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A ppendix  I , A

P ro c e d u re  f o r  d a i l y  c h a n g e -o v e r  u s e d  w i th  

c l o s e d - c i r c u i t  r e s p i r o m e te r

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

(1 )  Weigh d ry  a n im a l  f ram e .

(2) W eigh d ry  u r i n e  f u n n e l .

( 3 ) Weigh d ry  t i n  "box.

(4 ) Weigh fo o d  box  c o n ta in in g  f o o d .

( 5 ) Weigh so d a  a s b e s t o s  t u b e s .

(6 ) Weigh g u a rd  anhydrone t u b e .

( 7 } F i l l  and  w e ig h  w a t e r - b o t t l e .

(8) Weigh w a te r  a b s o r b in g  t u b e s .

( 9 ; P l a c e  a b o u t  10 ml lQp i n t o  u r i n e  f l a s k ,  wash

down neck  o f  f l a s k  w i th  d i s t i l l e d  w a t e r ,  d ry  neck  

o f  f l a s k  and  w eigh u r i n e  f l a s k .

O rder o f  e v e n t s  d u r in g  c h a n g e -o v e r

(1) S w itc h  o f f  drum f o r  r e c o r d i n g  oxygen u s a g e .  R eco rd  

t im e  and s p i r o m e te r  r e a d i n g .  Remove drum and t r t , c e  

o f  oxygen u s a g e .  R e p la c e  f r e s h  ^age r  on drum and 

sm oke.

(2) S w itc 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  o f



(3) R e c o rd  t i m e , s p i r o m e te 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  te m p e ra tu re *

(4 )  C onnect s p i r o m e te r  w i t h  w a te r  m anom ete r .

(5 )  S w itc h  o f f  f a n .  Open door o f  c a b i n e t ,  c lo s e  

s t o p p e r  t a p s  o f  U - tu b e s  and r e c o r d  chamber 

t e m p e r a t u r e .

(6J 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 s e d  a n im a l  chamber t o  o u t s i d e  r a c k .

( 7 } P i l l  s p i r o m e t e r  from oxygen c y l i n d e r .

( 8 ) Open u s e d  a n im a l  cham ber. Remove w a t e r - b o t t l e .

Remove r a t  and p l a c e  i n  t i n  b o x . R e p la c e  l i d  o f  

ch am b er .

( 9 } Weigh r a t  i n  t i n  b o x .

(10) T r a n s f e r  u s e d  an im al 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 .

(11) I n s e r t  u r i n e  f u n n e l  and  fram e w i th  a t t a c h e d  fo o d  

bo x  i n  f r e s h  an im a l  cham ber, a t t a c h  u r i n e  f u n n e l  

and  t r a n s f e r  r a t  to  an im a l  cham ber.

(12) P l a c e  f r e s h  w a t e r - b o t t l e  i n  an im a l cham ber. B o l t  

down l i d .  R e c o rd  t im e .

(13) P l a c e  f r e s h  an im al chamber i n  p o s i t i o n  and remove

u s e d  an im a l cham ber to  o u t s i d e  r a c x .

(14) Remove u s e d  a b s o r b in g  t r a i n .  R e p la c e  w i th  f r e s h

a b s o r b in g  t r a i n .

( 1 5 ) A t t a c h  d u c ts  to  a n im a l  cham ber and to  a b s o r b in g  t r ; . i n .



3 .

(16) R e c o rd  t e m p e r a tu re  o f  an im al cham ber. Open 

s t o p p e r  t a p s  i n  a b s o rb in g  t r a i n .

(17) S w itc h  on pump and c lo s e  door o f  c a b i n e t .

(is) G ra d u a te  t h e  smoked p a p e r  f o r  r e c o r d i n g  o f  oxygen 

u sa g e  w i th  l i n e s  1 cm a p a r t .  P la c e  smoked drum 

i n  p o s i t i o n  i n  c a b in e t  and s w i t c h  o n .

(19) I f  t h e  m anom eter l e v e l  shov/s e v id e n ce  o f  r e d u c e d

p r e s s u r e  i n  th e  chamber c i r c u i t  o v e r  15  m i n s . ,  

c o n n e c t  s p i r o m e t e r  to  chamber c i r c u i t .  R eco rd  

t i m e ,  s p i r o m e te r  r e a d i n g ,  c a b i n e t  te m p e ra tu re  and 

b a r o m e t r i c  p r e s s u r e .

Order of events after change-over

(1 )  Remove th e  fram e from  th e  an im al chamber and  p la c e

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

(2 ) Remove th e  u r i n e  f u n n e l .  Shake d ry  fo o d  o f f

f u n n e l  on t o  th e  same s h e e t  o f  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  

fro m  i t .

( 3 ) . Remove u r i n e  f l a s k .

(4 ) Transfer faeces from grid of frame to tin box.

Shake d ry  fo o d  from fram e  on  to  p a p e r .

(3} W eigh u r i n e  f l a s k .

(6 ) Weigh u r i n e  f u n n e r  and p l a c e  i n  m outh o f  u r i n e  f l a s u .
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( 8 ) S c rap e  c o n ta m in a te d  fo o d  from, a n im a l  frame, i n t o  

u r i n e  f u n n e l .  Wash fram e 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 h .

( 9 } Weigh t i n  box  w i t h  m o is t  f a e c e s .  P la c e  i n  oven 

t o  d r y .

(1 0 )  Yfeigh w a t e r - b o t t l e .

(11) 'Weigh w a t e r  a b s o rb in g  t u b e s .

(12.) Weigh s o d a  a s b e s t o s  and anhydrone g u a rd  t u b e s .

(13) W eigh f o o d  b o x .

(14) B ru sh  d ry  s c a t t e r e d  f o o d  from  chamber on to  pape  

W eigh a l l  t h e  s c a t t e r e d  d ry  f o o d .

( 1 5 ) A n n o ta te  and v a r n i s h  t r a c e  o f  oxygen u s a g e .



■y*

Appendix I , B 

Refilling of the spirometer

(1) Disconnect spirometer from chamber circuit.

(2) Record time and spirometer scale reading.

( 3 ) Fill spirometer from oxygen cylinder.

(4 ) Leave apparatus for 15 min, noting fall in pressure 

in water manometer due to oxygen usage in the 

animal chamber.

( 5 ) Record cabinet temperature and barometric, pressure.

(6) Record spirometer scale reading and time.

( 7 ) Reconnect spirometer with chamber circuit, allowing 

oxygen to enter circuit and manometer to return to 

resting level.

( 8 ) Observe usage of oxygen for a further 15  min.



A ppendix  I ,  C.

Changing of the absorbing tubes

(l) Switch off pump motor.

(2.) Connect the oxygen inlet to the manometer.

(3) Adjust the phase of the pump so that the pressure 

in the chamber circuit is equal to the atmospheric 

pressure.

(4 ) Seal the ducts on either side of the tube or , 

tubes, to be replaced, using screw-clips on the 

rubber connections or stopper taps, of U-tubes.

(5) Replace the absorbing tube or tubes, by a freshly 

weighed tube or tubes.

(6 )  U n s e a l  a b s o r b in g  t r a i n  and  r e s t a r t  th e  pump.

(7 ) When the manometer shows a slightly reduced pressure 

in the chamber circuit, reconnect spirometer with 

the circuit.

(



I n i t i a l F i n a l

Date 1. 5 .5 4  
Time 9 .5 5  a.m. 

Pump on 1 0 . Gg a.m.

O2  Con­
su m p tio n

Chamber Temperature 1 9 .2  C 

Spirometer

2 .  p . 54 
1G. pC a  »m.

2 5 . 5 Ce

Reading om.
Bar. P r e s s  

mm.
Cabinet 
Temp. C

Time

Initial 2 5 .01- 
Final 9*22

7 46 .6
7 4 4 .5

2 3 .0
2 4 .2

ic  .1 3  
6 .2 0

Initial 24 .6 3  
Final 13*75

7 4 4 .5
7 4 3 .5

2 4 .2
2 4 .2

6 .3 3
11.23

Initial 2p.G8 
Final I .9 2

7 4 3 .5
7 4 0 . 5

2 4 .2
2 4 .2

11.40 
1 0 .30

H2 °Absorption Tube Weights v7
O 2 4 1 . 5 7 c 239 .732

C0 2
Absorption Tube Weights g 2 3 3 .1 2 9 247*333

Chemical H2O
Absorption"" Tube Weight g 1 0 4 .5 4 8 106.138 '

Spirometer
Driers Tube Weights g — —

Weight Rat + Box g 376 .9 7 3 8 1 .8 3

Final Weight Box g «w»

Weight Box -f- Wet Faeces O*
O 1 6 3 .5 8 2

'■.■/eight Box + Dry Faeces g 1 6 3 .4 5 7

Dry Weight of Box g 162 .8 04

Food Box p  Food g 17 5 .6 7 1 1 5 1 .3 1 9

Scattered Food -  Dry O'
0

— 6 .2 4 8

F u n n e l  Weight cy
0 2 6 7 .6 2 9 2 6 7 .8 2 2

Frame Weight g 2 5 6 .7 0 9 2 6 1 .3 2 2

Cross Urine Weight g 53 .516 59 .66 3

..liter Bottle

IP

g

DT£

1 5 9 .7 6 2

liO

1 3 9 . 2 6 c

lump Stroke R.P.ii. Estimated Vent. R ate

12 240 1670 litres/day

Drum off 1C.JO a.m. Spirometer reading 2 .7 0  cm



Appendix I, E

Procedure for Bomb Calorimetry

(l) The silica, crucible, used to carry the pelleted

material, is weighed with a 6 cm length of fuse wire.

(2.) The material to be burnt is. pelleted in the press,

with the fuse wire embedded in it.

(3 ) The pelleted substance, with the fuse wire, is  

placed in the crucible, and the whole weighed.

The difference between the weights found in (l) 

and (3 ) gives the weight of substance used.

(4 ) The crucible with pellet is, attached to the spring

hoi'dBr*formed by the contacts in the bomb cap. The 

ends of the fuse wire are bound to the contacts.

(5 ) A light film of silicone grease is applied to the

outside rim of .the bomb body.

(6) The cap is screwed onto the body of the bomb, and

- lightly tightened with a large spanner.

(7) The bomb is filled with oxygen to 25 atmospheres.

(8) The. calorimeter vessel is filled to the approximate 

level with tap water at about 14 - 15°C. Water

is added or withdrawn by a. pipette until the vessel 

is exactly balances by the standard weight. The 

vessei. is tnen placed in tne water—jacket of the 

' - - I m , t n s  .



( 9 ) The lecutis from th e  i g n i t i o n  u n i t  e re  ‘bound to  th e  

exteX"n<.; 1 c o n t a c t s  on one bom"b c a p ,  anti th e  iooino i s  

c a r e f u l l y  lo w ered  i n t o  th e  c a l o r im e te r  v e s s e l ,  and 

a r r a n g e d  to  s i t  i n  th e  b o tto m  c e n t r e  o f  th e  v e s s e l .  

(1Q~) 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  mechanism

anti t h 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  th e  

s t i r r e r  c l e a r s  th e  bomb.

(11) The th erm om ete 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 ,  th ro u g h  th e  s p r i n g  c l i p  on 

t h e  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  t h e  

s t a n d a r d  im m ers io n  m ark . The therm om eter  i s  a lw ays 

th e  l a s t  p a r t  o f  th e  a p p a ra tu s  to  be s e t  i n  p la c eWt|||liaWM.MWWWI<Ŵ̂ a »ill*ll.i«w«llMl.lll !■ I —    -• — —■ —— --■■■■ .. ■—------     —  _ . ..M J -A . ■ ll ■■ I

and  t h e  f i r s t  p a r t  to  be rem oved a t  th e  end o f  an 

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  s w itc h e d  on and th e  s t i r r e r  i s  

a l lo w e d  to  r u n ,  a t  a b o u t  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  t e m p e r a tu re  r e l a t i o n s  o f  

t h e  d i f f e r e n t  p a r t s  o f  t h e  a p p a r a tu s  to  become 

s t e a d y .

(13) The th e rm o m eter  r e a d i n g  i s  r e c o r d e d  a t  § m in . 

i n t e r v a l s  f o r  3 m in ,  o r  u n t i l  th 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 re  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  3 m in .

(14) The i g n i t i o n  s w i tc h  i s  d e p r e s s e d  a t  th e  end o f  th e

3 m in  p r e - p e r i o d  and th e  t e m p e r a tu re  i s  r e c o r d e d  a t

Jl liijLi... ixloerv ..id L!.::Uil r  . t  e 01- 0 0 ! [ ■ .'UP g: iVp g



h a s  'been s t e a d y  f o r  3 m in . The s t i r r e r  m o to r  i s  

sw itched , o f f .

o f  a s se m b ly .  On rem ov ing  th e  cap  from th e  bomb 

th e  i n s i d e  o f  th e  bomb i s  c l o s e l y  i n s p e c t e d  f o 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 t h e r  s i g n  o f  in c o m p le te  c o m b u s tio n .

fo u n d  by  m u l t i p l y i n g  th e  t e m p e ra tu re  r i s e  by th e  water- 

e q u i v a l e n t  o f  th e  c a l o r i m e t e r .  A c o r r e c t i o n  h a s  to  

be a p p l i e d  f o r  th e  c o o l in g  o f  th e  c a l o r im e te r ;  t h i s  

c o r r e c t i o n  can  be d e r i v e d  e i t h e r  g r a p h i c a l l y  o r  from 

th e  R e g n a u l t - P f a u n d l e r  fo rm u la ;

where n  i s  th e  t im e  i n  m in from  f i r i n g  to  f i r s t  r e c o r d e d  

t e m p e r a tu re  a f t e r  th e  maximum; v and v̂ _ a r e  r a t e s  o f

a re  a v e ra g e  and f i n a l  p r e - i g n i t i o n  t e m p e r a t u r e s ;  t n  and *1 

a re  i n i t i a l  and av e rag e  c o o l i n g  p e r i o d  t e m p e r a t u r e s .

U s in g  th e  above f o r m u la ,  a specim en c a l c u l a t i o n  

i s  g iv e n  as  fo l lo w s

( i p )  The p a r a t u s  i s  d i s m a n t le d  i n  t h e  r e v e r s e  o r d e r

C a l c u l a t i o n  b a s i c a l l y  th e  t o t a l  h e a t  p ro d u c e d  i s

C o r r e c t i o n  -  nv *

f a l l  o f  t e m p e r a tu re  i n  p r e  a n d 'c o o l i n g  p e r i o d s ;  t  and t 0



. / e ig h t  o f  fo o d  sam ple  M.S. I .  = 1 .8 4 4  g .

T em p era tu re  r e a d i n g s  a t  J  m in i n t e r v a l s ,  ( ° C ; .

P r e - i g n i t i o n  H e a t in g  p e r i o d  C o o l in g  p e r i o d
te m p e r a tu r e s  t e m p e r a tu r e s  t e m p e r a tu r e s

1 7 .2 5 0  18 *18 t  2 0 .5 0 2

1 7 .2 4 5  1 9 .8 2  20 .4 9 5

17 .2 4 0  2 0 .2 1 5  20 .4 8 5

1 7 .2 3 5  2 0 .3 7 8 , 2 0 .4 7 5

1 7 . 2 3 0  20 .4 70  2 0 .4 6 4

17 .2 2 5  20 .503  2 0 .4 5 4

t  1 7 .2 1 9  2 0 .5 0 4  2 0 .4 4 4

/  *1 n - 1

20 .5 0 4  2 0 .4 3 3

20 .50 4

t  * 1 7 . 2 3 5  ( t )  = 1 8 1 .0 7 8  t L a  2 0 .4 6

v = 0 . 0 0 5  s= 0 . 0 1

n s  10  n t = 1 7 ^ 0 5

nv- 0 . 0 5

o
O bserv ed  t e m p e r a tu r e  r i s e  = t n  -  t Q »  3 .2 8 3  C

0 .0 0 5
C o r r e c t i o n  = 0 .0 5  +  3 *234 (1 8 1 .0 7 8  + 18 .8 61  -  172 .35

= 0 .0g p (0*00155 ^  25 0 ^9/

= 0 .093



. 0

C o r r e c t e d  t e m p e r a tu re  r i s e  = 3*37& C

a a t e r  e q u iv a le n t  o f  c a l o r i m e t e r  ^ 2285 g 

T o t a l  h e a t  p ro d u c e d  -  7714*16 e a l

T o t a l  h e a t / g  fo o d  = 4*183 k e a l / g

T o t a l  h e a t  a t  c o n s t a n t  p r e s s u r e  p e r  g f o o d  » 4 . ISC k e a l / g

r a trm tm  on t h e  brm i i; c t  m m

1 •- - j. .. . . T-- ' , . v „ V , ‘ ' r> • „- ' , : , *

. p  “  t -  l / r & m  O' lO O , ’■* OU p  ‘ / :iw

(K ■ '.s ■> >.-«■- ■. -*.<*» ??.•••-;■.'• s»- -w "•c* ‘v'-'

, ̂  i '7 ■ O r . -- - ' '■ - - - - -- - - '

In  ■ Vo O.rO i t  m o . o r  /■ m i  v r - = Oov
■-P

i i it t  r  v o 1  ̂ . o r  to. *2, i t , - r r  r  e i ; r

;r?r o ,

Tot o..;i



Appendix I , F 

A n a ly s i s  o f  oxygen co n su m p tio n  t r a c e s

(1) C a l c u l a t e  t o t a l  time, from  o p e n in g  o f  th e  t a p

c o n n e c t in g  s p i r o m e te r  to  chamber c i r c u i t  (T^) to  

end  o f  t r a c e ,  (f rom  t im e s  m arked  o n  t r a c e )  and 

e x p r e s s  a s  dec im a l p a r t s  o f  an  h o u r .

(2) M easu re  t o t a l  l e n g t h  o f  t r a c e  i n  cm from  o p e n in g

o f  t a p  T_ to  end  o f  t r a c e .  E n su re  t h a t  r u l e  i s
3

p a r a l l e l  to  g u id e  l i n e s .

( 3 ) Take all m easurem en ts  on th e  b a s i s  o f  4 - h r  i n t e r v a l s ,

s t a r t i n g  a t  1 0  a .m . ,  i . e : ~  10  a  j r .  -  2  p .m . ;

2  p .m . -  6 p .m . ;  6 p .m . -  10  p .m . ;  10  p .m . -  2  a .m . ;

2  a .m . — 6  a  j r . ;  6 a .m . — 10  a .m .

(4 ) C a l c u l a t e  th e  t im e  i n t e r v a l  from  th e  tim e  o f  op en ing

t h e  t a p  to  th e  f i r s t  o f  th e s e  p e r i o d s  n e a r e s t  to

a  4 - h r  i n t e r v a l .  From t h i s ,  c a l c u l a t e  th e  l e n g t h  

o f  t r a c e  from  th e  b e g in n in g  to  th e  end  o f  t h i s  f i r s t  

p e r i o d ,  e . g .

T o ta l  l e n g t h  o f  t r a c e  1.30 cm

T o t a l  t im e  o f  t r a c e  24 h r  30  m in  = 2 4 .3  h r

Time o f  o p e n in g  t a p  T- 9*4 5 a -m*

End o f  n e x t  tim e  p e r i o d  2 .0 0  p .m .

Time i n t e r v a l  4 h r  15  m in = 4 .2 o  h r

h C U i , . , l ' o u  . L .1 i. u:



(5 )  U s in g  g u id e  l i n e s ,  r u l e  and s e t - s c a la r  e ,  m easure  

o f f  t h i s  c a l c u l a t e d  d i s t a n c e  a lo n g  th e  t r a c e ,  from 

t h e  p o i n t  o f  op en ing  o f  th e  t a p  T j ,  and draw a 

s h o r t  h o r i z o n t a l  l i n e  to  i n c lu d e  th e  en d  p o i n t  o f  

t h i s  m e a su re d  d i s t a n c e .  The h o r i z o n t a l  l i n e  

s h o u ld  he on th e  seme l e v e l  a s  th e  s t a r t i n g  l e v e l  

o f  th e  s lo p e d  t ra c e . ,  n o t  on th e  s t a r t i n g  l e v e l  o f  

t h e  s p i r o m e t e r .  The end  p o i n t ,  i n  th i s ,  exam ple, 

s h o u ld  c o r r e s p o n d  to  th e  t im e  2 p .m .

(6) Mark th e  e n d  p o i n t  p r e c i s e l y  on the. s h o r t  h o r i z o n t a l ,  

a n d ,  w i t h  a  s e t - s q u a r e ,  d rop  a  p e r p e n d i c u l a r  from 

t h e  h o r i z o n t a l  to  c u t  th e  oxygen consum ption  t r a c e .  

Draw a  s h o r t  v e r t i c a l  l i n e  to  c u t  th e  t r a c e .

(7 )  Measure, th e  l e n g t h  o f  the. v e r t i c a l  b e tw een  th e  

h o r i z o n t a l  and  th e  p o i n t  where th e  v e r t i c a l  c u ts  th e  

t r a c e . .  T h is  d i s t a n c e  i s  th e  f a l l  o f  th e  s p i r o m e te r ,  

i n  cm, i n  th e  f i r s t  4 .2 5  T h is  v a lu e  i s  s c a l e d

t o  4  h r . ,  i . e .  m u l t i p l i e d  by 4 . 0 0 / 4 .2 5  to  g iv e  th e  

s p i r o m e te r  f a l l  i n  the. f i r s t  4 - h r  p e r i o d  (10 a .m . -

2 p .m .  i n  th e  example a b o v e ) .

(8) C a l c u l a t e  th e  h o r i z o n t a l  d i s t a n c e  f o r  th e  s im p le  4 - h r  

p e r i o d ,  i . e .  1 3 0 ( 4 /2 4 .5 )  cm, and m easu re  t h i s  

d i s t a n c e  d o n g  th e  t r a c e  as b e f o r e .  Draw a s h o r t  

h o r i z o n t a l  to  i n c l u d e ,  t h i s  t im e ,  th e  6 p .m .  end 

u o i n t .  T h is  h o r i z o n t a l  s h o u ld  be l e v e l  w i t h  t h e



p p i n t  on th e  t r a c e  o f  th e  2 p .m . end p o i n t .  h g a in  

d rop  a v e r t i c a l  to  c u t  th e  t r a c e  a t  th e  6 p .m .' end 

p o i n t ,  and m easure  th e  v e r t i c a l  i n t e r v a l .  T h is  

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

2 p u n .  -  6 p .m .

(9 )  R e p e a t  t h i s  p ro c e d u re  f o r  th e  s u b s e q u e n t  p e r io d s  

up t o  6 a .m .

(10) When a  p e r i o d  i n c lu d e s  a  r e f i l l i n g  o f  th e  s p i r o m e t e r ,  

s e t  o f f  th e  h o r i z o n t a l  as  u s u a l ,  b u t  draw an 

a d d i t i o n a l  s h o r t  h o r i z o n t a l  to  c u t  th e  s p i r o m e te r  

r e f i l l i n g  l i n e .  Then m easure  th e  v e r t i c a l  from 

t h i s  a d d i t i o n a l  h o r i z o n t a l  to  t h e  low p o i n t  o f  th e  

s p i r o m e t e r .  Then draw a h o r i z o n t a l  from  th e  end 

p o i n t  o f  th e  p e r i o d ,  to  c u t  th e  s p i ro m e te r  r e f i l l i n g  

l i n e .  Draw end m easure  th e  v e r t i c a l  from th e  

h i g h e s t  p o i n t  o f  th e  e q u i l i b r a t i n g  s p i r o m e te r  t r a c e  

t o  t h e  l a s t  h o r i z o n t a l .  The sum o f  th e  two v e r t i c a l  

d i s ta n c e s ,  m e a su re d  i n  t h i s  c a s e ,  g iv e s  th e  t o t a l  

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

i n t e r v a l .

(11) F o r  th e  l a s t  p e r i o d ,  s e t  o f f  th e  h o r i z o n t a l  a s  u s u a l ,  

b u t  to  i n c lu d e  th e  f i n a l  p o i n t  o f  th e  t r a c e .  Drop

a v e r t i c a l  to  th e  f i n a l  p o i n t  o f  th e  t r a c e  and

m easu re  i t .  T h is  d i s t a n c e  c o r re sp o n d s  to  t h e  f a l l



o f  th e  s p i r o m e te r  o v e r  th e  w hole o f  t h e  l a s t

p e r i o d  ( i n  t h e  exam ple above from  6 a .m . t o  1 0 .1 5  a .m . ,

o r  4 .2 5  h r ) .

( 1 2 ) M easure  th e  t o t a l  l e n g t h  o f  th e  t r a c e  f o r  t h e  f i n a l  

p e r i o d .  S c a le  t h e  s p i r o m e te r  f a l l  down t o  a  4 - h r  

i n t e r v a l  by  m u l t i p l y i n g  f a i l  by  th e  s t a n d a r d  4 - h r  

h o r i z o n t a l  and d i v id i n g  by  th e  m easu red  h o r i z o n t a l  

f o r  f i n a l  p e r i o d .

( 1 3 ) As a  c h ec k ,  t h e  h o r i z o n t a l  d i s t a n c e  m easu red  i n  th e  

f i n a l  p e r i o d  sh o u ld  be m atched  a g a i n s t  t h e  d i s t a n c e  

c a l c u l a t e d  from  th e  tim e  o f  th e  f i n a l  p e r i o d .  The

two v a lu e s  w i l l  p r o b a b ly  d i f f e r  by 2 o r  3 mm. I f ,

h o w e v e r ,  th e y  d i f f e r  by more th a n  5 mm, a  m is ta k e  

h a s  p r o b a b ly  b e e n  made i n  l a y i n g  o f f  and m e a su r in g  

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

s h o u ld  be r e p e a t e d .

(14) E x p re s s  th e  g r a p h i c a l  r e c o r d s  e i t h e r  i n  th e  c ru d e

d i s t a n c e  m easu rem en ts  ( a r b i t r a r y  u n i t s )  o r  c o n v e r t

t h e  v a lu e s  to  u n i t s  o f  oxygen consum ption  (ml p e r  h r )

by  m u l t i p l y i n g  by 1 0 GQ  , s in c e
5 T H  X 4

f i n a l  s p i r o m e te r  r e a d i n g  -y i n i t i a l  s p i r o m e te r  r e a d in g  
  ' '  ' 5>11

= v o l  o f  Gg i n  l i t r e s .
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Appendix I ,  G.

P r e p a r a t i o n  o f  d i e t  M . S . I .

10 -  20 kg  o f  d i e t  a r e  u s u a l l y  p r e p a r e d  a t  one 

t im e .  M a rg a r in e  i s  m e l te d  i n  a  l a r g e  enam el b a s i n
st­

a n d  c o d  l i v e r  o i l  and ^ to c o p h e ro l  a re  added to  i t .

S u c ro se  is., r a p i d l y  s t i r r e d  i n ,  f o l lo w e d  by  some s t a r c h ,

t i l l  t h e  m ix tu re  became o f  a  d ry  c o n s i s t e n c y .  At t h i s

s t a g e  to  e n s u re  freedom  from  lumps., t h e  m ix tu r e  i s

ru b b e d  th ro u g h  a  mesh o f  1 . 5  mm i n  d ia m e te r  and 5 h o le s

p e r  cm. S a l t  m ix tu re  end Hepamino a r e  m ixed  t o g e t h e r

w i th  some s t a r c h  and th e  w a t e r - s o l u b l e  v i ta m in s  a re

d i s s o l v e d  i n  w a t e r  (100 -  200 ml) and  a r e  g roun d  w i th

some s t a r c h ,  u s in g  m o r ta r  and p e s t l e .  To t h i s

v i t a m i n - s t a r c h  m ix tu r e  i s  ad ded  th e  H eg ami no - s a l t  m ix tu r e

and th e  r e s t  o f  t h e  s t a r c h .  Thorough m ix in g  i s  th e n

c a r r i e d  o u t  b e f o r e  a i d  a f t e r  th e  a d d i t i o n  o f  c a s e i n .

The d i e t  i s  t h e n  s t o r e d  i n  l a r g e  j a r s  i n  a  r e f r i g e r a t o r

u n t i l  r e q u i r e d .

M ix ing  was o r i g i n a l l y  c a r r i e d  o u t  on  the. s u r f a c e  

o f  a  l a r g e  t a b l e ,  b u t  l a t e r  a  l a r g e ,  c l e a n  b i n  was u s e d .  

M ixing  by  h an d  h a d  th e  d i s a d v a n ta g e  t h a t  a  f i n e ,  w h i te

powder was d e p o s i t e d  ev eryw here  n e a rb y .  I t  w as , 

how.ever, e n c o u ra g in g  to  l e a r n  t h a t  m ix in g  by hand  was



c o n s id e r e d  more e f f i c i e n t  th a n  m e c h a n ic a l ly  d r iv e n  

machines, since these sometimes had. a tendency to 

fractionate, the dietary components (Lane-Petter, 1951;.
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T a b le  (6 )

EATS, USED IK METABOLIC STUDIES

Series X* Litter born 2.2.53.

Rat No. Sex Notes

3? M Metabolic studies.; analysed at 

115 days.

34 M Analysed at 30 days..

35 M Metabolia.studies; analys e d at 

115 days.

36 M Analysed at 60 days.

29 ■ W -

30 F

?I F Mated 26. 5*53* 6 young born on 

17* ^#53 (3 females, average 

weight 3 .8 g and 3 males, average 

weight 5 .3  g).

32 F —

Series II. Litter born 2. 9*53

63 M Analysed at 30 days.

64 M . Metabolic studies: analysed at 

113 days.

65 M Analysed at 80 days.

66 M Analysed at 60 days.



S e r i e s  I I .  L i t t e r  b o rn  2 .  9 .5 3  ( c o n t d . }

R a t . No. Sex Notes.

6 7  M A n a ly sed  a t  3 0  d a y s .

§8 II. M e ta b o l ic  s t u d i e s ;  d ie d  on

19.10.53..

69 M Analysed at 60 days.

70 M M etabo lic ,  s t u d i e s ;  a n a ly s e d  a t

1 1 5  d a y s ,

7 1  M M e ta b o l ic  s t u d i e s ;  d ie d  on

1 2 . 1 0 . 5 3 .

S e r i e s  I I I .  L i t t e r  b o r n  3Q. 1 .5 4

*09 M. A n a ly sed  a t  80 d a y s .

110 . M A n a ly sed  a t  80 d a y s .

111 M A n a ly se d  a t  60 days.

112 M M e ta b o l ic  s t u d i e s ;  a n a ly s e d  a t

1 1 5  d a y s .

1 1 3  M M e ta b o l ic  s t u d i e s ;  a n a ly s e d  a t

1 1 5  d a y s .

1 1 4  M A n a ly se d  at. 30 d a y s .

1.15 M A n a ly sed  a t  JO d a y s .

116 M A n a ly sed  a t  6 0  d a y s .



Table ( l )

RATS USED IN STUDIES OF DIETS M .S .,I . AMD 4 1 .

Rat No. Sex

L i t t e r  born 2 6 . 4 .5 3

D ie t  N otes

51 F

54 F
Fed fo r  52 d ays. K il le d

57 .M
M .S .I .  by c o a l gas and t i s s u e s

58 M
examined h i s t o lo g ic a l ly

52 F

(p . 4 7 , Afol. 1 ) .

53 F
41

55 M

- 5 6 M

Rat No.. Sex

L i t t e r  born 19 ► 9•53

D ie t  N otes

79 F

81 F

' 72 M
M .S .I . Fed fo r  120 days.

73 M

78 F i

80 F 41

74 M

77 M



L i t t e r  b o rn  2 9 . 9»5/3

Rat No. Sex D ie t  N otes

95 F

97 F M .S .I*  Fed fo r  115 d a y s.

99 M h ? ; - f

100 M

94 f  ;

98 F
41

90 M

101 M

x L i t t e r  born 1 . 2>54

R at > Ho. Sex D ie t N otes

129 F ; Mated a t  123 d ays. On

2 5 , 6 .5 7  l i t t e r  of 13 "born, 

8 fe m a le s , average weight
M .S .I .

4 .6  g , 7 m a les , average 

w eig h t 4 ,9  g .  11 of 

l i t t e r  l e f t  fo r  l a c t a t i o n ,  

o f  w hich 6 were weaned a t 

21 days*



L i t t e r  born 1. 2 .34 (o o n td .)

R a t. No » Sex B ie t  N otes

1,3 1 F Mated a t 123 • On

I 2 7 . 6 .3 7  l i t t e r  born ?

number; found dead and in  

\ p ro cess  o f  b e in g  ea ten  by

m other. On 28 . 6 .5 7  4 of 

Hat 1 2 9 fs l i t t e r  were
M .S .I .

f o s te r e d  to  Rat 1 3 1 ,  of 

w hich a l l  were w-eaned a t  

21 days.

1 3 4  M /
/

1 3 6  M. F e d  fo r  l 6 c  d a y s .

132 F \
X3 3  f  x  :

i ! 41
135 ’H

; /  '

137 M
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REGRESSION CF FOOD ADHEi-tING TO FUNNEL AND FRAME ON 

CHANGE IN WEIGHT IN FUNNEL AND FRAME 

o f  F ig .  (12 .). N = 23 

T h e o r e t ic a l  l in e a r  e q u a tio n  inhere F i s  fo o d  adh ering  to  

fu n n e l and frame i n  g and C i s  change in  w eigh t in  

fu n n e l and frame i n  g : -

F = a  + b(C -■ TZ)

Computed l in e a r  e q u a tio n :-

F » 0 .3 8 5  + 0 .4 1 7 (0  -  I . I 7 1 ) 

i . e .  F = 0.417C -  0 .1 0 4  

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  h from  

z e r o .

Source o f  Crude D .F . Mean V ariance t  P
V arian ce Sq uares Squares R atio

R e g r e ss io n  1*009 1 1 .009  149 .26  1 2 .2  < 0 .0 0 1

R e s id u a l 0 .1 4 2  21 0 .0 0 6 8

T o ta l 1 .1 5 1  22 0 .0523

S tan d ard  Error o f  a  = 0 .0 1 7 2

Standard E rror o f  b  ̂ 0 .0 3 4 2

Stan dard  Error o f  In te r c e p t  on F a x is  = 0 .0 4 ;



T able ( l c )

REGRESSION OF URINARY 3 Old Do OK URINARY NITROGEN

• o f  F ig .  ( 1 3 ) .  N = 21 

T h e o r e t ic a l  l in e a r  eq u a tio n  where S i s  u r in a ry  s o l id s  in  g 

and U i s  u r in a ry  N itro g e n  in  m g:- 

S  « a + b(U -  IT)

Computed l in e a r  e q u a t io n ;-

S -  0 .8 8 1  +  Q.0041(U -  1 7 2 .570 )  

i . e .  S «= 0 .1 7 4  + 0.0041U  

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 .

Source o f  
V arian ce

Crude
Squares

B .F . Mean V ariance  
Squares R atio

t P

R e g r e ss io n I.O 33 1 1 .0 3 3  218.038 1 4 .7 6 <0.001

R e s id u a l 0 .0 9 0 19 0 r0047

T o ta l 1 .1 2 4 20 0 .0 5 6 2

Standard Error of a = 0*015
Standard Error of b = Q.QG03
Standard Error of Intercept on S axIs » 0.



Table ( l l )

REGRESSION OP ENERGY EXPENDITURE ON BODY WEIGHT

o f  Fig*. ( 2 0 ) .  N = 2.6

T h e o r e t ic a l  l in e a r  e q u a tio n  where E i s  energy expend itu re  

in  k c a l and W i s  body w e ig h t in  g ; -  

E = a 4  b(W -  W)

Computed l in e a r  e q u a t io n ;-

E »  3 2 .9 5  + 0 .O833(v  -  151 . 369)

i . e .  E = 2 0 .3 4  4  O.O833W 

A n a ly s is  o f  R e g r e s s io n . D iffe 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  
Y ariance

Crude. 
Squares

D .F . Mean
Squares

V ariance t  P 
R atio

R e g r e ss io n 729 .627 1 729.627 83 .0 4 0  9 .1 1  < 0 .0 0 1

R e s id u a l 2 10 .875 24 8 .786

T o ta l 9 4 0 .5 0 2 26

Standard Error of a = 0.581
Standard Error of b = 0.0029
Standard Error of Intercept on E axis = 0.4273



Table (12)

REGRESSION OF ENERGY EXPENDITURE CN ABSORBED FOOD ENERGY

- c f  F ig .  ( 2 7 ) .  N »  26

T h e o r e t ic a l  l in e a r  e q u a tio n  where E i s  energy exp en d itu re  

i n  k c a l  and N i s  absorbed fo o d  energy i n  k o a l : -  

E = a 4  b(N -  N)

Computed l in e a r  e q u a t io n ;-

E ~ 3 2 .9 5  + 0 .4 8 9 8 (N — 4 4 .3 7 2 )  

i . e .  E ~ 1 1 .2 2  4  O.490N 

A n a ly s is  o f  R e g r e s s io n . D iffe 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 arian ce

Crude
Squares D .F .

Mean
Squares

V ariance
R atio

t  P

R e g re ss io n 7 4 7 .8 0 2 1 747 .802 -93.138 9 .6 5  < o .o c :

R e sid u a l 192 .700 24 8 .029

T o ta l 9 4 0 .5 0 2 25

Standard Error of a = 0.55
Standard Error of b = 0.0507
Standard Error of Intercept on E" axis 2 .3196



T ab le  ( 1 3 )

REGRESSION OF NON-PROTEIN R .Q .. ON THE RATIO OF INGESTED 

ENERGY TO ENERGY EXPENDITURE ( g/ e )

c f  F ig ,  ( 2 8 ) . N = 119

T h e o r e t ic a l  l in e a r  eq u ation  where R i s  d a i ly  r ion -p ro te in  

R.Q . and B i s  the r a t io  G/Er- 

R 5 s  *f b_(D ^0 

Computed l in e a r  e q u a tio n ;-

R » 0 ,9 2 9  *  0 ,085(B  -  1 ,3 7 )

I . e .  R = 0 .8 1 1  *  0.085B  

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 .

Source o f  
V arian ce

Crude
Squares

D .F . Mean
Squares

Varianoe
R atio

t P

R e g r e ss io n 0 .0 5 0 1 0 .0 5 0 3-877 1 .9 8 0 .0 5

R e s id u a l 1 .5 1 7 117 0 .013

T o ta l 1 .5 6 8 118

S tan d ard  Error o f  a  = 0 .0 1 0 4

Standard E rror o f  b = 0 .0 4 3 1

Standard Error o f  I n te r c e p t  on R a x is  = 0 .0 6 0 4



REGRESSION OF NON-PROTEIN R.Q . ON THE RATIO OF ABSORBED 

ENERGY TO ENERGY EXPENDITURE (]^/e )

o f  F ig .  ( 2 9 ) .  N «  119

T h e o r e t ic a l  l in e a r  eq u ation  where R i s  d a i ly  n o n -p r o te in  

R .Q . and A i s  th e  r a t io  N /E :-  

R =- a + b(A -  T j  

Computed l in e a r  e q u a t io n :-

R = O.929 + 0 .1 1 0 (A  -  1 .3 3 7 )  

i . e .  R = 0 m~JQl Hir O.llOA  

A n a ly s is  o f  R e g r e ss 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 

a e r o .

Source o f  
V ariance

Grude
Squares

D .F . Mean
Squares

Variance t  
R atio

P

R e g r e ss io n 0 .0 8 1 0 1 0 .0810 6 .3 7 8  2 .89 0 .0 1

R e s id u a l 1 .4 8 7 117 0 .0127

T o ta l 1 .5 6 8 118

Stan d ard  Error o f  a  -  0*0103

Standard Error o f  b ~ 0 .0 4 3 6

S tandard  E rro r  of I n t e r c e p t  on R ax is  = 0.0592



T ab le  ( 1 5 )

REGRESSION OF URINARY NITROGEN ON INGESTED ENERGY

o f  F ig .  ( 3 5 ) .  N « 26

T h e o r e t ic a l  l in e a r  e q u a tio n  ichere N is . u r in a ry  n itr o g e n  

i n  mg and G is , in g e s te d  energy i n  k c a l ; -  

N *  a *  b(G -  G)

Computed l in e a r  eq u a tio n  ( fo r  j o in t  r e g r e s s io n  o f  3 s e r i e s )  

N = 158 .23  + 5 *08(G -  4 5 .8 1 )  

i . e .  N = 5 .O8G -  74 .48  

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 .

Source o f  
V ariance

Crude
Squares

B .F . Mean
Squares

V ariance t  P 
R atio

J o in t
R e g r e ss io n

62421 .35 1 62421 .35 6 1 .8 5  7 >S7 0 .c o i

R e s id u a l 22201 .67 22 1 0 0 9 .1 7

T o ta l 8 46 2 3 .0 2 23

Standard Error o f  a  = 6 *2309

S tan d ard  E rror o f  b ~ 0 .6 4 6 2

Standard E rror o f  In te r c e p t  on N a x is  = 3Q .35I 8



T able ( l6 )

REGRESSION OF FAECAL JiNERGY ON INGESTED ENERGY

o f  F ig .  ( 30 ) . N 5  26

T h e o r e t ic a l  l in e a r  e q u a tio n  mhere B i s  f a e c a l  energy in  

k a a l and G i s  in g e s t e d  energy i n  k c a l ; -

D = a 4  b(G -  ff)

Computed l in e a r  e q u a t io n :-

D = 1 .4 6 6  4- 0 .0 2 8 6 (G -  4 5 .8 0 7 )  

i . e .  D = 0 .1 5 7  4  0.0286G  

A n a ly s is  o f  R e g r e s s io n . D iffer en ce , o f  c o e f f i c i e n t  b from  

z e r o .

Source o f  
V arian ce

Crude
Squares

D .F . Mean
Squares

V ariance
R a tio

t  P

R e g r e s s io n 2 .6 9 8 1 2 .698 2 1 .9 5 2 4 .6 9  c o . c c i

R e s id u a l 2 .949 24 0 .123

T o ta l 5 .6 4 7 25

Stan d ard  Error o f  a  = O.O687

Standard E rror o f  b «  0 .0 0 6 l

Stan dard  Error o f  I n te r c e p t  on B a x is  *  0 .3 8 2 1



REGRESSION OF WEIGHT OF HEY FAECES ON WEIGHT OF FOOD

ot  F ig .  ( 3 6 ) .  N =-• 130

T h e o r e t ic a l  l in e a r  eq u a tio n  where H i s  w eigh t o f  dry

f a e c e s  i n  g and I  i s  w e ig h t o f  fo o d  i n  g ; -

H = a + b ( l  -  T)

Computed l in e a r  e q u a t io n :-

H = 0 .4 3 7  +  0 . 0415(1  -  IO .I51}

i . e .  H = 0 .0 1 6  + 0 .0 4 1 5 1

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  h from  

z e r o .

Source o f  
V arian ce

Crude
Squares

D .F . Mean Y arianae t  P 
Squares R a tio

R e g r e ss io n 1 .9 2 4 0 1 1 .9 2 4 0  100 .7320  1 0 .0 4  < 0 .0 0 1

R e s id u a l 2 .4 3 8 8 128 0 .0 1 9 1

T o ta l 4 .3 6 2 8 129

Standard  Error o f  a 5  0 .0 1 2 6

Standard Error o f  h * 0 .0 0 4 1

Standard  Error o f  I n te r c e p t  on H a x is  ® 0 .0 4 3 8



Table (18 )

REGRE33I0K OF VAP0RI2EX) ,/ATEi, OK BODY ’/EIGHT (ABOVE

. 120 GRAMS)

e l  F ig .  ( 4 1 ) .  N = 17

T h e o r e t ic a l  l in e a r  eq u a tio n  where V = vap or ized  w ater  i n  g  

and W i s  body w e ig h t i n  g : -

V = a + b(W -  W)

Computed l in e a r  e q u a tio n

V = 16 .23  + 0.0621(W  -  184 .38 )  

i . e .  V = 1 5 .8 4  + 0.0021W

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  

zero.

Source o f  
V ariance

Crude
Squares

D .F . Mean V ariance t  P 
Squares R atio

R e g r e ss io n 1 .233 1 1 .2 3 3  0 .0079  O.O6S9 Not
s i g n i f i c a n

R e sid u a l 4 2 5 .7 4 6 15 2 8 .383

T o ta l 426 .9 7 9 16

S tandard  E rro r  o f  a = 1*2921

Standard  E rro r  o f  b = 0.0317

S tandard  E rro r  o f  I n te r c e p t  on V ax is  =. 5*9919



T able ( 19}

,h.j2»biviiib o ICh Oi* ValGn.1 ijiiijJ falL'iuxi ul\ BODY if EIGHT ( xlBOVE

120 grams)

c f  F ig ,  (4 1 ) . N at 10

T h e o r e t ic a l  l in e a r  e q u a tio n  where V i s  v a p o r ized  w ater  in  g 

and W i s  body w eigh t i n  g;-~

Y = -a *  b(w -  W)

Computed l in e a r  e q u a t io n ;-

V = 1 2 .96  +. 0 .0 8 9 4 (W -  84 .81 )  

i . e .  V -  5*38 + 0.0894W

A n a ly s is  o f  R e g r e ss io n . D iffe 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 ariance

Crude
Squares

D .F . Mean
Squares

V ariance
R atio

t  p

R e g r e ss io n 4 0 .1 4 9 1 4 0 .1 4 9 1 9 .7 9 7 4 .4 6  < 0 .0 1

R e s id u a l 16 .209 8 2 .028

T o ta l 56 .3 5 8 9

Standard Error o f  a = 0 .4 5 0 3

Standard E rror o f  b -  0 .0 2 0 1

S tandard  Error o f  I n te r c e p t  on Y a x is  = 1 .7 6 1 4



Ta o le  ( d.0)

ANALYSIS OF VAELANOa Gif EKE]EGY EXPENDITURE

N = 1 2 2 . (N (p lan ned) = 135; M iss in g  v a lu e s  = 1 3 )

Source o f  
V ariance

Crude
Squares

D .F . Mean J v V a r ia n c e  P 
Squares R atio

Between  
5 day runs

4531 .2915 8 566 .4114

Betw een days 
w ith in  runs

13 .8941 4 3 .4735  .

Between
s e r i e s

313 .8650 2 156 .9331

Error 4 3 6 .8 8 107 4 .0 8 3 0

Com pleted
T o ta l

5295*93 121

O r ig in a l
T o ta l

4 7 0 7 .6 2 121

Betw een  
5 day runs  ̂
(c o r r e c te d )

4 0 2 7 .8650 8 503 .4831  1 2 3 .3  < 0 .001

Between days 
w ith in  runs 
(c o r r e c te d )

12 .3505 4 3 .0876 0 .7 5 6  Not
s ig n if ic a iT

Betw een
s e r i e s
(c o r r e c te d )

278 .9945 2 139 .4973  3 4 .1 6 5  <0 .0 0 1

I
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