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1.
INTRODUCTION

The s t o r y  o f  p y r i d o x i n  beg an  in  1926 when G o ld b e rg e r  

and - L i l l i e  r e p o r t e d  t h a t  r a t s  f e d  a d i e t  d e f i c i e n t  i n  w hat 

was r e g a r d e d  a s  t h e  p e l l a g r a - p r e v e n t i n g ( P - P )  f a c t o r  d e v e lo p e d  

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

v i ta m in  B com plex was r e a l i s e d , t h e  s e p a r a t e  n a tu r e  o f  

G o ld b e rg e r  and  L i l l i e * s  f a c t o r  -  w hich  by t h i s  t im e  had  been  

v a r i o u s l y  c a l l e d  " f a c t o r  Y!l (C h ick  and C o pp ing , 1930) , t h e  

" a n t i d e r m a t i t i s  f a c to r " ( H o g a n  and R i c h a r d s o n , 1 9 3 6 ) , " v i t a m in  H" 

( B o o h e r ,1 9 3 7 ) , and  " f a c t o r  l " (L e p k o v s k y ,J u k e s  and  K r a u s e ,1 9 3 6 ) -  

was r e c o g n i s e d ,a n d  G yorgy ' s ( l 9 3 4 )  s u g g e s t i o n  t h a t  i t  be  

c a l l e d  " v i ta m in  BgM was g e n e r a l l y  a c c e p te d .  V i ta m in  Bg was 

i s o l a t e d  a s  a p u re  c r y s t a l l i n e  o r g a n ic  compound in  1 9 3 8 ,and 

th e  f o l lo w in g  y e a r  i t s  s t r u c t u r e  was known and  i t  was 

s y n t h e s i z e d  by H a r r i s  and R o l k e r s ( l9 3 9 )  i n  th e  U n i te d  S t a t e s ,  

and by Kuhn,-W estphal,W endt and  W e s tp h a l ( l9 3 9 )  i n  Germany.

A s h o r t e r  name th a n  2 -m e th y 1 - 3 - hydroxy  4 ,5  d ih y d ro x y m e t-  

h y l p y r i d i n e  was n e e d e d  and  b i o l o g i s t s  welcomed th e  s u g g e s t i o n  

o f  Gyorgy and E c k h a r d t (1939) t h a t  t h i s  new s u b s ta n c e  be c a l l e d  

" p y r i d o x in " .  "V itam in  Bg" and  " p y r id o x in "  a r e  o f t e n  r e g a r d e d  

l o o s e l y  a s  sy n o n y m s,b u t  a s  two o t h e r  s u b s ta n c e s  -  p y r i d o x a l  

and  p y r id o x a m in e ,a n  a ld e h y d e  and  an  amine d e r i v a t i v e  r e s p e c t 

i v e l y  o f  p y r i d o x i n ( S n e l l , 1 9 4 4 )  -  p o s s e s s  th e  same b i o l o g i c a l  

a c t i v i t y  i n  h ig h e r  a n im a l s ,R a b in o w i tz  and  S n e l l ( l 9 4 8 )  have 

s u g g e s te d  t h a t  th e  name " p y r id o x in "  be r e s e r v e d  f o r  t h e



s p e c i f i c  s u b s ta n c e  m e n t io n e d  a b o v e ,a n d  t h a t  " v i ta m in  Bg" 

sh o u ld  be u s e d  a s  a  g roup  te rm  f o r  p y r i d o x i n , p y r i d o x a l  and  

p y r id o x a m in e .  The s t r u c t u r e  o f  t h e s e  compounds i s  shown i n  

F i g . 1.

,0H

CH

GHO

OHoOH HOHO

CHch3 3

P y r i d o x i n P y r i d o x a l

F i g . 1 . S t r u c t u r e  o f  P y r i d o x i n , P y r i d o x a l  and  
P y r id o x a m in e

P y r i d o x i n  i s  e s s e n t i a l  f o r  m i c e , r a t s , c h i c k s , d o g s , s w i n e  

a n d , p o s 8 i b l y , m onkeys*aad g ro w th  f a i l u r e , o w i n g  t o  a n o r e x i a ,  

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

A l s o , i n  r a t s , p y r i d o x i n  d e f i c i e n c y  c a u s e s  d e r m a t i t i s  -  th e  

s o - c a l l e d  " r a t  a c r o d y n i a ” ^ B irc h ,G y o rg y  and  H a r r i s , 1935) -  a n d ,  

i n  l o n g - s t a n d i n g  c a s e s , e p i l e p t i f o r m  f i t s ( C h i c k , f i l  S a d r  and 

W orden ,1 9 4 0 ) ;w h i l s t  i n  d o g s (F o u ts  e t  a l . .1938) and  sw ine  

(W in trobe  e t  a l . .1943 )  hypochrom ic  m ic r o c y t i c  anaem ia  has 

b e e n  d e s c r i b e d .

P y r id o x in  i s  im p o r ta n t  i n  p r o t e i n  m e ta b o l ism . Normal 

t r y p to p h a n  m e ta b o l ism  i s  i n t e r f e r e d  w i t h  i n  p y r i d o x i n - d e f i c 

i e n t  r a t s  and  m e t a b o l i t e s  su c h  a s  x a n th u r e n ic  a c i d  a r e  

e x c r e t e d  i n  th e  u r in e (L e p k o v sk y ,K o b o z  and  H a a g e n -S m it ,1 9 4 3 ) .



B a c t e r i a  c a p a b le  o f  u t i l i s i n g  members o f  th e  v i ta m in -B g  

c o m p l e x ( p y r i d o x i n ,p y r id o x a l  and  p y r id o x a m in e )  c an  c o n v e r t  

them i n t o  amino a c i d  d e c a r b o x y l a s e s .  F o r  e x a m p le ,p y r id o x a l  

can  a c t  a s  a coenzyme and c a t a l y s e  th e  d e c a r b o x y l a t i o n  o f  

amino a c i d s  su c h  a s  t y r o s i n e ( G u n s a l u s  and  B e l la m y ,1 9 4 4 ) .

SCOPS OF THESIS 

PART 1 . A n t ib o d y  P r o d u c t io n  i n  P y r i d o x i n - d e f i c i e n t  R a t s .

S t o e r k  and S i s e n ( 1 9 4 6 )  and S t o e r k ,E i s e n  and  J o h n ( l9 4 7 )  

r e p o r t e d  t h a t  p y r i d o x i n - d e f i c i e n t  r a t s  imm unized w i th  sheep  

e r y t h r o c y t e s  d e v e lo p e d  s e r u m -a n t ib o d y ( h a e m a g g lu t in in )  l e v e l b  

f a r  be low  th o s e  o f  i n a n i t i o n  c o n t r o l  r a t s  and  o f  r a t s  f e d  a 

co m p le te  d i e t  ad  l i b i t u m . They a l s o  r e p o r t e d  a s t r i k i n g  

r e d u c t i o n  i n  t h e  number o f  f i x e d  and  c i r c u l a t i n g  ly m p h o c y te s  

i n  p y r i d o x i n - d e f i c i e n t  r a t s .  I t  seemed o f  i n t e r e s t  t o  a t t e m p t  

t o  c o n f i rm  and  e x te n d  t h e s e  f i n d i n g s , a n d  th e  f i r s t  p a r t  o f  

t h i s  t h e s i s  i s  d e v o te d  t o  t h i s  work.

PART, g . H a e m a tu r i a ^ i n - P y r i d o x in - d e f  i c i e n t  R a t s .

D u r in g  th e s e  e x p e r i m e n t s ( t o  be d e s c r i b e d  i n  P a r t  1) 

on a n t ib o d y  p r o d u c t i o n  i n  p y r i d o x i n - d e f i c i e n t  hooded r a t s ,  

g r o s s  m a c ro sc o p ic  h a e m a tu r ia  was n o te d  i n  s e v e r a l  a n im a ls  

f e d  th e  p y r i d o x i n - d e f i c i e n t  d i e t  b u t  n o t  i n  c o r r e s p o n d in g  

c o n t r o l  r a t s .  The se co n d  p a r t  o f  t h i s  t h e s i s  i s  c o n c e rn e d  

w i th  a d e t a i l e d  s tu d y  o f  t h i s  phenomenon.



4.

PART 1, ANTIBODY PRODUCTION IN PYRIDOXIN-DEFICIENT RATS

As m en t io n e d  a b o v e ,S to e r k  and  E i s e n ( l 9 4 6 )  and  S t o e r k ,  

E is e n  and J o h n ( l9 4 7 )  r e p o r t e d  t h a t  p y r i d o x i n - d e f i c i e n t  r a t e  

immunized w i th  sh eep  e r y t h r o c y t e s  d e v e lo p e d  s e ru m -a n t ib o d y  

( h a e m a g g lu t in in )  l e v e l s  f a r  be low  th o s e  o f  i n a n i t i o n  c o n t r o l  

r a t s  and  o f  r a t s  f e d  a c o m p le te  d i e t  ad  l i b i t u m . A x e l ro d ,  

G arte r ,M cC oy  and  G e i s i n g e r ( l 9 4 7 ) , u s i n g  human e r y t h r o c y t e s  

a s  an  a n t i g e n i c  s t i m u l u s , o b t a i n e d  s i m i l a r  r e s u l t s .  I t  

seemed o f  i n t e r e s t  t o  a t t e m p t  t o  c o n f i rm  t h e s e  f i n d i n g s  and  

t o  u se  n o t  o n ly  sh eep  e r y t h r o c y t e s  b u t  a l s o  a  k i l l e d  c u l t u r e  

o f  a p a th o g e n ic  o rg a n is m fB a c t e r i um typhosum . F u r t h e r ,D i m i c k  

and  S c h r e f f l e r ( l 9 3 9 )  o b s e rv e d  " c o m p le te  a t r o p h y "  o f  th e  

thymus i n  p y r i d o x i n - d e f i c i e n t  r a t s ; a n d  a s  S t o e r k  e t  a l . 

(1947) r e p o r t e d  a  s t r i k i n g  r e d u c t i o n  i n  t h e  number o f  f i x e d  

and  c i r c u l a t i n g  ly m p h o cy tes  i n  p y r i d o x i n - d e f i c i e n t  r a t s , i t  

seemed w o r th  s tu d y i n g  th e  e f f e c t  o f  p y r i d o x i n  d e f i c i e n c y  on 

lym phoid  t i s s u e  i n  th e  r a t , p a r t i c u l a r l y  a s  th e  work o f  

W hite  and D o u g h e r ty ( l9 4 6 )  i n d i c a t e d  th e  im p o r ta n c e  o f  th e  

lym phocyte  i n  a n t ib o d y  p r o d u c t i o n  by  v i r t u e  o f  th e  

e l a b o r a t i o n  o f  g a m m a-g lo b u lin .

METHODS

Hooded L i s t e r  I n s t i t u t e  r a t s ( R o w e t t  I n s t i t u t e  s t r a i n )  

o f  b o t h  s e x e s  w ere  u s e d .  They w ere h o u sed  i n  i n d i v i d u a l  

c a g e s  w i th  w ide w i r e - s c r e e n e d  b a s e s  t o  p r e v e n t  co p ro p h ag y .



U n l im i te d  a c c e s s  t o  w a te r  was a l l o w e d ,a n d  th e y  w ere w eighed

d a i l y .

DIET. The a n im a ls  w ere  weaned and  m a in ta in e d  on th e  

s y n t h e t i c  d i e t  shown i n  T a b le  1. The B -com plex v i t a m i n s  

(T a b le  l ) , e x c e p t  c h o l i n e ,w e r e  made up i n  a ‘ m a s te r  mix* 

w hich  was s t o r e d  a t  0 -4°C . An a p p r o p r i a t e  amount o f  t h i s  

pow der was t h o r o u g h ly  m ixed w i t h  th e  c a s e i n  o f  th e  d i e t .

/ /  Table i. Composition of the experimental diet
y Vitam in supplem ents added to casein O ther vitam in supplem ents v

A m ount and  
Supplem ent m ethod o f  feeding

C holine chloride 15 m g./rat/day. 30 m g.
in o* 1 m l. distilled  

, water fed by pipette .
jn * every alternate day

R adiostoleum  (^yn- 5 m L/250 g. margarine
thetic vitam iitsD ,
B .D .H . L td .) 

a-T ocopheryl acetate 2 m g./rat/w eek. Fed  
in  arachis oil by  
pipette

* Pyridoxin-H C l was fed to control anim als only.

Content m g./ioo  g.
Foodstuff (% ) Vitam in diet

Sucrose 73 '° (-Inositol IO'O
Vitam in-free casein i8-o p-A m inobenzoic acid IO'O

(G laxo Lab. Ltd.) N icotin ic acid 4-0
Margarine 5-o Ca-pantothenate 2-0
Salt mixture (M c 4 -o Riboflavin 0-3

Collum  185 + 0 '22I Aneurin o -3
g. potassium  iodide/
kg. Pyridoxin-H C l* o -3

DESIGN OF EXPERIMENT, P r e l i m i n a r y  s t u d i e s  i n d i c a t e d  t h a t  

w e a n l in g  r a t s  f e d  th e  p y r i d o x i n - d e f i c i e n t  d i e t ( T a b l e  l )  

f a i l e d  t o  grow a s  r a p i d l y ,o w i n g  to  a n o r e x i a , a s  l i t t e r - m a t e s  

r e c e i v i n g  th e  same d i e t  w i t h  p y r i d o x i n .  Any d i f f e r e n c e s , e . g ,  

i n  a n t ib o d y  t i t r e s  o r  thymus w e ig h ts ,b e tw e e n  a p y r i d o x i n -  

d e f i c i e n t  r a t  and  a f u l l y  su p p le m e n te d  r a t  m ig h t t h u s  be 

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

i n a n i t i o n .  F a i l u r e  t o  make a l lo w a n c e  f o r  t h i s  i n  t h e  d e s ig n  

o f  th e  e x p e r im e n t  makes i t  im p o s s ib le  o r , a t  b e s t , d i f f i c u l t  

t o  d i f f e r e n t i a t e  e f f e c t s  r e s u l t i n g  from  s im p le  f a i l u r e  o f  

t h e  r a t  t o  g ro w ,fro m  e f f e c t s  s p e c i f i c a l l y  r e f e r a b l e  t o  l a c k



6 .

o f  th e  p a r t i c u l a r  v i t a m in  i n  q u e s t io n .

The p r e l i m i n a r y  e x p e r im e n ts  m e n t io n e d  above i n d i c a t e d  

t h a t  " i n a n i t i o n  c o n t r o l s "  w ere e s s e n t i a l , end  two m ethods -  

p a i r e d - f e e d i n g  and  p a i r e d - w e i g h i n g  -  were c o n s i d e r e d .

B e fo re  d i s c u s s i n g  t h e s e  m ethods i t  s h o u ld  be p o i n t e d  o u t  

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

p y r i d o x i n  d e f i c i e n c y  and  o c c u r s , f o r  e x a m p le , i n  d e f i c i e n c y  

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

P a i r e d - f e e d i n g  c o n s i s t s  i n  making a n o t h e r  r a t  

i s o c a l o r i c  w i th  th e  r a t  f e d  th e  d e f i c i e n t  d i e t  by f e e d i n g  

t h i s  c o n t r o l  r a t  th e  same amount o f  f o o d , p l u s  th e  s p e c i f i c  

v i ta m in ,c o n su m e d  by th e  a n im a l  f e d  th e  d e f i c i e n t  d i e t .

P a i r e d - w e ig h in g  c o n s i s t s  i n  m im ick in g  i n  a n o th e r  

r a t  th e  w e ig h t  cu rv e  o f  th e  r a t  f e d  th e  d e f i c i e n t  d i e t ,  

and  t h i s  i s  r e a d i l y  done by s im p le  u n d e r f e e d in g .  As i n  

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

T h is  i s  th e  m ost e x a c t i n g  -  and  hence  th e  m ost a c c u r a t e  -  

c o n t r o l  a v a i l a b l e  f o r  n u t r i t i o n a l  e x p e r im e n t s .  P a i r e d - f e e d i n g  

i s  n o t  su c h  a r e l i a b l e  c o n t r o l  a s  i t  does  n o t  n e c e s s a r i l y  

r e s u l t  i n  t h e  w e ig h t  c u rv e  o f  th e  p a i r e d - f e d  r a t  p a r a l l e l i n g  

t h a t  o f  th e  r a t  f e d  th e  d e f i c i e n t  d i e t .  T h is  o n ly  o c c u r s  i n  

s h o r t - t e r m  e x p e r im e n t s .  A t th e  end  o f  a  l o n g - te r m  e x p e r im e n t  

( P i g . 2) w i t h  a q u a r t e t  o f  l i t t e r - m a t e  r a t s  o f  th e  same se x
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f f j g . 2 . E f f e c t  o f  p a i r e d - f e e d i n g  and
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t h a t  o f  th e  p v r i d o x i n - d e f i c i e n t  
r a t  ( s e e  t e x t ) .



and o f  th e  same i n i t i a l  w e i g h t , a  d i f f e r e n c e  o f  o v e r  40 

grams was fo u n d  b e tw een  th e  p a i r e d - f e d  c o n t r o l  r a t  and  i t s  

p y r i d o x i n - d e f i c i e n t  l i t t e r - m a t e .  The g ro w th  c u rv e  o f  th e  

p a i r e d - w e ig h e d  r a t  was th e  s a m e ,w i th  s l i g h t  d a i l y  v a r i a t i o n s  

o f  n o t  more th a n  5 g r a m s ,a s  th e  p y r i d o x i n - d e f i c i e n t  r a t , a n d  

hence  b o t h  g ro w th  c u rv e s  a r e  r e p r e s e n t e d  by one l i n e  i n  F i g . 2. 

P re su m a b ly  th e  p a i r e d - f e d  c o n t r o l  r a t , a l t h o u g h  i s o c a l o r i c  

w i th  t h e  p y r i d o x i n - d e f i c i e n t  r a t  t h r o u g h o u t  th e  e x p e r im e n t ,  

u t i l i z e d  i t s  fo o d  more e f f i c i e n t l y  owing t o  s u p p le m e n ta t io n  

w i th  p y r i d o x i n .

T h ro u g h o u t t h i s  work th e  p a i r e d - w e i g h i n g  t e c h n iq u e  was 

u s e d , a l t h o u g h  i n  one e x p e r im e n t  a few p a i r e d - f e d  c o n t r o l s  

were a l s o  u s e d .  Each e x p e r im e n t  i n  th e  p r e s e n t  s e r i e s  

in v o lv e d  th e  u se  o f  s e v e r a l  t r i o s  o r  q u a r t e t s  o f  l i t t e r -  

mate w e a n l in g  r a t s  o f  t h e  same se x  and a p p ro x im a te ly  th e  

same w e i g h t , t h e  a n im a ls  i n  e a c h  t r i o  o r  q u a r t e t  b e in g  

a r r a n g e d  th u s s

r a t  n o . 1 , f e d  th e  e x p e r im e n ta l  d i e t  a d  l i b i t u m  w i t h  
a l l  v i t a m in  su p p le m e n ts ;

r a t  n o . 2 , f e d  th e  d i e t  ad  l i b . w i t h  a l l  v i t a m in  
su p p le m e n ts  e x c e p t  p y r i d o x i n ;

r a t  n o . 3 , p a i r e d - w e ig h e d  w i th  r a t  n o . 2 b u t  g iv e n  
p y r i d o x i n ;

r a t  n o . 4 , i f  u s e d , p a i r e d - f e d  w i t h  r a t  n o . 2 b u t  g iv e n  
p y r i d o x i n .



The im p o r ta n c e  o f  l i t t e r - m a t e s  i n  th e  d e s ig n  o f  

n u t r i t i o n a l  e x p e r im e n ts  w i l l  be  d i s c u s s e d  i n  P a r t  2 w i t h  

s p e c i a l  r e f e r e n c e  t o  th e  s t a t i s t i c a l  a n a l y s i s  o f  two 

t y p i c a l  e x p e r im e n ts .

ANTIBODY EXPERIMENTS 1 .  Sheep Erythrocytes a s  Antigen

T h i r t y  w e a n l in g  r a t s  were u s e d  i n  t h e s e  s t u d i e s , t h e  

a n im a ls  b e in g  g ro u p ed  i n  t r i o s  o f  l i t t e r - m a t e s  o f  t h e  same 

sex  and  a p p ro x im a te ly  th e  same w e ig h t  a s  i n d i c a t e d  a b o v e .

On th e  42nd o r  4 3 rd  day o f  th e  e x p e r im e n t  e a c h  r a t  r e c e i v e d  

th e  f i r s t  o f  t h r e e  i n t r a p e r i t o n e a l  i n j e c t i o n s , w h i c h  w ere 

g iv e n  on a l t e r n a t e  d a y s ,o f  0 .5  m l. o f  a  S i  s a l i n e  s u s p e n s io n  

o f  sheep  e r y t h r o c y t e s .  F iv e  days a f t e r  th e  l a s t  i n j e c t i o n  

th e  r a t s  w ere b l e d  from  th e  a x i l l a r y  v e s s e l s  u n d e r  e t h e r  

a n a e s t h e s i a , a n d  th e  h a e m a g g lu t in in  t i t r e  o f  e a c h  serum  

d e t e r m in e d , tw o f o ld  d i l u t i o n s  from  1 i n  10 t o  1 i n  1280 

b e in g  u s e d .

2. B a c te r iu m  tvphosum  a s  A n t ig e n

T w enty-one w e a n l in g  r a t s  were a r r a n g e d  i n  t r i o s  a s  

i n d i c a t e d  a b o v e . I n  t h r e e  c a s e s  an  a d d i t i o n a l  i n a n i t i o n  

c o n t r o l ( p a i r e d - f e d )  was u s e d .  On th e  4 3 r d  day  o f  th e  

e x p e r im e n t  e a c h  a n im a l  r e c e i v e d  an i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  2 .0  m l. o f  a  f o r m o l i z e d  s u s p e n s io n ( * H 'a n t i g e n )  

oT B a c t .  t .v p h o s u m (s t ra in  K a s a u l i ) .  The serum s were s e t  up i n  

d i l u t i o n s  o f  1 i n  2 5 ,1  i n  5 0 ,1  i n  1 2 5 ,1  i n  2 5 0 ,1  i n  500,
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1 i n  1 0 0 0 ,1  i n  2500 and  1 i n  5 0 0 0 , i n c u b a te d  f o r  2 h o u rs  

a t  3 7 ° C . ,a n d  a l lo w e d  t o  s t a n d  o v e r n ig h t  a t  room te m p e r a tu r e  

b e fo r e  th e  a g g l u t i n a t i o n  t i t r e s  w ere  r e a d .

jiffiraOT Ob' PYRIDOXIN-iiEFICISNCY ON LYMPHOID TISSUE

E ig h te e n  t r i o s ( t w e l v e  m a l e , s i x  f e m a le )  o f  w e a n l in g  

r a t s , a r r a n g e d  a s  a b o v e ,w e re  u s e d .  H e p r e s e n t a t i v e  t r i o s  w ere  

k i l l e d  a f t e r  th e y  had  r e c e i v e d  th e  d i e t  f o r  p e r i o d s  r a n g in g  

from  14 t o  70 d a y s .  The a n im a ls  w ere  a n a e s t h e t i z e d  w i t h  

e t h e r , a n d  b lo o d  was t a k e n  from  th e  l e f t  a x i l l a r y  v e i n  f o r  

t o t a l  and  d i f f e r e n t i a l  w h i te  c e l l  c o u n t s .  The a n im a ls  w ere  

th e n  g a s s e d  and  th e  t h y m u s , s p l e e n , s u b m a x i l l a r y  lymph n o d e s ,  

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

r e t a i n e d  f o r  h i s t o l o g i c a l  e x a m in a t io n .  Gare i s  p a r t i c u l a r l y  

r e q u i r e d  i n  d i s s e c t i n g  o u t  t h e  thymus b e c a u s e  o f  th e  

p o s s i b i l i t y  o f  m i s t a k in g  a m e d i a s t i n a l  lymph node f o r  p a r t  

o f  th e  thymus(Agnew, 1948) • The a d r e n a l s  w ere  f i x e d  i n  4$> 

(w /v) f o r m a l i n ( t e n  p a r t s  com m erc ia l  f o r m a l i n  t o  n i n e t y  

p a r t s  o f  w a te r )  and  f r o z e n  s e c t i o n s  w ere  s t a i n e d  w i th  

S c h a r l a c h  R o r  Sudan b l a c k  B. The o t h e r  o rg a n s  were f i x e d  i n  

2 e n k e r - f o r m o l  o r  2 .0% (w /v) f o r m o l - s a l i n e ( f i v e  p a r t s  

com m erc ia l  f o r m a l in  t o  n i n e t y - f i v e  p a r t s  o f  no rm al s a l i n e )  

and 4 - 6 p a r a f f i n  s e c t i o n s  s t a i n e d  w i t h  h a e m a to x y l in  and  

e o s i n .



RESULTS

ANTIBODY £XPRRIMg«RTS Sheep Erythrocytes as Antigen

The d e t a i l e d  r e s u l t s  a r e  shown i n  T a b le  2. E ig h t  o f  

t e n  p y r i d o x i n - d e f i c i e n t  r a t s  had t i t r e s  l e s s  th a n  t h o s e  o f  

t h e i r  c o r r e s p o n d in g  ad  l i b , and i n a n i t i o n  c o n t r o l s , o n e  had  

a t i t r e  th e  same a s  i t s  i n a n i t i o n  c o n t r o l , a n d  o n ly  one had

— ^Table 2. Reciprocals of haemagglutinin titres of rats in different dietary g ro u p s \—  
y /  Dietary group V.

Sex Trio no.
Pyridoxin-
deficient

Paired-weighed
control A d  lib. control

M 1 10 80 80
M 2 10 80 80
M 3 0 40 20 »
M 4 10 20 20
M 5 40 40 20
F 6 0 80 40
F 7 0 80 20
F 8 40 80 80
F 9 40 20 20
F 10 10 20 40

*e th a n i t s i n a n i t i o n c o n t r o l . The t i t r e i

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

th a n  th o s e  o f  th e  c o r r e s p o n d in g  ad  l i b . c o n t r o l s , i n  f i v e  

c a s e s  th e  sa m e ,a n d  i n  o n ly  one c a s e  lo w e r .

2 . B a c te r iu m  tvphosum  a s  A n t ig e n

The d e t a i l e d  r e s u l t s  a r e  shown i n  T ab le  3 . R ive  o f  

sev en  p y r i d o x i n - d e f i c i e n t  a n im a ls  had  lo w e r  t i t r e s  th a n  

t h e i r  c o r r e s p o n d in g  i n a n i t i o n  c o n t r o l s , o n e  had a t i t r e  

th e  same a s  i t s  i n a n i t i o n  c o n t r o l , a n d  o n ly  one had a



1 2 .

h ig h e r  t i t r e  th a n  t h a t  o f  i t s  i n a n i t i o n  c o n t r o l .  M u l t ip l e

able 3. Reciprocals of agglutination titres of rats in different dietary 
/ groups immunized with a single injection of Bact. typhosum, 'H ' antigen

Dietary group

Sex Trio no.

/

Pyridoxin-
deficient

Inanition control
A

Paired-
weighed Paired-fed A d  lib. control

M 11 5° 250 250
M 12 50 500 50
M 13 25 2500 500
M 14 125 500 500 250
F IS 250 500 Soo 500
F 16 500* 250 250 500
F i 7 250 250 1000

* Probably an anamnestic response (i 
. . .  =  N o observation.

a b s c e s s e s  w ere  o b se rv e d  i n  th e  r i g h t  lu n g  o f  th e  r a t  i n  

Q u e s t io n  and  G ra m -p o s i t iv e  d i p h t h e r o i d  b a c i l l i  were s e e n  

in  p u s  from  t h e s e  l e s i o n s .  The h ig h  t i t r e  o b t a i n e d  was 

p r o b a b ly  an  a n a m n e s t ic  r e s p o n s e .  I n  t h r e e  c a s e s  th e  t i t r e s  

o f  t h e  i n a n i t i o n  c o n t r o l  a n im a ls  were h i g h e r  th a n  th o s e  o f  

th e  c o r r e s p o n d in g  ad  l i b , c o n t r o l s , i n  two c a s e s  th e  ssm e, 

and i n  two c a s e s  lo w e r .

EFFKCT OF PYRIDQX XN-.DEFICIEKCY ON LYMPHOID T IS S U E

S t r i k i n g  ch an g es  i n  lym phoid  t i s s u e  w ere o b se rv e d  

o n ly  i n  th e  thym us. F i g . 3 i n d i c a t e s  t h a t  th e  thymus 

g la n d s  o f  th e  p y r i d o x i n - d e f i c i e n t  a n im a ls  w ere  s m a l l e r  

(g . / lO O  g .b o d y -w e ig h t )  th a n  th o s e  o f  th e  c o r r e s p o n d in g  

i n a n i t i o n  and  ad  l i b . c o n t r o l  a n im a ls .  H i s t o l o g i c a l l y ,
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I .  N orm al rat thym us show ing cortico-m edullary differentiation, x 30,

T h ym u s o f  pyridoxin-deficient rat. N o te  absence o f  cortico-m edullary differentiation  
separation o f the atrophic lobules by thickened trabeculas. x  30.
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c o n t r o l s , k i l l e d  a f t e r  14 -70  days  on 
e x p e r im e n t .  T = T r io  o f  r a t s

m arked d e p l e t i o n  o f  ly m p h o cy tes  r e s u l t i n g  in  a d i s a p p e a r 

ance  o f  c o r t i c o - m e d u l l a r y  d i f f e r e n t i a t i o n ( F i g . 4 )  was a 

f e a t u r e  i n  m ost o f  th e  thym uses exam ined . The s p l e e n s  o f  

th e  p y r i d o x i n - d e f i c i e n t  r a t s  w e r e , i f  a n y t h i n g , l a r g e r  

(g . / lO O  g .b o d y -w e ig h t )  th a n  th o s e  o f  th e  c o r r e s p o n d in g  

i n a n i t i o n  and  ad  l i b , c o n t r o l s ( F i g . 5 ) and  h i s t o l o g i c a l l y  

s l i g h t  d e p l e t i o n  o f  ly m p h o cy tes  was n o te d  i n  o n ly  a few 

c a s e s .  The s u b r a a x i l l a r y  lymph nodes  o f  th e  p y r i d o x i n - d e f i c 

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

w e ig h t ( g . / lO O  g .b o d y -w e ig h t )  from  th o s e  o f  th e  c o r r e s p o n d in g  

c o n t r o l s ( F i g * 6 ) , a l th o u g h  h i s t o l o g i c a l l y  t h e s e  n o des  u s u a l l y  

showed some d e p l e t i o n  o f  ly m p h o cy tes  b u t  n o t  a s  s e v e r e  a s
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i n  th e  thym us. The t o t a l  w h i te  c e l l  c o u n ts  and  lym pho cy te  

c o u n ts  o f  th e  p y r i d o x i n - d e f i c i e n t  r a t s  d id  n o t  d i f f e r  

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

c o n t r o l  a n i m a l s , a l t h o u g h  th e  c o u n ts  i n  h o th  t h e s e  g ro u p s  

a p p e a re d  t o  he lo w e r  th a n  th o s e  o b t a i n e d  i n  th e  ad  l i b , 

c o n t r o l  a n i m a l s ( F i g . 7 ) .

C h ro n ic  s t a r v a t i o n  i s  known to  c a u se  a d e c r e a s e  i n  

w e ig h t  o f  lym phoid  t i s s u e ( s e e , e . g . , J a c k s o n , 1929)• I n d e e d ,  

th e  thymus i s  so  o u t s t a n d i n g  i n  t h i s  r e s p e c t  t h a t  i t  h a s  

be en  r e f e r r e d  t o  a s  a " b a ro m e te r  o f  n u t r i t i o n " *  I t  was 

e x p e c te d  t h a t  some e v id e n c e  o f  th e  e f f e c t  o f  i n a n i t i o n  

w ould  be s e e n  in  th e  p a i r e d - w e ig h e d  c o n t r o l s , a n d  to w a rd s  

th e  e n d (7 0  d ay s)  o f  th e  e x p e r im e n t  th e  th y m u s e s ( F ig .3 ) ,  

s p l e e n s ( F i g . 5 ) and c e r v i c a l  lymph n o d e s ( F i g . 6) became 

l i g h t e r  th a n  th o s e  o f  th e  c o r r e s p o n d in g  ad  l i b , c o n t r o l s .  

A lo w e r in g  o f  th e  t o t a l  w h i te  c e l l  c o u n t  and  lym phocy te  

c o u n t ( F i g . 7 ) was a l s o  o b s e r v e d ,a n d  t h i s  i s  i n  a g re e m e n t  

w i th  th e  r e c e n t  work o f  Boutwe1 1 ,B ru sh  and  R u s c h ( l9 4 8 ) .  

C u r io u s ly  e n o u g h , th e  r e d  c e l l  c o u n t  and  haem o g lob in  

p e r c e n t a g e  were e s s e n t i a l l y  u n a f f e c t e d , e v e n  i n  p r o lo n g e d  

p a r t i a l  i n a n i t i o n ( s e e  P a r t  2 , T ab le  1 0 ) .

The w e ig h ts  o f  th e  a d r e n a l  g la n d s  o f  th e  p y r i d o x i n -  

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

o f  th e  c o r r e s p o n d in g  i n a n i t i o n  c o n t r o l  r a t s ( F i g . 8 ) .
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F u r t h e r , h i s t o l o g i c a l  e x a m in a t io n  o f  f r o z e n  s e c t i o n s  o f  

th e  a d r e n a l s  s t a i n e d  w i t h  Sudan dyes d id  n o t  r e v e a l  s i g n s  

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

t h a t , w h a te v e r  t h e  m echanism o f  th e  thym ic  a t r o p h y  i n  

p y r i d o x i n - d e f i c i e n c y  may b e ,p y r i d o x i n  d e f i c i e n c y  does 

n o t  a c t  a s  a n o x io u s  s t im u lu s  and  c a u se  a m o d i f ie d  ’ a la rm  

r e s p o n s e 1(Sel y e ,1946) and  th u s  i n i t i a t e  thym ic  a t r o p h y  

by v i r t u e  o f  i n c r e a s e d  e l a b o r a t i o n  o f  a d r e n a l  c o r t i c a l  

hormone s e c o n d a ry  to  augm ented  p r o d u c t i o n  o f  a d r e n o c o r t i c -  

o t r o p h ic  hormone by  th e  a n t e r i o r  lo b e  o f  th e  p i t u i t a r y .

T h is  c o n f i rm s  th e  work o f  Deane and  S h a w ( l9 4 7 ) .  P r e l i m i n a r y  

e x p e r im e n ts  on th e  e f f e c t  o f  a d re n a le c to m y  on th e  w e ig h t  

o f  th e  thymus o f  p y r i d o x i n - d e f i c i e n t  r a t s  have  a l s o  t e n d e d  

to  c o n f i rm  t h e s e  o b s e r v a t i o n s .  F o r  e x a m p le ,a d re n a le c to m y  

had no a p p a r e n t  e f f e c t  on th e  thymus w e ig h t  o f  th e  

p y r i d o x i n - d e f i c i e n t  r a t  i n  t h e  e x p e r im e n t  r e p o r t e d  below*

T r i o ( s e e  above) o f  r a t s  f e d  s y n t h e t i c  d i e t  from  3 / 6 / 4 7 .  
A d re n a le c to m iz e d  on 2 7 / 7 / 4 7 ; and  d r i n k i n g  w a t e r  
r e p l a c e d  by 0 .9 ^  s a l i n e .  K i l l e d  15 days  l a t e r ( 1 1 / 8 / 4 7 ) .

Thvnpift
I n i t i a l  w e ig h t  W eight 2 7 /7 /4 7  D e a th  w e ig h t  (g . / lO O

g .b -w )  
0 .2 8 7  g .

0 . 220 g .

0 .1 1 7  g .

T e c h n i c a l l y , i t  was more c o n v e n ie n t  t o  a d r e n a le c to m iz e  

a f t e r  th e  r a t s  had  b e en  f e d  th e  e x p e r im e n ta l  d i e t  f o r

Ad l i b .
c o n t r o l  68 g .  1 9 2 .8  g .  1 9 4 .6  g .

I n a n i t i o n
c o n t r o l  64 g .  1 2 9 .4  g .  1 3 4 .4  g .

P y r i d o x i n -
d e f i c i e n t  63 g . 134 g . 1 3 0 .4  g .



some t im e  a s  i n  th e  e x p e r im e n t  r e p o r t e d  ab o v e .  A d r e n a le c 

tomy b e f o r e  f e e d i n g  th e  d i e t  was u n s a t i s f a c t o r y  a s  th e  

fo o d  i n t a k e s  and  w e ig h t  c u rv e s  became g r o s s l y  a l t e r e d ,  

and i t  was im p o s s ib le  t o  i n t e r p r e t  th e  r e s u l t s  a s  t h e  

a n im a ls  r e f u s e d  fo o d  and  d ie d  w i t h i n  a  few days  o f  th e  

o p e r a t i o n .  These  p r e l i m i n a r y  e x p e r im e n ts  were r e f e r r e d  to  

i n  a  p a p e r  on ’’A n tib o d y  P r o d u c t io n  i n  P y r i d o x i n - D e f i c i e n t  

R a t s ” (Agnew and  C o o k ,1 9 4 9 ) ,b u t  w h i le  t h i s  was i n  t h e  P r e s s ,  

S t o e r k ( l9 4 8 )  r e p o r t e d  t h a t  he had  o b s e rv e d  t h a t  a d r e n a l 

ectomy d id  n o t  m odify  t h e  e x t e n t  o f  lym phoid  a t r o p h y  i n  

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

DISCUSSION

The d a t a  p r e s e n t e d  i n  T ab le  2 s u g g e s t  t h a t  a d e f i c i e 

ncy  o f  p y r i d o x i n  c an  c a u se  a s t r i k i n g  r e d u c t i o n  i n  

c i r c u l a t i n g  h a e m a g g lu t in in s .  T hese  r e s u l t s  th u s  c o n f i r m  

th o s e  o f  S t o e r k  an d  R i s e n ( l9 4 6 )  and  S t o e r k  e t  a l . (1 9 4 ?)  

who a l s o  u s e d  sh eep  e r y t h r o c y t e s , a n d  o f  A x e l ro d  e t  a l .

(1947) who u s e d  human e r y t h r o c y t e s  a s  an  a n t i g e n i c  s t i m u l 

u s .  The e x p e r im e n ts  on th e  a n t ib o d y  r e s p o n s e  i n  r a t s  

a f t e r  i n j e c t i o n  o f  a k i l l e d  c u l tu r e ,* H *  a n t i g e n , o f  

BacC. ty p h o su m (T ab le  3) i n d i c a t e  t h a t  p y r i d o x i n  d e f i c i e n c y  

c a u s e d  a  p o o r  a n t ib o d y  r e s p o n s e  a f t e r  i n j e c t i o n  o f  t h i s  

a n t i g e n  a l s o .  T h ere  i s  some dou b t a b o u t  th e  s p e c i f i c i t y  o f  

p y r i d o x i n  d e f i c i e n c y  i n  c a u s in g  an  im p a i re d  a n t ib o d y  r e s p o n s e .
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S to e r k  e t  a l . ( l 9 4 7 )  o b s e rv e d  im p a i re d  a n t ib o d y  p r o d u c t i o n  

i n  p y r i d o x i n  d e f i c i e n c y  a l o n e , a n d  n o t  i n  d e f i c i e n c y  o f  

a n e u r i n , r i b o f l a v i n , o r  p a n t o t h e n i c  a c i d .  A x e l ro d  e t  a l .

( 1 9 4 7 ) , h o w e v e r ,w ith  human e r y t h r o c y t e s  a s  a n t i g e n ,  

r e p o r t e d  j u s t  a s  p o o r  an a n t ib o d y  r e s p o n s e  i n  p a n t o t h e n i c  

a c i d  d e f i c i e n c y , a n d  G a r t e r  and  A x e l ro d ( l9 4 8 )  n o te d  a 

d im in i s h e d  a n t ib o d y  r e s p o n s e  i n  a n e u r i n - d e f i c i e n t  r a t s .

These w o rk e rs  s u g g e s t  t h a t  th e  r e a s o n  f o r  th e  d i f f e r e n c e s  

be tw een  t h e i r  r e s u l t s  and  th o s e  o f  S t o e r k  e t  a l . (1947) may 

have been  due to  th e  d i f f e r e n c e  i n  s t r e n g t h  o f  th e  a n t i g e n i c  

s t im u lu s  u s e d .

The r e c e n t  d e m o n s t r a t io n  o f  th e  im p o r ta n c e  o f  th e  

lym phocy te  i n  a n t ib o d y  e l a b o r a t i o n ( s e e , e . g . W h i t e  and 

D o u g h e r ty ,1946) m igh t s u g g e s t  t h a t  th e  im p a i r e d  a n t ib o d y  

r e s p o n s e  i n  p y r i d o x i n  d e f i c i e n c y  i s  s e c o n d a ry  t o  th e  

* . . .  s t r i k i n g  l o s s  o f  f i x e d  and  c i r c u l a t i n g  ly m p h o c y te s . . . *  

( S t o e r k  e t  a l . .1 9 4 7 ) .  But i t  was o n ly  i n  th e  thymus t h a t  

ch an g es  were o b s e rv e d  w hich  c o u ld  be d e s c r i b e d  a s  ’ s t r i k i n g * .  

Only s l i g h t  d e p l e t i o n  o f  ly m p h o cy tes  was n o te d  i n  th e  s p l e e n s  

and  s u b m a x i l l a r y  lymph n o d e s  and  t h e s e  o r g a n s ( F i g s . 5 and  6) 

w ere n o t  l i g h t e r  th a n  th e  c o r r e s p o n d in g  o rg a n s  o f  i n a n i t i o n  

and  ad  l i b . c o n t r o l s *  In d e e d  th e  s p l e e n s  o f  th e  p y r i d o x i n -  

d e f i c i e n t  r a t s ( F i g . 5 ) w e r e , i f  a n y t h i n g , h e a v i e r  th a n  th o s e  

o f  t h e  c o r r e s p o n d in g  c o n t r o l s .  F u r t h e r , w i t h  r e g a r d  t o  th e  

number o f  c i r c u l a t i n g  ly m p h o c y te s ,n o  s i g n i f i c a n t  d i f f e r e n c e



2 1 .

was o b se rv e d  b e tw een  th e  c o u n ts  i n  th e  p y r i d o x i n - d e f i c i e n t  

a n im a ls  and  t h e i r  c o r r e s p o n d in g  i n a n i t i o n  c o n t r o l s .  I t  may 

w e l l  b e , h o w e v e r , t h a t  th e  t e c h n iq u e  o f  making o n ly  a 

s i n g l e  b lo o d  c o u n t  i n  e a c h  a n im a l  j u s t  b e f o r e  d e a t h  was 

n o t  s u f f i c i e n t l y  r e p r e s e n t a t i v e , a n d  t h a t  c o n s e c u t iv e  b lo o d  

c o u n ts  i n  th e  same a n im a l  d u r in g  th e  p e r i o d  on th e  d i e t  

would have b e en  more i n f o r m a t i v e .  Thymic a t r o p h y  i s  w e l l  

m arked i n  p y r i d o x i n  d e f i c i e n c y ( F i g s . 3 and  4) a l t h o u g h  

l e s s e r  d e g re e s  o f  a t r o p h y  have b e en  n o t e d , e . g .  i n  d e f i c i e 

ncy  o f  a n e u r i n , r i b o f l a v i n , a n d  p a n t o t h e n i c  a c i d .  S t o e r k  e t  a l . 

(1947) r e p o r t e d  t h a t  h i s t o l o g i c a l l y  c o r t i c o - m e d u l l a r y  

d i f f e r e n t i a t i o n  was n o t  l o s t  i n  th e  thymus o f  an  a n e u r i n -  

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

a n i m a l ( F i g . 4 ) ,a n d  t h e t  th e  e f f e c t  o f  a n e u r i n  d e f i c i e n c y  on 

lym phoid  t i s s u e  was n o t  so  p ro n o u n c e d .  F u r t h e r , a s  m en tio n ed  

a b o v e , d e s p i t e  th e  a t r o p h y  o f  lym pho id  t i s s u e , a n t ib o d y  

p r o d u c t i o n  i n  th e  a n e u r i n - d e f i c i e n t  r a t  was u n a f f e c t e d .

I t  would seem t h a t  th e  p o o r  a n t ib o d y  re s p o n s e  i n  p y r i d o x i n -  

d e f i c i e n t  r a t s  i s  n o t  s e c o n d a ry  t o  a t r o p h y  o f  lym phoid  

t i s s u e .  P y r i d o x i n  i s  o f  im p o r ta n c e  i n  p r o t e i n  m e ta b o l ism , 

e . g .  i n  t r y p to p h a n  m e ta b o l i s m ,a n d  a s  a coenzyme i n  th e  

d e c a r b o x y l a t i o n  o f  t y r o s i n e , a n d  i t  may b e , a s  s u g g e s t e d  by  

S t o e r k  e t  a l . ( 1 9 4 7 ) . th ro u g h  i n t e r f e r e n c e  w i th  some p h a se  

o f  a m in o -a c id  m e ta b o l ism  t h a t  d e f i c i e n c y  o f  p y r i d o x i n  

c a u s e s  an im p a i re d  a n t ib o d y  re s p o n s e  and  t h a t  th e
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‘ lym phoid  a t r o p h y  o c c u r r i n g  i n  p y r i d o x in e  d e f i c i e n c y  c o u ld  

c o n c e iv a b ly  be a c o n seq u en ce  o f  d e f e c t i v e  g l o b u l i n  s y n t h e s i s  

r a t h e r  th a n  i t s  c a u s e * ( S to e r k  e t  a l . 1 9 4 7 .-p.3 7 0 ) .

T h a t  th e  i n a n i t i o n  c o n t r o l  r a t s  e x h i b i t e d  a n t ib o d y  

t i t r e s  a t  l e a s t  a s  h ig h  a s  th o s e  o f  th e  ad  l i b . f e d  r a t s  

(T a b le s  2 and 3) i s  o f  i n t e r e s t  b e c a u se  o f  th e  f a i r l y  

s e v e re  r e s t r i c t i o n  o f  fo o d  i n t a k e .  S t o e r k  e t  a l ( l9 4 7 )  

r e p o r t e d  a s i m i l a r  te n d e n c y  i n  t h e i r  a n im a ls .  Cannon and  

h i s  c o l l e a g u e s ( e .g .C a n n o n ,C h a s e  and  W is s l e r ,1 9 4 3 )  have 

s t r e s s e d  th e  im p o r ta n c e  o f  a l o w - p r o t e i n  d i e t  i n  r a b b i t s  

a s  a c a u se  o f  d im in i s h e d  c a p a c i t y  t o  e l a b o r a t e  a n t i b o d i e s .  

The ty p e  o f  a n im a l  u s e d  and  th e  d e g re e  o f  fo o d  r e s t r i c t i o n ,  

p a r t i c u l a r l y  o f  p r o t e i n ,m a y  w e l l  have b e e n  r e s p o n s i b l e  f o r  

t h e s e  c o n f l i c t i n g  r e s u l t s  b u t  f u r t h e r  work on t h i s  p ro b le m  

i s  d e s i r a b l e .

P o s s i b l e .  C l l n i ^ a l _ A p n l i Ca . t io n s  o f  Above and  O ther. Work.

E v a n s (1948) t e s t e d  th e  a n t ib o d y  r e s p o n s e  i n  p a t i e n t s  

w i th  r a d i a t i o n - i n d u c e d  lym phopen ia  and  i n  a  s e r i e s  o f  

r e t i c u l o - e n d o t h e l i o s e s  c o m p r is in g  c a s e s  o f  m y e lo c y t ic  and 

ly m p h a t ic  le u k a e m ia , H odgkin*s d is e a s e , ly m p h o s a rc o m a  and  

l y m p h o f o l l i c u l a r  r e t i c u l o s i s .  He o b s e rv e d  a v e ry  p o o r  

a g g l u t i n i n  r e s p o n s e  r e s p o n s e  e x c e p t  i n  th e  m y e lo c y t ic  

l e u k a e m ia s ,a n d  a t t r i b u t e d  t h i s  t o  th e  d e g re e  o f  d i s o r g a n i z 

a t i o n  i n  th e  lymph g la n d s  i n  t h e s e  c o n d i t i o n s .  A l th o u g h  

a d m i n i s t r a t i o n  o f  p y r i d o x i n  m igh t be  o f  v a lu e  i n  su c h



c a s e s  th e  r a t i o n a l e  f o r  su ch  th e r a p y  i s  n o t  c l e a r - c u t .

In  th e  r e t i c u l o - e n d o t h e l i o s e s  t h e r e  i s  some e v id e n c e  

t h a t  a d m i n i s t r a t i o n  o f  p y r i d o x i n  to  im prove th e  a n t ib o d y  

re s p o n s e  m igh t even  be h a rm fu l .  D u b in ( l9 4 7 )  fo u n d  t h a t  

g e n e r a l l y  t h e r e  was a p o o r  a n t ib o d y  r e s p o n s e  i n  p a t i e n t s  

w i th  H odgkin’ s d i s e a s e .  He had r e a d  S to e r k  and  E i s e n ’ s 

(1946) p a p e r  on th e  p o o r  a n t ib o d y  re s p o n s e  o f  p y r i d o x i n -  

d e f i c i e n t  r a t s  i n j e c t e d  w i t h  sheep  e r y t h r o c y t e s , e n d  n o t  

u n n a t u r a l l y  th o u g h t  t h a t  a d m i n i s t r a t i o n  o f  p y r i d o x i n  m igh t 

s t i m u l a t e  a n t ib o d y  p r o d u c t i o n  i n  one o f  h i s  c a s e s  o f  

H odgk in ’ s d i s e a s e .  A c c o r d in g ly , he beg an  t r e a t m e n t  w i th  

150 mg. o f  p y r i d o x i n  d a i l y  i n  a d d i t i o n  t o  R on tgen  t h e r a p y .  

A t th e  o u t s e t  he n o te d ( p .9 1 0 )  t h a t  th e  p a t i e n t ’ s ’ g e n e r a l  

c o n d i t i o n  was r a t h e r  good*- T re a tm e n t  c o n t in u e d  u n t i l  th e  

p a t i e n t  d i e d  2 m onths l a t e r .  D ubin  was s t r u c k ( p .9 1 0 )  by 

’ th e  r a p i d  w orsen ing*  o f  h i s  p a t i e n t , a n d  th e  chang e  in  

h i s t o l o g i c a l  a p p e a ra n c e  o f  th e  l e s i o n s  w hich  showed 

t r a n s i t i o n  from  l e s s  t o  more a c t i v e  g ro w th .  He w ondered  i f  

th e  p y r i d o x i n  had  a c t u a l l y  a c c e l e r a t e d  g ro w th  o f  th e  

n e o p l a s t i c  t i s s u e .  S t o e r k ( l9 4 7 )  h a s  r e p o r t e d  t h a t  

lym phosarcom a im p la n ts  f a i l e d  t o  d e v e lo p  i n  p y r i d o x i n -  

d e f i c i e n t  mice and  t h a t  m arked r e g r e s s i o n  o f  lym phosarcom a 

im p la n ts  o c c u r r e d  when mice w ere d e p l e t e d  o f  p y r i d o x i n .  

P y r id o x in  h a s  b e en  recommended f o r  c a s e s  o f  ’ r a d i a t i o n  

s i c k n e s s * , b u t  u n t i l  f u r t h e r  s t u d i e s  a r e  made on th e  e f f e c t
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of p y r i d o x i n  on th e  r e t i c u l o - e n d o t h e l i o s e s  i t  m igh t 

p r u d e n t  meantim e to ' d i s c o n t i n u e  i t s  u s e , a n d  to  a c c e p t  

r a d i a t i o n  s i c k n e s s , u n l e s s  o t h e r  t r e a tm e n t  i s  a v a i l a b l e ,  

a s  th e  l e s s e r  o f  two e v i l s .  S i m i l a r l y , i t  seems unw ise  a t  

p r e s e n t  t o  a t t e m p t  t o  im prove a n t ib o d y  p r o d u c t i o n  i n  th e  

r e t i c u l o - e n d o t h e l i o s e s  by g i v in g  p y r i d o x i n .  In d e e d  i t  i s  

p o s s i b l e , a s  S t o e r k ( l9 4 6 )  h as  s u g g e s t e d , t h a t  b e n e f i t  m ig h t 

f o l lo w  i f  th e  t i s s u e s  were a c t u a l l y  d e p l e t e d  o f  p y r i d o x i n  

by a d m i n i s t e r i n g  an  a n t i v i t a m i n ( d e s o x y p y r i d o x i n ) . S t u d i e s  

on th e  human r e q u i r e m e n ts  o f  p y r i d o x i n  i n  th e  r e t i c u l o -  

e n d o t h e l i o s e s  were t h e r e f o r e  u n d e r t a k e n  i n  c o l l a b o r a t i o n  

w i th  P r o f e s s o r  H .W .P u l le r to n  o f  A b e rd een  U n i v e r s i t y .

A lth o u g h  enough d e s o x y p y r id o x in  was a v a i l a b l e  f o r  

o n ly  one p a t i e n t  -  a man aged  76 w i t h  c h r o n ic  ly m p h a t ic  

le u k a e m ia  -  i t  i s  p r o p o s e d  to  g iv e  f u l l  d e t a i l s  o f  t h i s  

c a s e  a s  th e  p ro b le m s  in v o lv e d  were v e r y  s i m i l a r  t o  t h o s e  

b e in g  c u r r e n t l y  e n c o u n te r e d  i n  work w i t h  a n t i - f o l i c  a c i d  

c o m p o u n d s ( e .g .a m in o p te r in  -  4 - a m in o - p te r o y lg lu t a m ic  a c i d ) .

]>uring 1947 and  1948 a b o u t  30 gram s o f  d e s o x y p y r id o x in  

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

Dr K a r l  P o lk e r s  o f  Merck and  Co.New J e r s e y  and Or P .

W rig le y  o f  Roche P r o d u c t s  L t d . • The s t r u c t u r e  o f  d e so x y -  

p y r i d o x i n ( 2 , 4 -d im e  th y 1 -3 -h y d ro x y -5 -h y d ro x y m e  t h y l p y r i d i n e ) 

com pared w i th  t h a t  o f  p y r id o x in ( 2 - m e th y 1 -3 - h y d r o x y  4 , 5  

d ih y d r o x y m e th y lp y r id in e )  i s  i n d i c a t e d  i n  P i g . 9 .
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P y r i d o x i n  D e so x y p y r id o x in

P i g . 9 . S t r u c t u r e  o f  P y r i d o x i n  and  D e so x y p y r id o x in

The human r e q u i r e m e n ts  f o r  p y r i d o x i n  a r e  n o t  known.

A p u re  d e f i c i e n c y  syndrom e has n o t  b e e n  r e p o r t e d  and  i t  

i s  n o t  known w h e th e r ,e v e n  w i th  su c h  a p o t e n t  a n t i v i t a m i n  

a s  d e s o x y p y r id o x in , s u c h  a syndrome c o u ld  be in d u c e d  f o r  

t h e r a p e u t i c  p u r p o s e s .  H ow ever,as  m en t io n e d  e a r l i e r ,  

p y r i d o x i n  d e f i c i e n c y  h a s  b e en  p ro d u c e d  i n  m o n k e y s ,p ig s ,  

d o g s , c h i c k s , r a t s  and  mice and  t h e r e  i s  no r e a s o n  -  a p a r t  

from  endogenous b i o s y n t h e s i s  o f  p y r i d o x i n  by i n t e s t i n a l  

b a c t e r i a  -  why a co m p arab le  d e f i c i e n c y  s t a t e  i n  man s h o u ld  

n o t  be  in d u c e d  by a p y r i d o x i n - d e f i c i e n t  d i e t  p l u s  

d e s o x y p y r id o x in .  In d e e d  G re en b e rg  e t  a l . ( l 9 4 9 )  have 

r e c e n t l y  r e p o r t e d  t h a t  human s u b j e c t s  f e d  a  p y r i d o x i n -  

d e f i c i e n t  d i e t  r e a c t e d  s i m i l a r l y  t o  a  number o f  o t h e r  

a n im a l  s p e c i e s  t o  p y r i d o x i n  d e f i c i e n c y , a n d  d e v e lo p e d  a 

de rang em en t o f  t r y p to p h a n  m e ta b o l ism  w hich  was m a n i f e s t e d  

by th e  e x c r e t i o n  o f  x a n th u r e n i c  a c i d .
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A s y n t h e t i c  d i e t  o f  n e g l i g i b l e  p y r i d o x i n  c o n t e n t ,  

b a s e d  on th e  d i e t  shown i n  T ab le  l ,w a s  d e v i s e d ; b u t  

p e r s o n a l  t r i a l s  i n d i c a t e d  t h a t  l a c k  o f  v a r i e t y , t o  sa y  

n o th in g  o f  th e  d i f f i c u l t y  o f  g e t t i n g  th e  p a t i e n t  t o  

consume v i t a m i n - f r e e  c a s e in ,w o u ld  p r o b a b ly  make lo n g - te r m  

e x p e r im e n ts  im p o s s i b l e .  A nderson  e t  a l . (1946) hav e  shown 

t h a t  a n e u r i n  d e f i c i e n c y  c o u ld  be  in d u c e d  i n  human 

s u b j e c t s  by f e e d i n g  q u i t e  a w ide ra n g e  o f  p a l a t a b l e  

f o o d s t u f f s  low o r  l a c k i n g  i n  a n e u r i n .  P o s s i b l y  an  

a t t r a c t i v e  p y r i d o x i n - d e f i c i e n t  d i e t  c o u ld  have b e e n  

d e v i s e d  i f  th e  i n d i v i d u a l  i te m s  o f  th e  d i e t  had  b e e n  

m i c r o b i o l o g i c a l l y  a s s a y e d .  H o w ev e r , in  th e  c l i n i c a l  t r i a l  

o f  d e s o x y p y r id o x in  c a r r i e d  o u t  a t  A b erd een  R oya l I n f i r m a r y  

i t  was d e c id e d  to  m odify  th e  o r d i n a r y  h o s p i t a l  d i e t  o n ly  

i n  r e s p e c t  o f  p r o t e i n .  A h ig h  p r o t e i n  d i e t  was g iv e n  a s  

a  h ig h  p r o t e i n  i n t a k e  h as  b e e n  shown t o  in d u ce  a more 

s e v e r e  p y r i d o x i n  d e f i c i e n c y  s t a t e .

The dosage  o f  d e s o x y p y r id o x in  f o r  th e  human 

s u b j e c t  w a s ,o f  c o u rse ,u n k n o w n . H o w ev e r , in  h i s  e x p e r im e n ts  

on lym pho sarcom ata  i n  m i c e , S t o e r k ( 194?) fo u n d  an  o r a l  dose  

o f  1 m g .p e r  m ouse(25 g . )  p e r  day  s u i t a b l e .  T h is  was u se d  

a s  a b a s i s  f o r  c a l c u l a t i o n  o f  th e  human dosage  and  an  

e m p i r i c a l  f i g u r e  o f  3 g . p e r  day f o r  a 12 s to n e  s u b j e c t  

was a r r i v e d  a t .  I n  an  a t t e m p t  t o  a c h ie v e  and  m a i n t a i n  an  

a d e q u a te  c o n c e n t r a t i o n  o f  t h e  a n t i v i t a m i n  i n  th e  t i s s u e s ,



t h i s  dose  was d i v i d e d , 1 gram b e in g  g iv e n  o r a l l y  t h r i c e  

d a i l y .

The a s s e s s m e n t  o f  th e  r e s u l t s  o f  t r e a tm e n t  was 

b s s e d  o n f -

1. A l t e r a t i o n  i n  s i z e  o f  p a l p a b l e  s w e l l i n g s .

2 . R a d io g ra p h s  -  e . g . , o f  m e d i a s t i n a l  g l a n d s .

3 . P e r i p h e r a l  b lo o d  p i c t u r e .  T o t a l  and d i f f e r e n t i a l  
w h i te  c e l l  c o u n ts ,h a e m o g lo b in ,a n d  r e d  c e l l  c o u n t .

A b io p s y  sp ec im en  from  an  a f f e c t e d  g la n d  b e f o r e  and  a f t e r

t r e a tm e n t  was a l s o  d e s i r a b l e  b u t  w a s , u n f o r t u n a t e l y , n o t

o b t a i n e d .

I t  was im p o s s ib le  t o  know how lo n g  to  c o n t i n u e  

th e r a p y  w i th  th e  a n t i v i t a m i n .  As S t o e r k ( l9 4 7 )  s a y s  ,o f  m ic e ,  

* o b v i o u s l y , c o n t in u e d  p y r i d o x i n  d e f i c i e n c y , a l t h o u g h  a c t i n g  

more s lo w ly ,m ay  u l t i m a t e l y  be a s  f a t a l  a s  lym phosarcom a*. 

T h is  p ro b le m  d i d  n o t  a r i s e  i n  th e  p r e s e n t  c a s e  a s  o n ly  

enough d e s o x y p y r id o x in  was a v a i l a b l e  f o r  a  t r i a l  o f  10 

day s .

I n  a d d i t i o n  t o  th e  o b s e r v a t i o n s  m e n t io n e d  a b o v e ,  

th e  u r i n e  was exam ined  d a i l y  f o r  r e d  c e l l s  and  album en 

( s e e  P a r t  2 f o r  r a t i o n a l e ) ; t h e  p a t i e n t  was w e ig h e d ;a n d  a 

c a r e f u l  e x a m in a t io n  o f  th e  n e rv o u s  sy s tem  was c a r r i e d  o u t .  

F i n a l l y , t h e  f o l lo w in g  w ere r e g a r d e d  a s  i n d i c a t i o n s  f o r  

s to p p in g  t r e a t m e n t s -
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1. S e v e re  anaem ia .

2 . H a e m a tu r ia ( s e e  P a r t  2 ) .

3 . E p i l e p t i f o r m  f i t s  o r  any u n to w ard  n e u r o l o g i c a l  
s ig n s  o r  symptoms.

4 .  A n o re x ia  o f  s u f f i c i e n t  s e v e r i t y  t o  r e s u l t  i n  
w e ig h t  l o s s .

5 . S k in  l e s i o n s .

6 . Any ty p e  o f  b a c t e r i a l  i n f e c t i o n .

The t h e r a p e u t i c  e f f e c t  o f  a n t i - f o l i c  a c i d  compounds 

i n  a c u t e  leu k a em ia  was d i s c o v e r e d  i n d i r e c t l y .  A d m i n i s t r a t i o n  

o f  f o l i c  a c i d  t o  t h e s e  p a t i e n t s  made th e  d i s e a s e  more 

a c t i v e , a n d  from  t h i s  i t  f o l lo w e d  t h a t  a d m i n i s t r a t i o n  o f  

an  a n t i - f o l i c  a c i d  compound m igh t he b e n e f i c i a l .  I t  was 

d e c id e d  t o  f o l lo w  t h i s  i n d i r e c t  a p p ro a c h ,a n d  th e  c l i n i c a l  

t r i a l  o f  d e s o x y p y r id o x in  i n  a c a s e  o f  c h r o n ic  ly m p h a t ic  

le u k a e m ia  was d i v i d e d  i n t o  4 s t a g e s J -

S ta g e  1 . O b s e r v a t io n  p e r i o d  o f  18 d a y s ;n o  t r e a t m e n t .

S ta g e  2 . P y r i d o x i n  a d m i n i s t r a t i o n ( 2 0 0  mg. o r a l l y  e a c h  
day) f o r  10 d a y s .

S ta g e  3 . R e s t  p e r i o d  o f  4  d a y s ;n o  t r e a t m e n t .

S ta g e  4 . D e so x y p y r id o x in  a d m i n i s t r a t i o n ( 3  g . o r a l l y  
e a c h  day) f o r  10 d a y s .

No o t h e r  t r e a t m e n t ( e . g . r a d i o t h e r a p y )  was g iv e n  b e f o r e  o r  

d u r in g  th e  above t r i a l .
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The r e s u l t s ( T a b l e  4 and -fc’i g . i o )  were d i s a p p o i n t i n g ;  

p y r i d o x in  d i d  n o t  l i g h t  up th e  a c t i v i t y  o f  th e  d i s e a s e ,  

and d e s o x y p y r id o x in  had no b e n e f i c i a l  e f f e c t .  No u n to w a rd  

s ig n s  o r  symptoms were o b s e rv e d  w i th  e i t h e r  s u b s t a n c e .

A few weeks a f t e r  t h i s  t r i a l  G e l lh o r n  and  J o n e s (1949) 

r e p o r t e d  e s s e n t i a l l y  s i m i l a r  f i n d i n g s  i n  3 c a s e s  o f  a c u t e  

le u k a em ia  and  3 c a s e s  o f  lym phosarcom a. S ig n s  o f  t o x i c i t y  

were o b se rv e d  i n  one p a t i e n t  o f  t h e i r  s e r i e s  who was g iv e n  

25 m g .p e r  kg . o f  d e s o x y p y r id o x in ; th e  dose was t h e r e f o r e  

r e d u c e d  i n  a l l  th e  c a s e s  t o  2 .5  m g .p e r  kg.. As m e n t io n e d  

a b o v e ,n o  u n to w a rd  r e a c t i o n s  o c c u r r e d  i n  th e  A berdeen  c a s e  

o f  c h r o n ic  ly m p h a t ic  leu k a em ia  a l th o u g h  th e  dose  g iv e n  

was 40 m g .p e r  k g . .  I t  i s  p o s s i b l e , h o w e v e r , t h a t  th e  

p r e v i o u s  t r e a t m e n t  w i th  p y r i d o x i n  was th e  r e a s o n  why t h i s  

h ig h  dose  c a u s e d  no t o x i c  r e a c t i o n s .

No f u r t h e r  s u p p l i e s  o f  d e s o x y p y r id o x in  c o u ld  be 

o b ta in e d  f o r  more e x t e n s i v e  t r i a l s .  M e a n t im e ,th e  n e g a t iv e  

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

G e l lh o r n  and  J o n e s (1949) s u g g e s t  t h a t  d e s o x y p y r id o x in  h a s ,  

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



Date Hfc & Rjl§±£* I f f . g - L l t r g -  E o s in o -  Lymph a -  Monos.-
(1948) H aldane  (x lO “ b ) n h i l s .  p h i l s  c y t e s  yjte.fi p h i  l a

9 /11 50 2 .6 4 1 7 6 ,00 0 2 1 97 0
16/11 64 3 .1 5 2 20 ,90 0 5 0 95 0
18/11 — - 20 5 ,0 0 0 4 0 96 0
19 /11 62 3 .1 2 20 1 ,000 4 0 96 0
20/11 — - 204 ,000 4 0 96 0
22/11 — — 24 7 ,000 4 0 96 0
23 /11 68 3 .4 1 224 ,000 5 1 94 0
24 /11 — - 236 ,7 00 4 0 96 0
25 /11 — - 232 ,300 7 0 93 0
26 /11 58 2 .9 4 236 ,800 1 0 99 0
27 /11

P y r i d o x i n

26 8 ,00 0  9 

a d m i n i s t e r e d  from

0 91 

27/ I I / 4 8

0

29/11 23 6 ,00 0 8 0 91 1
30/11 60 3 .0 0 231 ,0 00 6 0 94 0

1 /12 - 27 9 ,40 0 6 0 93 0
2 /12 — — 223 ,8 00 4 0 96 0
3 /12 58 3 .0 5 25 6 ,100 5 0 95 0
4 /1 2 — — 25 7 ,500 5 0 95 0
6 /12 - - 19 7 ,300 3 0 97 0

D e so x y p y r id o x in  a d m i n i s t e r e d  from  1 0 /1 2 /4 8  
th e  f o l lo w in g  r e s t  p e r i o d

a f t e r

7 /1 2 64 3 .0 6 24 6 ,500 3 0 97 0
8 /1 2 58 - 212 ,000 3 0 97 0
9 /12 62 - 177 ,300 3 0 97 0

10/12 60 2 .9 9 2 1 8 ,0 00 3 0 97 0
11/12 58 — 2 5 7 ,5 0 0 5 0 95 0
13 /12 58 — 2 4 3 ,0 00 2 0 98 0
14/ 12 62 3 .0 0 2 6 6 ,00 0 4 1 95 0
15/12 58 — 2 7 4 ,1 00 4 0 96 0
16/12 56 — 2 5 6 ,0 00 3 0 97 0
17/12 58 2 .8 4 25 8 ,000 5 0 95 0
18/12 54 - 250 ,000 3 0 97 0

T r i a l  f i n i s h e d  on 1 8 /1 2 /4 8  
s t a r t e d  on 2 0 /1 2 /4 8

and r a d i o t h e r a p y was

20 /12 64 — 2 7 6 ,0 0 0 3 1 96 0

T a b le  4 . H a e m a to lo g ie a l  o b s e r v a t i o n s  made d u r i n g  c l i n i c a l  
t r i a l  o f  d e so x y p y r id o x in (H e n ry  D u n c a n , a e t . 7 6 ; c h ro n ic  
ly m p h a t ic  leukaem ia ;W ard  1 ,A b erdeen  R oya l I n f i r m a r y )

0
0
0
0
0
0
0
0
0
0
0

0
0
1
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0

0
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T a b l e  4 . ( A r r o w s  a n d  x ’ s  i n d i c a t e  p o i n t s  a t  w h i c h  
o b s e r v a t i o n s  w e r e  m a d e )
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SUMMARY OP PART 1 OF THESIS

1. The a n t ib o d y  r e s p o n s e  o f  p y r i d o x i n - d e f i c i e n t  r a t s  

i n j e c t e d  w i th  sheep  e r y t h r o c y t e s  o r  a k i l l e d  c u l tu re ,* H *  

a n t i g e n , o f  B a c t . ty p h o s u m ywas s i g n i f i c a n t l y  lo w er th a n  t h a t  

o f  s i m i l a r l y  t r e a t e d  i n a n i t i o n  and  ad  l i b . c o n t r o l  a n im a ls .  

I n a n i t i o n  c o n t r o l  r a t s  e x h i b i t e d  a n t ib o d y  t i t r e s  a t  l e a s t  

a s  h ig h  a s  th o s e  o f  th e  c o r r e s p o n d in g  ad  l i b . f e d  a n im a ls .

2* The thymus g la n d s  o f  p y r i d o x i n - d e f i c i e n t  r a t s  were 

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

and ad  l i b . c o n t r o l  r a t s  and  marked d e p l e t i o n  o f  lym ph ocy tes  

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

was o b s e rv e d  h i s t o l o g i c a l l y .

3. No s i g n i f i c a n t  d i f f e r e n c e s  w ere  o b s e rv e d  i n  t h e  w e ig h ts  

o f  th e  s p l e e n s  and  s u b m a x i l l a r y  lymph nod es  o f  th e  

p y r i d o x i n - d e f i c i e n t  r a t s  com pared w i th  i n a n i t i o n  and  ad  l i b , 

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

l y m p h o c y t e s , p a r t i c u l a r l y  i n  th e  lymph n o d e s ,w a s  o b se rv e d .

4 .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  o b s e rv e d  i n  t h e  t o t a l  

w h i te  c e l l  c o u n t  and  th e  lym phocy te  c o u n t  b e tw ee n  p y r i d o x i n -  

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

a l th o u g h  b o th  t h e s e  c o u n ts  w ere  g e n e r a l l y  lo w e r  th a n  

c o u n ts  o b t a i n e d  i n  th e  ad  l i b . c o n t r o l  r a t s .
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5. The e f f e c t  o f  p y r i d o x i n  d e f i c i e n c y  on lym phoid  t i s s u e  

d i d  n o t  a p p e a r  t o  be m e d ia te d  th ro u g h  a p i t u i t a r y - a d r e n a l  

mechanism.

6 . The r e l a t i o n s h i p  be tw een  lym phoid  t i s s u e  and  a n t ib o d y  

f o r m a t io n  i s  b r i e f l y  c o n s id e r e d .  The p o o r  a n t ib o d y  re s p o n se  

o f  p y r i d o x i n - d e f i c i e n t  r a t s  d i d  n o t  a p p e a r  t o  be se c o n d a ry  

t o  a t ro p h y  o f  lym phoid  t i s s u e  a s  s t r i k i n g  ch an g es  in  th e  

lym phoid  t i s s u e  o f  th e s e  r a t s  were o n ly  o b se rv e d  i n  th e  

thymus g l a n d s .

7 .  The p o s s i b l e  c l i n i c a l  s i g n i f i c a n c e  o f  p y r i d o x in  and 

d e s o x y p y r id o x in  i s  d i s c u s s e d ,  d e s o x y p y r id o x in  was fo u n d  o f  

no v a lu e  i n  th e  t r e a tm e n t  o f  a c a se  o f  c h r o n ic  ly m p h a t ic  

le u k a e m ia .

8 . Two ty p e s  o f  i n a n i t i o n  c o n t r o l  a r e  d e s c r i b e d , a n d  th e  

im p o r ta n c e  o f  t h i s  c o n t r o l  i n  t h e  d e s ig n  o f  n u t r i t i o n a l  

e x p e r im e n ts  i s  s t r e s s e d .

R e f e r e n c e s  t o  p a p e r s  c i t e d  i n  P a r t  1 a p p e a r  

a t  end  o f  t h e s i s



PART 2

HAKMATURIA IN PYRIdOXIN-dSFICI£NT RATS
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D u rin g  th e  s t u d i e s  on a n t ib o d y  p r o d u c t i o n  i n  

p y r i d o x i n - d e f i c i e n t  hooded r a t s ( P a r t  l ; a n d  Agnew and Cook, 

1949) g r o s s  m a c ro sc o p ic  h a e m a tu r ia  was n o te d  i n  s e v e r a l  

a n im a ls  f e d  th e  p y r i d o x i n - d e f i c i e n t  d i e t  b u t  n o t  i n  

c o r r e s p o n d in g  l i t t e r - r a a t e  i n a n i t i o n ( p a i r e d - w e i g h e d )  c o n t r o l  

r a t s  and r a t s  f e d  th e  co m p le te  d i e t  ad  l i b i t u m . A p r e l i m i n 

a r y  a c c o u n t  o f  t h i s  u n e x p e c te d  f i n d i n g  was g iv e n  t o  th e  

N u t r i t i o n  S o c i e t y  i n  1948(Agnew,1948-49) b u t  a s  h a e m a tu r ia  

h a s  n o t  b e en  r e p o r t e d  i n  any o f  th e  numerous r e c e n t  p a p e r s  

from  th e  U n i te d  S t a t e s  on p y r i d o x i n  d e f i c i e n c y , a n d  o n ly  

B i r e h ( l9 3 8 )  a p p e a r s  t o  have p u b l i s h e d  on t h i s  s u b j e c t , i t  

seemed o f  i n t e r e s t  t o  make a more d e t a i l e d  s tu d y  o f  th e  

i n c i d e n c e , d u r a t i o n  and  s e v e r i t y  o f  th e  h a e m a tu r ia  t h a t  was 

so  f r e q u e n t l y  o b s e rv e d .  The e f f e c t  o f  th e  h a e m a tu r ia  on th e  

p e r i p h e r a l  b lo o d  p i c t u r e ( r e d  c e l l  c o u n t  and  haem oglob in )w as 

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

r a t s  w i th  w e l l - e s t a b l i s h e d  h a e m a tu r ia .  F i n a l l y , p o s s i b l e  

s t r a i n  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  h a e m a tu r ia  w ere  

so u g h t  by o b s e r v in g  th e  e f f e c t  o f  p y r i d o x i n  d e f i c i e n c y  i n  

W is ta r  a l b i n o  r a t s  f e d  t h e  same d i e t  a s  th e  hooded L i s t e r  

r a t s .  Much o f  t h i s  work has been  d e s c r i b e d  i n  a r e c e n t  

p a p e r(A g n e w ,1 9 4 9 a ) .



METHODS

The a n im a ls  u se d  were 1. hooded L i s t e r  r a t s ( R o w e t t  

I n s t i t u t e  s t r a i n ) , a n d  2 . a l b i n o  r a t s ( o r i g i n a l l y  d e r i v e d  

by G laxo L td .  from  b r o t h e r - s i s t e r  m a t in g s  o f  W is ta r  r a t s )  

o b t a i n e d  from  th e  A g r i c u l t u r a l  R e s e a rc h  C o u n c il  F i e l d  

S ta t io n ,C o m p to n .  E ach  e x p e r im e n t  i n  th e  p r e s e n t  s e r i e s  

in v o lv e d  th e  u se  o f  s e v e r a l  t r i o s  o f  l i t t e r - m a t e  w e a n l in g  

r a t s  o f  th e  same s e x  and a p p ro x im a te ly  th e  same w e ig h t ,  

e a c h  t r i o  o f  a n im a ls  b e in g  a r r a n g e d  a s  d e s c r i b e d  i n  P a r t  1. 

F o u r  e x p e r im e n t s , e a c h  w i th  6 t r i o s ( 3  m a l e ,3 fe m a le )  o f  

r a t s  were s e t  up a s  i n  T ab le  5. The s y n t h e t i c  d i e t  u se d  

has  a l r e a d y  b e en  d e s c r i b e d ( P a r t  l ) .  As b e f o r e , t h e  a n im a ls  

w ere  ho u sed  i n  i n d i v i d u a l  c a g e s  w i th  wide w i r e - s c r e e n e d  

b a s e s .  The a n im a ls  had u n l im i t e d  a c c e s s  t o  w a te r  and were 

w e ig h ed  d a i l y  e x c e p t  on Sundays. Growth c u rv e s  f o r  th e  

v a r i o u s  e x p e r im e n ts  a r e  g iv e n  i n  F i g s . 11 -14 .

The o n ly  r e a d i l y  a v a i l a b l e  s o u rc e  o f  th e  l i n o l e i c  

a c i d  u s e d  i n  e x p e r im e n t  3 (T a b le  5) was B.D.H. t e c h n i c a l  

l i n o l e i c  a c i d , a n d  i t  i s  p o s s i b l e  t h a t  t h i s  s u b s ta n c e  i s  

to o  im pure f o r  n u t r i t i o n a l  s t u d i e s ; t h i s  p o i n t  i s  

d i s c u s s e d  l a t e r .

R a t s , e x c e p t  th o s e  u se d  f o r  b lo o d  s t u d i e s ,w e r e  

k i l l e d  w i t h  c o a l  g a s  a lo n e .  In  a l l  b u t  two i n s t a n c e s



E x p e r im e n t S t r a i n  o f  
r a t

Number o f  
r a t  t r i o s  

u s e d

Amount and  n a t u r e  o f  f a t  i n  
s y n t h e t i c  p y r i d o x i n - d e f i c i 
e n t  d i e t

1 Hooded
L i s t e r

6 (3  m a le .  
3 fe m a le )

5% m a rg a r in e

2 Hooded
L i s t e r

6 (3  m a le .  
3 fe m a le )

5% l a r d

3 Hooded
L i s t e r

6 (3  m a le .  
3 fe m a le )

5% m a rg a r in e  p l u s  750 mg. 
l i n o l e i c  a c id /1 0 0  g . d i e t

4 W is ta r
A lb in o

6 (3  m a le .  
3 fe m a le )

5# m a rg a r in e

T ab le  5 . P l a n  o f  e x p e r im e n ts  t o  t e s t  t h e  e f f e c t s  on th e
i n c id e n c e  and  c o u r s e  o f  h a e m a tu r ia  o f  a d d in g  v a r i o u s  
su p p le m e n ts  t o  a  s y n t h e t i c  p y r i d o x i n - d e f i c i e n t  d i e t



37.

(T ab le  6 , t r i o  E jT a b le  1 0 , t r i o  R ),w hen  a r a t  d ie d  th e  

r e m a in in g  members o f  th e  t r i o  were g a s s e d .  The h e a r t  and  

b o t h  k id n e y s  were c a r e f u l l y  d i s s e c t e d  o u t .  The h e a r t  was 

s l i c e d  and  any b lo o d  removed from  i t s  c h a m b e r s ; t h e r e a f t e r  

th e  h e a r t  and  b o th  k id n e y s  were w eighed and  n l a c e d  in  

2 .0  p e r  c e n t . ( w / v )  f o r m a l d e h y d e - s a l i n e (5  p a r t s  com m erc ia l  

f o r m a l in  p l u s  95 p a r t s  0 . 9  p e r  c e n t . s a l i n e )  f o r  s u b s e q u e n t  

h i s t o l o g i c a l  e x a m in a t io n .

R a ts  o f  th e  t r i o s  s e l e c t e d  f o r  b lo o d  s t u d i e s  were 

a n a e s t h e t i z e d  w i th  e t h e r , a n d  b lo o d  was o b t a i n e d  by c u t t i n g  

th e  l e f t  a x i l l a r y  v e in .R e d  c e l l  c o u n ts  and  haem oglob in  

e s t im a t io n s (H a ld a n e -G o w e r  m ethod) were done . These a n im a ls  

were th e n  k i l l e d  w i th  c o a l  g a s , a n d  th e  h e a r t s  and k id n e y s  

d e a l t  w i t h  a s  d e s c r i b e d  above . The c o lo u r  in d e x  was 

c a l c u l a t e d  from  th e  fo rm u la  g iv e n  by R v a n s ( l 9 4 5 ,p .4 7 6 ) *-

H aem oglobin  %(H aldane) x 5 
C .I*= *  ______________________________________

M i l l i o n s  o f  c e l l s / c u . r a m .x  100

T h is  f o r m u la ,b a s e d  on human s t a n d a r d s  o f  n o r m a l i t y ,g a v e

0 .5 9  f o r  n o r m a l ( i . e .  ad  l i b . c o n t r o l )  r a t s  o f  t h i s  

e x p e r im e n t (T a b le  1 0 ) .  Lower f i g u r e s  th a n  t h i s  i n d i c a t e  

th e  e x t e n t  o f  th e  m i c r o c y t o s i s  and  h ypo ch ro m asia  s e e n  i n  

th e  p y r i d o x i n - d e f i c i e n t  r a t s ( T a b l e  1 0 ) .



COLLECTION OF URINE AND DETECTION OF HAEMATURIA.

A s i m p le , r a p i d  m ethod f o r  th e  e x a m in a t io n  o f  u r i n e  

f o r  r e d  b lo o d  c e l l s  had t o  be d e v is e d  a s  i t  was i m p r a c t i c a b 

l e  t o  p r o v id e  a  m e ta b o l ism  cage  u n i t  f o r  e a c h  r a t .  A p i e c e  

o f  w h i te  a b s o r b e n t  paper(W hatm an n o . l )  was p l a c e d  b e n e a th  

e a c h  c a g e , u s u a l l y  e v e ry  a l t e r n a t e  d a y ,a n d  an h o u r  o r  so  

l a t e r  th e  u r i n e  s p l a s h e s  on th e  p a p e r  were exam ined f o r  

b lo o d  by th e  n a k e d -e y e  and  by th e  b e n z id in e  r e a c t i o n .  The 

b e n z id in e  r e a c t i o n  was u se d  o n ly  a s  a s c r e e n i n g  t e s t .  I f  th e  

r e a c t i o n  was n e g a t i v e ,b l o o d  was assum ed t o  be a b s e n t  from  

th e  u r i n e .  A p o s i t i v e  r e s u l t , how ever,w as i n t e r p r e t e d  a s  an  

i n d i c a t i o n  t h a t  b lo o d  m igh t be p r e s e n t , a n d  t h a t  th e  u r i n e  

s h o u ld  be exam ined  m i c r o s c o p i c a l l y .  S u f f i c i e n t  u r i n e  f o r  

t h i s  p u rp o s e  was u s u a l l y  o b ta in e d  by  a p p ro a c h in g  th e  r a t  

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

th e  abdomen w i t h  a gauze  pad  so a k ed  w i th  e t h e r .  B lood i n  

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

"m a c ro sc o p ic  h a e m a tu r ia "  t o  d i s t i n g u i s h  i t  from  " m ic ro sc o p ic  

h a e m a tu r ia "  d e t e c t e d  by th e  b e n z i d in e  r e a c t i o n  and  

m ic ro sc o p y .

RESULTS

1. INCIDENCE AND DURATION Off HAEMATURIA

E x p er im en t  1 . (Hooded rats_L5 p e r  c e n t .« jn a rg a r in e ) »

The r e s u l t s  a r e  sum m arized i n  T ab le  6 .  H a em a tu r ia  o f
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P y r i d o x i n - d e f i c i e n t

* d  l i b . c o n t r o l

T R 1 Q  C  

A d  l i b . c o n t r o lA d  l i b . c o n t r o l

P y r i d o x i n - d e f i c i e n t  

-----------------------------IG~

f y r l d o x l n - d e f l c l e n t

*
M

A d  l i b . c o n t r o l

o
M

»
P y r i d o x i n - d e f i c i e n t

T

P y r i d o x i n - d e f i c i e n t

A d  l i b . c o n t r o l

P y r i d o x i n - d e f i c i e n t

F i g .  1 1 . G r o w t h  c u r v e s  o f  t r i o s  o f  h o o d e d  r a t s  u s e d  
i n  2 x p .  l (57o m a r g a r i n e ) .



v a r i a b l e  d u r a t i o n  was o b s e rv e d  i n  a l l  th e  p y r i d o x i n - d e f 

i c i e n t  a n im a ls  b u t  n o t  i n  any o f  th e  ad  l i b , o r  i n a n i t i o n  

c o n t r o l s .  The mean tim e  o f  o n s e t  o f  h a e m a tu r ia  was 27 days 

( ra n g e  24 -34) a f t e r  th e  p y r i d o x i n - d e f i c i e n t  d i e t  was f i r s t  

f e d .  The b l e e d i n g  p e r s i s t e d  i n  t r i o s  A,B and  D u n t i l  th e  

a n im a ls  d i e d  o r  were k i l l e d .  The h a e m a tu r ia  l a s t e d  66 days 

i n  t r i o  F and  o n ly  7 days i n  t r i o  C. The p y r i d o x i n - d e f i c i -  

e n t  r a t  o f  t r i o  E d ie d  a f t e r  64 days on th e  e x p e r im e n ta l  

d i e t , h a v i n g  had  h a e m a tu r ia  f o r  th e  l a s t  40 days o f  t h i s  

p e r i o d .  The re m a in in g  members o f  t h i s  t r i o  w ere  n o t  k i l l e d  

a t  t h i s  t im e  and f o r  t h i s  r e a s o n  f i g u r e s  from  t h i s  t r i o  

were o m i t t e d  i n  c a l c u l a t i n g  th e  means g iv e n  i n  T ab le  6 .

As a m a t t e r  o f  i n t e r e s t , t h e  i n a n i t i o n  c o n t r o l  r a t  o f  t h i s  

t r i o  was g iv e n  th e  p y r i d o x i n - d e f i c i e n t  d i e t  from  f i v e  days 

a f t e r  th e  p y r i d o x i n - d e f i c i e n t  r a t  d i e d .  W ith in  f i v e  days  i t  

d e v e lo p e d  h a e m a tu r ia ,w h ic h  p e r s i s t e d  u n t i l  th e  a n im a l  was 

k i l l e d , a l o n g  w i t h  th e  ad  l i b , c o n t r o l  r a t , 114 days a f t e r  i t  

f i r s t  showed h a e m a tu r i a .

An a t t e m p t  was made t o  s e e  i f  a s c o r b i c  a c i d  and 

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

b l e e d in g  t e n d e n c i e s , c o u l d  i n f l u e n c e  th e  h a e m a tu r i a .  The 

p y r i d o x i n - d e f i c i e n t  r a t  o f  t r i o  B had s e v e r e  h a e m a tu r ia  

and was g iv e n  a c o u rs e  o f  a s c o r b i c  a c id ( 5 0  m g .d a i ly  by 

mouth) from  th e  1 0 1 s t  day on th e  d e f i c i e n t  d i e t , f o r  17



d a y s .  Two days a f t e r , 60 m g .o f  r u t i n  was f e d  d a i l y  f o r  

9 d a y s .  N e i t h e r  s u b s ta n c e  m o d if ie d  th e  s e v e r i t y  o f  th e  

h a e m a tu r ia  i n  any way. P y r id o x in  was th e n  f e d  to  t h i s  

r a t  an d  th e  b odyw eigh t a t  once i n c r e a s e d ( F i g . 1 1 , t r i o  B) 

a l t h o u g h  h a e m a tu r ia  c o n t in u e d  a s  b e f o r e  u n t i l  th e  r a t ,  

a lo n g  w i th  th e  c o n t r o l  a n im a ls  o f  th e  t r i o , w a s  k i l l e d  28 

days l a t e r .

E xperim en t  2 . (Hooded r a t s : 5  p e r  c e n t . l a r d ) .

The r e s u l t s  a r e  sum m arized i n  T ab le  7 .  As i n  

e x p e r im e n t  1 , h a e m a tu r ia  o f  v a r i a b l e  d u r a t i o n  was o b se rv e d  

i n  a l l  th e  p y r i d o x i n - d e f i c i e n t  a n im a ls  b u t  n o t  i n  any o f  

th e  ad  l i b , o r  i n a n i t i o n  c o n t r o l s .  The mean tim e  o f  

o n s e t  was 26 d a y s ( r a n g e  2 3 -3 4 ) .  I n  t r i o s  A^B^C^D and  F 

th e  b l e e d in g  p e r s i s t e d  u n t i l  th e  a n im a ls  d i e d  o r  were 

k i l l e d .  The p y r i d o x i n - d e f i c i e n t  r a t  i n  t r i o  E had 

h a e m a tu r ia  f o r  o n ly  8 days  a t  f i r s t ; b l e e d i n g  resum ed 6 

d ays  l a t e r  and  p e r s i s t e d  u n t i l  th e  a n im a l  was k i l l e d .  

P y r i d o x i n  was f e d  t o  th e  p y r i d o x i n - d e f i c i e n t  r a t s , w h i c h  

had  s e v e r e  h a e m a t u r i a ,o f  t r i o s  B and  0 from  th e  1 0 5 th  day 

u n t i l  th e  a n im a ls  were k i l l e d .  A l th o u g h  b o dy w eig h t a t  

once i n c r e a s e d  m a r k e d ly ( F ig .12) no m o d i f i c a t i o n  o f  th e  

d u r a t i o n  o r  s e v e r i t y  o f  th e  h a e m a tu r ia  was o b s e r v e d ,a n d  

b l e e d i n g  p e r s i s t e d  u n t i l  th e  a n im a ls  were k i l l e d .



 /  Duration o f________________________ \ __
N o. o f  days haematuria 

' on diet before before rats died \
No. o f days onset o f or were killed

Trio on diet haematuria (days) Remarks
A - 130 23 107 All rats killed
B + 140 25 115 All rats killed. Pyridoxin-

deficient rat fed pyridoxin 
from 105th day until death

C + 134 25 109 All rats killed. Pyridoxin-
deficient rat fed pyridoxin 
from 105th day until death

D o  124 25 99 Pyridoxin-deficient rat
died; others killed

E o h i  34 71 All rats killed. Pyridoxin-
deficient rat had haema
turia for 8 days at first; 
this stopped, then re
sumed 6 days later for 
63 days

F  o 110 25 85 All rats killed
Vrithmetic means 125 26 98
' 'd  ranges) (110-140) (23-34) (71-115) ^

T a b le  7 . I n c i d e n c e , t im e  o f  o n s e t , a n d  d u r a t i o n  o f
h a e m a tu r ia  i n  th e  p y r i d o x i n - d e f i c i e n t  hooded 
r a t s  o f  JSxp.2(5% l a r d ) .  No h a e m a tu r ia  
o c c u r r e d  i n  th e  ad  l i b , and i n a n i t i o n  c o n t r o l s .
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t i .  c o n t r o l
' t t i  l i b .  c o n t r o l

P y r id o x in - d e f ic ie n t i*yrltlo ::ir.-def lo ie n t lP y r id o x in - d e f ic le n t

( M l  U h »  c o n t r o l
l i b ,  c o n t r o l

Py r i  lo r . l  n-un f  i  j  i  e n t
P y r id o x in - d e f i c i e n t

M  l i b . c o n t r o l

P y r id o x in - d e f ic ie n t

---------------a.

G r o w t h  c u r v e s  o f  t r i o s  o f  h o o d e d  r a t s  u s e d  i n  
e x p e r i m e n t  2 ^ 5 *  l a r d ) .



E x p erim en t  3 . (Hooded r a t s : 5  p e r  c e n t .m a r g a r i n e  p l u s  
750 m g . l i n o l e i c  a c i d  p e r  100 g . d l e t ) .

The r e s u l t s  a r e  sum m arized i n  T ab le  8 . H a em a tu r ia  o f  

v a r i a b l e  d u r a t i o n  was o b se rv e d  i n  a l l  th e  p y r i d o x i n - d e f i c 

i e n t  r a t s  a n d ,m o s t  u n e x p e c t e d l y , i n  5 o f  th e  s i x  c o r r e s p o n d 

in g  ad  l i b , c o n t r o l  r a t s .  One i n a n i t i o n  c o n t r o l  r a t ( t r i o  F) 

d i e d  49 days  a f t e r  th e  s t a r t  o f  th e  e x p e r im e n t , b u t  

h a e m a tu r ia  was n o t  o b se rv e d  i n  t h i s  o r  i n  any o f  th e  o t h e r  

i n a n i t i o n  c o n t r o l  r a t s .  H aem atu ris  a p p e a re d  l a t e r  in  th e  

p y r i d o x i n - d e f i c i e n t  r a t s  th a n  i n  e x p e r im e n ts  1 and  2 , t h e  

mean t im e  o f  o n s e t  b e in g  76 d a y s ( r a n g e  4 1 -1 0 5 ) .  The 

h a e m a tu r ia  was i n t e r m i t t e n t  i n  th e  p y r i d o x i n - d e f i c i e n t  r a t s  

o f  t r i o s  G and F . The mean tim e  o f  o n s e t  o f  th e  h a e m a tu r ia  

o b s e rv e d  i n  th e  ad l i b , c o n t r o l  r a t s  was 60 d a y s ( r a n g e  30 -  

147)# The b l e e d in g  was i n t e r m i t t e n t  i n  two c a s e s ( t r i o s  C 

and F ) , a n d  i n  t h r e e  c a s e s ( t r i o s  A,E and  F) c o n t in u e d  u n t i l  

th e  r a t s  d i e d  o r  w ere  k i l l e d .  W eight c u rv e s  f o r  t h i s  

e x p e r im e n t  a r e  g iv e n  i n  F i g . 13.

E x p e r im e n t  4A(A lb in o  r a t s : 5 p e r  c e n t . m a r g a r i n e ) .

The r e s u l t s  a r e  sum m arized i n  T a b le  9 . H aem a tu r ia  

was o b s e rv e d  in  o n ly  2 a n im a ls .  M ic r o s c o p i c a l l y  -  n e v e r  

w i t h  th e  n a k e d -e y e  -  b lo o d  was n o te d  i n t e r m i t t e n t l y  i n  th e  

u r i n e  o f  th e  ad  l i b , c o n t r o l  r a t  and  th e  i n a n i t i o n  c o n t r o l  

r a t  o f  t r i o  B 94 and  91 days r e s p e c t i v e l y  a f t e r  th e  s t a r t
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( fr ^ e r - g g a l .  J 3 i j , . c r l n a  r l : . «  7 > i  
l i n o l e l c  u c l d  n e r  l^iQ 1

11n . c o n t r o l . c o n t r o l

P y r id o x ln - d e f lc le n t
P y r i d o x i n - d e f i c i e n t

P y r id o x in - d e f ic ie n t

c o n tro l

P y r id o x in - d e f ic ie n t

»d  l i b .c o n t r o l
Ad l l o .c o n t r o l

P y r ld o x ln - d e f lc le n t P y r i d o x i n - d e f i c i e n t

.1 2 . G r o w t h  c u r v e s  o f  t r i o s  o f  h o o d e d  r a t s  u s e d  i n  
f e p . 3 ( 5 / f c  m a r g a r i n e  p l u s  7 5 0 m g . c r u d e  l i n o l e i c  
a c i d / l O O g .  d i e t ) .



o f  t h e  e x p e r i m e n t .  T h e  a d  l i b , c o n t r o l  r a t  h a d  h a e m a t u r i a  

f o r  a  t o t a l  o f  15 d a y s , a n d  t h e  i n a n i t i o n  c o n t r o l  r a t  f o r  

4  d a y s .  U n f o r t u n a t e l y , t h e s e  r a t s  w e r e  a c c i d e n t a l l y  k i l l e d  

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

H o w e v e r , t h e s e  r a t s  w o u l d  h a v e  b e e n  k i l l e d  a d a y  o r  tw o  

l a t e r  i n  a n y  c a s e  a s  i t  i s  d o u b t f u l  i f , f o r  r e a s o n s

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

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

e x p e r i m e n t  a r e  g i v e n  i n  P i g . 1 4 .

2 . SHVHRITY UP HkHMkTURIA

I n  e x p e r i m e n t s  1 , 2  a n d  3 t h e  h a e m a t u r i a  w as  g e n e r a l l y  

s e v e r e  a n d  a b l o o d - s t a i n e d  p a n e r  w as  v e r y  o f t e n  f o u n d  

b e l o w  t h e  c a g e s ( P i g . 1 5 ) .  I n  a n  o c c a s i o n a l  a n i m a l

P i g .  1 5 . P h o t o g r a p h  o f  f i l t e r  p a p e r  f r o m  b e n e a t h  c a g e  
o f  p y r i d o x i n - d e f i c i e n t  r a t ( e x p e r i m e n t  l , t r i o  P )

U r i n e - s t a i n e d  p a p e r  
1 4 / 5 / 4 8 .  H a e m a t u r i a  
s i n c e  1 9 / 3 / 4 8 .

( e . g . e x p e r i m e n t  l , t r i o  C) b l e e d i n g  w a s  d e t e c t e d  o n l y  b y  

t h e  b e n z i d i n e  r e a c t i o n  a n d  c o n f i r m e d  b y  m i c r o s c o p i c
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50.

f t l u l a p  k A t s  (  f t  n e r  c e n t  n m r - L r l n a  )  •

P y r l d o x l n - d e f i c i e n t

T  h  1  0  C

P y r i d o x i n - d e f i c i e n t

* d  l i b . c o n t r o l

P y r i d o x i n - d e f i c i e n t

A d  l i b . c o n t r o l

P y r i d o x i n - d e f i c i e n t

«o

M  l i b .  c o n t r o l

P y r i d o x i n - d e f i c i e n t

- T  1  M

m o  *
itd_LUl. c o n tro l

P y r ld o x ln - d e f lc l e n t

f f i g .  1 4 . G r o w t h  c u r v e s  o f  t r i o s  o f  a l b i n o  r a t s  u s e d  i n  
E x p . 4 ( 5 / o  m a r g a r i n e ) .



e x a m in a t io n  o f  th e  u r i n e .  S e v e re  m ac ro sco p ic  h a e m a tu r ia  

was o f t e n  p r e c e d e d  and su c c e e d e d  by a v a r i a b l e  p e r i o d  o f  

b l e e d in g  d e t e c t a b l e  o n ly  m i c r o s c o p ic a l l y .  The d u r a t i o n  o f  

m ac ro sc o p ic  h a e m a tu r ia  was e x t r e m e ly  v a r i a b l e , r a n g i n g  from  

o n ly  one day to  s e v e r a l  w eeks. I n  an e a r l i e r  e x p e r im e n t  

(Agnew,1948-49) th e  u s u a l  d u r a t i o n  o f  m ac ro sco p ic  

h a e m a tu r ia  i n  7 p y r i d o x i n - d e f i c i e n t  r a t s  was 4 -6  days 

( r a n g e  1 -13  d a y s )  b u t  th e  d u r a t i o n  o f  h a e m a tu r ia  was 

p r o b a b ly  f a r  l o n g e r  s i n c e , i n  th e s e  e x p e r i m e n t s , t h e  

b e n z i d in e  r e a c t i o n  and m ic ro sc o p y  were n o t  em ployed t o  

d e t e c t  n o n -m a c ro se o p ic  b l e e d in g .

3. HAEMATOLOGY

T a b le  10 sum m arizes th e  o b s e r v a t i o n s  made o f  th e  r e d  

c e l l  c o u n t  and  haem oglob in  p e r c e n ta g e  o f  e i g h t  t r i o s  

(4  m a le ,4 fe m a le )  o f  r a t s  t h a t  had  been  f e d  th e  e x p e r im e n ta l  

d i e t  f o r  p e r i o d s  r a n g in g  from  104 to  156 d a y s .  The r e s u l t s  

i n d i c a t e  t h a t  p y r i d o x in  d e f i c i e n c y  c a u se d  a s i g n i f i c a n t  

( P < 0 . 0 0 l )  i n c r e a s e  i n  th e  r e d  c e l l  c o u n t , a  s i g n i f i c a n t  

(P< 0 .0 2 )  d e c r e a s e  i n  haem oglob in  p e r c e n t a g e , a n d  a 

s i g n i f i c a n t ( P <  O.OOOl) lo w e r in g  o f  t h e  c o lo u r  in d e x .  

M ic r o c y to s i s  has  b e en  r e p o r t e d  i n  p y r i d o x i n - d e f i c i e n t  r a t s  

by C a r p e n te r  and  K o d ic ek (1 9 4 8 ) , and th e  p r e s e n t  r e s u l t s  

c o n f i rm  t h e i r  f i n d i n g s .

I t  i s  o f  i n t e r e s t  t o  n o te  th e  e f f e c t  o f
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a d m i n i s t r a t i o n  o f  p y r i d o x i n  on th e  "blood p i c t u r e  o f  

d e f i c i e n t  a n im a l s ( T a h le  l l ) *  S t a t i s t i c a l  a n a l y s i s  o f  

T a b l e s  10 and 11 i n d i c a t e d  t h a t  d i f f e r e n c e s  due t o  se x  

were n e g l i g i b l e  a s  were d i f f e r e n c e s  due t o  l i t t e r  e f f e c t ,  

and t h u s  c o m p ar iso n  o f  t h e  r e d  c e l l  c o u n t , haem oglobin  

p e r c e n t a g e  and c o l o u r  in d e x  o f  t h e s e  t r i o s  was p e r m i s s i b l e .  

As m en t io n ed  a b o v e , t h e  d u r a t i o n  and s e v e r i t y  o f  h a e m a tu r i a  

i n  t h e  t r i o s  i n  T able  11 were n o t  i n f l u e n c e d  by p y r i d o x i n  

a d m i n i s t r a t i o n .  I t  would s e e m , t h e r e f o r e , t h a t  th e  s e v e r e  

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

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

r e t u r n  o f  t h e  r e d  c e l l  c o u n t  and  haem oglob in  p e r c e n t a g e  t o  

norm al  a n d , c u r i o u s l y , a j u s t  s i g n i f i c a n t ( P < 0 .0 5 )  e l e v a t i o n  

o f  th e  c o l o u r  in d ex  above n o rm al .  As a l r e a d y  n o t e d  t h e  

c o l o u r  in d e x  o f  th e  r a t s  i n  T a b le s  10 and 11 i s  c a l c u l a t e d  

f rom  a fo rm u la  f o r  t h e  human and i s  t h u s  t o  be r e g a r d e d  

o n ly  a s  a r e l a t i v e  m easurem ent .  Compared w i t h  0 .5 9  f o r  

norm al  r a t s ( T a b l e  10) t h e  f i g u r e  o f  0 .3 8  i n d i c a t e s  t h a t  

t h e  r e d  c e l l s  o f  th e  p y r i d o x i n - d e f i c i e n t  r a t s  were 

hypochromic  and m i c r o c y t i c .

4 .  ORGAN WEIGHTS

E x p e r im en t  1 . (Hooded r a t s : 5 p e r  c e n t . m a r g a r i n e ) .

The r e s u l t s  a r e  summarized i n  T a b le  1 2 , f rom which
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t r i o  E (ee e  T ab le  6) has  been  o m i t t e d .  A l th o u g h  t h e  

p y r i d o x i n - d e f i c i e n t  r a t  o f  t r i o  B r e c e i v e d  p y r i d o x i n ( s e e  

T a b l e s  6 and l l ) , t h i s  t r i o  i s  i n c l u d e d  i n  T ab le  12 a s  t h i s  

t r e a t m e n t  had no e f f e c t  on t h e  h a e m a t u r i a .  The k i d n e y s  o f  

t h e  p y r i d o x i n - d e f i c i e n t  r a t s  were  n o t  s i g n i f i c a n t l y  h e a v i e r  

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

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

s i g n i f i c a n c e ( P < 0 .0 5 )  when t h e  k id n e y  w e ig h t s  o f  t h e  a d  l i b , 

and i n a n i t i o n  c o n t r o l  r a t s  were combined.

The h e a r t  w e i g h t s  o f  t r i o s  C and P were n o t  r e c o r d e d .  

The h e a r t s  o f  t h e  p y r i d o x i n - d e f i b i e n t  r a t s  o f  t r i o s  A,B and 

D were s i g n i f i c a n t l y ( P < 0 .0 5 )  h e a v i e r  t h a n  t h o s e  o f  t h e  

c o r r e s p o n d i n g  ad l i b , and i n a n i t i o n  c o n t r o l s .

E x p e r im e n t  2 . (Hooded r a t s : 5  p e r  c e n t . l a r d ) •

The r e s u l t s  8 r e  summarized i n  T ab le  12. The p y r i d o x i n -  

d e f i c i e n t  r a t s  o f  t r i o s  B and C had  r e c e i v e d  p y r i d o x i n  

( s e e  T a b l e s  7 and  l l ) , b u t  t h e s e  t r i o s  a r e  i n c l u d e d  i n  

T a b le  12 a s  t h i s  t r e a t m e n t  had  no e f f e c t  on t h e  h a e m a t u r i a .  

The k id n e y s  o f  t h e  p y r i d o x i n - d e f i c i e n t  r a t s  were  s i g n i f i c a n t  

l y ( P < 0 . 0 l )  h e a v i e r  t h a n  t h o s e  o f  th e  ad  l i b , and  i n a n i t i o n  

c o n t r o l  r a t s .

The h e a r t  w e i g h t s  o f  t r i o s  E and P were n o t  

r e c o r d e d .  The h e a r t s  o f  th e  p y r i d o x i n - d e f i c i e n t  r a t s  o f  

t r i o s  A,B,C and  D j u s t  f a i l e d  t o  be s i g n i f i c a n t l y  h e a v i e r
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t h a n  t h o s e  o f  th e  i n a n i t i o n  c o n t r o l  r e t s , b u t  t h i s  m igh t  he 

a s c r i b e d  t o  one chance  h i g h  v a l u e  i n  th e  l e t t e r  g r o u p ( t r i o  C)*

E xp er im en t  5 . (Hooded r a t s . ;  5 _ n e r _ c e n t , m a r g a r i n e ,  p l u s  
7.5Q mg» linoleig „ aol^Ljgr-IQQ. g. digi.)*

The r e s u l t s  a r e  summarized i n  T ab le  1 2 , f rom which  

t r i o  P ( s e e  T a b le  8) has  b e e n  o m i t t e d .  The k id n e y s  o f  th e  

p y r i d o x i n - d e f i c i e n t  r a t s  were  s i g n i f  i c a n t l y ( P <  O.Ol) 

h e a v i e r  t h a n  t h o s e  o f  th e  i n a n i t i o n  and ad l i b , c o n t r o l  

r a t s .  The h e a r t s  o f  th e  p y r i d o x i n - d e f i c i e n t  r a t s  were a l s o  

s i g n i f i c a n t l y ( P  < 0 .0 5 )  h e a v i e r  t h a n  t h o s e  o f  t h e  i n a n i t i o n  

and ad  l i b , c o n t r o l s .

Exp e r i m e n t  4 .  (A lb in o  r a t s ; 5 .per c e n t . m a r g a r i n e ) .

The r e s u l t s  a r e  summarized i n  T ab le  12. The k id n e y s  

o f  t h e  p y r i d o x i n - d e f i c i e n t  r a t s  were s i g n i f i c a n t l y ( P  < 0 . Ol) 

h e a v i e r  t h a n  t h o s e  o f  th e  i n a n i t i o n  and ad  l i b , c o n t r o l s .

The i n a n i t i o n  c o n t r o l  k id n e y s  were s i g n i f i c a n t l y ( P < 0 . Ol) 

h e a v i e r  t h a n  th e  ad  l i b , c o n t r o l  k i d n e y s .  The h e a r t s  o f  t h e  

p y r i d o x i n - d e f i c i e n t  r a t s  were s i g n i f i c a n t l y ( P < 0 . Ol) 

l a r g e r  t h a n  t h o s e  o f  t h e  i n a n i t i o n  and ad  l i b , c o n t r o l s .

S t a t i s t i c a l  a n a l y s i s  i n d i c a t e d  t h a t  i n  a l l  t h e  above 

e x p e r i m e n t s  s e x  d i d  n o t  i n f l u e n c e  th e  o rg a n  w e i g h t s .  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  h e a r t  and k id n e y  w e i g h t s  o f  

co m parab ly  t r e a t e d  r a t s  i n  e x p e r i m e n t s  1 , 2  and  3 was 

o b s e r v e d , b u t  t h e  a l b i n o  r a t  k id n e y s  and h e a r t s  were
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s i g n i f i c a n t l y ( P < 0 . Ol) h e a v i e r  t h a n  t h o s e  o f  com parab ly  

t r e a t e d  r a t s  i n  any o f  th e  o t h e r  e x p e r im e n t s .

The r e s u l t s  summarized i n  T ab le  IS p r o v i d e  a s t r i k i n g  

example  o f  t h e  im p o r ta n c e  o f  u s i n g  l i t t e r - r a a t e s  i n  t h e  

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

w e i g h t s  t h e  u se  o f  l i t t e r - m a t e s  p r o d u c e s  a 35 p e r  c e n t ,  

i n c r e a s e  i n  a c c u r a c y , w h i le  f o r  t h e  k id n e y  w e ig h t s  a 152 p e r  

c e n t ,  i n c r e a s e  i n  a c c u r a c y  i s  a t t a i n e d .  I n  o t h e r  w o r d s , i f  

l i t t e r - m a t e s  had  n o t  b een  u s e d , 35 and 152 p e r  c e n t ,  more 

a n im a l s  would have been  n e c e s s a r y  t o  a c h i e v e  th e  same 

a c c u r a c y .  These f i g u r e s  f o r  t h e  improvement  due t o  t h e  use  

o f  l i t t e r - m a t e s  a r e  d e r i v e d  a s  f o l l o w s s -

A common m easure  o f  v a r i a b i l i t y  i n  s t a t i s t i c s  i s  t h e  

v a r i a n c e  o r  mean s q u a r e d  e r r o r .  The v a r i a n c e  o f  a mean o r  

a d i f f e r e n c e  be tw een  means i n d i c a t e s  i t s  a c c u r a c y .  T h is  

q u a n t i t y  d e c r e a s e s  a s  t h e  number o f  o b s e r v a t i o n s  i n c r e a s e s ,  

so  t h a t , f o r  e x a m p le , t h e  v a r i a n c e  o f  t h e  mean o f  t e n  

o b s e r v a t i o n s  i s  l / l O t h  th e  v a r i a n c e  o f  e a c h  o b s e r v a t i o n .

I f , t h e r e f o r e , t w o  e x p e r i m e n t s  a r e  c a r r i e d  o u t  and  t h e  

v a r i a n c e  i n  t h e  f i r s t  i s  t w i c e  t h a t  i n  t h e  s e c o n d , t w i c e  a s  

many o b s e r v a t i o n s  would be r e q u i r e d  i n  th e  f i r s t  t o  g i v e  a s  

a c c u r a t e  a r e s u l t  i n  t h e  secon d .  I n  th e  p r e s e n t  e x p e r im e n t  

(T a b le  12) t h e r e  a r e  two e s t i m a t e s  o f  v a r i a n c e , o r  v a r i a b i l i t y ,



1 . t h e  v a r i a n c e  be tw een  a n im a l s  f rom d i f f e r e n t  l i t t e r s , a n d

2 . t h e  v a r i a n c e  be tw een  a n im a l s  f rom th e  same l i t t e r s .  The 

r a t i o s  o f  t h e s e  t a k e  t h e  v a l u e s  1 .3 5  and 2 .5 2  f o r  th e  

h e a r t  and k id n e y  r e s p e c t i v e l y .  T h is  shows t h a t  100 l i t t e r -  

m ates  g i v e  t h e  same a c c u r a c y  a s  135 o r  252 u n r e l a t e d  

a n i m a l s .  N a t u r a l l y , a s  t h e s e  f i g u r e s  a r e  d e te rm in e d  f rom  

t h i s  one e x p e r im e n t  t h e y  a r e  n o t  t o  be  r e g a r d e d  a s  

a b s o l u t e , b u t  m e re ly  a s  i n d i c a t i v e  o f  an  improvement due t o  

t h e  u s e  o f  l i t t e r - m a t e s .

5. KSNAL PATHOLOGY

I n t e r e s t i n g  r e n a l  l e s i o n s , r a n g i n g  from g r o s s  

m ac ro sc o p ic  p i t t i n g  and s c a r r i n g  t o  changes  v i s i b l e  o n ly  

m i c r o s c o p i c a l l y , were o b s e r v e d  i n  most  o f  th e  r a t s  t h a t  had 

had  h a e m a t u r i a ( T a b l e s  6 ,7  and  8 ) .  A d e t a i l e d  a c c o u n t  o f  

t h e s e  f i n d i n g s  i s  i n  p r e p a r a t i o n  and o n ly  a few g e n e r a l  

o b s e r v a t i o n s  c a n , a t  p r e s e n t ( D e c e m b e r , 1 9 4 9 ) , be made. 

M a t e r i a l  Examined.

1. The k i d n e y s  o f  the  r a t s  m en t io n ed  i n  T a b l e s  6 , 7 , 8

and 9.

2. The k id n e y s  o f  th e  r a t s  u s e d  i n  t h e  a n t i b o d y  

p r o d u c t i o n  e x p e r i m e n t s  w i th  a k i l l e d  c u l t u r e  o f  B a c te r iu m  

tvphosum a s  a n t i g e n ( P a r t  1 , T ab le  3 ) .  M acroscop ic  

h a e m a t u r i a  was o b s e r v e d  i n  4 o f  t h e  7 p y r i d o x i n - d e f i c i e n t  

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

were k i l l e d  on th e  53 rd  day o f  t h e  e x p e r i m e n t .



■Findings ? 1 .  MacgflBgOPJlfi*

No a b n o r m a l i t y  was o b s e r v e d  i n  any o f  th e  k id n e y s  o f  

t h e  r h t s  k i l l e d  on t h e  5 3 rd  day o f  th e  d e f i c i e n c y ( s e e  2 

a b o v e ) .  G ross  s c a r r i n g , h o w e v e r , w a s  n o t e d  i n  t h e  k id n e y s  o f  

s e v e r a l  p y r i d o x i n - d e f i c i e n t  r a t s  t h a t  had had p r o t r a c t e d  

h a e m a t u r i a ( T a b l e s  6 ,7  and 8 ) .  S c a r r i n g  was a l s o  o b s e r v e d  

i n  t h e  k i d n e y s  o f  2 o f  t h e  5 ad  l i b , c o n t r o l  r a t s  t h a t  had 

d e v e lo p e d  h a e m a tu r i a  a f t e r  r e c e i v i n g  th e  s y n t h e t i c  d i e t  

p l u s  c ru d e  l i n o l e i c  a c id ( B x p e r im e n t  3 , T ab le  8 ) .  S c a r r i n g  d i d  

n o t  o c c u r  i n  a l l  th e  r a t s  t h a t  had had h a e m a t u r i a ; t h e  

i n c i d e n c e  i n  th e  hooded p y r i d o x i n - d e f i c i e n t  r a t s  was a s  

f o l l o w s s -

Exp e r i ro e n t  I n c i d e n c e  o f  s c a r r i n g  i n  n v r i d o x i n - d e f i c -

T o t a l i 9 o u t  o f  17 r a t s

S c a r r i n g  was n o t  o b s e r v e d  i n  t h e  k id n e y s  o f  any o f  th e  

a l b i n o  r a t s ( E x p e r i m e n t  4 , T a b le  9)»

iSXLfc. r&fcfl

1. (T ab le  6)

2. (T ab le  7)

3.  (T ab le  8)

4 o u t  o f  5 r a t s ( T r i o  E e x c lu d e d )

1 o u t  o f  6 r a t s

4 o u t  o f  6 r a t s

P i g . 16 shows a t y p i c a l  p a i r  o f  k id n e y s  f rom  a 

p y r i d o x i n - d e f i c i e n t  r a t .  One k id n e y  was g r o s s l y  s c a r r e d ,  

b u t  th e  o t h e r  had  o n ly  a few s m a l l , s h a l l o w  p i t s .
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K i d n e y s  o f  p y r i d o x i n - d e f i c i e n t  h o o d e d  r a t  
( T a b l e  8 , t r i o  C) s h o w i n g  g r o s s  s c a r r i n g  o f  
o n e  k i d n e y  a n d  o n l y  s l i g h t  d a m a g e ( a  f e w  s m a l l ,  
s h a l l o w  p i t s )  o f  t h e  o t h e r .



6 2 .

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

o f  t h e  r e n a l  p a p i l l a  was n o t e d  i n  a few c a s e s , a n d  t h i s  

was v e r i f i e d  h i s t o l o g i c a l l y ( s e e  "below). H y d ro n e p h ro s i s  -  

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

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

one c a s e ( f a b l e  7 , t r i o  D ) • The a f f e c t e d  k id n ey  was 

e n l a r g e d  and p a l e , a n d  c l e a r  f l u i d  e s c a p e d  from th e  

g r o s s l y  d i l a t e d  p e l v i s  when t h e  k id n ey  was s l i c e d .

2. M ic ro scop ic*

E x a m in a t io n  o f  th e  s c a r r e d  and p i t t e d  k id n e y s  

c o n f i r m e d  th e  s u s p i c i o n  t h a t  th e  n a k ed -ey e  a p p e a ra n c e  was 

t h e  r e s u l t  o f  g r o s s  f i b r o s i s .  I n  s e v e r a l  c a s e s , e a r l y  

f i b r o s i s  w i t h o u t  m a c ro sc o p ic  s c a r r i n g  was n o t e d , a n d  £’i g .  17 

shows an example  o f  e a r l y  s u b c a p s u l a r  f i b r o s i s .  More 

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

18 and 19. O c c a s i o n a l l y , t u b u l a r  d i l a t a t i o n  w i t h o u t  

o b v io u s  f i b r o s i s  was s e e n , a n d  i?’i g . 2 0  shows t h i s  i n  t h e  

m ed u l la  and *’i g . 2 1  i n  th e  r e n a l  p a p i l l a .  I n  some c a s e s ,  

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

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

p a p i l l a  a s  i n  i>’i g . 2 2 .  C a l c i f i c a t i o n  and d e s t r u c t i o n  o f  

t h e  p a p i l l a  t i p  was s e e n  i n  s e v e r a l  c a se s ( -E ig s .  22 and 23; 

compare w i t h  a p p e a ra n c e  o f  norm al  p a p i l l a e  i n  E i g s . 2 4  and 

25)* T h is  l e s i o n  has  been  r e p o r t e d  i n  th e  k i d n e y s  o f



£ i g *  3-7* P u c k e r e d  s c a r  c a u s e d  by  e a r l y  w e d g e - s h a p e d  
s u b c a p s u l a r  f i b r o s i s .  U ' a b l e  7 , t r i o  G). 
M a s s o n  t r i c h r o m e .  x  g q #



P i g . 1 8 .  A l t e r n a t i n g  a r e a s  o f  n o r m a l  r e n a l  c o r t e x  w i t h  
a r e a s  o f  f i b r o s i s  a n d  t u b u l a r  d i l a t a t i o n .  
C o r t i c a l  s u r f a c e  p u c k e r e d  o v e r  a f f e c t e d  a r e a s .  
( T a b l e  6 , t r i o  A ) .  H a e m a t o x y l i n  a n d  e o s i n .  x  6 5 .



i? ' ig .  1 9 .  C o r t i c a l  f i b r o s i s  a n d  t u b u l a r  d i l a t a t i o n .  T h i s  
a d  l i b . c o n t r o l  r a t ( T a b l e  8 , t r i o  i j )  r e c e i v e d  
c r u d e  l i n o l e i c  a c i d  a n d  d e v e l o p e d  h a e m a t u r i a .  
S c a r r e d  k i d n e y s  w e r e  o b s e r v e d  a t  p o s t  m o r t e m .  
H a e m a t o x y l i n  a n d  e o s i n .  x 6 5 .



6 6 .

-b’i g . 2 0 .  T u b u l a r  d i l a t a t i o n  a t  j u n c t i o n  o f  p a n i l l a  
a n d  m e d u l l a .  W e l l - m a r k e d  f l a t t e n i n g  o f  
t u b u l a r  e p i t h e l i u m . ( T a b l e  6 , t r i o  A ; .  
H a e m a t o x y l i n  a n d  e o s i n .  x 1 1 0 .
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if’i g .  21* D i l a t a t i o n  o f  t u b u l e s  i n  r e n a l  p a p i l l a .  G f .  
j?’i g s . 2 4  a n d  2 5 .  ( T a b l e  6 , t r i o  A } .  
H a e m a t o x y l i n  a n d  e o s i n .  x  6 5 .



6 8 .

J ? ' i g . 2 2 . j J e s t r u c t i o n  a n d  " c a l c i f i c a t i o n "  o f  p a p i l l a  
t i p *  ^ f *  -^ ' igs .  24  a n d  2 5 .  ( T a b l e  6 , t r i o  B ) . 
H a e m a t o x y l i n  a n d  e o s i n .  x  6 5 .



6 9 .

j? ' ig.  2 3 .  D e s t r u c t i o n  a n d  " c a l c i f i c a t i o n '* o f  p a p i l l a  t i p .
D e s q u a m a t e d  e p i t h e l i a l  c e l l s  a r e  p r e s e n t  i n  m o s t  
o f  t h e  t u b u l e s , b u t  t h i s  i s  p r o b a b l y  t h e  r e s u l t  o f  
p o s t  m o r t e m  c h a n g e  a s  t h e  r a t  d i e d  d u r i n g  t h e  
n i g h t , a n d  t h e  k i d n e y s  w e r e  n o t  f i x e d  u n t i l  t h e  
n e x t  d a y .  ( T a b l e  6 , t r i o  d ) .
H a e m a t o x y l i n  a n d  e o s i n .  x  c c



F i g . 2 4 .  L o n g i t u d i n a l  h e m i s e c t i o n  o f  n o r m a l  p a p i l l a .
G f . F i g s . 2 1 - 3  a n d  2 8 .  I n a n i t i o n  c o n t r o l  r a t  
( T a b l e  6 , t r i o  F ) .
Haematoxylin and eosin. x 65.
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■big. 2 5 .  l o n g i t u d i n a l  h e m i s e c t i o n  o f  n o r m a l  p a p i l l a .  
G f  . - f ' i g s .  2 1 - 3  a n d  2 8 .  Ad l i b ,  c o n t r o l  r a t .  
( T a b l e  6 , t r i o  G ) .
Haematoxylin and eosin. x 65.
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e s s e n t i a l  f a t t y  a c i d - d e f i c i e n t  r a t s ( B o r l a n d  and J a c k s o n ,  

1 9 3 1 ) , and  a s  h a e m a tu r i a  has  o f t e n  b e en  n o t e d  i n  such  

r a t s ( e . g . b y  B u r r  and B u r r , 1 9 3 0 ,and  B i r c h , 1938) i t  seemed 

p o s s i b l e  t h a t  f a t t y  a c i d  d e f i c i e n c y  m ight  have b een  a 

f a c t o r  i n  t h e  p r e s e n t  work.  H ow ever ,as  none o f  t h e  

i n a n i t i o n  o r  ad  l i b , c o n t r o l  r a t s  u se d  i n  E x p e r im e n ts  1 

and 2 ( T a b l e s  6 and  7) d e v e lo p e d  h a e m a t u r i a , and  a s  5 p e r  

c e n t . m a r g a r i n e  and 5 p e r  c e n t . l a r d  had b een  f e d  r e s p e c t i v 

e l y  i n  t h e s e  e x p e r i m e n t s , i t  i s  u n l i k e l y  t h a t  an  e s s e n t i a l  

f a t t y  a c i d  d e f i c i e n c y  c o u l d  have o c c u r r e d .  Gross  c a l c i f i 

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

k id n e y  t u b u l e s  and c h a r a c t e r i s t i c a l l y  s t a i n e d  by 

h a e m a to x y l in  and  r e n d e r e d  b l a c k  by th e  von Kossa s i l v e r  

n i t r a t e  t e c h n i q u e  -  was o f t e n  o b s e r v e d , a n d  was u s u a l l y  

c o r t i c o - m e d u l l a r y  i n  d i s t r i b u t i o n ( F i g . 2 6 ) .  C a lc ium  

d e p o s i t i o n  i n  t h e  r a t  k id n e y  h a s , h o w e v e r , t o  be i n t e r p r e t e d  

w i t h  c a r e  a s  i t  may o c c u r  i n  q u i t e  norm al  c o n t r o l  o r  

s t o c k  a n im a l s .  C a lc ium  d e p o s i t i o n  was f r e q u e n t l y  o b s e r v e d  

i n  many o f  t h e  c o n t r o l  r a t s ( e . g . s e e  F i g . 27) o f  t h e  

p r e s e n t  s e r i e s  b u t , w i t h  t h e  e x c e p t i o n  o f  one a n im a l ,w a s  

n e v e r  a s  marked a s  i n  F i g . 26.

S e v e re  p y e l o n e p h r i t i s  was o b s e r v e d  p o s t - m o r te m  i n  

two p y r i d o x i n - d e f i c i e n t  r a t s ( T a b l e  8 , t r i o  E ;T a b le  9 ,  

t r i o  E ) .  F i g . 28 shows g r o s s  e r o s i o n , d e s t r u c t i o n  and



F i g . 2 6 .  C a l c i u m  d e p o s i t i o n  i n  t u b u l e s  i n  c o r t i c o -  
m e d u l l a r y  r e g i o n  o f  k i d n e y  o f  p y r i d o x i n -  
d e f i c i e n t  r a t ( T a b l e  7 , t r i o  F ) .
Von  K o s s a .  ^  At-
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i?’i g . 2 7 .  C a l c i u m  d e p o s i t i o n  i n  t u b u l e s  o f  i n a n i t i o n  
c o n t r o l  r a t ( T a b l e  8 , t r i o  C ) .
Haematoxylin and eosin. x 90.
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n e u t r o p h i l  i n f i l t r a t i o n  o f  t h e  p a p i l l a  i n  t h i s  c o n d i t i o n .  

F i g . 29 shows an e n la r g e m e n t  o f  a t u h u l e  i n  F i g . 28 t o  show 

one o f  t h e  many n e u t r o p h i l  c a s t s .  The a p p e a ra n c e  o f  th e  

p a p i l l a  i s  4u i t e  d i f f e r e n t  f rom th o s e  shown i n  F i g s . 2 2 -5 .  

I n  two o t h e r  p y r i d o x i n - d e f i c i e n t  r a t s ( T a h l e  6 , t r i o  A;

T ah le  7 , t r i o  I>) a few n e u t r o p h i l s  were s e e n  i n  o c c a s i o n a l  

t u b u l e s ( e . g . s e e  F i g . 3 0 ) and  a d i a g n o s i s  o f  m i ld  p y e l o 

n e p h r i t i s  was made. The p o s s i b i l i t y  t h a t  th e  h a e m a tu r i a  

and  r e n a l  l e s i o n s  o b s e r v e d  i n  t h e  p y r i d o x i n - d e f i c i e n t  

hooded r a t s  m igh t  have r e s u l t e d  from p y e l o n e p h r i t i s  o f  

v a r y i n g  s e v e r i t y  had t h e r e f o r e  t o  be c o n s i d e r e d , e s p e c i a l l y  

a s  t h e  work r e p o r t e d  i n  P a r t  1 c o n f i rm e d  and e x te n d e d  

t h e  work o f  S t o e r k  and  F i s e n ( l 9 4 6 ) , which  showed i m p a i r e d  

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

s p o n ta n e o u s  a b s c e s s  f o r m a t i o n  has  o c c a s i o n a l l y  been  

o b s e r v e d  i n  p y r i d o x i n - d e f i c i e n t  r a t s ( e . g . T a b l e  8 , t r i o  B; 

and  P a r t  1 , T ab le  3 , t r i o  1 6 ) , t h e  p o o r  a n t i b o d y  r e s p o n s e  o f  

p y r i d o x i n - d e f i c i e n t  r a t s  t o  su ch  a n t i g e n s  a s  sheep  

e r y t h r o c y t e s ( S t o e r k  and  F i s e n , 1 9 4 6 ; P a r t  1 , T a b le  2) o r  a 

k i l l e d  c u l t u r e  o f  B a c te r iu m  t.vphosum( P a r t  1 , T ab le  3) does  

n o t  n e c e s s a r i l y  mean t h a t  su c h  a n im a l s  would be more 

s u s c e p t i b l e  t o  i n f e c t i o n .  U r in e  c u l t u r e s  f rom  o t h e r  

p y r i d o x i n - d e f i c i e n t  r a t s  w i t h  h a e m a tu r i a  f a i l e d  t o  r e v e a l  

o r g a n i s m s ( e . g .  S a lm o n e l l a  e n t e r i t i d i s , s e e  Sma d e l , 1 9 3 7 )  

commonly a s s o c i a t e d  w i t h  o u t b r e a k s  o f  i n f e c t i v e
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i?‘i g .  2 8 .  G r o s s  e r o s i o n , d e s t r u c t i o n  a n d  n e u t r o p h i l
i n f i l t r a t i o n  o f  p a p i l l a  i n  a  c a s e  o f  p y e l o 
n e p h r i t i s .  ( T a b l e  8 , t r i o  £ ) •  
h a e m a t o x y l i n  a n d  e o s i n .  x  1 1 0 .



? m*. iS&jL* *fw,v. *?

2 9 . E n l a r g e m e n t  o f  t u b u l e  f r o m  i?‘i g . 2 8  t o  show 
n e u t r o p h i l  c a s t .
Haematoxylin and eosin. x 220.



j ' j g .  5 0 . M i l d  p y e l o n e p h r i t i s  s h o w i n g  l e u c o c y t e s  -
m a i n l y  n e u t r o p h i l s  -  i n  t u b u l e . ( T a b l e  7 , t r i o  D ) . 
H a e m a t o x y l i n  a n d  e o s i n .  x  6 2 0 .



pyelonephritis in stock rats. In earlier experiments, 
examination of the kidneys of rats killed shortly after 
the onset of haemsturia did not reveal signs of early 
pyelonephritis and bacteria were not seen in Gram-stained 
sections. Further,pyelonephritis was noted in one of the 
kidneys of one of the pyridoxin-deficient albino rats 
but haematuria was not observed in any of these rats, 
although antibody production was probably impaired. It 
would seem unlikely that,with the exception of the four 
rats mentioned above,increased susceptibility to 
infective pyelonephritis by virtue of pyridoxin-deficiency 
could have accounted for the haematuria and renal lesions 
observed in these experiments.

A p a r t  f rom  th e  f o u r  c a s e s  o f  p y e l o n e p h r i t i s  j u s t  

d i s c u s s e d , t h e  s e v e r e  l e s i o n s  d e s c r i b e d  above a r e  p resum 

a b l y  th e  l a t e  s t a g e s  o f  p a t h o l o g i c a l  c h an ges  which  must 

have b e en  g o in g  on f o r  many weeks d u r i n g  t h e  d e f i c i e n c y .  

The e a r l i e s t  l e s i o n s  o b s e r v e d  were i n  r a t s  k i l l e d  w i t h i n  

a few days o f  t h e  o n s e t  o f  h a e m a t u r i a ( 2 . a b o v e ) • I n  such  

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

were o f t e n  s e e n .  J?'igs.31 and 32 show t y p i c a l  d e p o s i t s .  I n  

two r a t s , a b o u t  50 p e r  c e n t ,  o f  t h e  s u b c a p s u l a r  s p a c e s  i n  

t h e  s e c t i o n s  examined were i n v o l v e d ,  t f i g s . 3 1  and 32 

s u g g e s t  s t r o n g l y  t h a t  th e  d e p o s i t s  r e s u l t  f rom th e
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E n l a r g e m e n t  o f  g l o m e r u l u s  s e e n  on  
r i g h t  a b o v e .

F i g s . 31 and 3 2 . S u b c a p s u l a r  d e p o s i t s ( s e e  t e x t ) .  
H a em a to x y l in  and  e o s i n .  F i g . 3 1  x  3 9 0 , F i g .  3 2  x 6 6 0 .



l e a k a g e  o f  some m a t e r i a l  -  p o s s i b l y  b l o o d ,w h i c h  would 

e x p l a i n  t h e  h a e m a tu r i s  c o n v e n i e n t l y  -  t h r o u g h  th e  

g l o m e r u lu s ,  ked  c e l l s  were n o t , h o w e v e r ,o b s e r v e d  i n  t h e  

s u b c a p s u l a r  s p a c e s  and s t a i n i n g  o f  one o r  two s e c t i o n s  

o f  a f f e c t e d  k id n e y s  w i t h  W e i g e r t ’ s f i b r i n  s t a i n  i n d i c a t e d  

t h a t  t h e  d e p o s i t s  were n o t  f i b r i n .  The d e p o s i t s  were 

examined i n  p o l a r i z e d  l i g h t  and were n o t  b i r e f r i n g e n t .

The p e r i o d i c  a c i d  -  S c h i f f  techn i£ue(M cM anus ,1948)  was 

f o u n d  t o  g iv e  t h e  b e s t  s t a i n i n g  c o n t r a s t  f o r  p h o to m ic r 

ography  ( F i g s . 31 and 3 2 ) .

A l th o u g h  c a r d i a c  h y p e r t r o p h y  was o b s e r v e d  i n  th e  

hooded and a l b i n o  p y r i d o x i n - d e f i c i e n t  r a t s ( T a b l e  1 2 ) ,  

v a s c u l a r  l e s i o n s ( e . g .  a r t e r i a l  o r  a r t e r i o l a r  m e d ia l  myo- 

h y p e r t r o p h y )  were n o t  s e e n  i n  th e  h e a r t s  and k id n e y s  o f  

t h e s e  r a t s .  I f  h y p e r t e n s i o n  was r e s p o n s i b l e  f o r  th e  

c a r d i a c  h y p e r t r o p h y  -  snd  t h i s  seems th e  most  l i k e l y  

e x p l a n a t i o n  -  i t  may be t h a t  th e  r a t s  d i e d  o r  were k i l l e d  

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

l i k e l y , t h a t  t h e  deg re e  o f  h y p e r t e n s i o n  was n o t  s u f f i c i e n t  

t o  c a u se  v e s s e l  c h a n g e s .  I t  i s  u n l i k e l y  t h a t  th e  c a r d i a c  

h y p e r t r o p h y  was s e c o n d a ry  t o  h y p e r t e n s i o n  c a u s e d  by 

r e n a l  dam age ,a s  th e  h e a r t s  o f  t h e  a l b i n o  r a t s  were 

e n l a r g e d  and h a e m a tu r i a  and  s e v e r e  r e n a l  l e s i o n s  were n o t  

o b s e r v e d  i n  t h e s e  r a t s .



6 .  STRAIN d i f f e r e n c e s

The most s t r i k i n g  d i f f e r e n c e  be tw een  p y r i d o x i n -  

d e f i c i e n t  r a t s  o f  th e  hooded and a l b i n o  s t r a i n s , a p a r t  

f rom  th e  f a i l u r e  o f  t h e  a l b i n o s  t o  deve lop  h a e m a t u r i a ,  

l a y  i n  th e  r a t e  o f  development  and  s e v e r i t y  o f  a c r o d y n i a -  

l i k e  s k i n  l e s i o n s .  Hooded r a t s  f e d  th e  d e f i c i e n t  d i e t  

d i d  n o t  deve lo p  s k i n  l e s i o n s  u n t i l  a f t e r  4 - 5  m o n t h s , t h e  

s k i n  c h an ges  t h e n  o b se rv e d  b e i n g  d ry  s c a l i n g  o f  t h e  

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

t i p s .  U s u a l l y  th e  f u r  became r a t h e r  unkempt and i n  one 

a n im a l  t h e  f u r  o f  one s i d e  o f  t h e  nose  became denuded .

F i t s  were n o t e d  i n  a few o f  t h e  a n im a l s  t h a t  had  b e e n  a t  

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

W i th in  50 d a y s ,h o w e v e r , 4 o f  t h e  6 p y r i d o x i n - d e f i c i e n t  

r a t s  d e v e lo p e d  s e v e r e  a c r o d y n i a - l i k e  l e s i o n s ( F i g s . 33 and 

3 4 ) .  The paws became r e d , h o t  and s w o l l e n ; t h e  f u r  was 

unkempt and o c c a s i o n a l l y  " s p i k y 0 ; a b loo d y  e x u d a te  

c o v e r e d  th e  s n o u t ( F i g . 3 4 ) ; and  t h e r e  was d e n u d a t io n  o f  

f u r  a b o u t  t h e  e y e .  Once s t a r t e d , t h e s e  a c r o d y n i a - l i k e  

l e s i o n s  p e r s i s t e d .  I n  2 o f  th e  6 p y r i d o x i n - d e f i c i e n t  

a l b i n o  r a t s  t h e s e  s k i n  l e s i o n s  d i d  n o t  become marked 

u n t i l  t h e  d e f i c i e n t  d i e t  had b een  f e d  f o r  a b o u t  100 

d a y s .  T hree  o f  t h e  more s e v e r e l y  a f f e c t e d  a n im a l s  d i e d



A c r o d y n i a  o f  h i n d  p a w s  o f  p y r i d o x i n - d e f i c i e n t  
a l b i n o  r a t .  P a i r e d - w e i g h e d  c o n t r o l  r a t  on  l e f t
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P i g .  5 4 . P y r i d o x i n - d e f i c i e n t  a l b i n o  r a t  s h o w i n g  s p i k y
f u r , b l o o d y  e x u d a te  o v e r  s n o u t , a n d  s w o l l e n  f o r e  
paws. I n a n i t i o n  c o n t r o l  r a t  on r i g h t .



a f t e r  r e l a t i v e l y  s h o r t  p e r i o d s  on th e  d i e t ( T a b l e  9 ) .

The r e m a in in g  t h r e e  t r i o s  were k i l l e d ( o n e  a c c i d e n t a l l y ) ,  

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

i e n t  r a t  would have s u r v i v e d  l o n g e r  t h a n  a n o t h e r  day 

o r  two. As i n d i c a t e d  a b o v e ,h 8 e m a tu r i a  was n o t  o b s e r v e d  

i n  any o f  t h e  p y r i d o x i n - d e f i c i e n t  a l b i n o  r a t s , a l t h o u g h  

n o t e d  f o r  v a r i a b l e  p e r i o d s  i n  a l l  o f  th e  p y r i d o x i n - d e f i c 

i e n t  hooded r a t s .  The p o s s i b l e  s i g n i f i c a n c e  o f  th e  m i ld  

m ic r o s c o p ic  h a e m a t u r i e s  t h a t  were o b s e r v e d  i n  two o f  the  

a l b i n o  c o n t r o l  r a t s ( T a b l e  9) w i l l  be d i s c u s s e d  below.

ho s t r i k i n g  d i f f e r e n c e s  were n o t e d  between th e  

g ro w th  c u r v e s  o f  th e  a l b i n o  and hooded p y r i d o x i n - d e f i c 

i e n t  r a t s ( P i g s . 1 1 -1 4 ) •  H o w e v e r , i t  seemed p o s s i b l e  t h a t  

t h e  hooded r a t s  d i d  n o t  d e v e lo p  s e v e r e  a c r o d y n i a  b e c a u se  

t h e i r  i n t e s t i n a l  b a c t e r i a  s y n t h e s i s e d  enough p y r i d o x i n  to  

p r o t e c t  them a g a i n s t  t h i s  e f f e c t .  T ab le  13 sum m arises  th e  

r e s u l t s  o f  an  e x p e r im e n t  d e s i g n e d  t o  t e s t  one a s p e c t  o f  

t h i s  h y p o t h e s i s .  Nine male l i t t e r m a t e  hooded r a t s  were 

d i v i d e d  i n t o  t r i o s  i n  t h e  u s u a l  way. The p y r i d o x i n - d e f i c 

i e n t  r a t s , o f  t r i o s  2 and  3 were g iv e n  o r a l l y  5mg. o f  

d e s o x y p y r i d o x i n , t h e  p o t e n t  a n t i v i t a m i n  o f  p y r i d o x i n , b y  

tu b e  i n  0 .5m l  d i s t i l l e d  w a t e r  on 10 o c c a s i o n s  f o r  t r i o  2 

and 7 o c c a s i o n s  f o r  t r i o  3 ( s e e  P i g . 3 5 ) , 50mg. and 35mg. 

b e i n g  g i v e n  o v e r  p e r i o d s  o f  18 and 14 days  r e s p e c t i v e l y .



The ad  l i b , and  i n a n i t i o n  c o n t r o l  a n im a l s  o f  t h e  t r i o s  

were g i v e n  0 .5m l  d i s t i l l e d  w a te r  o r a l l y  by tu be  on t h e  

o c c a s i o n s  when d e s o x y p y r i d o x in  was g i v e n  t o  t h e  p y r i d o x i n -  

d e f i c i e n t  a n i m a l s .  The r a t s  r e c e i v i n g  d e s o x y p y r i d o x in  

l o s t  w e i g h t ( P i g . 35) and  s e v e r e  a c r o d y n i a - l i k e  l e s i o n s ,  

p a r t i c u l a r l y  o f  t h e  f o r e - p a w s , d e v e l o p e d  which  were 

com parab le  t o  t h o s e  h i t h e r t o  n o t e d  o n ly  i n  t h e  a l b i n o  

r a t s .  Unkempt f u r  and a b l o o d - s t a i n e d  e x u d a te  a b o u t  th e  

sn o u t  were a l s o  n o t e d .  Both  r a t s  d i e d , a n d  t h e i r  k id n e y s  

and h e a r t s  were s i g n i f i c a n t l y ( P < 0 . 0 0 1 , and P <  0 .0 2  

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

c o n t r o l  p y r i d o x i n - d e f i c i e n t  r a t  o f  t r i o  l ( T a b l e  1 3 ) .  

H aem atur ia  was n o t  o b s e r v e d  i n  any o f  t h e s e  r a t s .  No s k i n  

l e s i o n s  were  o b s e r v e d  i n  th e  c o n t r o l  p y r i d o x i n - d e f i c i e n t  

r a t  o f  t r i o  1.

I t  would  s e e m , t h e r e f o r e , t h a t  a d m i n i s t r a t i o n  o f  

d e s o x y p y r i d o x in  t o  hooded r a t s  a l r e a d y  r e c e i v i n g  a 

p y r i d o x i n - d e f i c i e n t  d i e t  can  c a u s e , p o s s i b l y  by d e s t r u c t i o n  

o f  p y r i d o x i n  s y n t h e s i s e d  i n  t h e  i n t e s t i n e , 8 s t r i k i n g  

i n c r e a s e  i n  s e v e r i t y  o f  a c r o d y n i a - l i k e  s k i n  l e s i o n s .  

G a r p e n t e r , H a r r i s  and K o d ic e k ( l9 4 8 )  a p p e a r  t o  have 

o b t a i n e d  a s i m i l a r  r e s u l t  by f e e d i n g  hooded r a t s  1 p e r  

c e n t .  s u c c i n y l s u l p h a t h i 8 z o l e  i n c o r p o r a t e d  i n  8 p y r i d o x i n -  

d e f i c i e n t  d i e t .
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S t u d i e s  on v i t a m i n  b i o s y n t h e s i s  and s i m i l a r  

m i c r o b i o l o g i c a l  p ro b lem s  i n  th e  r a t  have b e en  hampered 

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

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

o v e r  lo n g  p e r i o d s  o f  t im e .  A l th o u g h  th e  r a t  has  be en  so 

f r e q u e n t l y  employed i n  n u t r i t i o n a l  i n v e s t i g a t i o n s  i t  does 

n o t  a p p e a r  t o  have been s u b j e c t e d  t o  s t u d i e s  w i t h  th e  

f i s t u l a  t e c h n i q u e .  A o n e - s t a g e  p e rm anen t  c o lo s to m y  

o p e r a t i o n  was t h e r e f o r e  d e v i s ed (A g n e w ,1 9 4 9 b ) . and i n  such  

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

any t im e .  A l s o , e a c h  r a t  c o u ld  be s a i d  t o  a c t  a s  i t s  own 

c o n t r o l  a s  r e g a r d s  c h an ges  i n , f o r  e x a m p l e , c a e c a l  f l o r a .  

A p a r t  f rom  t h e i r  use  i n  m i c r o b i o l o g i c a l  p rob lem s  su ch  a s  

r e f e c t i o n , t h e s e  r a t s  can  be used  i n  many o t h e r  ways.  P u l l  

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

t h e s e  a n im a l s  a r e  g i v e n  i n  th e  r e p r i n t  a t  th e  end o f  th e  

t h e s i s .

DISCUSSION

H aem a tu r ia  was o b s e r v e d  f o r  p e r i o d s  o f  v a r i a b l e  

d u r a t i o n  i n  d l l  t h e  p y r i d o x i n - d e f i c i e n t  hooded r a t s  

( T a b l e s  6 ,7  and  8)« R ep lacem ent  o f  5 p e r  c e n t ,  m a r g a r in e  

w i t h  5 p e r  c e n t  l a r d  a s  th e  s o u r c e  o f  f a t  i n  t h e  d i e t  

( e x p e r i m e n t s  1 and 2) d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  

t h e  mean t im e  o f  o n s e t  o r  th e  s e v e r i t y  o f  t h e
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b l e e d i n g ( T a b l e s  6 and 7 ) , b u t  i n  r a t s  f e d  5 p e r  c e n t ,  

m a r g a r in e  p l u s  c ru d e  l i n o l e i c  a c i d ( 7 5 0 m g . / l 0 0 g .  d i e t )  t h e  

mean t im e  o f  o n s e t  was l a t e r ( T a b l e  8 ) .  The r e a s o n  f o r  

t h i s  i s  unknown,but  th e  a n im a l s  i n  t h i s  e x p e r im e n t  

( e x p e r i m e n t  3) were i n i t i a l l y  r a t h e r  heav ie r ( i?1i g .  13) t h a n  

t h o s e  o f  e x p e r im e n t s  1 and  2 ( F i g s . 11-12)  and " s t o r a g e ” o f  

p y r i d o x i n ( C e r e c e d o  and * 'oy,1942) r a t h e r  t h a n  any p o s s i b l e  

p r o t e c t i v e  e f f e c t  o f  l i n o l e i c  a c id ,m a y  have d e t e r m i n e d  

t h e  l a t e r  o n s e t  o f  h a e m a t u r i a .  i?'ive o f  th e  6 ad  l i b , 

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

8 ) .  A l th o u g h  K r a t z e r  and  W iH ia m s ( l9 4 8 )  o b s e r v e d  g ro w th  

r e d u c t i o n , c u r a b l e  by p y r i d o x i n , i n  c h i c k s  f e d  l i n s e e d - o i l  

meal  a t  a l e v e l  o f  10 p e r  c e n t ,  o r  h i g h e r  i n  t h e  d i e t , a n d  

l i n s e e d - o i l  meal i s  a r i c h  so u rc e  o f  l i n o l e i c  a c i d , t h e r e  

i s  no e v id e n c e  t h a t  th e  ad  l i b , c o n t r o l  r a t s  o f  e x p e r im e n t  

3 d e v e lo p e d  p y r i d o x i n  d e f i c i e n c y .  Growth was u n s a t i s f a c t o r y  

i n  o n ly  one ad  l i b , c o n t r o l  r a t ^ ’i g .  13 ,  t r i o  A) and t h i s  

was p r o b a b l y  due t o  s e v e r e  h a e m a tu r i s  and  n o t  t o  

p y r i d o x i n ~ & e f i c i e n c y .  f u r t h e r , n o n e  o f  t h e  i n a n i t i o n  

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

d e p r i v i n g  an i n a n i t i o n  c o n t r o l  r a t  o f  p y r i d o x i n ( T a b l e  6 ,  

t r i o  E) s u g g e s t s  t h a t  t h e s e  a n im a l s  m igh t  be e s p e c i a l l y  

s e n s i t i v e  t o  l a c k  o f  p y r i d o x i n .  As m en t io n ed  a b o v e , t h e  

l i n o l e i c  a c i d  u s e d ( B # D .H . t e c h n i c a l )  may have been 

u h b u i t a b l e  f o r  n u t r i t i o n a l  s t u d i e s .  However,a  d i r e c t
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t o x i c  a c t i o n  i s  u n l i k e l y  a s  t h e  i n a n i t i o n  c o n t r o l  r a t s  

f e d  th e  c o m p le te  d i e t  p l u s  l i n o l e i c  a c i d  d i d  n o t  d e v e lo p  

h a e m a t u r i a .  i ’o r  th e  same r e a s o n  i t  i s  u n l i k e l y , a l t h o u g h  

i t  i s  p o s s i b l e , t h a t  one o r  more o f  t h e  v i t a m i n  

su p p le m e n ts  m ight  have b een  i n a c t i v a t e d  by c o n t a c t  w i t h  

th e  l i n o l e i c  a c i d  when th e  d i e t  was made up i n  b u l k , a n d  

t h a t  t h i s  c o u l d  have b e en  a c o n t r i b u t o r y  c a u s e  o f  th e  

h a e m a t u r i a s  i n  th e  ad  l i b , c o n t r o l  r a t s .  Gyorgy e t  a l . (1942 

have r e p o r t e d  t h a t  c ru d e  l i n o l e i c  a c i d  i n c o r p o r a t e d  i n  a 

s y n t h e t i c  d i e t  and f e d  a t  th e  h ig h  l e v e l  o f  16 p e r  c e n t ,  

p r o v e d  t o x i c  f o r  r a t s .  Loss  o f  w e i g h t , p r o g r e s s i v e  

anaemia  and l e u c o p e n i a  were o b se rv e d  i n  t h e i r  r a t s  b u t  

h a e m a t u r i a  i s  n o t  m e n t io n e d .  Of i n t e r e s t  was t h e i r  

f i n d i n g  t h a t  t h e s e  t o x i c  m a n i f e s t a t i o n s  c o u ld  be  

n e u t r a l i s e d  p r e v e n t i v e l y  and t h e r a p e u t i c a l l y  by 

a d m i n i s t r a t i o n  o f  y e a s t .  I n  t h i s  c o n n e c t i o n  i t  i s  

p o s s i b l y  s i g n i f i c a n t  t h a t  p a t h o l o g i c a l  changes  were s e e n  

i n  t h e  k id n e y s  o f  t h e  above ad  l i b , c o n t r o l  r a t s  t h a t  

had  had h a e m a t u r i a  t h a t  were s i m i l a r  t o  th o s e  o b s e r v e d  

i n  p y r i d o x i n - d e f i c i e n t  r a t s .

T a b l e s  6 ,7  and 8 show t h a t  t h e  i n c i d e n c e  o f  

h a e m a t u r i a  i n  th e  p y r i d o x i n - d e f i c i e n t  hooded r a t s  was 

100 p e r  c e n t . ( l 8  o f  18 a n i m a l s ) .  H o w e v e r , th e r e  may be 

g r e a t  v a r i a t i o n  i n  t h e  i n c i d e n c e  and t im e  o f  o n s e t  o f
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t h e  b l e e d i n g ,  P o r  e x a m p le ,h a e m a tu r i a  'was o b s e r v e d  i n  4 

o f  7 p y r i d o x i n - d e f i c i e n t  r a t s  o f  t r i o s  u s e d  i n  s t u d i e s  

o f  a n t i b o d y  p r o d u c t i o n ( P a r t  1 , T ab le  3) and  k i l l e d  a f t e r  

53 days  on th e  d e f i c i e n t  d i e t .  A g a i n , h a e m a t u r i a  was n o t e d  

i n  7 p y r i d o x i n - d e f i c i e n t  r a t s  a f t e r  th e  d i e t  had b e en  f e d  

f o r  3 4 , 3 9 , 4 0 , 6 2 , 6 3 , 7 4  and 75 days r e s p e c t i v e l y (Agnew,1948- 

4 9 ) ; t h e  t r u e  i n c i d e n c e  i s  n o t  known a s  t r i o s  o f  r a t s  were 

k i l l e d  th r o u g h o u t  t h e  e x p e r im e n t  a f t e r  d i f f e r e n t  p e r i o d s  

on th e  d i e t , b u t  was p r o b a b l y  l e s s  t h a n  50 p e r  c e n t . .

H aem a tu r ia  was n o t  o b s e r v e d  i n  any o f  t h e  p y r i d o x i n -  

d e f i c i e n t  a l b i n o  r a t s ( T a b l e  9) a l t h o u g h  r e d  c e l l s  were  

d e t e c t e d  m i c r o s c o p i c a l l y  i n  th e  u r i n e  o f  th e  ad  l i b , sn d  

i n a n i t i o n  c o n t r o l  r a t s  o f  one t r i o ( T a b l e  5 , t r i o  B) .  The 

r a t  n o r m a l ly  e x c r e t e s  p r o t e i n  i n  th e  u r i n e  and p o s s i b l y  a 

g r e a t e r  d e g re e  o f  p a t e n c y  o f  th e  g l o m e r u l a r  membrane th a n  

u s u a l  m igh t  a l l o w  t h e  e sc a p e  o f  an  o c c a s i o n a l  r e d  c e l l .  

O c c a s i o n a l l y ,©  few r e d  c e l l s  may be o b s e r v e d  i n  t h e  

t u b u l e s  o f  4 u i t e  norm al  r a t s ( P i g . 36)•  M ic r o s c o p ic  

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

a p p a r e n t l y  no rm al  r a t s  by C a v e l t i  and  0 a v e l t i ( l 9 4 5 )  and 

by Humphrey( 1 9 4 8 ) , and  no s i g n i f i c a n c e  i s  a t t a c h e d  t o  th e  

m ic r o s c o p ic  h a e m a t u r i a  i n  t h e  above a l b i n o  c o n t r o l  r a t s .  

P re su m a b ly  s t r a i n  d i f f e r e n c e s  were r e s p o n s i b l e  f o r  th e  

f a i l u r e  o f  t h e  p y r i d o x i n - d e f i c i e n t  a l b i n o  r a t s  t o  d ev e lo p
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i? ' ig.36. 5 r e d  b lood  c e l l s  i n  t u b u le  o f  ad l i b , 
c o n t r o l  r a t ( T a b l e  9 , t r i o  0 ) .  
d a e m a to x y l in  and e o s i n .  x 620.
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h a e m a t u r i a .  Smadel and S w i f t ( l 9 4 l )  s t u d i e d  th e  e f f e c t  o f  

a d m i n i s t r a t i o n  o f  a n t i - k i d n e y  serum t o  t h r e e  d i f f e r e n t  

s t r a i n s  o f  r a t  and  fo u n d  t h a t  W i s t a r  a l b i n o  r a t s  were 

l e s s  s u s c e p t i b l e  t h a n  W h e l a n ( u s u a l ly  hooded) o r  ^ v an s  

( u s u a l l y  hooded) r a t s , a n d  i t  may w e l l  be t h a t  t h e  f a c t o r s  

w hich  d e te r m in e d  t h e s e  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  

a n t i - k i d n e y  serum were o p e r a t i v e  i n  th e  p r e s e n t  e x p e r i m e n t -  

s .  A l th o u g h  h a e m a tu r i a  was n o t  o b s e r v e d  i n  t h e  p y r i d o x i n -  

d e f i c i e n t  a l b i n o  r a t s  th e  k id n e y s  o f  t h e s e  r a t s  w e r e , l i k e  

t h o s e  o f  th e  p y r i d o x i n - d e f i c i e n t  hooded r a t s , s i g n i f i c a n t l y  

h e a v i e r ( g . / 1 0 0 g . b o d y - w e i g h t )  t h a n  th o s e  o f  th e  c o r r e s p o n d 

in g  i n a n i t i o n  and ad  l i b , c o n t r o l  r a t s ( T a b l e  1 2 ) .  The 

h e a r t s  a l s o  o f  t h e  p y r i d o x i n - d e f i c i e n t  a l b i n o  and hooded 

r a t s  were g e n e r a l l y  s i g n i f i c a n t l y  h e a v i e r ( g . / l O O g .  body-  

w e ig h t )  t h a n  t h o s e  o f  th e  c o r r e s p o n d i n g  i n a n i t i o n  and 

ad  l i b , c o n t r o l  r a t s , p r e s u m a b l y  b e c a u se  o f  some d e g re e  o f  

h y p e r t e n s i o n .  R ecen t  work by H a r t r o f t  and B e s t (1949)  on 

th e  deve lopm en t  o f  h y p e r t e n s i o n  i n  c h o l i n e - d e f i c i e n t  r a t s  

w i t h  r e s i d u a l  k id n e y  damage i s  o f  i n t e r e s t  i n  t h i s  

c o n n e c t i o n ; h o w e v e r , i n  th e  above e x p e r i m e n t s , s e v e r e  r e n a l  

l e s i o n s  were  n o t  o b s e rv e d  i n  t h e  p y r i d o x i n - d e f i c i e n t  

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

n o t e d .

Only B i r c h ( l 9 3 8 )  a p p e a r s  t o  have o b s e r v e d
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h a e m a tu r i a  i n  p y r i d o x i n - d e f i c i e n t  r a t s , b u t  b l e e d i n g  

a p p e a re d  a s  a t e r m i n a l  symptom a f t e r  h i s  a n im a l s  had been  

a b o u t  16-20  weeks on th e  d e f i c i e n t  d i e t .  A l s o , i t  i s  

p o s s i b l e  t h a t  he was n o t  d e a l i n g  w i t h  u n c o m p l i c a t e d  

p y r i d o x i n  d e f i c i e n c y .

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

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

(T a b le  6 , t r i o  B ;T ab le  7 , t r i o s  £ and 0) i s  i n t e r p r e t e d  a s  

an i n d i c a t i o n  t h a t  i r r e v e r s i b l e  r e n a l  damage had 

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

o n s e t  o f  h a e m a tu r i a  m ight  have been  more e f f e c t i v e  b u t  i t  

would  t h e n  be i m p o s s i b l e  t o  be s u r e  t h a t  t h e  b l e e d i n g  

would n o t  have c e a s e d  i n  any c a s e ( s e e  T a b le  6 , t r i o  C ) •

The e f f e c t  o f  a d m i n i s t r a t i o n  o f  d e s o x y p y r i d o x in  t o  

hooded r a t s  f e d  th e  p y r i d o x i n - d e f i c i e n t  d i e t  s u g g e s t s  

t h a t  t h e r e  may be a d i r e c t  r e l a t i o n s h i p  be tw een  th e  

s e v e r i t y  o f  p y r i d o x i n  d e p l e t i o n  and th e  w e ig h t  o f  th e  

k i d n e y s ( T a b l e  13)* I f  th e  r a t e  o f  deve lopm ent  and s e v e r i t y  

o f  a c r o d y n i a - l i k e  s k i n  l e s i o n s  a r e  t a k e n  a s  an  in d e x  o f  

th e  s e v e r i t y  o f  p y r i d o x i n  d e p l e t i o n , a n d  t h e  e x p e r im e n t s  

w i t h  d e s o x y p y r i d o x in  seem t o  j u s t i f y  t h i s  a s s u m p t io n ,  

t h e n  th e  a l b i n o  r a t s  were e x p o sed  t o  a more s e v e r e  

d e p l e t i o n  o f  p y r i d o x i n  t h a n  t h e  hooded r a t s .  But h a e m a tu r i a



95.

was n o t  o b s e r v e d  i n  t h e  p y r i d o x i n - d e f i c i e n t  a l b i n o  r a t s .

I t  would s e e m , t h e r e f o r e , t h a t  th e  d e g re e  o f  s e v e r i t y  o f  

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

e x p e r i m e n t s  i n  d e t e r m i n i n g  th e  o b s e r v e d  s t r a i n  d i f f e r e n c e s  

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

(A d i r e c t  r e l a t i o n s h i p  i s  known t o  e x i s t  be tw een  th e  

d e g re e  o f  s e v e r i t y  o f  p y r i d o x i n  d e f i c i e n c y  and t h e  

p e r c e n t a g e  o f  p r o t e i n  f e d  i n  th e  d i e t .  I n  a l l  t h e  e x p e r im 

e n t s  r e p o t t e d  h e re  th e  l e v e l  o f  c a s e i n  i n  t h e  d i e t  was 18 

p e r  c e n t . .  Kidney h y p e r t r o p h y  has  b e en  r e p o r t e d  i n  r a t s  

f e d  h i g h  p r o t e i n  d i e t s ( H e a d e r  and Drummond,1 9 2 6 ;H a r t w e l l ,  

1928;MacKay,1 9 3 3 ) .  These w ork e rs  have a l s o  shown t h a t  t h e  

i n c r e a s e  i n  k id n e y  w e ig h t  c o u ld  be p r e v e n t e d ( R e a d e r  and  

Drummond,1 9 2 6 ;H a r t w e l l , 1928) o r  g r e a t l y  lessened(M acK ay ,  

1933) by i n c r e a s i n g  th e  amount o f  y e a s t  i n  t h e  d i e t .  I t  i s  

p o s s i b l e  t h a t  p y r i d o x i n  d e f i c i e n c y , p ro d u c e d  i n d i r e c t l y  by 

an i n c r e a s e  i n  th e  p e r c e n t a g e  o f  p r o t e i n  i n  th e  d i e t , w a s  

r e s p o n s i b l e  f o r  th e  k id n e y  h y p e r t r o p h y  d e s c r i b e d  by t h e s e  

w o r k e r s .  T h i s  h y p o t h e s i s  would c o n v e n i e n t l y  e x p l a i n  t h e  

b e n e f i c i a l  a c t i o n  o f  t h e  y e a s t  and a l s o  w h y , in  th e  

e x p e r i m e n t s  o f  H eader  and Drummond( 1 9 2 6 ) , p o o r  g ro w th  

r e s u l t e d  when a d i e t  c o n t a i n i n g  70 p e r  c e n t ,  o f  p r o t e i n  

was su p p le m e n te d  w i t h  o n ly  th e  same p r o p o r t i o n ( 4  p e r  c e n t . )  

o f  y e a s t  e x t r a c t  t h a t  s u f f i c e d  f o r  good g row th  w i t h  20 p e r  

c e n t ,  o f  p r o t e i n .
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SUMMiiRY OF PART 2 OF THESIS

le  S e v e re  h a e m a tu r i a  o f  v a r i a b l e  d u r a t i o n  was o b s e rv e d  i n  

a l l  o f  18 hooded r a t s  f e d  a p y r i d o x i n - d e f i c i e n t  d i e t  w i t h  

5 p e r  c e n t ,  m a r g a r i n e , 5 p e r  c e n t ,  l a r d , o r  5 p e r  c e n t ,  

m a r g a r in e  p l u s  750mg./100g.  d i e t  o f  c ru d e  l i n o l e i c  a c i d .  

H aem atu r ia  was u n e x p e c t e d ly  o b se rv e d  i n  5 o f  6 o f  t h e  

ad l i b , c o n t r o l  hooded r a t s  r e c e i v i n g  th e  c ru d e  l i n o l e i c  

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

H aem atu r ia  was n o t  o b s e r v e d  i n  any o f  th e  p a i r e d - w e i g h e d  

c o n t r o l  hooded r a t s .

2. H aem a tu r ia  was n o t  o b s e r v e d  i n  a l b i n o  p y r i d o x i n - d e f i c -  

i e n t  r a t s  a l t h o u g h  t h e s e  r a t s  d e v e lo p e d  f a r  more s e v e r e  

a c r o d y n i a - l i k e  s k i n  l e s i o n s  t h a n  p y r i d o x i n - d e f i c i e n t  

hooded r a t s .  The d e g re e  o f  s e v e r i t y  o f  p y r i d o x i n  d e p l e t i o n ,  

a s  gauged  by t h e  r a t e  o f  developm ent  and s e v e r i t y  o f  

a c r o d y n i a - l i k e  s k i n  l e s i o n s , d i d  n o t  a p p e a r  t o  be t h e  f a c t o r  

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

i t y  t o  t h e  deve lopm ent  o f  h a e m a t u r i a .

3. P r e l i m i n a r y  e x p e r im e n t s  s u g g e s t  t h a t  th e  f a i l u r e  o f  

p y r i d o x i n - d e f i c i e n t  hooded r a t s  t o  d e v e lo p  a c r o d y n i a - l i k e  

s k i n  l e s i o n s  a s  s e v e r e  a s  th o s e  o b s e r v e d  i n  a l b i n o  r a t s  

was due t o  endogenous  b i o s y n t h e s i s  o f  p y r i d o x i n , a s  

a d m i n i s t r a t i o n  o f  d e s o x y p y r id o x in  t o  hooded r a t s  a l r e a d y



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

deve lopm en t  o f  s e v e r e  a c r o d y n i a - l i k e  s k i n  l e s i o n s  s i m i l a r  

t o  t h o s e  h i t h e r t o  s e e n  o n ly  i n  a l b i n o  r a t s .

4 .  The s e v e r i t y  o f  h a e m a tu r i a  d i d  n o t  i n f l u e n c e  th e  b l o o d  

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

d e f i c i e n t  hooded r a t s .

5.  P y r i d o x i n  a d m i n i s t r a t i o n  d id  n o t  a m e l i o r a t e  t h e  

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

a p p a r e n t  anomaly a r e  d i s c u s s e d .  A s c o r b i c  a c i d  and r u t i n ,  

which  were t r i e d  i n  one c a s e ,w e r e  s i m i l a r l y  i n e f f e c t i v e .

6. S p o n ta n eo u s  i n f e c t i v e  p y e l o n e p h r i t i s  r e s u l t i n g  from 

th e  i m p a i r e d  a n t i b o d y  p r o d u c t i o n  i n  p y r i d o x i n  d e f i c i e n c y

i s  n o t  t h o u g h t  t o  a c c o u n t  f o r  th e  development  o f  h a e m a t u r i a  

i n  t h e s e  e x p e r i m e n t s .

7 .  I r r e s p e c t i v e  o f  s t r a i n , a n d  hence  i r r e s p e c t i v e  o f  t h e  

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

p y r i d o x i n - d e f i c i e n t  r a t s  were u s u a l l y  s i g n i f i c a n t l y  

h e a v i e r ( g . / l O O g .  b o d y -w e ig h t )  t h a n  th o s e  o f  c o r r e s p o n d i n g  

p a i r e d - w e i g h e d  and ad l i b , c o n t r o l  r a t s .  S t a t i s t i c a l  

a n a l y s i s  o f  t h e s e  h e a r t  and  k id n e y  w e i g h t s  i n d i c a t e d  

t h a t  a  s t r i k i n g  i n c r e a s e  i n  e x p e r i m e n t a l  a c c u r a c y  had 

b een  o b t a i n e d  by t h e  use  o f  l i t t e r - m a t e  r a t s .
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8.  A b r i e f  d e s c r i p t i o n  i&  g i v e n  o f  r e n a l  l e s i o n s , r a n g i n g  

f rom  g r o s s  m ac ro sc o p ic  p i t t i n g  and  s c a r r i n g  t o  chang es  

v i s i b l e  on ly  m i c r o s c o p i c a l l y , w hich  were o b s e r v e d  i n  most 

o f  t h e  hooded r a t s  t h a t  had had  h a e m a t u r i a .

9 .  A o n e - s t a g e  pe rm an en t  co lo s to m y  o p e r a t i o n  has  been  

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

m i c r o b i o l o g i c a l  and o t h e r  p ro b lem s  i s  b r i e f l y  i n d i c a t e d .
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