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STUDIES ON THE INFLUENCE OF DIET ON 

RESISTANCE TO INFECTION,

I .  The E f f e c t  o f  V a r io u s  D ie t s  on  t h e  F e r t i l i t y ,  

G rowth, and S u r v iv a l  o f  M ice .

The o b s e r v a t io n s  d e s c r ib e d  i n  t h i s  p ap er w ere c a r r ie d  o u t  a s a 

p r e lim in a r y  t o  a  s y s t e m a t ic  s tu d y  o f  th e  in f lu e n c e  o f  d i e t e t i c  f a c t o r s  on 

r e s i s t a n c e  t o  i n f e c t i o n .  The e n q u ir y  was i n i t i a t e d  under th e  g e n e r a l  

d ir e c t i o n  o f  P r o f .  W.W.C. T o p ley  o f  t h i s  S c h o o l, and P r o f .  E .P . C a th ca rt  

o f  t h e  U n iv e r s i t y  o f  G lasgow , and has b een  f in a n c e d  b y  a  g r a n t  from  th e

M ed ica l R esea rch  C o u n c il,  I t  was d e s ir e d  t h a t  a l l  a s p e c t s  o f  t h e  problem ,

d i e t e t i c ,  im m u n olog ica l and s t a t i s t i c a l ,  sh ou ld  r e c e iv e  f u l l  and c a r e f u l  

c o n s id e r a t io n  a t  each  s t a g e  o f  th e  i n v e s t i g a t i o n ,  and t h a t  any s i g n i f i c a n t  

r e s u l t s ,  p o s i t i v e  o r  n e g a t iv e ,  sh ou ld  b e  ch ecked  and c o n tr o l le d  on a  s c a l e  

t h a t  w ould  su p p ly  a  f ir m  fo u n d a t io n  f o r  fu r th e r  s t u d i e s .  To t h i s  en d , a  

sm a ll a d v is o r y  com m ittee was form ed, so o n  a f t e r  th e  e n q u iry  s t a r t e d ,  on  w h ich  

P r o f .  M. C-reenwood, P r o f .  J .C , Drummond, P r o f .  Edward I le lla n b y , D r. H a r r ie t te  

C h ick , D r. B radford  H i l l  find D r. J o y ce  W ilso n  k in d ly  co n sen te d  t o  s e r v e .  To 

a l l  th e  a b ove , I  w is h  t o  e x p r e s s  my th a n k s fo r  h e lp  and a d v ic e .  I  w ish  a l s o  

t o  acknow ledge my in d e b te d n e ss  t o  M iss J.M . H a ts w e ll  f o r  h e r  a s s i s t a n c e  

th ro u g h o u t th e  g r e a te r  p a r t  o f  t h i s  w ork .

M ice w ere s e l e c t e d  a s  th e  an im als f o r  s tu d y  b eca u se  t h e i r  sm a ll s i z e

e n a b le s  them  t o  b e  h oused  and o b serv ed  i n  s u f f i c i e n t  numbers t o  y i e l d  

s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s ,  and b ecau se th e  same f a c t o r  makes i t  

p o s s ib l e  t o  e s t a b l i s h  q u a r a n tin e  c o n d it io n s  t h a t  w ould bo in o r d in a t e ly  c o s t ly
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w it h  la r g e r  a n im a ls .  They have th e  a d d i t io n a l  ad van tage t h a t  s e v e r a l  o f  th e  

i n f e o t i v e  d is e a s e s  t o  w h ich  th e y  a r e  n a t u r a l ly  s u b j e c t  h ave b een  v e r y  

e x t e n s iv e ly  s t u d ie d ,  b o th  i n  r e g a r d  t o  th e  seq u en ce  o f  e v e n t s  in  th e  

in d iv id u a l  a n im a ls , and i n  h erd s  su b m itted  t o  th e  r i s k  o f  c o n ta c t  i n f e c t i o n .

I t  becam e c l e a r ,  a t  th e  s t a r t  o f  th e  e n q u ir y , t h a t  more d a ta  w ere  

r e q u ir e d  w ith  reg a rd  t o  th e  e f f e c t  o f  v a r io u s  d i e t e t i c  f a c t o r s  on t h e  g e n e r a l  

h e a lth  and w e l l - b e in g  o f  m ice  b e fo r e  we co u ld  p r o f i t a b ly  p ro ceed  t o  t h e  s tu d y  

o f  th e s e  f a c t o r s  on  r e s i s t a n c e  t o  i n f e c t i o n .

A lth o u g h  m ice  a r e  b red  e x t e n s iv e ly  fo r  u se  i n  e x p e r im e n ta l work o f  a l l  

k in d s , a  s e a r c h  o f  th e  l i t e r a t u r e  d e a l in g  w ith  t h i s  la b o r a to r y  an im al has 

r e v e a le d  r e l a t i v e l y  l i t t l e  r e g a r d in g  i t s  norm al d i e t e t i c  r e q u irem en ts , and 

th e  e f f e c t ,  on  grow th  and f e r t i l i t y ,  o f  v a r ia t io n s  in  t h e  d i e t  s u p p lie d .

D a n ie l (1 9 1 2 ) h as w r i t t e n  f u l l y  on  th e  b r e e d in g  o f  m ice  fo r  e x p e r im e n ta l  

p u r p o se s , and P ark es (1 9 2 4 )  h as p u t on  r e co rd  many f a c t s  co n cern in g  th e  

f e r t i l i t y  o f  m ic e , b u t  i n  th e s e  two papers no m en tion  i s  made o f  th e  d i e t s  

on w h ich  th e  m ice w ere f e d .  Kirlcham (1 9 2 0 ) a l s o ,  i n  h i s  s tu d y  o f  th e  l i f e  

o f  th e  w h ite  m ouse, makes no r e f e r e n c e  t o  th e  d i e t  g iv e n .

■Wheeler (1 9 1 3 ) fo u n d , in  th e  co u r se  o f  fe e d in g  ex p er im en ts  w ith  a lb in o  

m ic e , t h a t  d i e t s  s u f f i c i e n t  f o r  a d u l t s  a llo w ed  o n ly  a  m in im al grow th  in  young 

a n im a ls . She c o n c lu d e s  from  h er  o b s e r v a t io n s  t h a t  m ic e , grow ing n e a r ly  

tw ic e  a s  f a s t  a s  r a t s ,  r e q u ir e  a  d o u b le  p r o p o r t io n  o f  b o n e -  and f le s h - f o r m in g  

fo o d  s u b s ta n c e s , and an  in o r g a n ic  s a l t  c o n c e n tr a t io n  i n  t h e  d i e t  o f  about 

7 p e r  c e n t .

R o b ertso n  (1 9 1 6 ) ,  i n  e x p e r im e n ta l s t u d ie s  i n  th e  grow th  o f  young m ice , 

gave t o  b ree d in g  m ice a  d i e t  c o n ta in in g  r o l l e d  b a r le y ,  h a r d -b o ile d  e g g , d r ie d  

b rea d , and l e t t u c e ,  w ith  w a ter  t o  d r in k , b u t t h e  b r e e d in g  ex p er im en ts
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a p p a r e n t ly  w ere c o n f in e d  t o  t h i s  one d i e t .  The same d i e t ,  e x c e p t  t h a t  raw  

e g g  was s u b s t i t u t e d  f o r  h a r d -b o ile d  e g g , was g iv e n  t o  young m ice  a f t e r  weaning, 

The young m ic e  i n  h i s  e x p er im en ts  showed t h r e e  s e p a r a te  e x t r a - u t e r in e  grow th  

c y c l e s .  The f i r s t  c y c le  rea ch ed  i t s  maximum v e l o c i t y  j u s t  p r io r  t o  7 days  

a f t e r  b i r t h  and cu lm in a ted  a t  14 d a y s ;  th e  seco n d  s ttn in ed  i t s  maximum 

v e l o c i t y  a t  2 1 -2 3  d ays and cu lm in a ted  so o n  a f t e r  t h e  tw e n ty -e ig h th  d a y ; and 

th e  t h ir d  a t t a in e d  i t s  maximum v e l o c i t y  a t  ab ou t 6  weeks and t h e r e a f t e r  

d e c r e a se d  i n  v e l o c i t y  c o n t in u o u s ly  b u t v e r y  s lo w ly ,  so  t h a t  grow th s t i l l  

co n tin u e d  i n  th e  f i f t i e t h  and s i x t i e t h  weeks s u c c e e d in g  b i r t h .  He found  

g r e a t  v a r i a b i l i t y  i n  th e  w e ig h t  o f  th e  m ic e , and m s  o f  th e  o p in io n  t h a t  

b e c a u se  o f  t h i s  v a r i a b i l i t y  i n  m i g h t  a  c o n s id e r a b le  number o f  m ice m ust be 

u sed  t o  o b ta in  r e l i a b l e  d a ta  upon g ro w th .

Beard (1 9 2 5 ) ,  i n  h i s  in v e s t i g a t i o n s  on t h e  r e la t i o n  b etw een  d i e t  and 

r e p r o d u c t io n , gave t o  m ice  two d i e t s ,  a  "stock "  d i e t  c o n s i s t in g  o f  skimmed 

m ilk  pow der, w h eat b ra n , dog b i s c u i t ,  and l e t t u c e ,  w ith  f r e s h  m ilk  d u r in g  

l a c t a t i o n ,  and a  "standard"  d i e t  c o n ta in in g  c a s e in ,  s ta r c h ,  "C risco"  (a  

v e g e ta b le  f a t ) ,  c o d - l i v e r  o i l ,  s a l t  m ix tu r e , and y e a s t .  He found t h a t  th e  

sta n d a rd  d i e t  m s  u n s u ita b le  f o r  b r e e d in g , b u t t h a t  th e  a d d i t io n  t o  i t  o f  

f r e s h  g re en  l e t t u c e  t h r i c e  w eek ly  m s  e f f e c t i v e  i n  cu r in g  s t e r i l i t y  and in  

p rom otin g  norm al r e p r o d u c t io n , a lth o u g h  i n s u f f i c i e n t  t o  p rod uce ad eq u ate  

norm al l a c t a t i o n .  U s in g  th e  sta n d a rd  d i e t ,  w h ich  fu r n is h e d  a p p ro x im a te ly  

5 c a l o r i e s  p e r  g ,  o f  w h ich , a l lo w in g  91 p er c e n t  f o r  u t i l i z a t i o n ,  4 *6  c a lo r i e s  

w ere a v a i l a b l e ,  Beard e s t im a te d  t h e  en er g y  req u irem en ts  o f  m ic e .  He co n d u ces  

from  t h e  r e s u l t s  o b ta in e d  i n  h is  e x p e r im e n ts , t h a t ,  inasm uch a s t h e  r e l a t i o n  

b etw een  t h e  c a lo r ie s - p e r - d a y  and th e  tw o - th ir d s  m i g h t  o f  th e  mouse i s  o n ly
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v e r y  s l i g h t l y  lo g a r i th m ic  and a lm o st  l i n e a r ,  m ice i n  so f a r  a s  t h e i r  t o t a l  

m e ta b o lism  i s  co n cern ed  o b ey  th e  s u r fa c e  a r e a  la w . In  young m ic e , th e  b e s t  

grow th  w as o b ta in e d  when th e  p r o t e in  c o n c e n tr a t io n  amounted t o  31 p e r  c e n t  o f  

c a s e in  (25*1  p e r  c e n t  o f  t o t a l  c a l o r i e s )  in  th e  fo o d  m ix tu r e . D ie t s  

c o n ta in in g  v e r y  la r g e  am ounts o f  p r o t e in  gave subnorm al grow th . A t l e a s t  7 

p e r  c e n t  o f  a  w e ll -b a la n c e d  s a l t  m ix tu re  was n e c e s s a r y  fo r  o p t im a l grow th; 

u n b a lan ced  s a l t  m ix tu r e s  r e s u l t e d  in  p oor g ro w th .

S lo n a k e r  (1 9 3 1  a , b )  u se d  a  b a s ic  d i e t  c o n s i s t in g  o f  corn  s ta r c h  5 p a r t s ,  

w h o le  ground w h eat 2  p a r t s ,  w h ole  ground corn  1  p a r t ,  com m ercial skimmed m ilk  

powder 4  p a r t s ,  ground a l f a l f a  le a v e s  4  p a r t s ,  com m ercial c a s e in  2 p a r t s ,  m eat 

sc r a p  1 p a r t ,  w h eat germ 3 p a r t s ,  u n s a lte d  b u t t e r  5 p a r t s ,  y e a s t  2 p a r t s ,  

sodium  c h lo r id e  1 p a r t ,  c a lc iu m  ca rb o n a te  1*5 p a r t s .  T h is  d i e t  c o n ta in e d  

10*3 p e r  c e n t  o f  p r o t e in ,  o f  w h ich  a p p r o x im a te ly  57 p e r  c e n t  m s  v e g e t a b le  and 

43 p er  c e n t  an im al p r o t e in .  To t h i s  d i e t  he added m eat scra p  i n  v a r y in g  

amounts i n  o rd er  to  o b ta in  d i e t s  c o n ta in in g  14*2 , 13*2 , 22*2 and 26*3 p er  c e n t  

o f  p r o t e in .  The p r in c ip a l  v a r y in g  f a c t o r  i n  th o s e  d i e t s  w as, t h e r e f o r e ,  th e  

amount o f  anim al p r o t e in .  I t  i s  a l s o  n o ted  t h a t  th e  amount o f  f a t  in c r e a s e d  

w ith  th e  in c r e a s e  i n  th e  p e r c e n ta g e  o f  p r o t e in .  A l l  f i v e  d i e t s  had an  en er g y  j 

v a lu e  o f  3*82 c a l o r i e s  p er  g .  R e c e n t ly  weaned a lb in o  r a t s  w ere fe d  on th e s e  

d i e t s ,  and t h e  co u r se  o f  e v e n ts  th ro u g h o u t t h e i r  l i v e s  and th e  l i v e s  o f  t h e i r  

o f f s p r in g  o b se r v e d . I t  m s  found th a t  a  d i e t  c o n ta in in g  j u s t  o v er  14 p er  

c e n t  o f  p r o t e in  gave t h e  b e s t  grow th  i n  m a n e d  r a t s .  A p lu s  o r  m inus 

d e v ia t io n  o f  4  p er  c e n t produced no s e r io u s  r e s u l t s .  An in c r e a s e  g r e a te r  than  

4  p e r  c e n t  beyond t h e  optimum caused  p r o g r e s s iv e  r e ta r d a t io n  i n  g ro w th . The 

in d ic a t io n s  w ere t h a t  s im i la r  r e s u l t s  w ould  o b ta in  i f  th e  p e r c e n ta g e  amount



o f  p r o t e in  was red u ced  p r o g r e s s iv e ly  b e lo w  th e  optim um . R a ts f e d  on  a  d i e t  

w it h  a  p r o t e in  c o n te n t  o f  14 p er  c e n t  showed th e  g r e a t e s t  f e r t i l i t y  and th e  

l o n g e s t  r e p r o d u c t iv e  sp a n . The same p e r c e n ta g e  o f  p r o t e in  in  t h e  d i e t  gave  

t h e  g r e a t e s t  a v er a g e  number o f  l i t t e r s ,  th e  g r e a t e s t  a v era g e  number o f  young  

p e r  l i t t e r ,  and t h e  lo w e s t  m o r t a l i t y  i n  unweaned y o u n g . As th e  p r o te in  

c o n te n t  o f  th e  d i e t  o f  t h e  m others in c r e a s e d ,  h ow ever, t h e  b ir t h  w e ig h ts  o f  

th e  o f f s p r in g  and th e  r a t e  o f  grow th  o f  th e  unweaned young te n d e d  t o  in c r e a s e ,  

and w ere g r e a t e s t  in  t h e  young o f  d o es fe d  on  a  d i e t  c o n ta in in g  26 p er  c e n t  

o f  p r o t e in .  The d a ta  in d ic a t e d  t h a t ,  a s  ju d ged  by th e  amount o f  w e ig h t  l o s t  

by t h e  d o e s  d u r in g  l a c t a t i o n  and t h e  grow th o f  th e  unweaned y o u n g , a  d i e t  w ith  

a h ig h  p r o t e in  c o n te n t  was th e  b e s t  f o r  l a c t a t i n g  d o es and unweaned you n g .

The e x p er im en ts  o f  t h e s e  and o th e r  o b s e r v e r s  show c o n s id e r a b le  d i s p a r i t y  

i n  r a t e s  o f  g ro w th , form  o f  grow th  c u r v e s ,  e t c . ,  and i t  seem s r e a so n a b le  t o  

assum e t h a t  a  p o s s ib l e  e x p la n a t io n  o f  a t  l e a s t  some o f  th e s e  d i f f e r e n c e s  m ig h t  

b e  fou n d  i n  th e  f a c t  t h a t  t h e  d i e t e t i c  c o n d it io n s  o f  th e  ex p er im en ts  w ere  

d i s s i m i l a r .

E x p er im en ta l

In  t h e  co u rse  o f  th e  i n v e s t i g a t i o n  h ere  d e s c r ib e d  b r e e d in g  ex p er im en ts  

w ith  a  v a r i e t y  o f  d i e t s  w ere c a r r ie d  o u t .  These- ex p er im en ts  have b een  

grouped , f o r  th e  sa k e  o f  c o n v e n ie n c e , under t h e  fo l lo w in g  h e a d in g s :

I .  "N a tu r a l" (N ) d i e t s  i n  r e l a t i o n  t o  f e r t i l i t y ,  s u r v iv a l ,  and grow th .

The d i e t s  in  t h i s  group  w ere composed m a in ly  o f  n a tu r a l  fo o d  s u b s ta n c e s .

I I .  " S y n th e tic"  (S ) d i e t s  i n  r e la t i o n  t o  f e r t i l i t y ,  s u r v iv a l ,  and grow th .

In  t h i s  group th e  d i e t s  w ere made up m a in ly  from  a r t i f i c i a l l y  p u r i f i e d  food  

s u b s ta n c e s .



I .  "N a tu ra l"  D ie t s  i n  R e la t io n  t o  F e r t i l i t y ,  S u r v iv a l ,  end Growth.

The in g r e d ie n t s  o f  th e  d i e t s  i n  t h i s  group a r e  g iv e n  i n  T able I  t o g e th e r  

w it h  th e  a v era g e  d a i l y  a llo w a n c e  o f  fo o d  p e r  m ou se. In  th e  e s t im a t io n  o f  the! 

p r o t e in  c o n te n t  o f  th e  d i e t s  t h e  a n a ly s e s  o f  Plimmer (1 9 2 1 ) f o r  o a ts  and o a t 

m eal and t h a t  o f  th e  m a n u fa ctu rer  f o r  d r ie d  s e p a r a te d  m ilk  w ere u s e d . The 

p r o t e in  c o n te n t  o f  b ran  v a r i e s  i n  d i f f e r e n t  sam p les and th e  f ig u r e  ta k e n  h ere  

•was 11 p e r  c e n t .  Y e a s t r e l  i s  a  y e a s t  e x t r a c t .

T able I

D ie t s Ni n 2 Ns n 4 Ne n 6 n 7 n 8

W hole o a t s 1 0 0 - - - - - - -

C oarse o a tm ea l - 92 87 87 40 81 33 40

D r ie d  s e p a r a te d  m ilk - - - - 25 - 27*5 25

G ran u lated  g e l a t i n - - - - - 4*5 2 -

D e x tr in e - - - - 23 - 25 -

F lo u r  and w a te r  b i s c u i t ■— - - - - - - 23

S a l t  m ix tu re  n o . 2 •• - 5 - - - - -

S a l t  m ix tu re  n o .  3 - - - 5 -• 6*5 - -

Coconut o i l - - - - 4 - 4*5 4

C o d - l iv e r  o i l - 1 1 1 1 1 1 1

Y e a s t r e l  ( dry w e ig h t) - 2 2 2 2 2 2 2

W heat bran - 5 5 5 5 5 5 5

P e r c e n ta g e  o f  t o t a l  
p r o t e in  i n  d ie t 8 * 2 11*87 11*25 11*25 14*66 15*01 16*71 17*42

Mouse r a t io n  p er  day  
i n  g . 12*5 6 6 6 6 6 6 6

M ilk  and w a te r  i n  eq u a l  
p a r ts  t o  d r in k ,  
a p p r o x im a te ly  ( c . c . )

2 2 2 2 2 2 2 2
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Some m ic e ,  p a r t i c u l a r l y  n u r s in g  d o e s ,  a t e  more th a n  o t h e r s ,  b u t i n  a l l  

t h e  d i e t  g ro u p s, w ith  th e  e x c e p t io n  o f  d i e t  ITi T here am ple a llo w a n c e  m s  

made f o r  t h e  h usk  o f  th e  o a t s ,  th e  amount o f  food  g iv e n  was s u c h  a s  t o  be  

s l i g h t l y  i n  e x c e s s  o f  t h e  amount e a t e n .  I t  i s  o f  i n t e r e s t  t o  n o te ,  w ith  

re g a rd  t o  t h e  amount of- fo o d  consumed b y  a  m ouse, t h a t  i n  an  ex p er im en t in  

f e e d in g  a d u lt  unm ated m ice w ith  w h ole o a t s  i t  m s  found t h a t ,  a lth o u g h  th e  

number o f  o a t  g r a in s  e a te n  b y  d i f f e r e n t  m ice  v a r ie d  c o n s id e r a b ly ,  t h e  same 

mouse a t e  p r a c t i c a l l y  t h e  same number o f  g r a in s  e a c h  d a y , and t h a t  a  mouse 

o f f e r e d  a  d o u b le  r a t io n  a t e  no more th a n  when g iv e n  a  s i n g l e  r a t io n .

The c o m p o s it io n  o f  th e  two s a l t  m ix tu r e s  i s  shown in  T ab le  I I .  S a l t  

m ix tu re  n o . 2, a  m o d i f ic a t io n  o f  M cCollum 's s a l t  m ix tu re  n o . 1 8 5 , m s  u sed  

i n  d i e t  N3,  and s a l t  m ix tu re  n o . 3 i n  d i e t s  N4  and N6 .

T ab le  I I .

S a l t  m ix tu re  n o . 2 S a l t  m ix tu re  n o . 3

Sodium c h lo r id e 10*38 g* Sodium c h lo r id e 1 0 * 0  g .
Magnesium su lp h a te 32*7 'i Magnesium su lp h a te 30*0 "
Sodium a c id  p h o sp h a te 20*82 'i P o ta ss iu m  c i t r a t e 30*0 "
P o ta ss iu m  p h osp h ate 57*24 i* C alcium  l a c t a t e 70*0 "
C alcium  p hosp h ate 32*4 ii Iro n  l a c t a t e 7*0 "
C alcium  l a c t a t e 78*0 II Copper s u lp h a te ,  0*02 c c .
Iro n  l a c t a t e 7*08 II o f  a  1 0 % s o l u t io n  t o  ev e r y
Copper s u lp h a te ,  0 * 0 2  c c . 1 0 0  g .  o f  s a l t  m ix tu r e .

o f  a  1 0 % s o l u t io n  t o  ev e ry
1 0 0  g .  o f  s a l t  m ix tu r e .

The w ork o f  A lex a n d er  and B u llow a (1 9 1 0 ) ,  McCollum e t  a l .  (1 9 1 6 , 1 9 1 7 ) ,  

Osborne and Mendel ( 1 9 1 8 ) ,  Hawk (1 9 2 3 ) and o th e r s  lias shown t h a t  g e l a t i n  i s  

an e f f i c i e n t  su p p lem en tary  p r o t e in  when added t o  d i e t s  c o n ta in in g  o a ts  

p r o t e in .  D ie t s  He and N7,  c o n ta in in g  4*5 and 2 p a r ts  o f  g e l a t i n ,  w ere  

th e r e fo r e  compared w it h  d i e t s  N4  and Hs .
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As v a i l  b e  s e e n  from  T a b le  I ,  t h e  m ice on  a l l  d ie ts  w ere g iv e n ,  in  

a d d i t io n  to  th e  d ry  fo o d , a  m ix tu re  o f  eq u a l p a r ts  o f  w a te r  and p a s te u r iz e d  

m ilk .  T h is  m s  g iv e n  b y  d a y , i n  a  d r in k in g  v e s s e l  o f  t h e  in v e r te d  t e s t -  

tu b e  t y p e ,  on  5 d ays i n  t h e  w e e k . The v e s s e l  m s  r e p la c e d  a t  n ig h t  b y  one  

c o n ta in in g  w a te r .  On th e  re m a in in g  2 days w a te r  o n ly  m s  g iv e n .  The 

a v er a g e  d a i l y  a llo w a n c e  p e r  mouse o f  th e  m ilk  and w a ter  m ix tu re  m s  ab ou t  

2  c . c .

In  an  e x p e r im e n t w ith  d i e t  IJ6 ,  w h ich  i s  n o t  d is c u s s e d  h e r e ,  th e  m ice  

w ere g iv e n  w a ter  o n ly  t o  d r in k , and i t  m s  found t h a t ,  w ith  t h i s  d i e t ,  th e  

a b sen ce  o f  f r e s h  m ilk  made no d i f f e r e n c e  e i t h e r  t o  t h e  f e r t i l i t y  o f  th e  

b r e e d in g  m ice o r  t o  th e  s u r v iv a l  and grow th  o f  th e  young m ice , th e  group o f  

m ice r e c e iv in g  w a te r  o n ly  g iv in g  r e s u l t s  a lm o st i d e n t i c a l  w ith  th o s e  o f  th e  

group r e c e iv in g  m ilk  and w a te r .

C a g es. The r e s u l t s  sum m arized i n  t h e  t a b l e s  i n  t h i s  s e c t i o n  w ere a l l  

o b ta in e d  from m ice  h oused  i n  g la s s  c a g e s .  A t th e  s t a r t  o f  th e  e n q u ir y  th e

c a g e s  i n  u s e  w ere made o f  z in c ,  o f  th e  ty p e  d e s c r ib e d  b y  T o p ley  ( 1 9 2 3 ) ,  b u t

when t h e  ex p er im en ts  had co n tin u e d  f o r  a  fe w  months we w ere l e d  t o  s u s p e c t  

t h a t  th e  z in c  ca g e s  th e m s e lv e s ,  a p a r t  from  t h e  d i e t s  s u p p lie d  t o  t h e  m ice  

i n  them , w ere a f f e c t i n g  a d v e r s e ly  b o th  grow th  and f e r t i l i t y .  The d a ta  in  

re g a rd  t o  t h i s  problem  \ v i l l  be more c o n v e n ie n t ly  d is c u s s e d  i n  th e  t h ir d  

s e c t i o n  o f  t h i s  p a p er , and a t t e n t i o n  may f o r  t h e  moment b e  c o n f in e d  t o  th e  

r e s u l t s  o b ta in e d  i n  th e  g l a s s  c a g e s  w h ich , in  a l l  b u t t h e  f i r s t  few  

e x p e r im e n ts , to o k  th e  p la c e  o f  z in c  c a g e s .

Two s i z e s  o f  c a g e s  w ere u s e d .  The la r g e r  c a g e , i n  w h ich  t h e  b ree d in g

m ice wrere mated and th e  young m ice h oused  a f t e r  w ea n in g , was 1 0  i n .  in
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d ia m ete r  and 5 i n .  in  h e ig h t ;  th e  s m a l le r ,  o r  b r e e d in g  c a g e , was 5-|- i n .  

i n  d ia m eter  and 4 -|- i n .  i n  h e i g h t .  The f l o o r  o f  e a c h  ca g e  was g iv e n  a  t h in  

c o v e r in g  o f  sa w d u st, and wood w oo l was p ro v id e d  i n  th e  b ree d in g  ca g e s  f o r  

n e s t  m aking. The m ice  i n  la r g e  c a g e s  w ere changed t o  c le a n  c a g e s  on ce a 

w eek , and th e  m ice  i n  sm a ll c a g e s  t w ic e  a  w eek . A l l  c a g e s  w ere s t e r i l i z e d  

b y  steam  im m e d ia te ly  a f t e r  u s e  and b e fo r e  b e in g  c le a n e d .

M ice . The m ice s e l e c t e d  a s b r e e d in g  s to c k  i n  a l l  t h e  d i e t  groups w ere  

drawn from th e  la b o r a to r y  s to c k  o f  m ic e .  T hese m ice  a re  im p orted  from  

s e v e r a l  p r iv a t e  b r e e d e r s , a l l  o f ‘ whom b reed  p a r t ic o lo u r e d  m ice e x c lu s i v e l y  

f o r  our u s e .  The m ice u se d  i n  t h e  b r e e d in g  e x p er im en ts  w ere , t h e r e f o r e ,  

o f  g e n e t i c a l l y  d i f f e r e n t  s t o c k s .  Young a d u lt  m ic e , m a in ly  b la c k  and w h ite  

i n  c o lo u r ,  w ere c h o se n , and b e fo r e  u se  th e  f a e c e s  o f  a l l  m ice w ere t e s t e d  

f o r  th e  p r e se n c e  o f  B a c t . typ h i-m u riu m  and B a c t . g a e r tn e r . T hese organ ism s  

w ere n ev er  fo u n d . In  ea ch  s e t  o f  ex p er im en ts  th e  m ice  w ere d is t r ib u t e d  in  

t h e  e x p e r im e n ta l and c o n tr o l  groups so  a s  t o  g iv e  a s n e a r ly  a s  p o s s ib le  th e  

same number o f  m ice  from  e a c h  d e a le r  i n  ea ch  g ro u p . I t  m s  n o t  p o s s ib le  

t o  o b ta in  t h e  same number o f  m ice  from  e a c h  d e a le r  fo r  a l l  s e r i e s  o f  th e  

e x p e r im e n ts , b u t a lth o u g h  th e  number o f  m ice  im p orted  from an y  one d e a le r  

m ig h t v a ry  i n  d i f f e r e n t  s e r i e s  o f  e x p e r im e n ts , th e  numbers i n  t h e  same s e r i e s  

w ere com parable.

Each ex p er im en t was s e t  up w ith  f i f t y - s i x  m ic e , s i x  m a les  and f i f t y  

fe m a le s ,  and t h i s  number was k ep t c o n s ta n t  th ro u g h o u t th e  w hole p e r io d  o f  

o b s e r v a t io n ,  a l l  l o s s e s  from  d ea th  b e in g  made good b y  th e  a d d i t io n  o f  m ice  

from  s t o c k .  The m ic e , m ale and fe m a le , w ere g iv e n  th e  d i e t  under  

i n v e s t i g a t i o n  f o r  3 w eeks and th e n  m ated , and th e  d i e t  g iv e n  b e fo r e  m atin g

was c o n tin u e d . The c o n tr o l  m ice  w ere g iv e n  th e  s t o c k  d i e t  1I2  (o a tm ea l,
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b ra n , y e a s t r e l ,  c o d - l i v e r  o i l ) .  M ating  o f  th e  m ice was c a r r ie d  on th ro u g h 

o u t t h e  ex p e r im e n t, bucks and d o es  b e in g  caged  t o g e t h e r  f o r  2  o u t  o f  ev e ry  

3 -w eeks. The number o f  fe m a le s  mated w ith  one m ale -was h ig h  -  e i g h t  t o  

t e n  d o es  w ith  one buck -  b u t  t h i s  arrangem ent was n e c e s s i t a t e d  by th e  need  

t o  econ om ize b o th  sp a ce  and la b o u r . The d o es when p regn an t w ere tr a n s fe r r e d  

t o  s e p a r a te  b r e e d in g  c a g e s  and rem ained  i s o l a t e d  u n t i l  th e  young w ere w eaned. 

S e p a r a t io n  o f  th e  l i t t e r  from  t h e  doe was u s u a l ly  made -when t h e  young m ice  

w ere 28 d ays o l d ,  b u t  th e  t im e  o f  s e p a r a t io n  v a r ie d  a s i t  was th e  r u le  n o t  

t o  rem ove t h e  your.g m ice from  t h e  doe u n t i l  th e y  ea ch  had rea ch ed  t h e  w e ig h t  

o f  10  g .  I t  happened, t h e r e f o r e ,  and p a r t i c u l a r l y  in  th e  d i e t  groups i n  

w h ich  th e  grow th  o f  th e  young m ice was s lo w , t h a t  som etim es th e  d o es  and 

l i t t e r s  w ere t o g e t h e r  fo r  a  lo n g e r  p e r io d  th a n  28 d a y s .  The d o e s ,  a f t e r  

s e p a r a t io n  from  t h e i r  you n g , w ere g iv e n  a  r e s t i n g  p e r io d  o f  1 0  d ays b e fo r e  

b e in g  r e -m a te d . The same p e r io d  o f  r e s t  was g iv e n  t o  m ice  w ith  l i t t e r s  

dead  or e a te n  w i t h in  a  s h o r t  tim e  o f  b i r t h .

The young m ic e ,  a f t e r  w a n in g ,  w ere f e d  on  th e  d i e t  t h a t  t h e i r  p a ren ts  

r e c e iv e d .  They w ere under d a i l y  o b s e r v a t io n , and w ere w eigh ed  a t  r e g u la r  

i n t e r v a l s  from th e  age o f  7 d a y s .

E x p erim en ta l p e r io d .  The d i f f e r e n t  s e r i e s  o f  ex p er im en ts  i n  t h e  "II" 

d i e t  group w ere n o t  a l l  commenced a t  th e  same tim e  o f  y e a r ,  b u t a  group o f  

m ice fe d  on t h e  c o n tr o l  d i e t  I'J2 was in v a r ia b ly  s e t  up a t  th e  same t im e  a s  

an e x p e r im e n ta l d i e t  g ro u p . E x cep t fo r  t h i s  s e a s o n a l  v a r ia t io n  and a  

v a r ia t io n  i n  th e  le n g th  o f  t im e  d u r in g  w h ich  th e  ex p er im en ts  w ere c a r r ie d  

on t h e  e x p e r im e n ta l c o n d it io n s  w ere th e  same th r o u g h o u t . I t  may be n oted  

t h a t  th e  tem p era tu re  o f  th e  mouse room s, w h ioh  w ere h e a te d , d id  n o t  va ry
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more th a n  a  few  d e g r e e s .  I n  m ost o f  th e  e x p er im en ts  t h e  t o t a l  p e r io d  o f  

o b s e r v a t io n  was 64  w e e k s , i . e .  th e  t im e  ta k e n  t o  re a ch  t h e  a g e  o f  12  w eeks  

by a l l  young m ice b orn  w i t h in  a  p e r io d  o f  52  w eek s from  t h e  f i r s t  day o f  

m atin g  o f  th e  p a r e n t s .  Some o f  t h e  e x p e r im e n ts , h ow ever, w ere d is c o n t in u e d  

a f t e r  a  s h o r te r  p e r io d ,  and f o r  t h i s  r e a so n  and b eca u se  i n  some o f  th e  e a r l i e r  

ex p er im en ts  d a i l y  o b s e r v a t io n  o f  t h e  young m ice  ce a sed  when th e y  had rea ch ed  

th e  age o f  8  w eek s, th e  f i g u r e s  f o r  young m ice g iv e n  i n  t h e  accom panying  

t a b l e s  a r e ,  w ith  one e x c e p t io n ,  f o r  a  p e r io d  o f  34  w eeks from  th e  f i r s t  day  

o f  m a tin g  o f  t h e  b r e e d in g  m ic e . The e x c e p t io n ,  T able V I I , g iv e s  t h e  f ig u r e s  

f o r  th o s e  e x p er im en ts  i n  w h ich  th e  young m ice w ere under o b s e r v a t io n  u n t i l  

th e  a g e  o f  12  w e e k s . T a b le s  I I I  and IV sum m arize th e  r e s u l t s  o b ta in e d  from

a l l  b r e e d in g  d oes i n  a  p e r io d  o f  26 woeks from  t h e  f i r s t  day o f  m a tin g . The

f ig u r e s  i n  a l l  t a b l e s  r e f e r  i n  e a c h  c a se  t o  an  ex p er im en t commenced w ith  f i f t y  

b r e e d in g  d o e s .  I n  t h e s e  and a l l  su b se q u en t t a b l e s  p e r c e n ta g e s  and a v era g e  

w e ig h ts  a r e  g iv e n  t o  th e  n e a r e s t  h a l f  u n i t .

I n f lu e n c e  o f  d i e t  on f e r t i l i t y  and l i t t e r - e a t i n g .  The r e s u l t s  o b ta in e d  j
|

v a r ie d  c o n s id e r a b ly  b etw een  one d i e t  group and a n o th e r , and i t  w ould  appear  

t h a t  th e  d i e t s  th e m se lv e s  w ere m a in ly  r e s p o n s ib le  f o r  th e  v a r ia t io n  i n  r e s u lt s .  

The f e r t i l i t y  o f  th e  b r e e d in g  s to c k s  and th e  s u r v iv a l  and grow th o f  t h e  young  

m ice a l l  appeared  t o  b e  in f lu e n c e d  b y  th e  d i e t s  on  w h ich  th e  m ice w ere f e d .

F e r t i l i t y . ‘When th e  e x p er im en ts  w ere s e t  up each  d i e t  group c o n ta in e d

f i f t y  b r e e d in g  d o e s ,  b u t by t h e  end o f  th e  p e r io d  o f  o b s e r v a t io n  th e  t o t a l  

number o f  d o es fe d  on  each  d i e t  m s  g r e a te r  th a n  f i f t y ,  a s  from  tim e  t o  tim e  

m ice from s to c k  had b een  added t o  ta k e  th e  p la c e  o f  m ice  t h a t  d ie d .  T able  

I I I  g iv e s  th e  a v era g e  t o t a l  number o f  d o es  i n  each  d i e t  group and th e  number



o f  d o es  t h a t  d id  n o t  g iv e  "birth t o  l i t t e r s  i n  an  e x p e r im e n ta l p e r io d  o f  26 

w eeks from  th e  f i r s t  day o f  m a t in g . Does w h ich  w ere n o t  members o f  a  group  

fo r  a  s u f f i c i e n t l y  lo n g  tim e  t o  g iv e  b i r t h  t o  l i t t e r s  h ave b een  ex c lu d ed  from  

th e  t o t a l s .

T ab le  I I I .

Type o f  cage D ie t N o. o f  
t e s t s

A verage  
n o , o f  
d o es

A verage  
n o .o f  d oes  

w ith o u t  
l i t t e r s

A verage  
% d o es  
w ith o u t  
l i t t e r s

G la ss NX 2 70 34 4 8 -5

Ng 7 64 8 12*5

h 3 1 70 13 1 8 -5

n 4 1 60 2 3*5

n 6 2 54 2 3*5

Ne 1 55 0 0 * 0

1 1 7 1 57 2 3*5

Ne 1 53 2 4 *0

The m o r t a l i t y  i n  th e  b r e e d in g  m ice  was g r e a te r  i n  some d i e t  groups th a n  

i n  o t h e r s ,  and i n  th o s e  d i e t  groups i n  w h ich  th e  m o r t a l i t y  was h ig h  th e  

number o f  m ice t h a t  d id  n o t  g iv e  b ir t h  t o  young a s  a  r u le  a l s o  was h ig h .

I t  i s  im p o s s ib le  t o  s a y ,  how ever, how much o f  th e  ap p aren t s t e r i l i t y  was due 

t o  t r u e  s t e r i l i t y ,  and how much due t o  r e s o r p t io n  i n  u te r o  o f  l i t t e r s  a lr e a d y  

c o n c e iv e d . L i t t e r  r e s o r p t io n  i s  a  r e c o g n is e d  phenomenon in  m ice and o th e r  

p o ly to c o u s  a n im a ls , and Evans and Burr (1 9 2 7 ) , from  th e  r e s u l t s  o b ta in e d  in  

a d e t a i l e d  s tu d y  o f  th e  c a u se s  o f  s t e r i l i t y  i n  th e  r a t ,  c o n s id e r  t h a t  th e  

c a u s a l  f a c t o r  i s  th e  la c k  o f  v ita m in  E i n  th e  d i e t .  In  t h e  p r e p a r a t io n  o f
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th e  d i e t s  o th e r  th a n  d i e t  H i, w h ich  c o n s i s t e d  o n ly  o f  w h ole  o a t s  and m ilk  

and -water m ix tu r e , p r o v is io n  was made f o r  an  a d eq u a te  su p p ly  o f  b o th  

v ita m in s  A and 3 ,  b u t th e  amount o f  v ita m in  E p r e s e n t  m s  n o t  e s t im a te d .

The f e r t i l i t y  o f  t h e  m ice  i n  m ost o f  th e  d i e t  groups was a t  f i r s t  f a i r l y  

h ig h ,  b u t i n  some o f  t h e  gro u p s t h e  p r o p o r t io n  o f  l i t t e r s  b orn  t o  th e  number 

o f  d o es " a t r is k "  became s m a lle r  and s m a lle r  a s  tim e  w ent o n . Some m ice  

n e v e r  showed s ig n s  o f  p reg n a n cy , b u t o t h e r s ,  a lth o u g h  u n d o u b ted ly  p reg n a n t, 

d id  n o t  g iv e  b ir t h  t o  y o u n g . R e so r p t io n  o f  l i t t e r s  m s  e x tr e m e ly  common in  

th e  m ice h oused  i n  g la s s  c a g e s  and fe d  on  d i e t  H i ,  I t  m s  found a l s o  i n  th e  

m ice fe d  on  d i e t s  N2  and If3  b u t t o  a  much l e s s  e x t e n t  th a n  in  th e  m ice fe d  

on d i e t  H i. I t  m s  r e l a t i v e l y  uncommon i n  th e  m ice fe d  on d i e t s  N4  and H6, 

and a p p a r e n tly  m s  r a r e  i n  th e  m ice f e d  on  d i e t s  NB,  If7  and N8 ,  a t  l e a s t  in  

th e  l a t e r  s t a g e s  o f  p reg n a n cy , f o r  a lm o s t  ev e r y  mouse b e l ie v e d  t o  be  

p reg n a n t gave b ir t h  t o  a  l i t t e r .

I t  m ig h t ap p ear, from  t h e  f a c t  t h a t  i n  some d i e t  groups th e  t im e  o f  

s e p a r a t io n  o f  th e  l i t t e r  from  th e  doe m s  f r e q u e n t ly  d e la y e d , t h a t  i n  th o s e  

d i e t  groups i n  w hich  th e  grow th  o f  t h e  young m ice  was s lo w  t h e  b r e e d in g  d o es  

w ere g iv e n  l e s s  o p p o r tu n ity  t o  m ate th a n  i n  th e  d i e t  groups i n  w h ich  th e  

young m ice  w ere a lm o st a l l  read y  fo r  s e p a r a t io n  from th e  d o es a t  28 d a y s .

In  a c t u a l  f a c t ,  h ow ever, t h i s  m s  n o t  s o .  In  th o s e  d i e t  grou p s i n  w h ich  

th e  grow th o f  th e  young m ice was s lo w , i t  m s  u s u a l  t o  f in d  t h a t  s. number 

o f  l i t t e r s  w ere b orn  d ea d , or d ie d  or  w ere e a te n  w ith in  a  v e r y  s h o r t  t im e  

o f  b ir t h ,  w ith  th e  r e s u l t  t h a t  a  number o f  d o es  w ere r e tu r n e d  t o  th e  m a tin g  

c a g e s  w ith o u t  much d e la y .  A ls o ,  t h e  m o r t a l i t y  o f  th e  m ice  i n  th e s e  same 

d i e t  groups m s  g r e a te r  th a n  t h a t  o f  t h e  m ice  fe d  on  th e  b e t t e r  adapted
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d i e t s ,  and c o n s e q u e n t ly  t h e  a d d i t io n  o f  m ice  from  s to c k , m ice  you n ger and more 

l i k e l y  t o  p rod uce l i t t e r s ,  m s  more f r e q u e n t .  E xcep t in  th e  e a r ly  w eek s o f  

th e  e x p e r im e n ts  i t  m s  a lm o st in v a r ia b ly  found t h a t  th e  m ice  i n  t h e  m a tin g  

ca g e s  o f  t h e  d i e t  groups i n  -which th e  grow th  o f  t h e  l i t t e r  m ice  m s  s lo w  

w ere o f  g r e a te r  number th a n  th o s e  i n  th e  m a tin g  c a g e s  o f  d i e t  groups i n  

w h ich  t h e  young m ice w ere se p a r a te d  from  th e  d o es a t  28 d a y s .

T ab le  IV

1
Type o f Time o f  y ea r T o ta l '/» l i t t e r s

cage o f  f i r s t  m atin g D ie t S e r ie s l i t t e r s e n t i r e l y  e a te n

G la ss A ug. 1933 H i (a ) 1 1 0 42*5
D ec. 1933 (b ) 35 4 8 -5

W eightc id a v era g e 72 44»0

Aug. 1933 (a ) 108 6*5
O ct. 1933 (b ) 8 8 3*5
O c t . 1933 ( c ) 114 9*5 .
O c t. 1933 n 2 (d ) 116 1 1 - 0

O ct. 1934 ( 8 ) 56 9*0
J a n . 1935 ( f ) 77 11*5
S e p t .1935 (g ) 75 3*0

Weight* d a v era g e 91 8 * 0

Aug. 1934 Ho 74 9 -5
J a n . 1935 k 4 118 6 * 0

J a n , 1935 Ho (a ) 128 0*7
J a n . 1936 (b ) 79 5*0

W eigh ts a v era g e 103 2*5

A pr. 1935 He 1 2 0 5*0
A pr. 1935 n 7 99 7*0
J a n , 1936 Ha 87 1 - 0

-

T ab le  IV s e t s  o u t th e  r e s u l t s  o f  each  o f  th e  s ix t e e n  b r e e d in g  e x p e r i 

m ents on  th e  v a r io u s  d i e t s  i n  a n o th er  form . I t  shows th e  d a te  o f  f i r s t
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m a tin g , th e  t o t a l  l i t t e r s  born d u r in g  th e  su b se q u en t 26 weeks i n  ea ch  

b r e e d in g  g ro u p , and t h e  p e r c e n ta g e  o f  t h e s e  l i t t e r s  t h a t  w ere e n t i r e l y  e a te n  

by th e  m o th e rs„ Each group was i n i t i a l l y  oomposed o f  s i x  b u ck s and f i f t y  

d o e s ,  and r e p la c e m e n ts  o f  b r e e d in g  m ice  t h a t  d ie d  w ere made a s  e x p la in e d  

a b o v e . I t  w i l l  be se e n  from  T a b le  IV t h a t ,  when s e v e r a l  t e s t s  w ere made witii 

any one d i e t ,  th e  number o f  l i t t e r s  born i n  t h e  f i r s t  26 w eeks a f t e r  m atin g  

show a  w id e v a r i a t i o n .  T h is  was s o  even  when s e v e r a l  t e s t s  w ere s ta r te d  

s im u lta n e o u s ly ,  o r  w ere commenced i n  th e  same month o f  d i f f e r e n t  y e a r s .

Such v a r ia t io n s  a r e ,  o f  c o u r se , t o  b e  e x p e c te d  i n  groups o f  o n ly  f i f t y  d o es  

and s i x  b u c k s , o b serv e d  f o r  a  p e r io d  a s  s h o r t  a s 26 w eek s.

I f  T a b le s  I I I  and IV a re  c o n s id e r e d  t o g e t h e r ,  h ow ever, th e r e  can  b e  no 

d oubt t h a t  d i e t  Nx, c o n s i s t i n g  o n ly  o f  w h o le  o a t s  t o  e a t  and m ilk  and w a ter  i 

t o  d r in k , i s  g r o s s ly  d e f i c i e n t  a s  ju d ged  b y  i t s  e f f e c t  on  f e r t i l i t y  and 

l i t t e r - e a t i n g .  The f ig u r e  o f  110 l i t t e r s  re co rd ed  i n  T ab le  IV f o r  group

(a )  on  th e  111  d i e t  i s  a lm o st  o e r t a in ly  m is le a d in g .  F or th e  r e a so n s  g iv e n  

a b o v e , o n ly  l i t t e r s  b orn  w it h in  26 w eeks o f  f i r s t  m a tin g  a r e  reco rd ed  i n  t h is '  

t a b l e ,  b u t many e x p e r im e n ts , o f  w h ich  t h i s  was on e, w ere co n tin u e d  fo r  much 

lo n g e r  p e r io d s .  In  t h i s  p a r t i c u la r  group n o t  a  s i n g l e  l i t t e r  was born  

d u r in g  t h e  second  6  m onths.

I t  i s  much more d o u b tfu l w h eth er  any s i g n i f i c a n c e  can b e  a t ta c h e d  to  

th e  re co rd ed  d i f f e r e n c e s  b etw een  t h e  groups f e d  on th e  rem a in in g  d i e t s ,  so  

f a r  a s  f e r t i l i t y  and l i t t e r - e a t i n g ,  i s  ooaoern ed j b ut we th in k  i t  p ro b a b le  

t h a t  d i e t s  N*, N8,  N6 ,  N7  and Ws w ere s u p e r io r  t o  d i e t s  W2  and 1 I3  i n  th e s e  

r e s p e c t s .

I n  reg a rd  t o  l i t t e r - e a t i n g ,  t h e r e  can  b e  no d ou b t t h a t  t h e  d i e t  su p p lied
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t o  th e  d o e s  h a s an  im p o rta n t in f lu e n c e  on  t h i s  h a b i t ;  b u t i t  i s  c e r t a in ly  

n o t  th e  o n ly  f a c t o r .  A n y th in g  t h a t  a f f e c t e d  t h e  com fort o f  th e  d o es was 

fou n d  t o  in c r e a s e  th e  p r o p o r t io n  o f  l i t t e r s  e a te n , w h i le  some d o es  i n  e a c h  

group w ere con firm ed  and h a b itu a l  e a t e r s  o f  t h e i r  you n g .

I n f lu e n c e  o f  d i e t  on th e  s u r v iv a l  o f  young m ic e .  The d a ta  w ith  

reg a rd  t o  th e  s u r v iv a l  o f  young m ice th rou gh  th e  f i r s t  3 w eeks o f  l i f e  are  

s e t  o u t i n  T able V . I t  sh o u ld  be n o te d  t h a t  t h e  d i f f e r e n c e  b etw een  th e  

number o f  young m ice a l i v e  a t  b i r t h  and th e  number a l i v e  a t  4  w eeks i s  

a cco u n ted  fo r  n o t  o n ly  by t h e  number d y in g  d u r in g  t h a t  p e r io d , b ut a l s o  by  

th e  number e a te n  by t h e i r  m o th e r s . I t  i s  im p o s s ib le  t o  d i f f e r e n t i a t e  betw eer  

young m ice t h a t  have d ie d  and th e n  b een  p a r t i a l l y  or  w h o lly  e a t e n , and m ice  

t h a t  h ave f a l l e n  v ic t im s  t o  c a n n ib a lis m  a lo n e .

In  a l l  th e  d i e t  grou p s th e  g r e a te r  number o f  d e a th s  o cc u r red  b e fo r e  

w ea n in g , b u t i n  some o f  t h e  groups th e  number o f  m ice  d y in g  b etw een  t h e  a g e s  

o f  4  and 8  w eeks was c o n s id e r a b le .  In  th o s e  d i e t  groups i n  w h ich  t h e r e  was 

a s u f f i c i e n t  number o f  d e a th s  on  w h ich  t o  b a se  an o p in io n  th e r e  was a  

s u g g e s t io n  o f  c r i t i c a l  a g e s  i n  th e  l i v e s  o f  th e  young m ic e , f o r  i t  was n o t  

uncommon t o  f in d  t h a t  weaned m ice from  th e  same l i t t e r ,  o f  d i f f e r e n t  s e x  and 

h oused  i n  d i f f e r e n t  c a g e s ,  d ie d  on  t h e  same d a y .

T aking th e  p e r c e n ta g e s  o f  young m ice a l i v e  a t  8  w eek s, i t  w i l l  be s e e n  

t h a t  d i e t s  N i ,  W2  and N3  gave v e r y  u n s a t i s f a c t o r y  r e s u l t s .  The a v era g e  

f ig u r e  fo r  s u r v iv a l  g iv e n  fo r  d i e t  Nj. i s  p r o b a b ly  to o  h ig h ,  s in c e  co n s id e ra b le  

e x p e r ie n c e  w ith  t h i s  d i e t ,  n o t  r e co rd ed  h e r e ,  in d ic a t e s  t h a t  o v er  50 p e r  c e n t  

o f  young m ice te n d  t o  d ie  w i t h in  t h e  f i r s t  8  w eek s o f  l i f e .  D ie t s  i lg , H7  

and Us g iv e  a  much h ig h e r  s u r v iv a l  r a t e .  Each o f  th e s e  d i e t s ,  a s  w i l l  be  

s e e n  from  T able I ,  c o n ta in e d  d r ie d  se p a r a te d  m ilk , and t h e y  w ere th e  o n ly
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T ab le  V

Type
o f

Cage

Time o f  
y e a r  o f  

f i r s t  
m a tin g .

D ie t S e r ie s

Young m ice a l i v e  
a t  b i r t h  e x c lu d 
in g  m ice  i n  l i t 
t e r s  e n t i r e l y  
e a te n  a t  b ir t h  

o r  l a t e r

% young  
m ice a l i v e  
a t  th e  age  
o f  8  weeks

l/o young  
m ice a l i v e  
a t  th e  age  
o f  8  w eeks

G la ss Aug. 1933 I'll (a ) 319 6 9 -5 58*5
D ec. 1933 (b ) 56 60*5 43*0

W eightec a verage 187 6 8 * 0 56*5

Aug. 1933 Us (a ) 583 68*5 54*0
O ct. 1933 Cb) 541 59*5 42*5
O ct. 1933 ( c ) 573 63*5 4 1 -5
O ct. 1933 (d ) 695 61*5 43*0
O ct. 1934 ( e ) 259 63*5 4 6 -5
J a n . 1935 ( f ) 370 76*0 54*5
S e p t .1935 (g ) 440 70*0 55*0

W eighte d a v era g 3 4 94 65*5 4 7  • 5

A ug. 1934 Ns 335 61*5 51*5
J a n . 1935 1*4 715 7 7 -0 6 8 ' 0

J a n . 1935 Ns (a ) 892 8 4 -5 82*5
J a n . 1936 (b ) 506 93*5 89*5

W eighte d a v er a g 3 699 87*5 8 5 -0

A p r. 1935 He 727 74*5 67*0
A p r. 1935 n 7 657 90*0 8 6 * 0

J a n . 1936 Na 585 90*0 89*5
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d i e t s  t h a t  d id  s o .  The d i f f e r e n c e s  b etw een  them  a r e  o f  a  v e r y  m inor k in d ,  

and p ro b a b ly  q u i t e  u n im p o r ta n t. The f ig u r e s  fo r  d i e t s  N4  and Ng, i n  w h ich  

t h e r e  w as no se p a r a te d  m ilk , b u t t o  w h ich  an  a l k a l i n e  s a l t  m ix tu re  ivas added  

( s e e  T ab le  I ) ,  s u g g e s t  t h a t  a  d i e t  c o n s i s t i n g  m a in ly  o f  o a tm ea l may be 

im proved i n  t h i s  w ay; b u t th e  s u r v iv a l  r a t e s  i n  th e s e  groups w ere g r e a t ly  

i n f e r i o r  to  th o s e  i n  w h ich  d r ie d  se p a r a te d  m ilk  was added t o  th e  d i e t ,  b u t  

from  w h ich  th e  a l k a l i n e  s a l t  m ix tu re  was a b s e n t .

In  reg a rd  t o  a l l  th e s e  s u r v iv a l  f i g u r e s  i t  may be n o ted  t h a t  t h e r e  was 

n ev er  any e v id e n c e  t h a t  m ice w ere d y in g  from  any known i n f e c t i v e  d i s e a s e ,  

th ou gh  b a c t e r i o l o g i c a l  ex a m in a tio n  m s  c a r r ie d  o u t 0 1 a a l l  dead m ice when t h i s  

was p o s s ib l e .

I n f lu e n c e  o f  d i e t  on  t h e  grow th  o f  young m ic e .  The d a ta  w ith  reg a rd  t o  

th e  grow th  o f  young m ice a re  s e t  o u t  i n  T a b le s  VI and V II and i n  F ig .  1 .

T ab le  VI g iv e s  t h e  w e ig h ts  f o r  t h e  m ice  o f  a l l  groups up t o  8  w e e k s .  T able  

V II g iv e s  th e  f i g u r e s  fo r  th o s e  groups t h a t  w ere o b serv ed  f o r  12 w eek s a f t e r  

b i r t h .  In  F i g s .  1 ,  2 and 3 a  grow th  c u r v e , c o n s tr u c te d  from th e  t a b l e s  o f  

R o b ertso n  (1 9 1 6 ) f o r  th e  norm al grow th  o f  young m ale and fe m a le  m ic e , i s  

g iv e n  fo r  com parison .

T aking T able V I , i t  w i l l  be s e e n  t h a t  d i e t  Hi i s  c l e a r l y  g r o s s ly  

d e f i c i e n t .  D ie t s  l'J2  and 1]3 ,  h e r e ,  a s  i n  th e  c a se  o f  com p arative  s u r v iv a l  

r a t e s ,  a re  g r e a t ly  i n f e r i o r  t o  d i e t s  Ilg, H7  and Ns c o n ta in in g  d r ie d  se p a r a te d  

m ilk .  D ie t s  N4  and IIq a g a in  occup y  a  p o s i t i o n  in te r m e d ia te  b etw een  I'lg and 

IJ3 on t h e  one hand, and Ns  and U s on  t h e  o t h e r .  The f ig u r e s  fo r  w e ig h ts  a t  

12 w eeks (T ab le  V I I ) f o l l o w  much th e  same o r d e r . H ere a g a in  d i e t s  H5  and Us 

show th e  h ig h e s t  w e ig h t s ;  b u t a t t e n t io n  m ust be drawn t o  th e  d is c r e p a n t
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f ig u r e s  fo r  t h e  group 2T5  ( a )  and t h e  group H6  (b )  w h ich  w ere s e t  up on

e x a c t ly  t h e  same d i o t ,  b u t  a  y e a r  a p a r t .  I t  seem s u n l i k e l y ,  i n  v ie w  o f  th e
p a r t  o f  t h i s

f in d in g s  t h a t  w i l l  be s e t  o u t i n  th e  fo l lo w in g  p a p er , t h a t  t h i s  d i f f e r e n c e  

in  grow th  r a t e  was due t o  ch a n ce .

T able VI

Type
o f

Cage

Time o f  y e a r  
o f  f i r s t  m at
in g  o f  p a r e n ts

D ie t S e r ie s

A verage w t .  
i n  g .  o f  
young m ice  
a t  th e  age  
o f  1  week

A verage w t,  
i n  g .  o f  

young m ice  
a t  th e  age  
o f  4- weeks

A verage w t.
i n  g .  o f  

young m ice  
a t  th e  age  
o f  8  weeks

G la ss A ug. 1933 HX ( a ) 3*0 3*0 13*0
D ec. 1933 (b ) 3*0 6 * 0 9*0

W eighted a verage 5*0 7 -0 1 1 * 0

Aug, 1933 He (a ) 3*5 10*5 18*0
O ct. 1933 (b ) 3*5 8*5 1 5 -5
O ct. 1933 ( c ) 3*5 8 * 0 15*0
O ct. 1933 (d ) 3*0 3*5 1 5 -5
O c t . 1934 ( e ) 3*0 9 .5 1 7 -0
J a n . 1935 ( f ) 3*5 8*5 15*0
S e p t .1 9 3 5 ( s ) 3*5 9*5 15*0

W eighted a v era g e 3*5 9 -0 16 » 0

Aug.  1934 Ha 3*5 9 -5 1 6 -5
J a n . 1935 H4 3*5 1 0 -5 19*5
J a n . 1935 n 8 (a ) 4 *0 13*5 23*0
J a n . 1936 (b ) 4*0 13*0 2 0 * 0

W eighted a verage 4*0 13*0 21*5

A p r. 1935 He 3*5 11*5 18*5
A p r. 1935 N7 4*0 12*5 18*5
J a n . 1936 Na 4*0 1 2 * 0 2 0 * 0
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G la ss Ns w * 370 76*0 54*5 45*5 3*5 8*5 15*0 18*5
(g ) 440 70*0 55*0 48*0 3*5 9*5 15*0 19*0

W eighted a verage 405 73*0 55*0 4-7*0 3*5 9*0 15*0 18*5

Ho 328* 76-0 64*5 55*0 3*5 11*5 18*5 2 2 * 0

n 4 715 77*0 6 8 * 0 63*0 3*5 10*5 19*5 23*0

n 8 (a ) 892 34*5 82*5 81*5 4*0 13*5 23*0 27*0
(b ) 506 93*5 8 9 -5 89*0 4*0 13*0 21*5 2 2 * 0

W eighted a verage 699 87*5 85*0 84*0 4*0 13*0 21*5 24*5

N a 727 74*5 67*0 63*5 3*5 11*5 18*5 22*5

n 7 657 9 0 -0 8 6 * 0 84*5 4*0 12*5 18*5 22*5

N a 585 9 0 -0 89*5 89*5 4*0 1 2 * 0 2 0 * 0 24*0

*  S ee T able V .

■f The p e r io d  o f  o b s e r v a t io n  o f  t h i s  group from  w h ich  t h e s e  f i g u r e s  are  

drawn d i f f e r s  from t h a t  i n  T ab le  V, arri t h i s  a cc o u n ts  f o r  th e  

d if f e r e n c e  i n  th e  number o f  young m ic e .
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Summary o f  S e c t io n  I .

Sum m arizing t h i s  s e r i e s  o f  e x p e r im e n ts , we th in k  i t  h as b een  shown:

(a )  T hat a  d i e t  c o n s i s t i n g  o f  w h o le  o a t s ,  ■ c o n ta in in g  8*2 p er  c e n t  p r o te in ,  

and a  m ix tu re  o f  m ilk  and w a te r  i s  g r o s s ly  d e f i c i e n t  f o r  m ice as judged

by t h e  lo w er  f e r t i l i t y  and fr e q u e n c y  o f  l i t t e r - e a t i n g  among th e  d o e s ,  and th e  

lo w  s u r v iv a l  r a t e  and p o o r  grow th o f  t h e  young m ic e .

(b )  T hat th e  s u b s t i t u t i o n  o f  c o a r s e  o a tm ea l f o r  w hole o a t s  and th e  

a d d i t io n  o f  c o d - l i v e r  o i l ,  y e a s t r e l  and bran (N s) in c r e a s e s  th e  f e r t i l i t y  o f  

th e  m ic e ,  and g r e a t l y  d e c r e a s e s  t h e  fr e q u e n c y  o f  l i t t e r - e a t i n g .  T h is  d i e t ,  

w h ich  c o n ta in s  11*87 p er  c e n t  p r o t e in ,  su p p o r ts  grow th  i n  young m ice b u t i t  

i s ,  h ow ever, a  v e r y  p oor d i e t  a s  ju d g ed  by t h e  s u r v iv a l  r a t e .

( c )  T hat th e  a d d i t io n  t o  th e  o a t s ,  c o d - l i v e r  o i l ,  y e a s t r e l ,  bran and 

m ilk  and -water d i e t  o f  an a c id  s a l t  m ix tu re  ( II3 ) p ro d u ces no s i g n i f i c a n t  

change i n  t h e  r e s u l t s  o b ta in e d , a s ju d ged  by any o f  th e  above c r i t e r i a .

(d )  T hat th e  a d d i t io n  t o  t h e  o a t s ,  c o d - l i v e r  o i l ,  y e a s t r e l ,  bran and 

m ilk  and w a ter  d i e t  o f  an a l k a l i n e  s a l t  m ix tu re  (IT4  and Ns ) p rod u ces some 

im provem ent i n  t h e  s u r v iv a l  and grow th  r a t e s  o f  th e  young m ic e . D ie t  Ns 

c o n ta in s  15*01 p er c e n t  p r o t e in  a s compared w ith  11*25 p er  c e n t  i n  d i e t  I’U .

( e )  T hat t h e  r e d u c t io n  o f  th e  o a tm ea l t o  3 3 -4 0  p er ce n t o f  th e  t o t a l  d ie t ,  

and i t s  r ep la cem en t b y  d r ie d  se p a r a te d  m ilk  (2 5 -2 7 * 5  p er  c e n t ) ,  and a  r a t io n  

o f  co co n u t o i l ,  and d e x tr in e  (Nq and IJ7 ) o r  f  1  o u r-a n d -w a ter  b i s c u i t  (ITa) g iv e s  

a fa r  more fa v o u r a b le  d i e t .  T h is  i s  ev id en ced  m ost s t r i k i n g l y  by th e  

s u r v iv a l  r a t e  among th e  young m ic e ;  b u t th o s e  d i e t s  a l s o  g iv e  v e r y  s a t i s f a c 

t o r y  r e s u l t s  a s  judged  by th e  f e r t i l i t y  o f  t h e  d o e s ,  th e  r e l a t i v e  in fr e q u e n c y  

o f  l i t t e r - e a t i n g ,  and th e  r a t e  o f  grow th  o f  th e  young m ic e . D ie t  ! ! 5  c o n ta in s
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14*66 p e r  c e n t  o f  p r o t e in ,  d i e t  N7  16*71 p e r  c e n t ,  and d i e t  Ns 17*42 p e r  cen t.

( f )  T hat n e i t h e r  th e  a l k a l i n e  s a l t  m ix tu re  d i e t ,  n o r  th e  d i e t  c o n ta in in g  

d r ie d  s e p a r a te d  m ilk , a p p ea rs t o  b e  s i g n i f i c a n t l y  a f f e c t e d  by t h e  a d d i t io n  o f  

a s m a ll amount o f  g e l a t i n  (com pare N6  w ith  N4 ,  and N7  w i t h  N5 ) .

I I .  "S y n th e t ic " D ie t s  i n  R e la t io n  t o  F e r t i l i t y ,

S u r v iv a l  and Growth --------------

T hese " s y n th e t ic "  d i e t s  w ere i n  p o in t  o f  t im e  th e  f i r s t  on  w h ich  an  

a ttem p t was made to  r e a r  young m ice fo r  r e s i s t a n c e  t e s t s .  They have b een  

g iv e n  secon d  p la c e  h e r e  b eca u se  i t  soon  became o b v io u s  t h a t  th e y  were 

g r e a t ly  i n f e r i o r  t o  t h e  " n atu ra l"  d i e t s ,  and one o f  our m ain o b j e c t s  i n  

t h i s  i n v e s t i g a t i o n  m s  t o  s e e  w h eth er any change i n  d i e t  w ould in d u ce  a 

s i g n i f i c a n t  in c r e a s e  i n  r e s i s t a n c e  a s  compared w ith  t h a t  o b serv ed  i n  th e  

d i e t  now g iv e n  t o  th e  s t o c k  m ice i n  t h i s  la b o r a to r y .

D i e t s .  The co m p o s it io n  o f  t h e  d i e t s  i s  shown i n  T ab le  V I I I ,  d i e t s  

H i and N2  b e in g  in c lu d e d  a s  c o n t r o l s .  The s y n t h e t ic  d i e t s  w ere th r e e  in  

number, and th e  o n ly  v a r i a t i o n  i n  them  was i n  th e  k in d  o f  p r o te in  g iv e n ,  

g lu te n  o n ly  i n  d i e t  S i ,  c a s e in o g e n  i n  S 3 ,  and a  m ix tu re  o f  g lu te n  and 

c a s e in o g e n  i n  S 3 .  In  th e  f i r s t  fo u r  o f  th e  se v e n  s e r i e s  o f  ex p er im en ts  

d i e t  H i was th e  o n ly  c o n tr o l  d i e t ;  i n  th e  f i f t h  and s i x t h  s e r i e s  d i e t s  N i 

and H2  w ere b o th  em ployed a s  c o n t r o ls ;  and i n  t h e  s e v e n th  s e r i e s  t h e  c o n tr o l  

d i e t  H3  a lo n e  was u s e d .
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T a b le  V III

D i e t s . . . Hi n 2 S i S s
1

s 3

W hole o a ts 150 - - - -

C oarse o a tm ea l - 138 - - -

G lu ten - - 20 - 10

C a sein o g en - - - 20 10

D e x tr in e - - 62 62 62

S a l t  m ix tu re  n o , 2 . - - 5 B 5

Lard - - 5 5 5

C o d - l iv e r  o i l - 1*5 1 1 1

Y e a s t r e l  (d r y  w e ig h t) - 3 2 2 2

Wheat bran - 7 -5 55 55 55

P e r c e n ta g e  o f  t o t a l  
p r o t e in  i n  d i e t

8 -2 11*87 14*3 16*01 15*17

Mouse r a t io n  p er  d ay  i n  g . 12*5 6 6 6 6

S a l t  m ix tu re  n o . 2

Sodium c h lo r id e 10*38
Magnesium s u lp h a te 32*7
Sodium  a c id  p h osp h ate 20*82
P o ta ss iu m  p h osp h ate 57*24
C alcium  p h osp h ate 32*4
C alcium  l a o t a t e 78*0
Ir o n  l a c t a t e 7*08
Copper s u lp h a te ,  0*02 c . c ,  o f  a

s o l u t io n  t o  e v e r y  100 g . o f  s a l t  m ix tu re  

When f i r s t  made up, th e  th r e e  " s y n th e t ic "  d i e t s  co n ta in e d  o n ly  5 p a r ts

o f  b ra n , and th e  d a i l y  a llo w a n c e  o f  d i e t  p e r  mouse was 4  g . I t  m s  soon
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found t h a t  th e  b u lk  o f  th e  r a t io n  was i n s u f f i c i e n t  t o  s a t i s f y  th e  b r e e d in g  

m ic e .  In  a l l  t h r e e  d i e t s  th e  a llo w a n c e  o f  fo o d  m s  e a te n  w i t h in  a  v e r y  

s h o r t  t im e  o f  b e in g  g iv e n , and l i t t e r  e a t in g  became a lm o st u n i v e r s a l .  The 

p r o p o r t io n  o f  b ra n  i n  a l l  th r e e  d i e t s  m s  in c r e a s e d  t o  55 p a r t s ,  w ith  a  

co n seq u en t in c r e a s e  t o  6 g ,  o f  th e  mouse r a t io n .  The e x t r a  amount o f  fo o d ,  

r e a d i ly  e a te n  b y  t h e  m ic e , ca u sed  a  c o n s id e r a b le  d im in u tio n  i n ,  b u t  b y  no 

means e l im in a te d ,  t h e  e a t in g  o f  l i t t e r s .

In  a d d it io n  t o  th e  d ry  fo o d , t h e  m ice  on  th e  two c o n tr o l  d i e t s  were 

g iv e n  a  m ix tu re  o f  eq u a l p a r ts  o f  p a s te u r iz e d  m ilk  and w a te r . The m ice  on  

th e  th r e e  e x p e r im e n ta l d i e t s  S i ,  S2 and S 3 w ere g iv e n  w a ter  o n ly .

C ages,  In  th e  f i r s t  two o f  th e  s e v e n  s e r i e s  o f  ex p er im en ts  th e  m ice  

w ere housed  i n  z in c  c a g e s j  in  th e  rem a in in g  f i v e  s e r i e s  th e  c a g e s  w ere o f  

g l a s s .

M ice . The m ice s e l e c t e d  f o r  b r e e d in g  w ere from  th e  same m ixed  

la b o r a to r y  s to c k  a s  th o s e  u se d  i n  th e  " n a tu ra l"  d i e t  g ro u p s. In  ea ch  o f  

t h e  f i r s t  f i v e  s e r i e s  o f  t h e  ex p er im en ts  one hundred d oes and tw e lv e  b u ck s, 

fe d  on d i e t  (v /hole o a t s ) ,  w ere m ated . The d o e s ,  a s soon  a s pregnancy

m s  d e f i n i t e l y  e s t a b l i s h e d ,  we r e  t r a n s f e r r e d  t o  one o f  th e  ex p er im en ta l  

d i e t s ,  and t h e r e a f t e r  r e c e iv e d  no d i e t  o th e r  th en  th e  one t o  w hich  th e y  had 

b een  a l l o t t e d .  For ea ch  doe t h a t  m s  t r a n s f e r r e d  to  an e x p er im en ta l d i e t  

one rem ained on d i e t  H i a s  a  c o n t r o l .  The l i t t e r  r a t e  i n  m ice f e d  on d i e t

N i was found t o  be to o  lo w  t o  produce a  s u f f i c i e n c y  o f  young m ic e , and 

c o n s e q u e n t ly  in  t h e  s i x t h  and s e v e n th  s e r i e s  o f  th e  ex p er im en ts  th e  b r e e d in g  

s to c k  m s  fe d  and m ated on  d i e t  II2  (o a tm e a l, bran , y e a s t r e l ,  c o d - l i v e r  o i l )  

in s t e a d  o f  on d i e t  H i.
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In  t h e  m ain s e r i e s  o f  e x p e r im e n ts  d e s c r ib e d  i n  t h i s  s e c t i o n  t h e r e  a r e ,  

t h e r e f o r e ,  no f i g u r e s  fo r  f e r t i l i t y .  Towards th e  end o f  th e  e x p e r im e n ts , 

h ow ever, an  a ttem p t was made t o  b ree d  from  m ice f e d  b e fo r e  m a tin g  on  th e  

th r e e  " s y n th e t ic "  d i e t s ,  and t h e  r e s u l t s  o b ta in e d  may be b r i e f l y  sum m arized. 

The e f f e c t  o f  th e  " s y n th e t ic "  d i e t s  on  f e r t i l i t y .  Young m ale and fem a le  

m ic e , b red  from  d oes fe d  on th e  s t o c k  d i e t  tls ,  w ere f e d  from  s h o r t l ; /  a f t e r  

w ean in g  on  d i e t s  S i ,  S 2  and S 3 ,  and when a p p r o x im a te ly  12 w eeks o ld  w ere  

m ated , A c o n t r o l  group o f  m ic e , s i m i l a r l y  b red , was k e p t  on  t h e  s to c k  d i e t  

N2  and m ated . The ex p er im en t m s  c a r r ie d  on f o r  12 w eeks from  th e  f i r s t  day  

o f  m a tin g  o f  th e  m ic e , and b u ck s and d o es w ere caged  to g e th e r  th ro u g h o u t th e  

e n t i r e  p e r io d  o f  e x p e r im e n t. The r e s u l t s ,  shown i n  T able IX, need  no 

comment. Few o f  th e  m ice on  t h e  " s y n th e t ic "  d i e t s  ga v e  b i r t h  to  l i t t e r s ,  

and o n ly  one young m ouse, b red  from  a  d oe  fe d  w ith  d i e t  S i ,  su r v iv e d  lo n g e r  

th e n  7 d a y s .

T able IX

D ie t
No. o f  

d oes
N o. o f  
l i t t e r s

No. o f  
l i t t e r s  

b orn  dead

No.  o f  
l i t t e r s  

e a te n

No. o f  m ice  
e x c lu d in g  l i t 
t e r s  e a t e n  a t  
b ir t h  or l a t e r

No. o f  m ice  
a l i v e  7 days  
a f t e r  b ir t h

h8 30 15 1 2 69 54

S i 50 2 0 0 14 1

S 2 50 2 1 0 1 0

S 3 50 4 3 1 0 0
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T ab le  X

D ie t S e r ie s
T o ta l

l i t t e r s
L i t t e r s
e n t ir e ly -

e a te n

S i ,  Sg and S 3  

( t e s t s  1 - 6 ) 
f o r  com parison  

w ith  Nx

S i ,  Sg and S 3  

( t e s t s  5 -7 )  
f o r  com parison  

w it h  Ng

Ex ( 1 ) 30 1 2

( 3 ) 23 15
(4 ) 2 1 1 1

(5 ) 19 6

( 6 ) 23 1 0

T o ta ls 116 54
% e a te n  l i t t e r s 4 6  • 5

N« (5 ) 1 2 0

( 6 ) 24 0
(7 ) 37 7

T o ta ls 73 ]_
e a t e n  l i t t e r s 9*5

S i ( 1 ) 27 24
(3 ) 1 0 3
(4 ) 2 0 1 2

« (5 ) 14 4
1 ( 6 ) 1 1 1

(7 ) 35 1 2

T o ta ls 117. 56 82 44 60

$  e a te n  l i t t e r s 4 8 -0 53*5 2 0 -5

s 2 ( 1 ) 29 2 2

(3 ) 1 2 3
(4 ) 16 9
(5 ) 1 0 1

(G) 1 2 0

(7 ) 30 1 2

T o ta ls 117 4 7 79 35 60 13

/o e a te n  l i t t e r s 40*0 44*5 2 1 -5

S s ( 1 ) 29 23 -

(3 ) 1 1 6

(4 ) 13 7
(5 ) 1 2 0

( 6 ) 13 2

(7 ) 37 17

T o ta ls 115 55 73 38 62 19

jb e a te n  l i t t e r s ---------------
4 8 -0 4 3  • 5 30*5
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a l i v e  a t  b i r t h

T o ta ls
% t o t a l  m ice  
a l i v e  a t  b ir t h

( 1 )
(3 )
(4 )
(5 )
( 6 ) 
(7 )

4 4
43  

j 4 4
4 4  
57

123

365

( 1 )
(3 )
(4 )
(5 )
( 6 ) 
( 7 )

52*5 41*5

29
24
31
70
56
85

295

237 122

51*5

229 90

39*5

210 127

60*5

211 98
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The e f f e c t  o f  t h e  "Synt h e t i c ' 1 d i e t s  on  r e s o r p t io n  o f  l i t t e r s  and on  

l i t t e r - e a t i n g . As s t a t e d  a b o v e , th e  d o es  i n  t h e  m ain  s e r i e s  o f  e x p er im en ts  

w ere t r a n s f e r r e d  from  one o f  t h e  c o n tr o l" n a tu r a l"  d i e t s  (H i or  I ls ) t o  one o f  

th e  " s y n th e t ic "  d i e t s  ( S i ,  S s  or  S a ) a s  so o n  a s p regn an cy  was d e f i n i t e l y  

e s t a b l i s h e d .  I t  was th u s  p o s s ib l e  t o  s tu d y  t h e  e f f e c t  o f  t h e  "S" d i e t s  on 

th e  fr e q u e n c y  o f  r e s o r p t io n  o f  l i t t e r s ,  and o f  l i t t e r - e a t i n g .  L i t t e r  

r e s o r p t io n  was a s  fr e q u e n t  i n  m ice fe d  on  d i e t s  S i ,  S s  and S 3  a s  i n  m ice f e d  

w ith  d i e t  ITi, and t h r e e  t im e s  more fr e q u e n t  th a n  i n  m ice  f e d  on d i e t  1T2 .

The r e le v a n t  f i g u r e s  w ith  re g a rd  t o  l i t t e r - e a t i n g  a r e  s e t  o u t  i n  T a b le  X . 

There i s  no e v id e n c e  t h a t  t h e  " s y n th e t ic "  d i e t s  a r e  more u n fa v o u r a b le  th a n  

th e  v e r y  u n s a t i s f a c t o r y  " n a tu ra l"  d i e t  H i, b u t t h e y  a r e  d e f i n i t e l y  l e s s  

fa v o u r a b le  th a n  d i e t  U.2 ,

I t  sh o u ld  be n o ted  t h a t  i n  T a b le  X and t h e  o th e r  t a b l e s  su m m arizing th e  

r e s u l t s  o b ta in e d  w ith  t h i s  group o f  d i e t s  t h a t  t h e r e  a re no f i g u r e s  r e l a t i v e  

t o  th e  secon d  s e r i e s  o f  e x p e r im e n ts . The s e r i e s  was a  co m p le te  f a i l u r e .

The b r e e d in g  m ice  re m a in in g  from  t h e  f i r s t  s e r i e s ,  i . e .  m ice  t h a t  had n o t  

become p reg n a n t and t h a t  th e r e fo r e  had n o t  b een  f e d  w ith  an y  o f  th e  

" s y n th e t ic "  d i e t s ,  w ere in c r e a s e d  i n  number by th e  a d d i t io n  o f  m ice  from  

s t o c k ,  and b red  from . O nly n in e  l i t t e r s  r e s u l t e d ,  and o f  t h e s e  e i g h t  w ere  

w h o lly  e a t e n  and one d ie d  w i t h in  a  few  days o f  b i r t h .  For t h i s  r e a s o n ,  

t h e r e f o r e ,  no r e co rd  o f  t h e  seco n d  e x p er im en t a p p ea rs i n  T a b le s  X -X II .

The e f f e c t  o f  th e  " s y n th e t ic "  d i e t s  on  th e  s u r v iv a l  and grow th  o f  young  

mice_. The r e le v a n t  f i g u r e s  a r e  s o t  o u t  i n  T a b le s  X I and X I I , and i n  F i g . 2 .

None o f  th e  d i e t s ,  " s y n th e t ic "  or " n a tu r a l" , ga v e  good r e s u l t s  a s  

re g a rd s  th e  s u r v iv a l  and grow th o f  young m ic e .  The e f f e c t s  o f  f e e d in g  young
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T ab le  X II

A verage vrt. A verage vrt;. A verage vrt. A verage w t .

TU rx 4- Qn'rti no i n  g . o f  young in  g . o f  young in  g . o f  young i n  g . o f  young
u ie t / a e r ie s n i c e  a t  a g e m ice a t  a g e m ice a t  age

o f  1  week o f  4  weeks o f  1 2  weeks

Nx ( i ) 2 * 0 6*5 1 1  - 0 13*5
(3 ) 3*5 7 *0 1 1 * 0 14*0
(4 ) 3 -0 9*0 1 4 .0 17*0
(5 ) 3*0 7*0 1 0 . 0 13*0
( 6 ) 3*0 6*5 8*5 1 1 * 0

W eighted  a v era g e 5*0 7*0 1 1 » 0 13*5

N 2 (5 ) 3*0 9*5 16*5 21*5
f 6 ) 3*5 3*5 14*5 1 3 -5
( 7 ) 3*0 3 -0 15*0 2 0 » 0

W eighted  a v era g e 3*0 3 .5 = 15.Q 2 0 * 0

S i ( 1 ) 4 - 0 1 0 * 0 15*0 2 2 * 0

(3 ) 3*0 6*5 12*5 17*0
(4 ) 3*0 3*5 15*0 2 2 * 0

(5 ) 3*0 1 0 * 0 15*0 13*0
( 6 ) 3*5 9 -0 15*0 19*5

(7 ) 3*0 7 -0 13*0 19*0

W eighted  av er a g e 3*0 3*5 14*0 19*5

S s ( 1 ) 3*5 9 -0 16*0 19*0
(3 ) 4 *0 9*5 17*5 21*5
(4 ) 3*0 10*5 17*0 2 0 -5
(5 ) 3*5 1 4 -5 2 0 - 0 24*5
( 6 ) 4*0 9*5 15*5 2 0 * 0

(7 ) 2*5 9*0 14*0 17*5

W eigh ted  av er a g e 3 »5 10*5 1 6 .5 20*5

S a ( 1 ) 3*0 9*5 17*0 22*5
(3 ) 3*5 1 0 -5 18*0 2 0 - 0

(4 ) 3*5 9*5 17*0 18*0
(5 ) 2*5 1 0 * 0 16*0 20*5
( 6 ) 3*5 9 -0 15*0 1 8 -5
(7 ) 3*0 3*0 1 1 .5 15*5

W eighted  a verage 5 * 0 9*5 15»5 19*0
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m ice  w it h  d i e t s  N i and H2  have b e e n  d is c u s s e d  i n  th e  s e c t io n  d e a l in g  w ith  

th e s e  d i e t s ;  and i t  i s  a p p a ren t from  t h e  f i g u r e s  i n  T a b le s  XI end X II t h a t  

th e  r e s u l t s  o b ta in e d  w it h  th e  " s y n th e t ic "  d i e t s  S1# S 2  and S 3  a re  l i t t l e ,  i f  

a n y , b e t t e r  th a n  th o s e  o b ta in e d  w ith  t h e  h ig h ly  u n s a t i s f a c t o r y  " n atu ra l"  

d i e t s .

In  a l l  th r e e  " s y n th e t ic "  d i e t  groups many young m ice  d ie d  w i t h in  th e  

f i r s t  fe w  d ays o f  b i r t h .  I n  a  fe w  in s t a n c e s  t h i s  e a r ly  d ea th  was p ro b a b ly  

ca u sed  b y  n e g l e c t  o r  i n a b i l i t y  t o  su c lc le  on  t h e  p a r t  o f  th e  d o e .  In  m ost  

c a s e s ,  h ow ever, i t  was th o u g h t t h a t  d e a th  was due e i t h e r  t o  th e  la c k  o f  

v i a b i l i t y  o f  th e  young m ice  th e m s e lv e s  or t o  th e  p oor n u t r i t i v e  q u a l i t y  o f  

th e  n ou r ish m en t p ro v id e d  by th e  m o th e r s , a s  i t  w as o b serv ed  t h a t  th e  stom achs  

o f  t h e  young m ic e , a t  t h i s  a g e  v i s i b l e  th rou gh  t h e  abdom inal w a l l  when m ilk -  

f i l l e d ,  ap peared  t o  c o n ta in  a  s u f f i c i e n c y  o f  m ilk .

The d e a th -r a te  i n  m ice o v er  4  w eek s o f  a g e , a lth o u g h  lo w er  th a n  i n  m ice  

under t h a t  a g e ,  was h ig h .  D eath  f r e q u e n t ly  o cc u r red  w ith  g r e a t  su d d en n ess  

i n  a p p a r e n t ly  h e a lth y  young m ic e , and p ost-m ortem  ex a m in a tio n  r e v e a le d  no 

ca u se  o f  d e a th .

Of th e  t o t a l  young m ice f e d  on  th e  th r e e  e x p e r im e n ta l d i e t s  th o s e  f e d  on  

d i e t  S 3  gave th e  b e s t  s u r v iv a l  r a t e  and th o s e  on  d i e t  S i  th e  p o o r e s t .  b u t  

th e  number o f  m ice i n  in d iv id u a l  e x p er im en ts  was v e r y  sm a ll and t h e  v a r i a t i o n  

in  s u r v iv a l  b etw een  s u c c e s s iv e  ex p er im en ts  g r e a t ,  and th e  a v era g e  f i g u r e s  can  

h a r d ly  b e  reg a rd ed  a s  s i g n i f i c a n t .

I n  th e  th r e e  " s y n th e t ic "  d i e t  grou p s t h e r e  m s  no a p p r e c ia b le  d i f f e r e n c e  

in  th e  a v er a g e  w e ig h ts  o f  t h e  young m ice  a t  th e  age o f  12 w e e k s . I n  a l l  

th e  groups th e r e  w ere m ice  o f  good w e ig h t and m ice  o f  v e r y  p oor w e ig h t ,  b ut
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a good w e ig h t was g e n e r a l ly  d u e , a s was fou n d  a t  th e  p ost-m o rtem  ex a m in a tio n  

o f  m ice  w h ich  d ie d ,  t o  an  a c c u m u la tio n  o f  f a t .

The r e s u l t s  o b ta in e d  from  th e  m ice  i n  th e  tw o c o n tr o l  d i e t  groups H i and

Nj3  w ere a l s o  p o o r , b u t th e y  d id  n o t  d i f f e r  m a t e r ia l ly  from  th e  r e s u l t s

o b ta in e d  i n  o th e r  e x p er im en ts  w ith  th e s e  same two d i e t s .

Summary o f  S e c t io n  I I .

I n  sum m arizing t h e  r e s u l t s  o b ta in e d  i n  t h i s  s e c t i o n  i t  i s  s u f f i c i e n t  

t o  n o t e :

(a )  T hat th e  " s y n th e t ic "  d i e t s  red u ced  th e  f e r t i l i t y  o f  th e  m ice a lm o st j

t o  z e r o ,  and in d u c e d , in  th o s e  m ice  t h a t  becam e p reg n a n t, r e s o r p t io n  o f

l i t t e r s  and l i t t e r - e a t i n g .

(b )  T h a t, w ith  reg a rd  t o  th e  s u r v iv a l  and grow th  o f  th e  young m ice ,  

w h eat g lu t e n  and c a s e in o g e n , t h e  o n ly  v a r ia b le s  i n  th e  " s y n th e t ic "  d i e t s ,  

ap peared  t o  b e  e q u iv a le n t  i n  n u t r i t i v e  v a lu e ,  and t h a t  th e  d i e t s  c o n ta in in g  

them gave r e s u l t s  o f  th e  same o rd er  a s  d i e t s  H i and Ng, th e  l e a s t  s a t i s f a c t 

o r y  o f  t h e  " n a tu ra l"  d i e t s .

I I I .  The Type o f  Cage i n  R e la t io n  t o  F e r t i l i t y ,

S u r v iv a l  and Growth.

As s t a t e d  a b o v e , i t  m s  fo u n d , v e r y  e a r ly  in  th e s e  e x p e r im e n ts , t h a t  

m ice th r o v e  fa r  b e t t e r  i n  g l a s s  c a g e s  th a n  in  z in c  c a g e s .  An a ttem p t was 

t h e r e f o r e  made t o  d eterm in e  w h eth er  t h i s  d i f f e r e n c e  m s  due t o  some 

c o n s t i t u e n t  o f  t h e  m eta l o f  w h ich  th e  c a g e s  w ere m ade, or  t o  some o th e r  

f a c t o r ,  such  a s  th e  a b sen ce  o f  l i g h t .  I t  may be n o te d  i n  t h i s  co n n ex io n  

t h a t  th e  fr e q u e n t  s t e a m - s t e r i l i z a t i o n  o f  th e  z in c  c a g e s  l e d  t o  a  c o n s id e r a b le 1' 

d eg re e  o f  c o r r o s io n  and f la k in g .
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Pour ty p e s  o f  ca g e  w ere u s e d :  ( a )  z in c  c a g e s ,  (b )  g la s s  c a g e s , ( o )  g la s s  

c a g e s  c o v e r e d  -with b la c k  p a p er , and (d ) g la s s  c a g e s  w ith  added s c r a p in g s  from  

co rro d ed  z in c  c a g e s .  E x cep t f o r  th e  d i f f e r e n c e  i n  th e  h o u s in g  o f  t h e  m ice  

th e  e x p e r im e n ta l c o n d it io n s  w ere t h e  same in  a l l  fo u r  e x p e r im e n ts , and were 

e x a c t l y  s im i la r  t o  t h o s e  i n  th e  Ns  d i e t  groups a lr e a d y  d is c u s s e d .  Each  

ex p er im en t was s e t  up w ith  f i f t y  fe m a le  and s i x  m ale m ic e , and th e  m ice  i n  a l l  

ty p e s  o f  ca g e  w ere f e d  on  t h e  s to c k  d i e t  Hg (o a tm ea l 92  p a r t s ,  b ra n  5 p a r t s ,  

y e a s t r e l  2 p a r t s ,  and c o d - l i v e r  o i l  1 p a r t ) .  The r e l a t i v e  d a ta  o b ta in e d  

from  t h e s e  e x p er im en ts  a r e  s e t  o u t  i n  T ab le  X I I I  and F i g .  3 .

T able X I I I .

A l l  m ice  f e d  on  
d i e t  Ng
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Z inc ca g e 27 40*5 82 38*0 27*0 3*0 13*5

G la ss  ca g e 83 3*5 541 59*5 42*5 8*5 15*5

G la ss  c a g e  co v ered  w ith 87 6 - 0 522 67*0 40*0 8*5 15*0
b la c k  p aper

G la ss  ca g e  w ith  added 27 2 2 * 0 78 28*0 2 2 * 0 6*5 1 1 * 0

z in c  sc r a p in g s

( a )  Z in c  c a g e s . The f e r t i l i t y  o f  m ice  m ated i n  th e s e  c a g e s ,  a lth o u g h  j 

n e v e r  h ig h ,  was a t  f i r s t  f a i r l y  good , b u t th e  l i t t e r  r a t e  d e c l in e d  r a p id ly  

and r e s o r p t io n  o f  l i t t e r s  was common. Few m ice had more th a n  one l i t t e r ,  and ;
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many n e v e r  had a  l i t t e r  a t  a l l .  Of a  t o t a l  o f  s i x t y  d o es in  th e  group  

68*5 p er  c e n t  d id  n o t  g iv e  b i r t h  t o  a  l i t t e r .

The s u r v iv a l  r a t e  o f  th e  young m ice b orn  i n  th e  z in c  ca g es was v e r y  poor, 

and t h e i r  grow th  was r e ta r d e d .  Of e ig h ty - t w o  young m ice  a l i v e  a t  b ir t h  o n ly  

27 p e r  c e n t  s u r v iv e d  t o  th e  a g e  o f  8  w eeks and a t  t h a t  age th e  a v era g e  w e ig h t  

was o n ly  13*5 g .

(b )  G la ss  c a g e s .  The r e s u l t s  i n  t h i s  group we r e  d i s t i n c t l y  b e t t e r  th a n : 

th o s e  o b ta in e d  i n  t h e  z in c  ca g e  e x p e r im e n t . The b r e e d in g  m ice  rem ained in  

good c o n d it io n ,  and th e  m o r t a l i t y  was lo w er  th a n  i n  th e  z in c  cage grou p .

The f e r t i l i t y  r a t e  was h ig h  and r e s o r p t io n  o f  l i t t e r s  was much l e s s  common 

th a n  i n  t h e  z in c  c a g e  m ic e .  In  t h i s  group th e  t o t a l  d o es  numbered 5 9 , and 

o f  t h a t  number 7*0 p er  c e n t  d id  n o t  g iv e  b ir t h  t o  l i t t e r s .  Of 541 m ice  

a l i v e  a t  b ir t h  42*5  p er  c e n t  su r v iv e d  t o  th e  age o f  8  w e ek s. The a verage
2

w e ig h t  o f  th e  young m ice a t  t h a t  a g e  was 15*5 g .

( c )  G la ss  c a g e s  co v ered  w ith  b la c k  p a p e r . T h is  exp er im en t was c a r r ie d  

o u t i n  o rd er  t o  t e s t  th e  p o s s i b i l i t y  t h a t  l i g h t  m igh t be b e n e f i c i a l  t o  m ice . 

The m ic e , b r e e d in g  s t o c k  and you n g , w ere h oused  in  g la s s  ca g es th e  s id e s  o f  

w hich  w ere co v ered  w ith  t h ic k  b la c k  p o s te r  p a p er . By th is  means a l l  l i g h t  

e x c e p t  t h a t  w h ich  e n te r e d  th ro u g h  t h e  p e r f o r a t io n s  i n  th e  l i d s  o f  t h e  cages  

was e x c lu d e d . The r e s u l t s  o f  t h i s  ex p er im en t were v e r y  s im ila r  to  th o s e  

o b ta in e d  from  th e  m ice  housed  in  p la in  g la s s  c a g e s .  The number o f  l i t t e r s  

born  was p r a c t i c a l l y  th e  same, a lth o u g h  in  t h i s  group 18 p er c e n t  o f  a  t o t a l  

o f  s i x t y - s i x  d o es  d id  n o t  have l i t t e r s .  There w ere 522 young m ice a l i v e  a t  

b ir t h ,  and o f  th e s e  4 0  p er  c e n t  su r v iv e d  t o  th e  a g e  o f  8  w e ek s. The 

w e ig h t  o f  th e  young m ice a t  th e  a g e  o f  8  w eeks was 15 g .
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(d )  G la ss  c a ge s  -with added z in c  s c r a p in g s .  The r e s u l t s  o f  th e  p a p er-  

co v ered  c a g e  e x p er im en t s u g g e s te d  t h a t  th e  p oor f e r t i l i t y  and grow th o f  th e  

m ice in  t h e  z in c  c a g e s  was p r o b a b ly  due t o  th e  t o x i c  a c t io n  o f  some 

c o n s t i t u e n t  o f  t h e  m e ta l u sed  in  th e  c o n s tr u c t io n  o f  th e  c a g e s .  An 

ex p er im en t was s e t  up i n  w h ich  s c r a p in g s  from  corroded  z in c  ca g es w ere m ixed  

w ith  t h e  saw d ust on  th e  f l o o r  o f  th e  g la s s  c a g e s .  The m ice i n  th e s e  cages  

soon  show ed , and t o  an  e v e n  g r e a te r  d e g r e e ,  th e  l o s s  o f  c o n d it io n  found in  

m ice h ou sed  i n  z in c  c a g e s .  As i n  th e  z in c  ca g e  ex p er im en t, fe w  l i t t e r s  were 

b orn , and r e s o r p t io n  o f  l i t t e r s  was common. O f a  t o t a l  o f  s e v e n ty  d o es in  

th e  group  68*5 p e r  c e n t  d id  n o t  "give b ir t h  t o  a  l i t t e r .  Only s e v e n t y -e ig h t  

young m ic e  w ere a l i v e  a t  b ir t h ,  and o f  th e s e  o n ly  2 2  p er c e n t  su r v iv e d  t o  

th e  a g e  o f  8  w e e k s . A t t h a t  a g e  th e  a v era g e  w e ig h t was 11 g .

T hese r e s u l t s  c l e a r l y  su p p o r t th e  c o n c l\j s io n  t h a t  th e  poor c o n d it io n  o f  

th e  m ice  i n  z in c  c a g e s  was due t o  th e  t o x i c  a c t io n  o f  some c o n s t i t u e n t  o f  

th e  m e t a l .  The p o s s i b i l i t y  t h a t  m e ta l c a g e s  under c e r t a in  c o n d it io n s  m ight

p rove harm fu l t o  m ice  was fo r e s e e n  b y  R o b ertso n  and Ray (1 9 1 6 ) who, i n  t h e i r
1

b r e e d in g  e x p e r im e n ts , u se d  c a g e s  made m a in ly  o f  g la s s  f i t t e d  in to  wooden 

fram es b e c a u se  th e y  c o n s id e r e d  g a lv a n iz e d  ir o n  ca g es u n s u ita b le  on  a cco u n t  

o f  th e  p o s s ib l e  a c t io n  o f  s t a l e  u r in e  upon th e  m e ta l, le a d in g  t o  th e  

fo r m a tio n  o f  m e t a l l i c  s a l t s  w h ich  m igh t be absorbed by th e  m ice and e x e r t  an  

unknown e f f e c t  upon t h e i r  grow th  and w e l l - b e in g .

Z in c  i t s e l f  i s  s ta t e d  t o  be p r e s e n t  i n  anim al t i s s u e s  under normal 

c o n d i t io n s ,  and t h e  a d d i t io n  o f  z in c  t o  th e  d i e t  o f  r a t s  and m ice would  

a p p ea r , i n  t h e  o p in io n  o f  th o s e  who have t e s t e d  i t ,  t o  oe b e n e f i c i a l  r a th e r
i

th a n  harm ful t o  th e  a n im a ls .
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McHargue (1 9 2 6 )  ga v e  t o  r a t s  h oused  i n  c a g e s  made o f  g l a s s ,  m onel m e ta l  

w ire  and a lum inium  a  s y n t h e t i c  d i e t  t o  w h ich  he added sm a ll q u a n t i t i e s  o f  

m anganese p e p to n a te ,  copper s u lp h a te ,  or  z in c  l a c t a t e .  He g o t  r e s u l t s  which  

he in t e r p r e t e d  a s  in d ic a t in g  t h a t  compounds o f  m anganese more d e f i n i t e l y  and 

p o s s ib ly  co p p er  and z in c  a l s o  have im p o rta n t b io l o g i c a l  fu n c t io n s  in  anim al 

m e ta b o lism .

Thompson e t  a l  (1 9 2 7 ) found t h a t  th e  fe e d in g  o f  o r g a n ic  z in c  s a l t s  

( a c e t a t e ,  c i t r a t e ,  and m a la te )  o r  o f  z in c  o x id e  su sp e n s io n s  i n  d o se s  o f  from  

2 t o  38 mg. o f  z in c  d a i l y  t o  a lb in o  r a t s ,  n o t  o n ly  fo r  jnany weelcs p r e v io u s  to  

m a tin g , b u t d u r in g  p regn an cy  and l a c t a t i o n  a s  w e l l ,  had no s i g n i f i c a n t  e f f e o t  

upon th e  h e a l th  o f  t h e  p a r e n t , upon f e r t i l i t y ,  or upon th e  h e a lth  and e a r ly  

grow th  o f  t h e  o f f s p r i n g .  The a v era g e  normal z in c  c o n c e n tr a t io n  o f  a lb in o  

r a t s  d id  n o t  v a r y  s i g n i f i c a n t l y  a t  d i f f e r e n t  a g e s , and th e y  regard ed  t h i s  

c o n s ta n c y  o f  z in c  c o n c e n t r a t io n s ,  r e g a .r d le ss  o f  a g e , a s s u g g e s t iv e  e v id e n c e  

o f  a  f u n c t io n a l  im p o rta n ce  on th e  p a r t  o f  t h i s  m e ta l .  Z inc compounds g iv e n  

by th e  m outh o v er  lo n g  p e r io d s  o f  t im e  d id  n o t  u s u a l ly  r e s u l t  i n  th e  s to r a g e  

o f  2 in c  i n  t h e  r a t  i n  am ounts ab ove th e  n o rm a l. I f  s to r a g e  in  e x c e s s  o f  th e  

norm al q u o ta  d id  o c c u r , th e  am ounts were v e r y  sm a ll and had no e f f e c t  upon  

th e  h e a l t h  o f  th e  a n im a l.

H u b b e ll and M endel (1 9 2 7 ) f e d  m ice h oused  i n  m e ta l - f r e e  ca g es  o f  g la s s  

and p o r c e la in  on  a  z in c - lo w  d i e t  c o n ta in in g  i n  th e  d a i ly  r a t io n  an  a v era g e  

o f  o n ly  0*005  mg. o f  z i n c .  The e f f e c t  o f  th e  e lem en t on  grow th was th en  

t e s t e d  b y  ad d in g  t o  t h i s  z in c - lo w  d i e t  enough z in c  su lp h a te  t o  make th e  

t o t a l  in t a k e  e i t h e r  0*02  o r  0*04  mg. o f  th e  m e ta l each  d a y . A d d it io n  o f  

th e  s m a lle r  amount was a tte n d e d  b y  growth v e r y  n e a r ly  n orm al, w h ile  th e
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a d d i t io n  o f  th e  la r g e r  amount was l e s s  e f f e c t i v e .  The s l i g h t l y  more 

fa v o u r a b le  e f f e c t  o f  ad d in g  0 * 0 2  mg. was more e v id e n t  w ith  fe m a le s  th an  

w ith  m a le s .  H u b b ell and M endel co n c lu d e  t h a t  i n  an  a c t i v e l y  grow ing  

mouse th e r e  d o es n o t  seem t o  be s to r a g e  o f  z in c  t o  any e x t e n t ,  and th a t  

w h ile  t h e r e  i s  some e v id e n c e  t h a t  th e  a d d it io n  o f  a  sm a ll amount may oauso  

a v e r y  s l i g h t  s t im u la t io n  o f  grow th  i t  seem s p rob ab le  t h a t  th e  a d d it io n  o f  

z in c  t o  a  fo o d  m ix tu r e  lo w  i n  th e  m eta l i s  n o t  s u f f i c i e n t  t o  make th e  d ie t  

eq u a l t o  s ta n d a r d . They c o n s id e r  i t  p o s s ib l e  t h a t  an y  v a lu e  t h a t  z in c  

may h ave l i e s  n o t  a lo n e  i n  t h e  p r e se n c e  o f  th e  m eta l i t s e l f ,  b u t t h a t  i t  

may i n  some way be a s s o c ia t e d  i n  fu n c t io n  w ith  o th er  m e ta ls  p r o so n t in  

s m a ll am ou n ts, and t h a t  i t  i s  n o t  u n l ik e ly  t h a t  th e r e  i s  some v a r ia t io n  

i n  grow th  w it h  v a r y in g  amounts o f  z in c  and t h a t  th e  m eta l i s  n o t  m erely  

an a c c id e n t a l  f a c t o r  i n  th e  n u t r i t i o n  o f  th e  m ouse.

B ertra n d  and B h a t ta c h e r j ie  (1 9 3 4 ) d iv id e d  l i t t e r s  o f  n ew ly  weanod 

m ice  i n t o  tw o  g r o u p s . One group  was fe d  on a  p u r if ie d  d i e t  w ith  a  v er y  

lo w  z in c  c o n te n t ,  and th e  o th e r  was fe d  on  th e  same d i e t  w ith  th e  a d d it io n  

o f  a  q u a n t i ty  o f  z in c  eq u a l t o  th e  amount th a t  had been  ta k en  away by 

p u r i f i c a t i o n .  B oth  groups o f  m ice  we re  k ep t in  g l a s s  ca g es  i n  o rd er  to  

a v o id  a l l  m e ta l c o n ta m in a tio n . From th e  r e s u l t s  o f  th e s e  ex p er im en ts  

B ertra n d  and B h a t ta e h e r j ie  c o n c lu d e  t h a t  z in c  i s  o f  g r o a t im portance in  

th e  n u t r i t i o n  o f  m ic e .

B a tc h e lo r  e t  a l  (1 9 2 6 ) ,  i n  an  i n v e s t i g a t i o n  on  th e  h e a l th  o f  z in c  

w o r k e rs , fo u n d , a lth o u g h  z in c  w orkers ab sorb  and e x c r e t e  z in c  in  amounts 

c o n s id e r a b ly  o v e r  th e  n orm al, and m a in ta in  c o n s ta n t ly  a  b lo o d  z in c  co n te n t  

s l i g h t l y  o v er  t h e  n orm al, no e v id e n c e  t h a t  abnormal amounts o f  z in c  

e n te r in g  and le a v in g  th e  body o v er  a  p e r io d  o f  y e a r s  cau sed  e i t h e r  symptoms
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o r  e v id e n c e  o f  damage t o  th e  t i s s u e s .

From t h e  f in d in g s  o f  th e s e  and o th e r  w orkers i t  appeared  p rob ab le  t h a t  i f  

th e  m e ta l o f  th e  c a g e s  c o n ta in e d  some c o n s t i t u e n t  harm ful t o  m ice , a  c o n s t i t u 

e n t  o th e r  th a n  z in c  m u st be so u g h t f o r .  The s c r a p in g s  from  corroded  z in c  

ca g e s  w ere a n a ly s e d  and found t o  c o n ta in  le a d ,  and i n  con seq u en ce th e  t i s s u e s  

o f  m ice h oused  in  d i f f e r e n t  ty p e s  o f  ca g e  w ere exam ined fo r  th e  p rese n o e  o f  

l e a d .  D r . H. Heap, o f  th e  U n iv e r s i t y  o f  M an ch ester, v e r y  k in d ly  exam ined  

f o r  u s  o v e r  2 0 0  m ice  t h a t  had b een  h oused  fo r  v a r y in g  p e r io d s  in  z in c  or  

g la s s  c a g e s ,  or  i n  g l a s s  c a g e s  w ith  added z in c  s c r a p in g s .  The m ice i n  th e  

d i f f e r e n t  gro u p s w ere found t o  c o n ta in  le a d  i n  amounts v a r y in g  from  l e s s  th a n  

6  mg, p e r  k g .  sk in n ed  mouse t o  57 mg. p er  k g . sk in n ed  m ouse. In  g e n e r a l,  

le a d  was found i n  g r e a t e r  q u a n t ity  i n  th e  t i s s u e s  o f  m ice  housed in  z in c  

c a g e s ,  o r  i n  g l a s s  c a g e s  c o n ta in in g  z in c  s c r a p in g s ,  th a n  i n  m ice housed  in  

g la s s  c a g e s  w ith o u t  added s c r a p in g s .  But two groups o f  m ice from g la s s  

c a g e s  showed a p p r e c ia b le  amounts o f  le a d ;  and th e  f ig u r e s  fo r  a l l  groups  

w ere v e r y  v a r i a b l e .  W h ile , t h e r e f o r e ,  we th in k  th a t  le a d  p o iso n in g  m ust be  

regard ed  a s  a  p o s s ib l e  ca u se  o f  th e  d i f f e r e n c e s  o b serv e d , we do n o t th in k  

t h a t  any c o n c lu s io n s  on  t h i s  p o in t  can  be drawn from th e s e  ex p er im en ts .

Summary o f  S e c t io n  I I I .

Sum m arizing t h e  r e s u l t s  o b ta in e d  i n  t h i s  s e c t io n  we th in k  i t  h as been  

show n:

(a )  T hat z in c  c a g e s ,  corrod ed  a s th e  r e s u l t  o f  fr e q u e n t  s t e a m - s t e r i l i z - -
|

a t i o n ,  lo w ered  th e  f e r t i l i t y  o f  b r e e d in g  m ice  and r a is e d  th e  d e a th -r a te  and 

r e ta r d e d  t h e  grow th  o f  young m ice  housed  i n  th em . A n a ly s is  o f  th e  z in c  

showed t h e  p r e se n c e  o f  le a d ,  and lo a d  p o is o n in g  o f  th e  m ice was su sp e c te d

b u t co u ld  n o t  be p r o v e d .

(b )  T hat m ic e , f e d  on  th e  same d i e t  a s  th e  z in c  cage m ic e , b u t housed  

in  g l a s s  c a g e s  showed g r e a te r  f e r t i l i t y  and h ig h e r  s u r v iv a l  and grow th r a t e s .

( c )  T hat th e  a lm o st  e n t i r e  e x c lu s io n  o f  l i g h t  from th e  g la s s  c a g e s  made
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no a p p r e c ia b le  d i f f e r e n c e  t o  th e  s u r v iv a l  and grow th o f  young m ic e .

(d )  T hat t h e  f e r t i l i t y ,  s u r v iv a l  and grow th r a t e s  o f  m ice  housed  in  

g la s s  c a g e s  c o n t a in in g  s c r a p in g s  from co rro d ed  z in c  ca g e s  w ere o f  th e  same 

o rd er  a s  th o s e  o f  m ic e  h ou sed  i n  z in c  c a g e s .

I I .  The E f f e c t  o f  V a r io u s  D ie t s  on t h e  R e s is ta n c e  o f  M ice t o

B a c t e r ia l  I n f e c t i o n .

The p r e c e d in g  p a r t  o f  t h i s  paper reco rd ed  ex p er im en ts  on th e  in f lu e n c e  

o f  v a r io u s  " n a tu ra l"  and " s y n th e t ic "  d i e t s  on th e  f e r t i l i t y  o f  b ree d in g  d o e s ,  

and on  th e  grow th  and s u r v iv a l  o f  young m ic e . The p r e s e n t  p a r t  reco rd s  th e  

r e l a t i v e  r e s i s t a n c e  o f  m ic e , bred and re a red  or f e d  fo r  s h o r te r  p e r io d s  on 

t h e s e  d i e t s ,  t o  P a c t . typ h i-m u riu m , o r  t o  i t s  e n d o to x in .

A lth o u g h  t h e  i n v e s t i g a t i o n  h as b een  i n  p r o g r e s s  fo r  s e v e r a l  y e a r s ,  a 

c o n s id e r a b le  p o r t io n  o f  th e  t im e  h as b een  sp e n t i n  b ree d in g  m ice fo r  in f e c t io n  

e x p e r im e n ts , and c o n s e q u e n t ly  t h a t  p a r t  o f  th e  work w h ich  d e a ls  w ith  r e s is ta n c e  

t o  i n f e c t i o n  i s  s t i l l  i n  i t s  in f a n c y .  The r e s u l t s  s e t  fo r th  h ere  have been  

o b ta in e d  from  a c o m p a r a tiv e ly  sm a ll number o f  ex p e r im e n ts , and many more 

o b s e r v a t io n s  v a i l  b e  n e c e s s a r y  b e fo r e  c o n c lu s io n s  th a t  are  beyond q u e s t io n

can  be p u t fo r w a rd .

The p rob lem  o f  th e  e f f o o t  o f  d i e t  on  r e s i s t a n c e  t o  i n f e c t io n  i s  one th a t

hae a t t r a c t e d  t h e  a t t e n t i o n  o f  many i n v e s t i g a t o r s ,  b u t  th e  ex p er im en ta l work

h as b een  c o n f in e d  m a in ly  t o  s t u d ie s  o f  th e  in f lu e n c e  o f  th e  v ita m in s ,  and i n

p a r t ic u la r  o f  v ita m in  A , on r e s i s t a n c e  t o  b a c t e r i a l  i n f e c t i o n .  The
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ex p er im en ts  c a r r ie d  o u t  b y  Drummond ( 1 9 1 9 ) ,  H ess e t  a l .  (1 9 2 1 ) , Cramer (192S ,
n

1924 , 1 9 2 7 ) ,  Werkman (1 9 2 3 ) ,  G ross (1 9 2 4 ) ,  W olbach and Hov/e (1 9 2 5 ) , G o ld b la tt  

and B e n isc h e k  ( 1 9 2 7 ) ,  G reen and M ellanby (1 9 2 8 , 1 9 3 0 ) , H otta  (1 9 2 8 ) ,  R e ite r  

(1 9 2 9 ) ,  L a ssen  (1 9 3 0 , 1 9 3 1 , 1 9 3 2 ) ,  G udjonsson  (1 9 3 0 ) ,  McClung and W inters ,

(1 9 3 2 ) ,  G reene ( 1 9 3 3 ) ,  and o th e r s  have shown t h a t  a n im a ls  fe d  on  d ie t s  

la c k in g ,  o r  g r o s s l y  d e f i c i e n t ,  i n  v ita m in  A a re  l e s s  r e s i s t a n t  t o  spontaneous  

i n f e c t i o n s  and m ore s u s c e p t ib le  t o  e x p e r im e n ta l in f e c t io n s  th a n  a re  an im als  

g iv e n  an  a d eq u a te  amount o f  t h i s  v ita m in ,

Vfhether a n y  o f  t h e  o th e r  knoivn v i ta m in s ,  B and i t s  v a r io u s  com ponents,

C, D and so o n , h a v e  an y  s i g n i f i c a n t  e f f e c t  on r e s i s t a n c e  t o  in f e c t io n  i s  

f a r  more d o u b t f u l .  R e fere n c e  t o  th e  vo lum inous l i t e r a t u r e ,  and e s p e c ia l l y  

t o  su c h  r e v ie w s  a s  th o s e  o f  C lau sen  (1 9 3 4 ) and R o b ertso n  (1 9 3 4 ) , w i l l  r e v e a l  

a m ass o f  c o n fu s in g  and c o n tr a d ic t o r y  s ta te m e n ts  b ased  on  ex p er im en ts  c a r r ie d  

o u t on an in a d e q u a te  s c a l e ,  and w ith o u t  regard  t o  s im p le  s t a t i s t i c a l  

r e q u ir e m e n ts . The a v a i la b le  e v id e n c e ,  ta k en  a s  a  w h o le , would seem t o  

s u g g e s t  t h a t  v i ta m in s  3  and D have l i t t l e ,  i f  a n y , in f lu e n c e  on  r e s i s t a n c e ,  

w h ile  i n  th e  c a s e  o f  v ita m in  C th e  o b s e r v a t io n s  reco rd ed  a re p a r t ic u la r ly  

c o n fu s in g  and d i f f i c u l t  t o  in t e r p r e t .

In  t h e  p r e s e n t  e n q u iry  i t  was d e s ir e d ,  a t  l e a s t  d u rin g  th e  p re lim in a r y  

s t a g e s ,  t o  a v o id  t h i s  p a r t ic u la r  d i e t e t i c  problem , and th e  d ie ts  amployed 

h a v e , w ith  one e x c e p t io n  ( H i ) ,  c o n ta in e d , i n  a p p ro x im a te ly  eq u al co n o en tr a -  

t i o n i  an  ample su p p ly  o f  v ita m in s  A, 3 and D, i n  th e  form o f  c o d - l iv e r  o i l  

a^id y e a s t r e l .

B e fo r e  r e c o r d in g  our own o b s e r v a t io n s  wo may b r i e f l y  r e v ie w  th e  

a v a i la b le  e v id e n c e ,  w ith  re g a rd  t o  th e  in f lu e n c e  on r e s is t a n c e  t o  experim ental
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i n f e c t i o n ,  o f  d i e t e t i c  f a c t o r s  o th e r  th a n  v i t a m in s .  I t  m i l  be n e c e s s a r y ,  

i n  some in s t a n o e s ,  to  in tr o d u c e  th e  q u e s t io n  o f  v i t a m in s ,  s in c e  t h i s  h as b een  

s p e c i f i c a l l y  r a i s e d  b y  th e  a u th o r s  o f  t h e  p a p ers r e f e r r e d  t o .

Lange and Simraonds (1 9 2 3 )  fou n d  no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  r e a c t io n  

o f  r a t s  f e d  on  d i e t s  o f  v a r y in g  p r o t e in  c o n te n t  t o  su b cu ta n eo u s  i n f e c t i o n  w ith! 

b o v in e  t u b e r c u l o s i s ,  e i t h e r  i n  t h e  g e n e r a l  c o n d it io n ,  th e  w e ig h t c u r v e s ,  or 

i n  g r o s s  o r  m ic r o s c o p ic  a u to p sy  f i n d i n g s .  R ats f e d  on  a  d i e t  d e f i c i e n t  in  

s a l t s  b u t  o th e r w is e  ad eq u ate  a r e  s t a t e d  t o  have shown a  more d i f f u s e  and 

e x t e n s iv e  l o c a l  r e a c t i o n  a t  t h e  s i t e  o f  i n o c u la t io n ,  and a  s lo w e r  d is s e m in a 

t i o n  and e l im in a t io n  o f  th e  l e s i o n s  th a n  d id  r a t s  f e d  on  a  d i e t  c o n ta in in g  a  

la r g e r  amount o f  s a l t  m ix tu r e .

K l i g l e r  and G e ig er  (1 9 2 8 ) f e d  r a t s  on  a  s y n t h e t ic  d i e t  o f  v a r y in g  s a l t  

c o n t e n t .  The r e s i s t a n c e  o f  th e  r a t s  was t e s t e d ,  n o t  by a  b a c t e r i a l  a g e n t ,  

b u t b y  t h e  in t r a p e r i t o n e a l  i n j e c t i o n  o f  Trypanosoma e v a n s i ,  and th e  d u r a tio n
I ■

o f  th e  i n f e c t i o n  was u sed  a s  t h e  in d e x  o f  in d iv id u a l  r e s i s t a n c e .  The r e s u lts ;  

o f  t h e  e x p e r im e n ts  s u g g e s te d  a  d e c r e a se d  r e s i s t a n c e  i n  r a t s  fe d  on a  s a l t -  

d e f i c i e n t  d i e t ,  a s  compared w ith  t h o s e  m a in ta in e d  on a  f u l l  o r  s ta n d a rd  d i e t .

H o tta  (1 9 2 8 ) c a r r ie d  o u t  a  s e r i e s  o f  d ie t a r y  ex p er im en ts  on  m ic e , and 

co n c lu d e d  t h a t  e i t h e r  a  s a l t - d e f i c i e n t  or  a  p a r t i a l  s t a r v a t io n  d i e t  m s  

e f f e c t i v e  i n  lo w e r in g  th e  r e s i s t a n c e  o f  t h e  m ice  t o  th e  in t r a p e r i t o n e a l  

i n j e c t i o n  o f  mouse ty p h o id  b a c i l l i .

W eb ster and P r i t c h e t t  (1 9 2 4 ) t e s t e d  th e  r e s i s t a n c e  t o  i n f e c t io n  o f  m ice  

f e d  on  a  m o d if ie d  McCollum d i e t  c o n s i s t i n g  o f  67*5 p er  c e n t  w h o le -w h ea t f l o u r ,  

15 p e r  c e n t  c a s e in ,  1 0  p er  c e n t  m ilk  pow der, 5 p er  c e n t  b u t t e r f a t ,  1 p er c e n t  

sodium  c h lo r id e ,  and 1*5 p e r  c e n t  c a lc iu m  c a r b o n a te . The c o n tr o l  n i c e ,  w ith
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w h ich  t h e  m o d if ie d  M cCollum d i e t  m ice  w ere com pared, w ere f e d  on  th e  o r d in a r y  

s to c k  d i e t  o f  t h e  R o c k e f e l l e r  I n s t i t u t e .  T h is  d i e t ,  w h ich  had proved  

a d eq u a te  o v e r  a  p e r io d  o f  y e a r s  f o r  t h e  b r e e d in g  and r e a r in g  o f  s u c c e s s iv e  

g e n e r a t io n s  o f  m ic e ,  c o n s i s t e d  o f  a  d a i l y  r a t io n  o f  b a k e r ’ s  b read  soaked  in  

f r e s h ,  p a s t e u r iz e d  Grade B m ilk  warmed t o  a t  l e a s t  6 0 -7 0 ° C ., su pp lem ented  by  

tw o  w e e k ly  f e e d in g s  o f  an o a tm ea l and buckw heat m ix tu re  and one w eek ly  

f e e d in g  o f  d og  b i s c u i t .  T hree e x p e r im e n ts , i n  w h ich  th e  m ice w ere in f e c t e d  

b y  stom ach  tu b e  w ith  B a c t . ty p h i-m u r ium, w ere c a r r ie d  o u t .  In  th e  t h ir d  

e x p er im en t t h e  McCollum d i e t  d i f f e r e d  from  t h a t  g iv e n  i n  th e  f i r s t  two  

e x p e r im e n ts  i n  t h a t  i t  was p rep a red  from  com m ercia l m a t e r ia ls  in s t e a d  o f  from  

c a r e f u l l y  p u r i f i e d  m a t e r i a l s .  I n  a l l  th r e e  ex p er im en ts  p reg n a n t m ic e , 

p r e v io u s ly  f e d  o n  th e  I n s t i t u t e  d i e t ,  w ere g iv e n  th e  m o d if ie d  McCollum d i e t  

o r  k e p t  on  th e  c o n t r o l  d i e t ,  and th e  young, a f t e r  w ea n in g , w ere fe d  on th e  

seme d i e t  t h a t  t h e i r  m oth ers had r e c e iv e d .  The young m ic e , when th e y  had 

a t t a in e d  th e  w e ig h t  o f  1 6 -1 8  g . ,  w ere in f e c t e d  p er  o s ,  in  groups o f  t o n  t o  

t h i r t y - s i x  m ic e , w i t h  2 -5 ,0 0 0 ,0 0 0  B a c t . ty p h i-n u r iu m . A f t e r  i n f e c t i o n  th e  

young m ice  w ere h oused  i n  s e p a r a te  c a g e s .  No ta b u la te d  p r o t o c o ls  a r e  g iv e n ,  

b u t Greenwood e t  a l  ( 1 9 3 6 ) ,  i n  r e v ie w in g  th e  ex p er im en ts  o f  V /ebster and 

P r i t c h e t t ,  c o n s tr u c te d  a  t a b l e  from  th e  d a ta  a v a i l a b l e ,  and i t  i s  t h i s  t a b le  

w h ich  i s  rep ro d u ced  b e lo w .

McCollum d i e t  I n s t i t u t e  d i e t

E xp. 1 .  

E xp. 2 ,  

E xp. 3 .  

T o ta l

t e s t e d N o. d ie d Ho. t e s t e d No. d ie d

1 0 1 1 0 8

26 6 26 26

33 4 36 2 2

69 1 1 72 56
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The f i g u r e s  g iv e  a  m o r t a l i t y  o f  15*9 p er  c e n t  among th e  m ice fe d  on  th e  

McCollum d i e t  a s  compared w it h  77*3 p er  c e n t  among t h e  m ice fe d  on th e -  

I n s t i t u t e  d i e t .  T hese r e s u l t s  q u it e  c l e a r l y  s u g g e s t ,  a lth o u g h  o n ly  th r e e  

ex p er im en ts  a r e  re c o r d e d  and th e  grou p s w ere n o t  la r g e ,  t h a t  th e  m ice fed  

on th e  McCollum d i e t  w ere more r e s i s t a n t  th an  th o s e  fe d  on th e  I n s t i t u t e  d ie t .

I n  two f u r t h e r  e x p e r im e n ts  r e p o r te d  i n  th e  same p aper, m ice fe d  on th e  

same tw o d i e t s  w ere compared i n  t h e i r  r e s i s t a n c e ,  in  one c a se  t o  m ercu ric  

c h lo r id e  a d m in is te r e d  by stom ach tu b e ,  and i n  th e  o th e r  t o  b o tu linu m  t o x in

in j e c t e d  i n t r a p e r i t o n e a l l y .  In  b o th  th e s e  ex p er im en ts  th e  m ice fe d  on th e

m o d if ie d  McCollum d i e t  showed a  d e la y  i n  th e  tim e o f  d ea th  a s  compared w ith  

t h e  m ice  on  t h e  I n s t i t u t e  d i e t ,  b u t th e  d i f f e r e n c e  b etw een  th e  d e a th -r a te s  

o f  th e  two grou p s was n o t  n e a r ly  so  g r e a t  a s i n  t h e  m ice  in j e c t e d  w ith  l i v i n g 1 

o r g a n ism s . In  th e  o p in io n  o f  W ebster and P r i t c h e t t  th e  r e s u l t s  from th e s e  

l a s t  tw o  e x p e r im e n ts  e s t a b l i s h  f u r t h e r  e v id e n c e  t h a t  th e  s o - c a l l e d  g e n e r a l  

r e s i s t a n c e  o f  th e  h o s t  may b e  la r g e ly  n o n - s p e c i f i c  in  c h a r a c te r .

P r i t c h e t t  (1 9 2 7 ) ,  i n  a  fu r th e r  s e r i e s  o f  ex p er im en ts  w ith  th e  same tv©  

d i e t s ,  a ttem p ted  t o  d e term in e  th e  r e l a t i v e  v a lu e  o f  th e  v a r io u s  c o n s t i t u e n t s  

o f  th e  m o d if ie d  McCollum d i e t .  The te c h n iq u e  fo llo w e d  in  th e s e  ex p er im en ts  

d i f f e r e d  i n  an  im p o rta n t p a r t ic u la r  from  t h a t  em ployed in  e a r l i e r  s e r i e s .

The m ice  t e s t e d  w ere b red  and f e d ,  u n t i l  th e  age o f  6 - 8  w eek s, on th e

I n s t i t u t e  d i e t .  A t t h a t  age th e  m ice  w ere e i t h e r  tr a n s fe r r e d  t o  th e  t e s t

d i e t s  o r  k e p t  on  th e  I n s t i t u t e  d i e t  a s c o n t r o ls ,  and a f t e r  10-14- d a y s' 

fu r th e r  f e e d in g  w ere in f e c t e d  p er  o s ,  in  groups o f  e ig h te e n  t o  f i f t y  m ice , 

w ith  4 - 5  x  1 0 6  B a c t . typ h i-m u riu m . In  th e  f i r s t  ex p er im en t th e  d ie t s  

compared w ere th e  I n s t i t u t e  d i e t  and th e  McCollum d i e t  minus b u t t e r f a t .
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Here a g a in  no t a b u la t e d  p r o to c o ls  a r e  g iv e n , b u t th e  p erc en ta g e  m o r t a l i t i e s ,  

read  from  t h e  s m a l l - s c a l e  c u r v e s ,  w ou ld  appear t o  be 87*5 in  tw e n ty -fo u r  

m ice fe d  on t h e  I n s t i t u t e  d i e t ,  and 52*5 i n  t w e n t y - f iv e  m ice fe d  on th e  

b u t t e r - f r e e  McCollum d i e t .  The r e s i s t a n c e  o f  th e  b u t t e r - f r e e  McCollum d ie t  

m ice , t h e r e f o r e ,  ap p ea red  t o  b e  g r e a te r  th a n  t h a t  o f  th e  I n s t i t u t e  d i e t  m ice, 

th ou gh  n o t  so  g r e a t  a s  t h a t  o f  t h e  m ice  fe d  on  th e  com plete McCollum d i e t .

In  t h e  sec o n d  e x p er im en t th e  d i e t s  t e s t e d  were (a )  I n s t i t u t e  d i e t ,  (b )  

I n s t i t u t e  d i e t  p lu s  10 p e r  c e n t  w h o le -m ilk  powder, ( c )  I n s t i t u t e  d i e t  p lu s  

10 p e r  c e n t  c a s e in ,  (d )  I n s t i t u t e  d i e t  p lu s  10 p er  c e n t w h o le-w h eat f lo u r ,  

and ( e )  M cCollum d i e t  m inus b u t t e r f a t .  The p erc en ta g e  m o r ta l it y  f ig u r e s ,  

a g a in  rea d  from  t h e  s m a l l - s c a l e  c u r v e s , w ere a s  fo l lo w s :

D ie t No. t e s t e d % d ied

I n s t i t u t e 47 74

I n s t i t u t e  + lCfyi d r ie d  m ilk 2 0 85

I n s t i t u t e  + 10% c a s e in 18 83

I n s t i t u t e  + 10/o w h eat f lo u r 2 0 70

McCollum -  b u ttex ’f a t 2 0 40

The a d d i t io n  t o  th e  I n s t i t u t e  d i e t  o f  th e  v a r io u s  c o n s t i tu e n t s  o f  th e  

McCollum d i e t  o th e r  th a n  b u t t e r f a t  and m in era l s a l t s  d id  n o t ap pear, th e r e 

f o r e ,  t o  in d u ce  a  r e s i s t a n c e  eq u a l t o  th a t  c o n fe r r e d  b y  e i t h e r  th e  com plete  

or th e  b u t t e r - f r e e  McCollum d i e t .  In  th e  t h ir d  exp erim en t th e  m ice were 

fe d  on  ( a )  I n s t i t u t e  d i e t ,  (b ) I n s t i t u t e  d i e t  p lu s  10 per cen t b u t t e r f a t ,

( c )  I n s t i t u t e  d i e t  p lu s  10 p er  c e n t  c o d - l i v e r  o i l ,  and (d )  McCollum d i e t  

minus b u t t e r f a t .  The p erc en ta g e  m o r t a l i t i e s ,  read from  th e  s m a l l - s c a le  

c u r v e s , w ere a s fo llo v x s :
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t e s t e d % d ie d

24 82*5

2 2 28*5

2 2 50

24 50

D ie t  U

I n s t i t u t e

I n s t i t u t e  + 10% b u t t e r f a t  

I n s t i t u t e  + 10% c o d - l i v e r  o i l

McCollum -  b u t t e r f a t

I n  t h i s  ex p er im en t th e  lo w e s t  m o r t a l i t y  was g iv e n  b y  th e  m ice r e c e iv in g  

b u t t e r f a t ,  and th e  a u th o r  c o n c lu d e s  th a t  b u t t e r f a t  i s  e v id e n t ly  th e  m ost 

im p o rta n t s i n g l e  c o n s t i t u e n t  o f  th e  com p lete  McCollum d i e t ,  and t h a t  th e  

p r o t e c t iv e  a c t io n  o f  b u t t e r  may perhaps be found i n  c o d - l i v e r  o i l  a l s o .

The l a t e r  e x p er im en ts  i n  t h i s  s e r i e s  w ere u nd ertak en  t o  d eterm in e  th e  

r e l a t i v e  e f f i c a c y  o f  f a t - c o n t a in in g  s u b s ta n c e s ,  e s p e c ia l l y  w ith  regard  t o  

t h e i r  v i ta m in  A c o n t e n t .  B ecau se o f  th e  p o s s i b i l i t y  th a t  th e  s e a s o n a l  

f lu c t u a t i o n s  i n  r e s i s t a n c e  n o ted  i n  p r e v io u s  e x p e r i  .en ts  m igh t be due i n  some 

way t o  s e a s o n a l  ch an ges in  d i e t ,  th r e e  f a t s  o f  known v ita m in  A conterrfc w ere  

u sed  i n  t h e  t e s t  d i e t s .  T hese f a t s  -were b u t t e r f a t ,  a  f a t  known t o  v a ry  

s e a s o n a l ly  i n  i t s  c o n te n t  o f  a c c e s s o r y  fo o d  f a c t o r s j  c o d - l iv e r  o i l ,  a  f a t  

known t o  be r e l a t i v e l y  c o n s ta n t  in  i t s  c o n te n t  o f  su ch  f a c t o r s ;  and "Crisoo", 

a v e g e t a b le  f a t  th o u g h t t o  be f r e e  o f  v i ta m in s .  Three o f  th e  d ie t s  t e s t e d  

c o n s is t e d  o f  th e  I n s t i t u t e  d i e t  p lu s  5 p er c e n t o f  one o f  th e s e  th r e e  f a t s .  

The o th e r  tw o d i e t s  i n  th e  ex p er im en t were th e  McCollum d i e t  minus b u t t e r f a t ,  

and t h e  I n s t i t u t e  d i e t  i n  w h ich  th e  m ilk  was exp osed  t o  th e  d ir e c t  l i g h t  o f  a  

sm a ll m ercu ry  vap our lamp fo r  1 h o u r . T e s ts  on  m ice fe d  on  th e s e  d i e t s  were 

c a r r ie d  o u t  from  January t o  June i n c l u s i v e ,  a s  a t  t h i s  tim e  o f  y ea r  th e  

m o r t a l i t y  r a t e s  w ere l i k e l y  t o  be h ig h e s t .  The m o r t a l i t i e s  in  th e  groups on 

th e s e  d i e t s  a s  compared w ith  t h e  m o r t a l i t i e s  i n  th e  groups on th e  I n s t i t u t e
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d i e t  a re  g iv e n  i n  t h e  t a b l e ,  a  m o d if ic a t io n  o f  th a t  o f  Greenwood e t  a l . ( l 9 3 6 ) .

D ie t N o. t e s t s
N o. m ice  
t e s t e d % m o r ta lity

I n s t i t u t e 1 1 434 69*4

I n s t i t u t e  + c o d - l i v e r  o i l 1 1 435 53*3

I n s t i t u t e 5 139 61*2

I n s t i t u t e  + b u t t e r 5 138 49*3

I n s t i t u t e 5 139 61-2

I n s t i t u t e  + C r iso o 5 137 53*3

I n s t i t u t e 3 119 81*5

McCollum -  f a t 3 93 47*3

I n s t i t u t e 3 90 61*1

I n s t i t u t e  +  ra y e d  m ilk 3 90 45*5

T akin g t h e  s u c c e s s iv e  ex p er im en ts  w ith  th e s e  d ie t s  as a w h ole, th e

m o r t a l i t y  shown by t h e  m ice  f e d  on th e  I n s t i t u t e  d i e t  was h ig h e r  th a n  t h a t  

*hown b y  t h e  m ice  f e d  on any o f  t h e  o th e r  d i e t s .  The I n s t i t u t e  d i e t  w i th  

ra y e d  m ilk  gave t h e  lo w e s t  m o r t a l i t y ,  th o u g h  i t  d i f f e r e d  b u t  l i t t l e  from  t h a t  

g iv e n  b y  t h e  McCollum d i e t  w ith o u t  b u t t e r f a t .  The "C risoo" d i e t  m ice gave 

th e  m ost v a r i a b l e  m o r t a l i t y ,  th e  m o r t a l i ty  i n  s u c c e s s iv e  t e s t s  be ing  

som etim es h ig h e r ,  som etim es e q u a l t o ,  and sometimes low er th a n  th a t  o f  th e  

m ice on t h e  c o n t r o l  I n s t i t u t e  d i e t ,  b u t  th e  av erag e  m o r ta l i ty  was low er th a n  

t h a t  o f  t h e  I n s t i t u t e  d i e t  m ice , and was no h ig h e r  th a n  t h a t  o f  th e  m ice f e d  j 
on th e  c o d - l i v e r  o i l  d i e t .  The m o r t a l i ty  o f  th e  m ice f e d  on th e  I n s t i t u t e  

d i e t  p lu s  b u t t e r f a t  l a y  betw een  t h a t  o f  th e  McCollum d i e t  m ice and t h a t  o f  

t h e  " C r is o o '’ d i e t  m ic e . P r i t c h e t t ,  i n  th e  d i s c u s s io n  o f  th e  ex p e rim e n ta l
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r e s u l t s ,  th o u g h  n o t in g  t h e  lo w  m o r t a l i t y  shown by th e  m ice on th e  McCollum 

d i e t  m inus b u t t e r f a t ,  p u ts  forw ard  th e  v ie w  t h a t  th e  a d d it io n  o f  5  p er  c e n t  

o f  an a c t i v e  an im a l f a t  t o  an  a p p a r e n t ly  ad eq u ate  d i e t  in c r e a s e s  th e  

r e s i s t a n c e  o f  m ice  f e d  o n  i t  t o  p e r  o s  i n f e c t i o n  w ith  mouse ty p h o id , and 

t h a t  su c h  a  d i e t  t e n d s  t o  s t a b i l i z e  th e  d e a th -r a te  o f  an im als so  in f e c t e d  a t  

a r e l a t i v e l y  low  l e v e l ,  and so  red u ce  th e  s e a s o n a l  v a r ia t io n  in  m o r t a l i t y ,  

th e  o c c u r r e n c e  o f  w h ioh  sh e c o n s id e r s  t o  be e s t a b l i s h e d  on th e  b a s is  o f  th e  

s e c u la r  r e c o r d s  o f  th e s e  and e a r l i e r  e x p e r im e n ts . The f a c t  th a t  t h e  b u t t e r -  

f r e e  McCollum d i e t  g iv e s  th e  m ost fa v o u r a b le  com parison  w ith  th e  c o n t r o l ,  

com bined w it h  th e  f a c t  t h a t  th e  "C risoo" d i e t  c o n fe r r e d  o n ly  s l i g h t l y  l e s s  

b e n e f i t ,  a s  compared w ith  th e  c o n t r o l ,  th an  th o s e  d i e t s  c o n ta in in g  c o d - l i v e r  

o i l  o r  b u t t e r f a t ,  w ould  seem , how ever, t o  be i n  d isa g reem en t w ith  P r i t c h e t t ' s  

v ie w  t h a t  t h e  v ita m in  A c o n te n t  i s  t h e  d e te rm in in g  fa c to r  i n  th e  in f lu e n c e  

e x e r te d  b y  th e s e  d i e t s  on r e s i s t a n c e  t o  3 a c t . typh i-m urium .

T ak in g  th e  e x p er im en ts  o f  W ebster and P r i t c h e t t  a s a  w h o le , th e r e  seems 

l i t t l e  d o u b t t h a t  th e  g iv in g  o f  th e  m o d ified  McCollum d i e t  r a is e d  th e  

r o 3 i 3 to n c o  o f  th e  m ice  t o  i n f e c t i o n  w ith  B a c t . typ h i-m u rium .  The c o n s t i t u e n t  

o f  t h e  McCollum d i e t  r e s p o n s ib le  f o r  th e  in c r e a s e  i n  r e s is t a n c e  seems fa r  

more d o u b t f u l .  From t h e  r e s u l t s  o b ta in e d  i n  th e  e a r l i e r  exp erim en ts  

W eb ster and P r i t c h e t t  form ed th e  o p in io n  t h a t  b u t t e r f a t ,  i . e .  th e  v ita m in  A- 

c o n ta in in g  c o n s t i t u e n t ,  was r e s p o n s ib le ,  and t h i s  o p in io n  was su p p orted  by  

P r i t c h e t t  on  th e  b a s i s  o f  h er l a t e r  e x p e r im e n ts . But a  s tu d y  o f  th e  

e x p e r im e n ta l r e s u l t s  r e v e a ls  c e r t a in  f a c t s  w h ich  weaken t h i s  s u p p o s it io n .

The McCollum d i e t  w ith o u t  b u t t e r f a t ,  th ou gh  l e s s  e f f e c t i v e  i n  c o n fe r r in g  

r e s i s t a n c e  th a n  th e  co m p lete  McCollum d i e t ,  gave a  g r e a te r  r e s is t a n c e  than
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th e  a p p a r e n t ly  a d e q u a te , e x c e p t  f o r  i t s  v ita m in  A c o n te n t .  I n s t i t u t e  d i e t ,  

and t h e  I n s t i t u t e  d i e t  p lu s  b u t t e r f a t  produced no b e t t e r  r e s is t a n c e  th an  th e  i 

McCollum d i e t  m inus b u t t e r f a t .  The a d d it io n ,  in  P r i t c h e t t ' s  s e r i e s  o f  

o b s e r v a t io n s ,  o f  v i ta m in  A, in  th e  form  o f  e i t h e r  b u t t e r f a t  or  c o d - l iv e r  o i l ,  

t o  th e  d i e t  cau sed  a  s m a ll  b u t s u g g e s t iv e  d e c r e a s e  in  th e  m o r ta l it y  r a t e s  o f  

th e  m ice  f e d  on th e  I n s t i t u t e  d i e t  a lo n e ,  b ut th e  m ice on th e  d i e t  c o n ta in in g  

" C r isco " , a  f a t  a p p a r e n t ly  d ev o id  o f  v ita m in  A, gave a m o r ta l i t y ,  c a lc u la te d  

from  th e  a v era g e  d e a th -r a te  i n  a l l  th e  t e s t s  w ith  t h i s  d i e t ,  no g r e a te r  than  

t h a t  shown b y  th e  m ice f e d  on  th e  d i e t  c o n ta in in g  o o d - l iv e r  o i l ,  and a  

m o r t a l i t y  i n s i g n i f i c a n t l y  l e s s  th a n  t h a t  o f  th e  m ice fe d  on th e  d i e t  c o n ta in -  ! 

in g  b u t t e r f a t .  No d i r e c t  com parison  o f  th e  McCollum d i e t  w ith  or  w ith o u t  

b u t t e r f a t  i s  r e p o r te d  i n  th e  W ebster and P r i t c h e t t  p a p e rs , and i t  would  

appear t h a t  w ith o u t  a  com parison  su ch  a s  t h i s  th e  t r u e  v a lu e  o f  th e  v ita m in  

A -c o n ta in in g  c o n s t i t u e n t  o f  t h e  McCollum d i e t  m ust rem ain in  d oub t.

V iew ed  i n  th e  l i g h t  o f  our own f in d in g s ,  th e  r e s u l t s  o b ta in ed  by W ebster jj 

and P r i t c h e t t  assum e a  s i g n i f i c a n c e  t h a t  i s  n o t  su g g es ted  by them; b u t i t

w i l l  be more c o n v e n ie n t  t o  d is c u s s  t h i s  p o in t  a f t e r  our own o b se r v a t io n s  have ■
j f

b een  d e s c r ib e d .

The e a r l i e r  ex p er im en ts  o f  W eb ster, and o f  W ebster and P r i t c h e t t ,  were
B

d e s ig n e d  t o  t e s t  th e  r e s i s t a n c e  t o  i n f e c t io n  o f  in d iv id u a l  m ice and d id  n o t  

d e a l  w ith  ep id e m ic  sp r e a d . In  a  l a t e r  exp er im en t W ebster (1 9 3 0 ) compared 

th e  r e s i s t a n c e  t o  B a c t . typh i-m urium  o f  herd s o f  m ice f e d  on th* I n s t i t u t e  

d i e t  w i t h  t h a t  o f  h erd s  fed  on th e  McCollum d i e t .  The m ice were fe d  fo r  a 

t im e  on t h e  I n s t i t u t e  d i e t  and th e n  tr a n s fe r r e d  t o  th e  McCollum d i e t ,  o r  v i c e  

v e r s a ,  and th e  o b s e r v a t io n s  w ere c a r r ie d  on i n  fo u r  h erd s r e c r u ite d  by th e



d a i l y  a d d i t io n  o f  two norm al m ice  f o r  a  p e r io d  o f  2 y e a r s .  W ebster found  

t h a t  a  change from  th e  I n s t i t u t e  d i e t  t o  th e  McCollum d i e t  was fo l lo w e d  by 

a f a l l  i n  t h e  m o r t a l i t y  r a t e ,  w h ile  a  change from  t h e  McCollum d i e t  t o  th e  

I n s t i t u t e  d i e t  had th e  r e v e r s e  e f f e c t .  The McCollum d i e t ,  th e r e fo r e ,  

a p p a r e n t ly  w as e f f e c t i v e  i n  in c r e a s in g  herd  r e s is t a n c e  i n  a d d it io n  t o  

in c r e a s in g  th e  in d iv id u a l  r e s i s t a n c e  o f  m ic e . The fo u r  h erd s, how ever, were 

n o t  com parable i n  a l l  r e s p e c t s  f o r  th e  e n t i r e  ex p er im en ta l p e r io d  o f  2  y e a r s ,  

f o r  i n  tw o  h e r d s ,  w i t h in  a  few  months o f  th e  change o v er  from th e  McCollum 

d i e t  t o  th e  I n s t i t u t e  d i e t ,  th e  d a i l y  a d d it io n s  o f  normal m ice w ere made from  

a r e l a t i v e l y  s u s c e p t ib le  b reed  in s t e a d  o f  from  a r e l a t i v e l y  r e s i s t a n t  breed  

a s  had fo r m e r ly  b een  th e  c a s e .

A n oth er s e r i e s  o f  ex p er im en ts  m s  c a r r ie d  o u t  by T op ley  e t  e l . (1 9 3 1 ) .

In  some o f  t h e s e  e x p e r im e n ts , th e  method adopted  m s  t h a t  o f  th e  c lo s e d  

e p id e m ic . I n  each  t r i a l  t w e n t y - f iv e  m ice w ere in f e c t e d  in t r a p e r i t o n e a l ly  'i 

w ith  a p p r o x im a te ly  1000 B a c t . typ h i-m u riu m . They w ere im m ediately  added to  

1 0 0  norm al m ice i n  a  la r g e  c a g e ,  and th e  happenings in  th e  cage w ere ob served  

o v er  t h e  fo l lo w in g  60  d a y s . In  com paring th e  co u rse  o f  e v e n ts  i n  th e  

d i f f e r e n t  c a g e s ,  a t t e n t i o n  m s  co n fin e d  t o  th e  1 0 0  normal m ice exp osed  t o  

r i s k .  In  t h i s  s e t  o f  ex p er im en ts  f i v e  ex p er im en ta l d i e t s ,  i n  a d d it io n  t o  

a c o n t r o l  d i e t  c o n s i s t i n g  o f  w h ole  o a ts  and th e  p r o v is io n ,  i n  d r in k in g  

v e s s e l s ,  o f  a  m ix tu r e  o f  eq u a l p a r ts  o f  w a ter  and p a s te u r iz e d  m ilk , were 

t e s t e d .  Each d i e t  group was s e t  up i n  d u p l ic a t e .  The d ie t s  w ere d e s ig n e d , j 

m a in ly  i n  v ie w  o f  th e  r e s u l t s  reco rd ed  b y  W ebster and P r i t c h e t t ,  t o  t e s t  th e  

e f f e c t  o f  v a r io u s  f a t  c o n s t i t u e n t s ,  i n  v a r y in g  am ounts, on  th e  r e s is t a n c e  o f
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m ice t o  c o n t a c t  i n f e c t i o n .  They w ere a s  f o l lo w s  *

A B C D E

W hole-m eal f l o u r 60 60 2 0 2 0 60

C a se in 2 0 2 0 2 0 2 0 2 0

B u tte r 5 - 4 0 - 5

Lard - - - 33

V ita m in  A c o n c e n tr a te - 5 - - -

Sodium  c h lo r id e 1 1 1 1 -

C alciu m  l a c t a t e 2 2 2 - 2 -

The r e s u l t s  o f  th e s e  ex p er im en ts  ap peared  t o  be a t  v a r ia n c e  w ith  th o s e  

r e co rd ed  b y  W eb ster and P r i t c h e t t .  Each o f  th e  h erd s on  th e  t e s t  d ie t s  

showed a  h ig h e r  m o r t a l i t y  th a n  th e  two on th e  c o n tr o l  d i e t s .  The b a sa l d i e t  |. 

A v d iich , a p a r t  from  th e  ab sen o e  o f  m ilk  powder, d id  n o t  d i f f e r  g r e a t ly  from  

t h e  m o d if ie d  McCollum d i e t  em ployed  b y  W ebster and P r i t o h e t t ,  was no e x c e p tio n  

b u t t h i s  d i e t ,  and t h e  same d i e t  w ith o u t  th e  s a l t  m ix tu re , gave th e  lo w e s t  

m o r t a l i t i e s  a p a r t  from  th o s e  shown b y  th e  two c o n tr o l  h erd s . The a d d it io n  

o f  v ita m in  A c o n c e n tr a te ,  o r  o f  e x c e s s  la r d ,  was a s s o c ia t e d  w ith  a  d e f i n i t e  .

in c r e a s e  i n  m o r t a l i t y .  I n  th e  s e c o n d  s e t  o f  ex p er im en ts , in  which th e  m ioe 

w ere h o u sed  i n  s e p a r a te  c a g e s ,  th e  te c h n iq u e  boro a  g r e a te r  resem b lance t o  

t h a t  em ployed b y  P r i t c h e t t .  Four g r o u p s , each  o f  f i f t y  m ic e , w ere fe d  f o r  

14 d a y s  on  t h e  c o n t r o l  d i e t ,  d i e t s  A ( b a s a l ) ,  B (b a s a l  p lu s  v ita m in  A ) ,  or  

C ( e x c e s s  b u t t e r ) .  On th e  1 4 th  day each  mouse o f  each  group was in j e c t e d  

i n t r a p e r i t o n e a l l y  w ith  1000 B a c t. typ h i-m u rium . The d ie t s  g iv e n  t o  th e  m ice  

b e fo r e  in o c u la t io n  w ere c o n tin u e d . The r e s u l t s  were a s  f o l lo w s :
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% m o r ta lity S .E .
Mean su r v iv a l tim e  
l im ite d  to  14 days S .E .

C ontro1 82*0 5*43 6*9 0*70

B asa l 74*0 6-20 7*9 0*70

B asa l + v ita m in  A 78*0 5*86 8*6 0*61

E xcess b u tte r 74*0 6*20 8*5 0*61

T here i s  h e r e  no s u g g e s t io n ,  a s i n  th e  e a r l i o r  o lo s e d  ep idem ic  

e x p e r im e n ts , t h a t  th e  rep la cem en t o f  th e  o o n tr o l  by any o f  th e  th r o e  t e s t  

d i e t s  -was a s s o c i a t e d  w ith  an  in c r e a s e  i n  m o r ta l i t y ;  in d ee d , th e  m ioe on th e  

t e s t  d i e t s  s u f f e r e d  a  s l i g h t l y  lo w er  m o r t a l i t y ,  and l i v e d  on  th e  average  

s l i g h t l y  lo n g e r ,  th a n  th e  o o n tr o l  grou p ; b u t th e  d if f e r e n c e  i s  in  no ca se  

s t a t i s t i c a l l y  s i g n i f i c a n t .  The a u th o rs  s u g g e s t  th e  p o s s i b i l i t y  th a t  some 

f a c t o r ,  o th e r  th a n  th e  e f f e c t  o f  th e  d i e t  in  r a i s in g  or  lo w er in g  r e s i s t a n c e ,  

and o p e r a t in g  i n  th e  ep id em ic  c a g e s , may have b een  r e s p o n s ib le  fo r  th e  r e s u l t s  

o b ta in e d  i n  t h e  c lo s e d  ep id em ic  ex p er im en t, and co n c lu d e  t h a t ,  i f  any b e n e f i t  

a t  a l l  w as d e r iv e d  from  t h e  d i e t s  t e s t e d ,  i t  was so  s l i g h t  a s  t o  be more than  

c o u n te r b a la n c e d  b y  o th e r  in f lu e n c e s  t h a t  may bave in c r e a se d  th e  f a c i l i t i e s  

f o r  o o n ta c t  i n f e c t i o n .

In  a  t h i r d  s e t  o f  ex p e r im e n ts , t h i s  t im e  o f  th e  o lo se d  ep idem ic ty p e ,  

tw e lv e  h erd s w ere t e s t e d .  Three o f  th e  h erd s r e c e iv e d  th e  o o n tr o l  d i e t  o f  

w hole o a t s  and m ilk  and w a ter  m ix tu r e , th r e e  th e  c o n tr o l  d i e t  p lu s  th e  d a i ly  

a d d it io n  o f  o ab b age , th r e e  th e  c o n tr o l  d i e t  p lu s  th e  d a i ly  a d d it io n  o f  

m a n g o ld s, and th r e e  th e  c o n t r o l  d i e t  p lu s  th e  d a i l y  a d d it io n  o f  c a r r o t s .

The e x p e r im e n ta l r e s u l t s  showed t h a t ,  ta k in g  th e  r e s u l t s  o b ta in e d  i n  th e  

d i f f e r e n t  h erd s  on th e  same d i e t  a s a  w h o le , th e  a d d it io n  t o  th e  c o n tr o l  d i e t  

o f  ca b b a g e , m an golds, or  c a r r o ts  d id  n o t  r a i s e  th e  r e s is t a n c e  o f  th e  m ice .
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E xp erim enta l,

I n  t h e  e x p e r im e n ts  d e s o r ib e d  h ere  a  com parison  was undo o f  th e  

r e s i s t a n c e  t o  B a c t . typ h i-m u rium  o f  m ice fe d  on e ig h t  d i f f e r e n t  d i e t s .  These 

e i g h t  d i e t s  f a l l  in t o  two g r o u p s . In  t h e  f i r s t ,  o r  " s y n th e t ic " , d i e t  group 

th e  d i e t s  w ere com posed m a in ly  o f  a r t i f i c i a l  food  su b s ta n o e s , and th e  

r e s i s t a n c e  e x p er im en ts  w ere c a r r ie d  o u t on  young m ice bred from d oes t h a t ,  

m ated on one o r  o th e r  o f  th e  c o n tr o l  d i e t s ,  had been tra n sfe r re d  when 

p reg n a n t t o  t h e  t e s t  d i e t s .  In  th e  seo o n d , or  "natural" , d i e t  group th e  

d i e t s  w ere m a in ly  made up o f  n a tu r a l  food  su b s ta n o e s , and th e  young m ice  

in f e c t e d  w ere bred  from  m ice w h ich  had b een  tr a n s fe r r e d  t o  th e  t e s t  d ie t s  

3 w eeks b e fo r e  m a t in g .  The ex p er im en ta l c o n d it io n s  i n  th e  two d i e t  groups 

w ere t h e r e f o r e  n o t  i n  a l l  r e s p e o t s  oom parablo, th ou gh  i n  b oth  s e r ie s  th e  

d o es had b een  fe d  on  th e  t e s t  d i e t s  d u r in g  p regn an cy , and th e  rnioe t e s t e d  fo r  

r e s i s t a n c e  had b een  f e d  on  them  from  b ir t h .

I n f lu e n c e  o f  " s y n th e t ic "  (s) d i e t s  on r e s is t a n c e  t o  i n f e c t i o n .

The c o n s t i t u t i o n  o f  th e  " sy n th e t io "  d i e t s  h as b een  g iv en  i n  T able V III  

o f  th e  p r e c e d in g  p a r t ,  and n eed  n o t  be r e p e a te d  h e r e .  I t  may, how ever, be  

r e o a l l e d  t h a t  d i e t  S i  c o n ta in e d  g lu te n  a s  i t s  p r o te in  c o n s t i tu e n t ,  d i e t  S 3  

c o n ta in e d  c a s e in o g e n , and d i e t  S 3  a  m ix tu re o f  g lu ten  and o a se in o g en  in  

eq u a l am ou n ts. T hese s y n th e t io  d i e t s  w ere c o n tr o lle d  by two "natural"  

d i e t s ,  on e  o f  w h ich  ( N i ) ,  c o n s is t e d  o n ly  o f  w hole o a ts  t o  e a t ,  and a  m ix tu re  

o f  m ilk  and w a te r  t o  d r in k , w h ile  th e  o th e r  (N3) co n ta in ed  o a tm ea l, cod -  

l i v e r  o i l ,  y e a s t r e l  and b ran , w ith  th e  same m ix tu re  o f  m ilk  and w a te r ,

S ix  ex p er im en ts  w ere c a r r ie d  o u t ,  and a l l  s i x  co n ta in ed  m ice fe d  on th e
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th r e e  e x p e r im e n ta l d i e t s .  D ie t  %  was th e  o n ly  o o n tr o l  d i e t  i n  th e  f i r s t

th r e e  r e s i s t a n c e  t e s t s ,  b u t w ith  t h i s  d i e t  th e r e  was d i f f i c u l t y  i n  r e a r in g  a

s u f f i c i e n c y  o f  young m ice  f o r  an ad eq u ate  o o n tr o l ,  and i n  th e  fo u r th  and 

f i f t h  t e s t s  m ice  b red  on  d i e t  fig  w ere added a s a  seoond c o n t r o l .  In  th e

s i x t h  e x p er im en t d i e t  Hs  was t h e  o n ly  o o n tr o l  d i e t .

The young m ic e  in f e c t e d  i n  th e  f i r s t  fo u r  ex p er im en ts  were bred from  

d o es w h ich  had b een  mated on d i e t  H i and tr a n s fe r r e d ,  a s soon  a s pregnancy  

was d e f i n i t e l y  e s t a b l i s h e d ,  t o  one o f  th e  th r e e  t e s t  d i e t s .  The c o n tr o l  

young m ic e  w ere bred  from  d o es f e d  on  d i e t  N i o n ly .  The l i t t e r  r a t e  i n  m ice  

m ated o n  d i e t  H i was fou n d  t o  be to o  lo w  t o  p ro v id e  an adequate number o f  

young m ic e , and c o n s e q u e n t ly  i n  th e  f i f t h  and s ix t h  exp erim en ts th e  young  

m ice  t e s t e d  f o r  r e s i s t a n c e  w ere b red  from  d o es mated on  d i e t  H3  in s t e a d  o f  

d i e t  H i ,  E x cep t f o r  t h i s  change in  th e  d i e t  on w h ich  th e  b reed in g  m ioe were 

m ated t h e  young m ice  i n  E xp s. 5 and 6  w ere in  a l l  r e s p e c t s  com parable w ith  

th e  m ic e  t e s t e d  i n  th e  e a r l i e r  e x p e r im e n ts .

The young m ice w ere fe d  a f t e r  w eaning on th e  d i e t s  th a t  t h e i r  m others f. 

had r e c e iv e d  d u r in g  p regn an cy  and l a c t a t i o n .  7Jhen ap p roxim ately  1 2  weeks 

o ld  th e y  w ere in f e c t e d  p er o s  w ith  100 x  10 6  B a c t . typhi-m urium ,  each  mouse 

b e in g  i n f e c t e d  s e p a r a t e ly .  A f t e r  i n f e c t io n  th e  m ice were housed in  

c a g e s ,  and th e  d i e t  g iv e n  b e fo r e  i n f e c t io n  was c o n tin u e d . Mice t h a t  d ied  

w ere exam ined  p ost-m ortem , and c u ltu r e s  ta k e n  from th e  h e a r t  and s p le o n .  The 

s u r v iv o r s  w ore k i l l e d  on  th e  28th  day a f t e r  in f e c t io n  and were l ik e w is e  

exam in ed .

The r e s  u l t s  o f  th e s e  ex p er im en ts  are s e t  o u t , i n  d i f f e r e n t  form s, i n  

T a b le s  XIV and XV. Taking th e  l a t t e r  t a b le  f i r s t  i t  w i l l  be seen  th a t  th e r e
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i s  a  s u g g e s t io n  t h a t  t h e  m ioe r e c e iv in g  t h e i r  p r o t e in ,  o th e r  th e n  t h a t  ew ta & t. 

ed i n  th e  b r a n , e n t i r e l y  (S 8 ) or  p a r t ly  (S a ) i n  th e  form  o f  o a se in o g en  m f  

s l i g h t l y  more r e s i s t a n t  th a n  m ioe r e c o iv in g  a l l  t h e i r  p r o te in  i n  th e  fara* a f  

g lu t e n  ( S i ) .  T akin g  t h e  a v era g e  f ig u r e s  th e  S i  m ioe wore no more r e s i s t a n t  

th a n  n ic o  f e d  on  th e  " n a tu ra l"  d i e t  Na,  and l i t t l e ,  i f  a t  a l l ,  more r e s i s t a n t  

th a n  th e  m ice  f e d  on  d i e t  N u  b u t i t  m ust bo n o ted  th a t  th o s e  l a t t e r  

a v e r a g e s  a r e  n o t  s t r i c t l y  com parable, s in c e  th e y  do n o t  oovor id e n t i c a l  

s e r i e s  o f  t e s t s .

T able XIV.

D i e t . . . . N i Na S i s a Sa

E xp. 1 N o. o f  m ice in f e c t e d 19 7 18 17
% s u r v iv o r s 2 1 * 0 - 43*0 4 4 .5 4 7 .0

E xp . 2 N o. o f  m ice  in f e c t e d 1 2 a . 8 23 1 0

% s u r v iv o r s 41*5 - 62*5 17*5 70*0

to&w

N o. o f  m ice in f e c t e d 16 - 13 1 1 19
% s u r v iv o r s 12*5 0 * 0 9*0 42*0

E xp. 4 N o. o f  m ice  in f e c t e d 19 47 25 35 43
% s u r v iv o r s 16*0 32*0 40*0 65*5 3 9 .5

E xp . 5 N o, o f  m ice in f e c t e d 18 57 32 35 38
/o s u r v iv o r s 15*5 2 1 * 0 2 2 * 0 48*6 39*8

E xp. 6 No. o f  m ice  in f e c t e d mm 49 1 0 19 17

% s u r v iv o r s 26*5 2 0 * 0 26*5 38*8

A l l  ex p er im en ts No. o f  m ioe in f e c t e d  
% s u r v iv o r s

84
2 0 * 0

153
26*0

95
28*6

141
41*0

144
42>5
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T ab le  XV

Wo. o f  m ice  
in f e c t e d D ie t

% m o r ta l i t y  
i n  28 days

Mean s u r v iv a l  tim e  
l im i t e d  t o  28 days

84 Hi 80 S .E . =* 4*36 14*18 S .E . = 0*92

153 NS 74 S .E . = 3*55 16*42 S .E . = 0*66

95 Si 71-5 S .E . = 4*63 16*38 S .E . = 0*82

141 S 2 59 S .E . = 4*14 19*16 S .E . -  0*70

144 s 3 57*5 S .E . «* 4*12 19*11 S .E . =* 0*71

The a c t u a l  s i g n i f i c a n c e  o f  th e  reco rd ed  d i f f e r e n c e s  in  m o r ta l it y  betw een  

th e  m ice  r e c e iv in g  c a se in o g e n  and th o s e  r e c e iv in g  o n ly  v e g e ta b le  p r o te in  i s ,  

h ow ever, v e r y  d o u b t f u l .  O m ittin g  th e  r e s u l t s  o b ta in e d  w ith  d i e t  Nx,  th e  

r a t i o s  o f  t h e  o b serv ed  d i f f e r e n c e s  t o  t h e i r  stan d ard  e r ro rs  a re n o t l a r g e .  

M oreover, r e f e r e n c e  t o  T a b le  XIV, i n  w h ich  each  exp erim en t i s  record ed  

s e p a r a t e ly ,  shows how g r e a t  was th e  v a r i a b i l i t y  in  th e  r e s u l t s  record ed  in  

s u c c e s s iv e  t e s t s .  I t  i s  t r u e ,  o f  c o u r se , th a t  c o n s id e r a b le  v a r i a b i l i t y  i s  

t o  b e  e x p e c te d  m t h  su ch  sm a ll groups a s  t h e s e ;  b ut th e  f a c t  th a t  in  o n ly  

tw o o f  s i x  t e s t s  d id  m ice  f e d  on d i e t  S 2  appear t o  be much more r e s i s t a n t  

th a n  m ice on d i e t  S i ,  w h ile  i n  one t e s t  th e y  appeared to  be more s u s c e p t ib le ,  

r a i s e s  g ra v e  d o u b ts  a s  t o  th e  s ig n i f i c a n c e  o f  an apparent advantage shown by 

th e  a v era g ed  m o r t a l i t i e s .

The f a c t  t h a t  le n d s  seme su p p ort t o  th e  v ie w  th a t  th e  ob served  d i f f e r e n 

c e s  a re  n o t  l i k e l y  t o  h ave b een  due e n t i r e l y  t o  sam pling  e r r o r s  i s  t h a t  an  

a p p a ren t in c r e a s e  i n  r e s i s t a n c e  i s  shown by b oth  groups o f  m ice th a t  were 

g iv e n  c a s e in o g e n  i n  t h e i r  d i e t  as compared w ith  any o f  th e  th r e e  groups 

r e c e iv in g  o n ly  v e g e ta b le  p r o t e in .  Even s o ,  we sh o u ld  a t ta c h  l i t t l e  i f  any 

im p ortan ce t o  th e  r e s u l t s  o f  th e s e  ex p er im en ts  ta k en  a lo n e .  We th in k ,  

how ever, t h a t  th e y  may be accord ed  some s ig n i f i c a n c e  i n  r e la t io n  t o  th e  fa r  

more s t r i k i n g  o b s e r v a t io n s  reco rd ed  in  th e  fo l lo w in g  s e c t io n .
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I n f lu e n c e  o f  " n a tu ra l"  (W) d i e t s  on r e s i s t a n c e  t o  in f e c t io n

We h a v e  n o te d ,  i n  t h e  p r e c e d in g  p a p e r , how in ad eq u ate  were th e  " sy n th etio "  

d ie t s  a s  ju d g ed  b y  t h e  grow th  and s u r v iv a l  o f  young m ice r e c e iv in g  them . I t  

was t h i s  in a d eq u a cy  t h a t  ren d ered  i t  im p o s s ib le  t o  r e a r  groups o f  s u i t a b le  s i z e  

fo r  th e  r e s i s t a n c e  t e s t s .  S in c e  c e r t a in  o f  th e  " n atu ra l"  d ie t s  had proved  

g r e a t ly  s u p e r io r  from  t h i s  p o in t  o f  v ie w , th e  " sy n th e t ic "  d ie t s  were abandoned, 

w h ile  t h e  e f f e c t  o f  c e r t a i n  o f  t h e s e  " n atu ra l"  d i e t s  on r e s is t a n c e  was s tu d ie d  

more e x t e n s i v e l y ,  and i n  g r e a te r  d e t a i l .

The c o n s t i t u e n t s  o f  th e s e  d i e t s ,  w hich  have a lrea d y  been  g iv en  in  th e  

p re c e d in g  p a r t  o f  t h i s  p a p er , a re  re p e a ted  fo r  co n v en ien ce  in  T able XVI.

T ab le  XVI

D i e t s . . . Ns n4 N0 n8 1

C oarse o a tm ea l 92 87 40 40

D ried  s e p a r a te d  m ilk - - 25 25

D e x tr in e - - 23 -

F lo u r  and w a te r  b i s c u i t - - - 23

S a l t  m ix tu re  n o . 3 - 5 - -

Coconut o i l - - 4 4

C o d - l iv e r  o i l 1 1 1 1

Y e a s t r e l  (d r y  w e ig h t ) 2 2 2 2

Viheat bran 5 5 5 5

P e r c e n ta g e  o f  t o t a l  p r o t e in  i n  d i e t 11*87 11-25 14-66 17-42

Mouse r a t io n  p er  day (g ) 6 6 6 6

M ilk  and w a te r  m ix tu r e  p er  day  
a p p r o x im a te ly  ( c . c . )

2 2 2 2

S a l t  m ix tu re  n o . 5

Sodium  c h lo r id e  10  g .
Magnesium su lp h a te  30 "
P o ta ss iu m  c i t r a t e  30 "
C alcium  l a c t a t e  70 "
Iro n  l a c t a t e  7 "
Copper s u lp h a te ,  0*02 c . c .  o f  a  1 0$  s o lu t io n  

t o  e v e r y  1 0 0  g .  o f  s a l t  m ix tu r e .
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O f t h e s e  fo u r  d i e t s ,  one was t h e  c o n tr o l  d i e t  N2,  and t h e  o th e r s  were 

th e  t h r e e  d i e t s  w h ic h , i n  th e  f e r t i l i t y ,  s u r v iv a l  and grow th experim ents  

d e s c r ib e d  i n  a n o th e r  p a p er , had g iv e n  th e  b e s t  s u r v iv a l  and growth i n  young 

m ic e . The f i r s t  s e r i e s  o f  r e s i s t a n c e  ex p er im en ts  was c a r r ie d  ou t on mioe 

bred  on  th o s e  fo u r  d i e t s .

I n  t h e s e  e x p e r im e n ts , th e  m ice t e s t e d  w ere th e  o f f s p r in g  o f  bucks and 

d o es t h a t  from  3 w eek s b e fo r e  m atin g  had a l l  been  fe d  on no o th er  th a n  th e  

t e s t  d i e t s .  The young m ic e , a f t e r  w ean in g , -were g iv e n  t h e  d ie t  w hich t h e i r  

p a r e n ts  r e c e iv e d ,  and when a p p ro x im a te ly  1 2  weeks o ld  were t e s t e d  fo r  

r e s i s t a n c e .  A f t e r  i n f e c t i o n  w ith  B a c t. ty p  hi-m urium  th e  mioe were housed in  

s e p a r a te  c a g e s ,  and t h e  d i e t  g iv e n  b e fo r e  i n f e c t io n  was co n tin u ed . Mice 

t h a t  d ie d  o r  w ere k i l l e d  on  th e  te r m in a tio n  o f  th e  experim ent were examined  

p o st-m o rtem , o u lt u r e s  b e in g  ta k en  from th e  h e a r t  and s p le e n .

In  one grou p  o f  ex p er im en ts  m ice bred  and rea red  on one or o th e r  o f  th e  

t e s t  d i e t s  w ere i n f e c t e d  p er  o s ,  eaoh  w ith  100 x  10s  B a c t . ty p h i-murium; in  

a n o th er  group o f  ex p er im en ts  th e y  were in f e c t e d  in t r a p e r i to n e a l ly  w ith  

1 0 0 ,0 0 0  B a ct.ty p h i-m u r iu m ; i n  a  t h ir d  group  o f  exp erim en ts th e y  w ere ln j w o t -
t

ed  i n t r a p e r i t o n e a l l y  w ith  a  t o x io  f r a c t io n  i s o la t e d  from B a r t.typhi-m urium . 

The e x p er im en ts  w ith  B a c t . typh i-m urium  were term in ated  28 days a f t e r  

i n f e c t i o n ,  and t h o s e  w ith  t h e  t o x i c  f r a c t io n  5  days a f t e r  in j e c t io n .

R e s u lt s  o f  E xp erim en ts.

( l )  P er  o s  i n f e o t io n  w ith  B a ct.tv p h i-m u riu m .

The f i r s t  th r e e  o f  th e  ex p er im en ts  i n  which th e  m ioe were in f e c t e d  p er  

o s  c o n ta in e d  m ice  from  each  o f  th e  d i e t  groups Na,  N* and N„. In th e
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fo u r th  and f i f t h  e x p e r im e n ts  no m ice  from  d i e t  N4  -mere in o lu d ed  a s a t  th e  

t im e  o f  i n f e c t i o n  t h e  m ice on  t h i s  d i e t  w ere n o t  o f  com parable age w ith  th e  

m ice on  t h e  o th e r  d i e t s .  The f i f t h  ex p er im en t c o n ta in e d , fo r  th e  f i r s t  tim e, 

m ice b red  on  d i e t  U s .

The r e s u l t s  o f  t h i s  s e r i e s  o f  ex p er im en ts  a re  s e t  ou t i n  T ab les XVII- 

XIX and i n  F i g s .  4 - 8 .

T a b le  X V II. Bred m ic e .  P er o s  in f e c t io n .

D ate  o f  
i n f e c t i o n

N o. o f  
3act. ty p h i-  

murium  
in f e c t e d

D ie t
Ho. o f  

m ice  
infected

No. o f  
m ice  

d y in g

% su r v iv o r s  
on 2 8 th  day

Mean s u r v iv a l  
tim e  l im ite d  
t o  28 days

1 0 . v i i . 3 5 1 0 0  x  1 0 s Ns
N *

n 5

50
50
50

24
13

9

52
74
82

t

S .S .  = 
S .E . = 
S .E . =

7*07
6 * 2 0

5*43

21*04
24*74
25*34

t

S .E ."  1*13 
S .E .=  0*88  
S .E ."  0*87

1 3 . i x .3 5 1 0 0  x  1 0 ® N 2
n 4

H b

50
50
50

30
32

8

40
36
84

S .E .
S .E .
S .E .

s 6*93
6*79
5*18

19*12
18*06
25*34

S .E . -  1*14  
S .E ."  1*20  
S .E .=  0*92

3 1 . i , 3 6 1 0 0  x  1 0 s N s

n 4

N0

50
50
50

39
26
27

2 2

48
46

S .E .
S .E .
S .E .

5*06
7*06
7*05

16*84
18*50
18*26

S .E ."  1*11  
S .E ."  1*32  
S .E ."  1*35

2 7 . i i i . 3 6
6

1 00  X  10 Ns
N3

50
50

26
31

48
38

S .E .
S .E .

= 7*06
6 * 8 6

19*22
19*10

S .E .=  1*27  
S .E ."  1*19

2 6 .v i .3 6 1 0 0  x  1 0 s Ns
Ns
Na

50
50
50

36
16
1 2

28
6 8

76

S .E .
S .E .
S .E .

s 6*35
6 * 6 0

6*04

17*06
23*20
24*40

S .E ."  1*14  
S .E ."  1*03 
S .E ."  0*98

t  S ta n d a rd  e r r o r s  o f  t h e  p r o p o r t io n s  and means r e s p e c t iv e ly .

I t  m i l  h e  c o n v e n ie n t  t o  ta k e  f i r s t  th e  com parison  b a tm e n  th e  m ice  fe d  

o n  th e  c o n t r o l  d i e t  ( S . )  c o n ta in in g  o a tm ea l, o o d - l iv e r  o i l .  y a a s t r a l  and 

b ra n , w ith  m ilk  and w a te r  t o  d r in k , w ith  th o s e  fe d  on d i e t  I .  i n  w hich  th e  

o a tm e a l, fo r m in g  92  p e r  c e n t  o f  th e  d i e t ,  was reduced  t o  4 0  p er c e n t ,  th e
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T a b le  X V I I I .Bred m ioe compared u s i n g p e r c e n ta g e  s u r v iv o r s  on  2 8 th  day

D ie t s
compared

D i f f e r 
en ce

S .E .  o f  
D if f e r e n c e

D i f f e r e n c e /  
S .E .  o f  

d i f f e r e n c e

Xs  t e s t  o f  
group  

d i f f e r e n c e

E xp. 1 . U s and H* -  2 2 9*7 2*3 X2  = 1 1 -3 6
1 0 .7 .3 5 N s and Ng -  30 9*4 3*2 n  = 2

N* and II o -  8 8*3 0*9 P <  0*01

E xp . 2 . Na M d II4 + 4 9*7 0 *4 X2  = 2 8 -5 0
1 3 .9 .3 5 N2  and Ng -  4 4 9*7 4 -5 n  = 2

II4  and N5 -  48 9*8 4 *9 P < 0 - 0 1

E xp . 3 . N s and N4 -  26 9 -5 2*7 X2  = 8 -8 3
3 1 .1 .3 6 N s and Ns -  24 9*5 2*5 n  »  2

II4  and N6 + 2 1 0 * 0 0 * 2 P n e a r ly  o-oi

E xp . 4 . N s and Ng + 1 0 9*9 1 . 0 —

2 7 .3 .3 6

E xp . 5 . N2  and Ng -  40 1 0 * 0 4 *0 X2  »  27*04
2 6 .6 .3 6 Ns and Ns -  48 1 0 . 0 4*8 n  = 2

Ng and Na -  8 9*0 0*9 P < 0 * 0 1

•f I n  a d d i t io n  t o  com paring t h e  s e p a r a te  p a ir s  b y  means o f  t h e i r  sta n d a rd  
e r r o r s ,  th e  d i f f e r e n c e s  b etw een  t h e  group  o f  d i e t s  i n  ea ch  ex p er im en t have  
b een  t e s t e d  b y  th e  Xs  m ethod . Where t h e  p r o b a b i l i t y  _P i s  l e s s  th a n  0*02  
t h e  o b serv e d  d i f f e r e n c e s  may be reg a rd ed  a s  u n l ik e ly  t o  have a r i s e n  b y  ch a n ce .

T ab le  X IX . Bred m ice  compared u s in g  mean s u r v iv a l  t im e  o f  mloo i n f e c t e d .

D ie t s  compared D if f e r e n c e S .E . o f  d i f f e r e n c e l) i  f  f  e r  e n c e /S  .&  
o f  d i f f e r e n c e

E xp . 1 N s and N4 -  3 -7 0 1*43 2*59
1 0 .7 .3 5 N s and Ng -  4 -3 0 1 -4 3 3*01

II4  and Ng -  0*60 1 -2 4 0*48

E xp . 2 N s and N4 + 1 -0 6 1 - 6 6 0*64
1 3 .9 .3 5 Ns  and Ne -  6 - 2 2 1*46 4 -2 6

II4  and Ng -  7 -2 8 1*51 4*82

E xp . 3 N s and N4 -  1 - 6 6 1*72 0 -9 6
3 1 .1 .3 6 N s and Ng -  1 -4 2 1*75 0«81

N4  and Ng + 0 -2 4 1*89 0 -1 3

E xp. 4 . N2  and Ng + 0 * 1 2 1 -7 4 0 -0 7
2 7 .3 .3 6

E xp. 5 Ns and Ng -  6*14 1 -5 4 3 -9 9
2 6 .6 .3 6 N3  and Na -  7 -3 4 1 -5 0 4 -8 9

Ng and Na -  1 * 2 0 1*42 0*85
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rem a in d er  b e in g  r e p la c e d  b y  d r ie d  s e p a r a te d  m ilk  (2 5  p e r  c e n t ) ,  d e x tr in e  

(2 3  p e r  c e n t )  and c o c o n u t o i l  ( 4  p e r  c e n t ) .  T ak in g  T a b le  XVII i t  T d .ll be  

s e e n  t h a t  th e  m ice  fe d  on  d i e t  1J5  p roved  much more r e s i s t a n t  th a n  m ice  fe d  

on d i e t  1J3  i n  fo u r  o u t  o f  th e  f i v e  t r i a l s .  In  t h e  on e  e x c e p t io n ,  th e  

e x p er im en t s t a r t e d  on  2 7 . i i i . 3 6 ,  th e  m ice  f e d  on  d i e t  1I3  proved  s l i g h t l y  

more r e s i s t a n t  th a n  t h e  m ice  f e d  on  d i e t  IT5 .

T u rn in g  t o  T a b le s  X V III and XIX, i t  w i l l  be s e e n  t h a t  t h e  o b serv ed  

d i f f e r e n c e  b e tw een  th e  p e r c e n ta g e  s u r v iv o r s h ip  o f  t h e  Ng and IJG grou p s i s  

s t a t i s t i c a l l y  s i g n i f i c a n t  i n  e a c h  o f  th e  fo u r  in s t a n c e s  in  w h ich  th e  Tig group  

p roved  t h e  more r e s i s t a n t ,  b u t  i s  i n s i g n i f i c a n t  i n  t h e  s i n g l e  in s t a n c e  i n  

w h ich  th e  m ice ap peared  m ore r e s i s t a n t  th a n  t h e  Ng m ic e .  The d i f f e r e n c e  

i n  mean s u r v iv a l  t im e  i s  s i g n i f i c a n t  i n  t h r e e  o f  fo u r  t r i a l s  i n  w h ich  th e  LI5  

m ice  w ere more r e s i s t a n t .  I t  i s  i n s i g n i f i c a n t  i n  t h e  t r i a l  o f  3 1 . i . 3 6 ,  in  

w h ich  t h e  p e r c e n ta g e  s u r v iv o r s h ip  o f  th e  1J5  m ice  m s  s i g n i f i c a n t l y  g r e a te r  

th a n  t h a t  o f  th e  N2  m ic e , and i n  th e  t r i a l  o f  2 7 . i i i . 3 6 ,  i n  w h ich  th e  Ns  

m ice  ap p eared  s l i g h t l y  more r e s i s t a n t .  T h is  s u g g e s t s  th e  p o s s i b i l i t y  t h a t  

th e  f a c t o r s ,  w h a tev e r  th e y  may have b e e n , t h a t  w ere r e s p o n s ib le  f o r  th e  

anom alous r e s u l t s  o b ta in e d  i n  th e  t r i a l  o f  2 7 . i i i , 3 6  w ere b e g in n in g  t o  be 

o p e r a t iv e  i n  Jan u ary  o f  t h a t  y e a r ,  o r  p o s s ib ly  somewhat e a r l i e r .

O m ittin g  th e  t e s t s  o f  3 1 . i . 3 6  and 2 7 . i i i . 3 6 ,  th e  r e s u l t s  o f  th e  

rem a in in g  th r e e  e x p er im en ts  a r e  r a th e r  s t r i k i n g .  In  e a c h  o f  them  th e  m ice  

fe d  on  d i e t  W5  p roved  much more r e s i s t a n t  t o  p e r  o s i n f e c t i o n  w ith  b a c t . 

t y p h i -murium th a n  th e  m ice  fe d  on d i e t  IT2 ,  t h e  m o r t a l i t i e s  bein'." 18 , 16 and 

24 p er  c e n t  i n  th e  UB g ro u p s, a s compared w ith  4 8 , 60 and 72 p er  c e n t  i n  th e  

Na g ro u p s .
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We c a n n o t , h o w ev er , d is r e g a r d  t h e  d is c r e p a n t  r e s u l t  o b ta in e d  i n  th e  

t e s t  o f  2 7 . i i i . 3 6 ,  We th in k  i t  v e r y  u n l i k e l y  t h a t  t h i s  d is c r e p a n c y  was due 

t o  c h a n c e . As w i l l  be s e e n  i n  l a t e r  s e c t i o n s ,  s im i la r  d is c r e p a n c ie s  w ere ' 

o b se r v e d  i n  o th e r  s e r i e s  o f  t e s t s ,  and th e y  o c c u r r e d  d u r in g  a p p r o x im a te ly  th e  

same p e r io d .  M oreover, i t  was n o te d  i n  t h e  p r e c e d in g  p a p er  t h a t ,  o f  th e  tw o, 

s e r i e s  o f  b r e e d in g  e x p e r im e n ts  w ith  d i e t  Hg, t h e  young m ice i n  th e  f i r s t  

s e r i e s  r e c o r d e d  th r o v e  c o n s id e r a b ly  b e t t e r  th a n  th e  young m ice i n  t h e  secon d  

s e r i e s .  I t  was t h e  young m ice o f  t h e  seco n d  s e r i e s  t h a t  f a i l e d  t o  show  an  

in c r e a s e d  r e s i s t a n c e  i n  t h i s ,  and i n  o th e r ,  s e r i e s  o f  t e s t s .  S u b seq u en t 

r e s i s t a n c e  t e s t s ,  su c h  a s t h a t  o f  2 6 .v i . 3 6 ,  w ere c a r r ie d  o u t on  m ic e ,  n o t  

r e f e r r e d  t o  i n  t h e  p r e c e d in g  p a p er , w h ich  had shown o p tim a l d evelop m en t on  

th e  N8  d i e t .

We b e l i e v e ,  t h e r e f o r e ,  t h a t  some f a c t o r  in te r v e n e d  t o  n e u t r a l i z e  th e  

e f f e c t  o f  th e  Ng d i e t  i n  one p a r t i c u la r  s e r i e s  o f  m ic e .

What t h i s  f a c t o r  may have b een  we ca n n o t t e l l .  I t  had become c l e a r ,  

b y  t h e  t im e  t h i s  d is c r e p a n c y  was o b s e r v e d , t h a t  th e  Ng d i e t  p ro b a b ly  owed 

i t s  e f f i c a c y  i n  im p ro v in g  f e r t i l i t y ,  grow th , s u r v iv a l  and r e s i s t a n c e  t o  th e  

d r ie d  m ilk  w h ich  i t  c o n ta in e d j  an  o b v io u s  p o s s i b i l i t y  was t h a t  some 

d i f f e r e n c e  e x i s t e d  i n  th e  q u a l i t y  o f  th e  m ilk  u sed  d u r in g  th e  two p e r io d s  in  

q u e s t io n ,  and , i n  p a r t i c u l a r ,  t h a t  t h i s  d i f f e r e n c e  m ig h t b e  t r a c e a b le  t o  

p e r io d s  o f  s t a l l  and p a s tu r e  f e e d in g  o f  th e  c a t t l e .

K o h ler  e t  a l .  (1 9 3 6 ) fou n d  t h a t  r a t s  g iv e n  m ilk  from  s t a l l - f e d  cows 

grew  more s lo w ly  th a n  r a t s  g iv e n  m ilk  from  p a s tu r e - f e d  cow s, and t h a t  th e  

a d d it io n  o f  f r e s h  g r a s s  j u i c e  t o  w in te r  m ilk  in c r e a s e d  th e  w e ig h t  o f  th e  

r a t s  f e d  on i t  a lm o st t o  th e  l e v e l  a t t a in e d  b y  r a t s  fe d  on  summer m ilk .
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The d r ie d  s e p a r a te d  m ilk  u se d  i n  our e x p e r im e n ts  was o b ta in e d  from  W ilt s  

U n ite d  D a ir ie s  (London) L im ite d , who h a v e  v e r y  k in d ly  s u p p lie d  u s  w ith  

in fo r m a t io n  c o n c e r n in g  th e  t im e  o f  p r e p a r a t io n  o f  t h e  v a r io u s  b a t c h e s ,  and 

t h e i r  p ro b a b le  r e l a t i o n  t o  s t a l l  and p a s tu r e  f e e d in g .  The c o r r e l a t i o n  o f  

t h e s e  d a ta  w ith  th e  e x p e r im e n ta l r e s u l t s  o b ta in e d  by u s  y i e l d s  no su p p o r t t o  

t h e  v ie w  t h a t  th e  d i f f e r e n c e  b e tw een  s t a l l  and p a s tu r e  f e e d in g ,  o r  any o th e r  

d is c o v e r a b le  f a c t o r  r e l a t i n g  t o  t h e  q u a l i t y  o f  t h e  m i lk ,  can  b e  made t o  

a c c o u n t fo r  th e  d is c r e p a n c ie s  o b serv e d  b y  u s .  F or th e  moment, th e n ,  we m ust 

-be c o n te n t  t o  l e a v e  t h e s e  d is c r e p a n c ie s  u n e x p la in e d , m e r e ly  n o t in g  t h a t  t h e i r  

t im e  r e l a t i o n s ,  and t h e i r  o c c u r r e n c e s  i n  m ice  t h a t  h a v e  shown a  r e l a t i v e l y  

p oor d ev elo p m en t on  t h e  Kg d i e t ,  make i t  u n l i k e l y  t h a t  th e y  w ere due t o  sim ple  

sa m p lin g  e r r o r s .  No one who h as had much e x p e r ie n c e  o f  an im al ex p er im en ts  

o f  t h i s  k in d  w i l l  be s u r p r is e d  t o  e n c o u n te r  d is c r e p a n t  r e s u l t s  i n  any su ch  

s e r i e s  o f  t e s t s .  We a r e  v e r y  fa r  a s  y e t  from  b e in g  a b le  t o  c o n tr o l  a l l  our  

v a r i a b l e s .

T urnin g  b r i e f l y  t o  d i e t s  N4  and Ns ,  i t  m i l  be n o ted  t h a t  N4,  c o n ta in in g  

no d r ie d  se p a r a te d  m ilk , b u t  c o n ta in in g  an  a lk a l in e  s a l t  m ix tu r e , gave v e r y  

anom alous r e s u l t s .  I t  was t e s t e d  on  t h r e e  o c c a s io n s ;  on th e  f i r s t  th e  m ice  

r e a r e d  on i t  ap p eared  t o  have a  r e s i s t a n c e  in te r m e d ia te  b etw een  th o s e  re a red  

on d i e t  N2  and t h o s e  r e a red  on  d i e t  Ng, on  th e  seco n d  th e  N4  m ice  proved  a s  

s u s c e p t ib le  a s  t h e  IT2  m ic e ,  w h ile  th e  Ng m ice w ere h ig h ly  r e s i s t a n t ,  on  th e  

t h i r d  th e  N4  m ice  w ere as r e s i s t a n t  a s th e  Ng m ic e , and c o n s id e r a b ly  more 

r e s i s t a n t  th a n  t h e  Ns  m ic e .  I t  m i l  be more c o n v e n ie n t  t o  d is c u s s  th e  

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

In  th e  s i n g l e  t e s t  w ith  d i e t  Na,  w h ich  resem b led  d i e t  Ng i n  c o n ta in in g
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d r ie d  s e p a r a te d  m ilk ,  b u t d i f f e r e d  from  i t  i n  c o n ta in in g  f lo u r -a n d -w a te r  

b i s c u i t  i n  p la c e  o f  d e x t r in e ,  th e  %  m ice w ere s l i g h t l y  more r e s i s t a n t  th a n  

t h e  1J5  m ic e ,  w h ich  i n  t h e i r  tu r n  w ere g r e a t l y  more r e s i s t a n t  th a n  th e  ITS m ice . 

T h is  ex p er im en t t h e r e f o r e  s tr e n g th e n s  t h e  v ie w  t h a t  a  d i e t  c o n ta in in g  d r ie d  

se p a r a te d  m ilk  in c r e a s e s  r e s i s t a n c e  t o  p er  o s  i n f e c t i o n  w ith  B a c t . t y p h i -  

murium.

(2 )  I n t r a p e r i t o n e a l  i n f e c t i o n  w ith  3 a c t . typ h i-m u rium  

In  th e s e  e x p e r im e n ts  young m ice t h a t  had b een  b red  and r e a r e d  on th e  

v a r io u s  d i e t s  u nd er t e s t  w ere in j e c t e d  i n t r a p e r i t o n e a l l y  w ith  1 0 0 , 0 0 0  _3act. 

ty p h i-m u riu m , and t h e r e a f t e r  housed  i n  s e p a r a te  c a g e s ,  and o b serv ed  fo r  23 

d a y s .  O nly tw o t e s t s  o f  t h i s  ty p e  w ere c a r r ie d  o u t .  The r e s u l t s  a re  

re c o r d e d  i n  T a b le s  XX-XX1T and F ig s .  9 and 10 and n eed  l i t t l e  comment.

M ice r e a r e d  on d i e t  %  show a s l i g h t l y  g r e a te r  r e s i s t a n c e  th a n  m ice b red  on  

d i e t  K2 } b u t  t h e  d i f f e r e n c e  b e a r s  no com p arison  w ith  th e  d i f f e r e n c e  t o  

i n f e c t i o n  p e r  o s .  M ice r e a r e d  on  d i e t  N4 ,  c o n ta in in g  th e  a l k a l i n e  s a l t  

m ix tu r e  b u t no d r ie d  m ilk ,  a r e  no more r e s i s t a n t  t o  in t r a p e r i t o n e a l  

i n f e c t i o n  th a n  m ice re a red  on  d i e t  N2 .

( 3 )  R e s is ta n c e  t o  t h e  in t r a p e r i t o n e a l  i n j e c t i o n  of  a  t o x i c  

f r a c t i o n  i s o l a t e d  from  P a c t . typ h i-m u rium

The t o x i c  f r a c t i o n  u se d  i n  th e s e  ex p er im en ts  was th a t  p rep ared  by  

R a is t r ic k ,  T o p ley  and t h e i r  c o l le a g u e s  b y  t r y p t i c  d ig e s t i o n  o f  th e  b a c t e r i a l  

b o d ie s  fo l lo w e d  by a lc o h o l  p r e c ip i t a t i o n  ( R a is t r ic k  and T o p le y , 1 9 3 4 ) .  I t  

c o n s i s t s  o f  a  com plex  p o ly s a c c h a r id e ,  u n ite d  t o  a  com ponent c o n ta in in g  

n it r o g e n ,  p h o sp h o ru s, su lp h u r  and f a t t y  a c id s ,  t h a t  may be a  p h o sp h a tid e .

I t  i s  i d e n t i c a l  w i t h ,  or  v e r y  c l o s e l y  s im i la r  t o ,  t h e  t o x i c  f r a c t io n
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T ab le  XX. Bred m ic e .  I n t r a p e r i t o n e a l  i n f e c t i o n  w ith  B a c t . typ h i-m u rium

D ate o f  
in f e c t io r

H o. o f  
Fiactrtyphi-

murium
in f e c t e d

D ie t
N o. o f  

m ice  
in fec ted

N o. o f  
m ice  

d y in g

% s u r v iv o r s  
on 2 8 th  day

Mean s u r v iv a l  
t im e  l im it e d  
t o  28 days

2 . x . -35 1 0 0 , 0 0 0 Ha 50 46 8 S .E .= 3*84 9*06 S .E .=  0*98
n 4 50 4 6 8 3 .E .= 3*84 7*38 S .E .=  0*93
Ns 50 4 0 2 0 S .B . - 5»66 13-08 S .B . -  1*20

2 1 . i . 3 6 1 0 0 * 0 0 0 n 2 50 50 0 S .B . - 5*3 S . E . -  0*34
n 4 50 49 2 S .E .= 1*98 5*9 S .E .»  0*60
n 5 50 47 6 S .E .= 3*36 8*42 S .E ."  0*88

T a b le  XXI. Bred a l e e , oompared u s in g  p e r c e n ta g e  s u r v iv o r s  on  2 8 th  day

D ie t s S .E . o f D i f f e r e n c e / X2  t e s t  o f

compared U if f e r e n c 1 d i f f e r e n c e S .E . o f  
d if f e r e n c e

group
d if f e r e n c e s

E xp. 1 . 1J2  and N4 0 5*4 X2  = 4*55
2 . x . 35 Ha and N5 -  1 2 6*9 1*7 n  = 2

N4  and Ns -  1 2 6*9 1 -7 P >  0 -1

E xp . 2 . Hs  and N4 — 2 2 * 0 1 - 0 Xs  = 3*61
2 1 . i . 3 6 N2  and Hb -  6 3*4 1 * 8 n  = 2

N4  and N5 -  4 3*9 1 - 0 P >  0 -1

T a b le  X X II.  B red m ice compared u s in g  mean s u r v iv a l  t im e  o f  m ice  in f e c t e d

D ie t s
compared D if f e r e n c e

S .E .  o f  
d if f e r e n c e

D i f f e r e n c e /S .E .  
o f  d i f f e r e n c e

E xp. 1 . H2  and N4 + 1*18 1*35 0*37
2 . x . 35 N2  and Ne -  4*02 1*55 2*59

N4  and N5 -  5*20 1*52 3*42

E xn. 2 . N2  and H4 -  0 * 6 0 -6 9 0*87
2 1 . i . 3 6 Na and Ng -  3*12 0»94 3 -3 2

N4  and Ng -  2 -5 2 1*07 2*36
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i s o l a t e d  in d e p e n d e n t ly  by B o iv in  and h i s  c o l l e a g u e s ,  u s in g  a  som ewhat d i f f e r 

e n t  m ethod (B o tv in  and M esrobeanu, 1 9 3 3 j B o iv in  e t  a l .  1933ei, h/ 1 9 3 4 ) .  I t  

i s  h ig h ly  t o x i c  fo r  m ice  (M a rtin , 1 9 3 4 ) ,  and f o r  r a b b it s  ( D e l a f i e l d ,  1 9 3 4 ) .

As D e l a f i e l d  h a s shown i t  p ro d u ces i n  r a b b it s  a h y p e r g ly c a e m ia , f o l lo w e d  b y  a 

h y p o g ly c a e m ia . More r e c e n t l y  D e la f i e l d  and S m ith  (1 9 3 6 ) h ave b een  a b le  t o  

show  t h a t  i t  h a s a  c h a r a c t e r i s t i c  in f lu e n c e  on  th e  oxygen  u p ta k e  o f  c e r t a i n  

t o x i c  e x t r a c t s  i n  th e  p r e s e n c e  o f  c e r t a i n  s u b s t r a t e s .  T h is  su b sta n c e  

u s u a l l y  p ro d u ces  a  5 0 -7 5  p e r  c e n t  m o r t a l i t y  when in j e c t e d  in t r a p e r i t o n e a l l y  

i n t o  m ice  i n  a  d o se  o f  0*5 m g. In  th e  p r e s e n t  s e r i e s  o f  ex p er im en ts  i t  was 

in j e o t e d  i n  a  d o se  o f  1*0 mg. The m ice  were s u b s e q u e n t ly  o b serv e d  f o r  5 

d a y s .  A lm ost a l l  d e a th s  from t h i s  t o x i c  f r a c t i o n  o ccu rred  w ith in  72 h o u r s ,  

m ost o f  them  w it h in  2 4 -4 8  h o u r s .  The m ethods o f  b r e e d in g  and r e a r in g  th e  

m ic e ,  and th e  tixaes a t  w h ich  th e  r e s i s t a n c e  t e s t s  w ere c a r r ie d  o u t ,  w ere th e  

same a s  i n  th e  p r e c e d in g  e x p e r im e n ts .

The r e s u l t s  a r e  s e t  o u t  in  T a b le  X X III and i n  F ig s .  1 1 -1 6 ,  and a g a in  

n eed  l i t t l e  comment. In  f i v e  o f  th e  s i x  t e s t s  t h e  m ice b red  and r e a r e d  on  

d i e t  I'I5  w ere much more r e s i s t a n t  t o  th e  a c t io n  o f  th e  t o x i n  th a n  m ice b red  

and r e a r e d  on d i e t  Ns .  The d i f f e r e n c e s  are la r g e  -  m o r t a l i t i e s  o f  5 0 , 16 ,

2 4 , 1 0  and 28 p er  c e n t  among th e  Ng m ic e , a s compared w ith  1 0 0 , 7 0 , 7 6 , 54  

and 48 p e r  c e n t  among th e  c o r r e sp o n d in g  Ns  m ic e .  There i s  one d iv e r g e n t  

r e s u l t .  In  th e  t e s t  c a r r ie d  o u t  on 5 .V .3 6  t h e  Hs  m ice  p roved  a lm o st a s  

s u s c e p t ib le  a s  th e  m ic e .  T h is  t e s t  was c a r r ie d  o u t w i t h in  2 m onths o f  

th e  t e s t  t h a t  gave d is c r e p a n t  r e s u l t s  i n  th e  p e r  o s i n f e c t i o n  s e r i e s ,  and was 

made on m ice  from  th e  same b r e e d in g  grou p . T here ca n , we th in ! : ,  be no d oub t  

t h a t  th e  same f a c t o r ,  w h a tev er  i t  may have b e e n , was r e s p o n s ib le  f o r  th e  

f a i l u r e  o f  th e  d i e t  t o  e x e r t  i t s  u s u a l  e f f e c t  i n  th o s e  tw o in s t a n c e s .
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In  tw o o f  t h e  t h r e e  t r i a l s  i n  w h ich  i t  was in c lu d e d , m ice  on  d i e t  N0  

p roved  e v e n  more r e s i s t a n t  th a n  m ice  o n - d ie t  Ng; i n  t h e  t h i r d  t r i a l  th e  N0  

and Ns  m ice  w ere e q u a l ly  r e s i s t a n t .  In  a l l  th r e e  t r i a l s  th e  N0  m ice  w ere  

much more r e s i s t a n t  th a n  th e  Mg m ic e , th u s  a f f o r d in g  a d d i t io n a l  e v id e n c e  t h a t  

th e  p r e s e n c e  o f  d r ie d  se p a r a te d  m ilk  i n  a  d i e t  g r e a t ly  in c r e a s e s  th e  r e s i s t 

an ce  o f  t h e  m ice r e c e iv in g  i t .

D ie t  K4 , m s  t e s t e d  o n ce  o n ly  i n  t h i s  s e r i e s  o f  e x p e r im e n ts . The m ioe  

r e c e iv in g  i t  p roved  s i g n i f i c a n t l y  more r e s i s t a n t  t o  th e  t o x i n  th a n  m ioe
I

r e c e iv in g  d i e t  Mg, h u t s i g n i f i c a n t l y  l e s s  r e s i s t a n t  th a n  m ice f e d  on  d i e t  Hg.

I t  sh o u ld  p erh ap s be n o te d  t h a t  t h e  Hg m ice o f  th e  l a s t  two e x p e r im e n ts  

in  t h i s  s e r i e s  d i f f e r e d  from  th e  Mg m ice  i n  t h e  f i r s t  fo u r  t r i a l s ,  i n  t h a t
I

th e y  had n o t  b een  b red  and r e a r e d  on  t h i s  d i e t ,  but w ere im p orted  m ice t h a t  

had b een  f e d  on d i e t  Mg f o r  s e v e r a l  w eeks b e fo r e  b e in g  t e s t e d .  S in c e ,  

h o w ev er , we h ave s e v e r a l  t im e s  compared t h e  r e s i s t a n c e  o f  m ice bred  and re a red
;

on  d i e t  Hg w it h  t h e  r e s i s t a n c e  o f  o u r  o r d in a r y  s to c k  m ice  w h ich  a re  f e d  on  

t h i s  d i e t  a f t e r  im p o r ta t io n , and h ave n ev er  n o ted  any s i g n i f i c a n t  d i f f e r e n c e ,  

i t  i s  u n l i k e l y  t h a t  t h i s  d e p a r tu r e  from  t h e  r o u t in e  m ethod o f  e x p er im en t had 

any e f f e c t  on t h e  r e s u l t .  In  f a c t ,  a s w i l l  b e  n o ted  from  th e  t a b l e ,  th e  

c o n t r o l  m ice  i n  th o s e  l a s t  two t e s t s  showed a  r a th e r  lo w er  m o r t a l i t y  th an  

th o s e  u sed  in  t h e  e a r l i e r  t e s t s ,  so  t h a t  th e  ad vantage shown b y  t h e  Ng and 

N0  m ice  was c e r t a i n l y  n o t  in c r e a s e d  by com paring them  w ith  u n d u ly  s u s c e p t ib le  

c o n t r o l s . 1E x p erim en ts  on  m ice  f e d  fo r  s h o r t  p e r io d s  on  v a r io u s  " n a tu r a l 11 d i e t s .

In  v ie w  o f  t h e  r e s u l t s  reco rd ed  a b o v e , i n  w h ich  m ice  b red  and r e a r e d  on  

c e r t a i n  d i e t s  (Hg and Ha) had shown a c o n s id e r a b le  in c r e a s e  i n  r e s i s t a n c e  t o
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t h e  p e r  o s  a d m in is t r a t io n  o f  B a o t . ty p h i-m u riu m , and t o  t h e  in t r a p e r i t o n e a l  

i n j e c t i o n  o f  a  t o x i c  f r a c t i o n  d e r iv e d  from  i t ,  i t  was c l e a r l y  o f  i n t e r e s t  t o  

d ete rm in e  w h eth er  t h e s e  d i e t s ,  i f  f e d  f o r  a  fe w  w eek s t o  m ice  r e a r e d  on l e s s  

fa v o u r a b le  d i e t s  from  b ir t h ,  w ould  in d u c e  any s im i la r  in c r e a s e  i n  r e s i s t a n c e .

In  t h e s e  e x p er im en ts  young s t o c k  m ic e ,  o f  a p p r o x im a te ly  t h e  same a g e  and  

w e ig h t  a s  t h o s e  u sed  i n  th e  e x p er im en ts  on s p e c i a l l y  b red  m ic e , w ere p la c e d  

on  e a c h  o f  t h e  d i e t s  u nd er t e s t  fo r  3 w eeks b e fo r e  t h e  a d m in is t r a t io n  o f  

l i v i n g  P a c t . ty p h i-m u riu m , or i t s  t o x i n ,  and vrere  m a in ta in e d  on t h i s  d i e t  a f t e r  

th e  t e s t  i n j e c t i o n  u n t i l  th e  t e r m in a t io n  o f  th e  e x p e r im e n t. In  a l l  o th e r  

r e le v a n t  p a r t i c u la r s  t h e s e  e x p e r im e n ts  \vere s im i la r  t o  t h o s e  c a r r ie d  o u t  

w ith  th e  s p e c i a l l y  b red  m ice*  and th e  r e s u l t s  o b ta in e d  may b e  c o n s id e r e d  

w ith o u t  f u r t h e r  d e s c r ip t i o n ,

( 1 )  R e s is ta n c e  t o  p er  os_ i n f e c t i o n  w ith  l i v i n g  P a c t . typ h i-m u riu m .

O nly  tw o e x p e r im e n ts  w ere c a r r ie d  o u t .  The r e s u l t s  a r e  sum m arized in  

T a b le s  XXIV, XXV and XXVI and i n  F ig s .  17 and 1 8 . In  th e  f i r s t  ex p er im en t  

th e  m ice on  d i e t  K6  vrere s l i g h t l y  l e s s  r e s i s t a n t  th a n  t h e  m ice  on d i e t  1JS,  

i n  t h e  se c o n d  ex p er im en t th e y  vrere s i g n i f i c a n t l y  more r e s i s t a n t .  T h is  

d is c r e p a n c y  was p ro b a b ly  n o t  due t o  th e  same f a c t o r  a s  t h a t  w h ich  in d u ced  th e ;  

d is c r e p a n c ie s  i n  t h e  t e s t s  on b red  m ic e .  The m ice  in  t h e  f i r s t  ex p er im en t  

w ere t e s t e d  5 m onths b e fo r e  th e  d is c r e p a n t  r e s u l t s  o ccu rred  i n  th e  o th e r  

s e r i e s .  I t  seem s l i k e l y ,  th ou gh  i t  i s ,  o f  c o u r s e , b y  no means c e r t a i n ,  t h a t  

th e  s h o r t e r  p e r io d  o f  f e e d in g  on  d i e t  N5  in d u c e s  a  s l i g h t e r ,  and l e s s  

c o n s ta n t ,  in o r e a s e  i n  r e s i s t a n c e  th a n  i s  in d u ced  in  m ice bred  and r e a r e d  on i t

(2 )  R e s is ta n c e  t o  in t r a p e r i t o n e a l  i n f e c t i o n  w i t h  l i v i n g  P a c t . typ h i-m u riu m .

Two e x p er im en ts  w ere c a r r ie d  o u t .  The r e s u l t s  a re  summarized i n  T a b les
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T able XXIV. S to ck  m ic e . P er os in f e c t io n  w ith  P act.typ h i-m u riu m .

F i f t y  m ice  i n  e a c h  d i e t  grou p .

D ie t s % s u r v iv o r s  
on 2 8 th  day

Mean s u r v iv a l  t im e  
l im i t e d  t o  28 days

— n

E xp . 1 . 2 0 . x . 35 Ns 40 S .E .=  6 -9 3 1 7 -1 6 S .E . -  1*31
Ne 32 S . E . -  6*60 1 6 -2 0 S .E .»  1 -2 8

E xp . 2 . 1 7 . i i . 3 6 Ha 18 S .E ,"  5*43 1 3 -8 8 S .E .=  1 -0 8
We 44 S .E .=  7 -0 2 1 8 -6 6 S .E .=  1 -3 3

T a b le  XXV. S to c k  m ice  compared u s in g  p e r c e n ta g e  s u r v iv o r s  on 2 6 th  d a y .

D ie t s
compared D if f e r e n c e

S .E . o f  
D if f e r e n c e

D i  f f  e r e n c e /S .E .  
o f  d i f f e r e n c e

Exp. 1 . 2 0 . x . 35 IT s  and 1J5 + 8 9*60 0 * 8

E xp. 2 . 1 7 . i i . 3 6
______

N2  and N5 -  26 9-25 2 * 8

T a b le  XXVI. S to c k  m ice  u s in g  mean s u r v iv a l  t i i s e  o f  m ioe in f e c t e d

D ie t s
compared D if f e r e n c e

S .E . o f  
D if f e r e n c e

D i f f e r e n c e /S .E .  
o f  d i f f e r e n c e

E xp. 1 . 2 0 . x . 35 IT 2  and Hs + 0*96 1*83 0 -5

E xp. 2 .  1 7 . i i . 3 6 N2  and ITg -  4*78 1*71 2 * 8
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XXVII, XXVIII and XXIX and i n  F i g s .  19  and 2 0 ,  In  e a c h  c a s e  t h e  m ice f e d  

on  d i e t  N5  show  an a d v a n ta g e  o v er  t h e  m ice  f e d  on  d i e t  Ns j b u t t h e  a d v a n ta g e  

i s  r e l a t i v e l y  s l i g h t ,  and i s  d o u b t f u l ly  s i g n i f i c a n t .  I t  i s  o f  much th e  same 

o rd er  a s  t h e  d i f f e r e n c e  o b serv e d  i n  s im i la r  t e s t s  on  m ice  b red  and re a red  

on t h e s e  d i e t s .

We may r e c a l l  h e r e  th e  r e s u l t s  r e c o r d e d  b y  W eb ster and P r i t c h e t t  (1 9 2 4 )  

and P r i t c h e t t  ( 1 9 2 7 ) ,  By f a r  t h e  m o st s t r i k i n g  r e s u l t s  r e c o r d e d  by them  

w ere o b ta in e d  i n  th e  co m p a r iso n  o f  m ice  b red  and r e a r e d  on th e  m o d if ie d  

McCollum d i e t  w ith  m ic e  b red  and r e a r e d  on  t h e  I n s t i t u t e  d i e t .  The m o d if ie d  

McCollum d i e t  c o n ta in e d  1 0  p er  c e n t  d r ie d  m ilk  powder and 15 p er  c e n t  c a s e in .  

The I n s t i t u t e  d i e t  c o n s i s t e d  o f  a  d a i l y  r a t io n  o f  b rea d  so a k ed  i n  p a s t e u r iz e d  

m ilk  w it h  two w e e k ly  f e e d in g s  o f  am o a f e e a l  and buckw heat m ix tu re  and one  

w e e k ly  f e e d in g  o f  dog b i s c u i t s .  The a v er a g e  d i f f e r e n c e  i n  m o r t a l i t y  recorcted ; 

i n  t h i s  com p arison  was l a r g e ,  15*9 p e r  c e n t  among th e  m ice fe d  on  th e  

McCollum d i e t  a g a in s t  7 7 • 8  p er  c e n t  among th e  m ic e  on  t h e  I n s t i t u t e  d i e t .

Ho d i f f e r e n c e s  o f  t h i s  o rd er  a r e  re co rd ed  b y  P r i t c h e t t  i n  h er  l a t e r  

e x p e r im e n ts , i n  w hich  t h e  m ice  w ere fe d  on t h e  t e s t  d i e t s  f o r  2  w eek s b e fo r e  

i n f e c t i o n ;  b u t ,  i n  c o n s id e r in g  t h e  v a r io u s  f a c t o r s  t h a t  m ig h t a cco u n t fo r  

t h e  in c r e a s e d  r e s i s t a n c e  c o n fe r r e d  by th e  McCollum d i e t ,  no c o n s id e r a t io n  

w as g iv e n  t o  th e  d r ie d  m ilk  pow der. The c o n c lu s io n  t h a t  f a t ,  p a r t i c u la r ly  

f a t  r i c h  i n  v ita m in  A, w as t h e  m ain f a c t o r  co n cern ed , was b ased  on 

d i f f e r e n c e s  i n  m o r t a l i t y  o f  q u it e  a  sm a ll o r d e r , i n  t e s t s  i n  w h ich  v a r io u s  

c o n s t i t u e n t s  were added to  t h e  I n s t i t u t e  d i e t  -  53*3 p er  c e n t  a s a g a in s t  

69*4- p er  c e n t ,  and 49*3 p e r  c e n t  a s  a g a in s t  61*2 p er  c e n t  f o r  c o d - l i v e r  o i l .  

There was a l s o ,  a s h a s been  n o te d , t h e  anom alous r e s u l t  t h a t  " C risco " , a
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T ab le XXVII. S tock  m ic e . In tr a p e r ito n e a l  in f e c t io n  -with

B a ct. typhi-m urium . T h ir ty  m ice in  each  d i e t  group

............................
D ie t s % s u r v iv o r s  

on 2 8 th  day
Mean s u r v iv a l  t im e  
l i m i t e d  t o  28 days

Exp. 1 . 2 0 . i i i . 3 5 1 1 2 6*67 S .E .=  4*56 6*67 S .E .=  1*21
Ns 16*67 S ,E .=  6*80 10*17 S .E .=  1*62

E xp . 2 . 5 . i v . 3 5 n 2 13*33 S .E .=  6*21 7*40 S .E .=  1*57
Ne 16*67 S .E .=  6*80 11*03 S .E .=  1*47

T a b le  X X V III. S to o k  m ice  com pared u s in g  p e r c e n ta g e  s u r v iv o r s  on  28t h  day

D ie t s
compared D if f e r e n c e

S .E .  o f  
d if f e r e n c e

D i f f e r e n c e /S .E .  
o f  d i f f e r e n c e

Exp. 1 . 2 0 . i i i . 3 5 Ns  and Ifs -  1 0 8*3 1 * 2 0

E xp. 2 . 5 . i v . 3 5 Ns  and 11 6 -  3*34 9*2 0*36

T a b le  XXIX. S to c k  m ice  compared u s in g  mean s u r v iv a l  t im e  o f  m ice in f e c t e d .

D ie t s
compared D if f e r e n c e

S .E . o f  
d if f e r e n c e  .

D i f f e r e n c e /S .E .  
o f  d i f f e r e n c e

E xp . 1 . 2 0 . i i i . 3 5 Ns  and NB -  3*50 2 * 0 2 1*73

E xp. 2 . 5 . i v . 3 5 Ns  and Ns -  3*63 2*15 1*69
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•v eg e ta b le  f a t  d e v o id  o f  v ita m in  A, ga v e  v e r y  s im i la r  r e s u l t s  t o  th o s e  

o b ta in e d  w it h  b u t t e r  o r  c o d - l i v e r  o i l  -  a  m o r t a l i t y  o f  53*3 p e r  c e n t  among 

th e  " C r isc o ’' f e d  m ice  a s  a g a in s t  a  m o r t a l i t y  o f  61*2 p er  c e n t  among t h e  

c o n t r o l s .  I n  p a r t i c u la r  t h e  m ic e  f e d  on th e  McCollum d i e t  m inus f a t  

p roved  s u p e r io r ,  when com pared t o  th e  m ice  on  th e  c o n t r o l  I n s t i t u t e  d i e t ,  

t o  any o f  t h e  above d i e t s  t o  w h ich  f a t  o f  one k in d  or a n o th e r  had b een  

added -  a  m o r t a l i t y  o f  4 7 * 3  p e r  c e n t  f o r  th e  McCollum d i e t  m inus f a t  a s  

com pared w ith  31*5 p e r  c e n t  f o r  t h e  I n s t i t u t e  d i e t .  I t  seem s t o  b e  h ig h ly  

p ro b a b le  t h a t  t h e  fa v o u r a b le  r e s u l t s  o b ta in e d  b y  W ebster and P r i t c h e t t  w ith  

t h e  McCollum d i e t  w ere due t o  t h e  same fa c to r  t h a t  ren d ered  our d i e t s  N6  

and Ka so  e f f e c t i v e  i n  in d u c in g  an  in c r e a s e d  r e s i s t a n c e ,  and i n  p a r t ic u la r  

t o  t h e  in c o r p o r a t io n  i n  th e  McCollum d i e t  o f  th e  d r ie d  m ilk  pow der.

We may a l s o  n o te  t h a t  t h i s  v ie w  i s  e n t i r e l y  co m p a tib le  w ith  t h e  r e s u l t s  

r e c o r d e d  b y  T o p ley  e t  a l ,  ( 1 9 3 1 ) .  The d i e t s  th e y  em ployed c o n ta in e d  no 

m ilk  pow der, and t h e  v a r io u s  f a t s  t e s t e d  f a i l e d  t o  in d u ce  any in c r e a s e  i n  

r e s i s t a n c e .

( 3 ) R e s is ta n c e  t o  th e  in t r a p e r i t o n e a l  i n j e c t i o n  o f  th e  t o x i c  f r a c t io n  

d e r iv e d from  3 a c t .  t  yph i Tmur i um.

Two e x p er im en ts  w ere c a r r ie d  o u t ,  th e  r e s u l t s  o f  w h ich  are summarized  

i n  T ab le  XXX and i n  F i g s .  21 and 2 2 . In  ea ch  c a se  t h e  m ice f e d  on  d i e t  

N5  p roved  more r e s i s t a n t  th a n  t h e  m ice  fe d  on  d i e t  Ng, In  eaoh  c a s e  th e  

d i f f e r e n c e  i s  s t a t i s t i c a l l y  s i g n i f i c a n t ,  and i n  th e  c a se  o f  th e  secon d  

ex p er im en t i t  i s  l a r g e .
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T able XXX. S tock  m ice . I n tr a p e r ito n e a l  in j e c t io n  w ith

B a ct. typhi-m urium  t o x in

D ate o f  
i n j e c t i o n

D ose o f  
t o x in

mg. D ie t

N o. o f  
m ice  

in j e c t e d

N o. o f  
m ice  

d y in g  .
ft

s u r v iv o r s
D if f e r e n c e

%
S .E .  o f  

d iffe r e n c e .

3 . x i i . 3 5 1 Ns 50 43 14*0
Ns 50 33 34*0 2 0 * 0 8*5

2 6 . i i . 3 6 1 Ns 50 31 38*0 _

Ns 50 9 82*0 44*0 9*5

D is c u s s io n

Talcing t h e s e  r e s u l t s  a s  a  w h o le , c e r t a i n  c o n c lu s io n s  o f  some i n t e r e s t  

and im p o rta n ce  seem  t o  b e  ren d ered  h ig h ly  p r o b a b le .

The number o f  co m p arison s i n  w h ich  m ice r e c e iv in g  a  d i e t  c o n ta in in g  

d r ie d  se p a r a te d  m ilk  proved  more r e s i s t a n t  th a n  m ice fe d  on  a  d i e t  from  w h ich  

t h i s  c o n s t i t u e n t  was a b s e n t  i s  to o  l a r g e ,  and many o f  th e  o b serv e d  d i f f e r e n c e s  

a r e  to o  g r e a t ,  t o  make t e n a b le  th e  v ie w  t h a t  t h e s e  d i f f e r e n c e s  a re  due t o  th e  

e r r o r s  o f  random  sa m p lin g . As t o  th e  way i n  w h ich  t h i s  d i e t e t i c  f a c t o r  

p ro d u ces i t s  e f f e c t s  no o p in io n  can  y e t  be g iv e n .  Three p o in t s  may how ever  

b e  n o te d . F i r s t l y  t h e  m ice on  th e  c o n tr o l  d i e t s ,  from  w h ich  t h e  d r ie d  

s e p a r a te d  m ilk  was a b s e n t ,  w ere g iv e n  m ilk  and w a ter  t o  d r in k .  The 

d i f f e r e n c e  b e tw een  t h e  t e s t  and c o n tr o l  groups was i n  t h e  fa r  g r e a te r  

p r o p o r t io n  o f  m ilk  p r o t e in s ,  and o th e r  m ilk  c o n s t i t u e n t s  e x c lu d in g  f a t ,  

p r e s e n t  i n  d i e t s  Ng and N s . S e c o n d ly , i t  w i l l  be r e c a l l e d  t h a t ,  i n  th e  

e x p er im en ts  w ith  th e  " s y n th e t ic "  d i e t s ,  th e  m ice  r e c e iv in g  t h e i r  p r o t e in ,  

o th e r  th a n  t h a t  p r e s e n t  in  t h e  b ra n , i n  t h e  form  o f  c a s e in o g e n , o r  a  m ix tu re
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o f  c a s e in o g e n  and g lu t e n ,  p ro v ed  s l i g h t l y  more r e s i s t a n t  th a n  m ice r e c e iv in g  

t h e i r  p r o t e in  a s  g lu t e n  a lo n e .  T h ir d ly ,  -whatever t h e  f a c t o r ,  o r  f a c t o r s ,  a t  

■work, ive a r e  n o t  d e a l in g  w i t h  any d i e t e t i c  c o n s t i t u e n t  t h a t  in c r e a s e s  

r e s i s t a n c e  t o  a  b a c te r iu m , o r  i t s  t o x i n ,  w ith o u t  in f lu e n c in g  th e  g e n e r a l  

w e l l - b e in g  o f  t h e  m ice  i n  o th e r  w ays -  th e r e  i s  no e v id e n c e  o f  th e  p r e s e n c e  

i n  th e  m illc o f  any " a n t i - i n f e c t i v e "  f a c t o r  i n  a  r e s t r i c t e d  s e n s e .  The m ice  

on d i e t s  IT5  and N8  th r o v e  b e t t e r  i n  a l l  o b s e r v a b le  ways th a n  t h e  m ice  on  

d i e t  N s, o r  on  m ost o f  t h e  o th e r  d i e t s .

In  re g a rd  t o  th e  i n f e c t i o n - r e s i s t i n g  body m echanism s t h a t  a re  im proved  

b y  f e e d in g  on th e  s e p a r a t e d -m ilk - c o n ta in in g  d i e t s  i t  i s  e q u a l ly  im p o s s ib le  

t o  h azard  any o p in io n  a t  t h i s  s t a g e .  I t  i s ,  h ow ever, c l e a r  t h a t  t h e  f a c t o r  

in v o lv e d  i s  n o t  s im p ly  a  change t h a t  r e n d e r s  more d i f f i c u l t  th e  p a ssa g e  o f  

b a c t e r ia  from  t h e  mouth o r  i n t e s t i n e  t o  th e  t i s s u e s .  I t  i s  t r u e  t h a t  t h e  

in c r e a s e d  r e s i s t a n c e  o f  t h e  m ice  on  d i e t s  Kg and N8  ap p ears t o  be f a r  g r e a t e r  

a g a in s t  p e r  o s  th a n  a g a in s t  in t r a p e r i t o n e a l  i n f e c t i o n  w it h  l i v i n g  B a c t . t y p h i -j 

murium; b u t t h e  in c r e a s e d  r e s i s t a n c e  o f  th e  m ice  on  th e s e  d i e t s  t o  th e  

in t r a p e r i t o n e a l  i n j e c t i o n  o f  t h e  t o x i c  f r a c t i o n  i s o l a t e d  from  th e  organ ism s  

i s ,  i f  a n y th in g , g r e a te r  s t i l l .  I t  i s  o f  some i n t e r e s t  t h a t  a  d i e t e t i c  

f a c t o r  sh o u ld  h ave b een  found t o  in c r e a s e  r e s i s t a n c e  t o  s. b a c t e r i a l  t o x i n  

t h a t  i s ,  so  f a r  a s  we a re  aw are, t h e  o n ly  t o x i c  b a c t e r i a l  p ro d u c t t h a t  can  

be i s o l a t e d  i n  a  s t a t e  a p p ro a ch in g  ch em ic a l p u r i t y ,  and th e  e f f e c t  o f  w h ich  

on  th e  m e ta b o lic  p r o c e s s e s  o f  th e  h o s t  h as b een  s tu d ie d  in  some d e t a i l .

O ther s u g g e s t io n s  a re  o f f e r e d  b y  th e  r e s u l t s  r e c o r d e d . I t  seems 

l i k e l y ,  fo r  in s t a n c e ,  t h a t  f e e d in g  on  th e  d i e t s  Ne and N8  f o r  r e l a t i v e l y  

s h o r t  p e r io d s  in d u c e s  a  r e s i s t a n c e  o f  th e  same k in d  a s  t h a t  in d u ced  b y
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b r e e d in g  and r e a r in g  on  t h e s e  d i e t s ,  b u t o f  a  l e s s e r  d e g r e e .  T h is  

s u g g e s t io n  a c c o r d s  w i t h  a  p r i o r i  p r o b a b i l i t i e s ;  b u t  t h e  e x p er im en ts  c a r r ie d  

o u t  b y  th e  s h o r t -p e r io d  f e e d in g  m ethod a r e  to o  fe w  t o  j u s t i f y  r e p la c in g  a  

s u g g e s t io n  b y  a  c o n c lu s io n .

A n oth er s u g g e s t io n  i s  t h a t  d i e t  N4 ,  c o n ta in in g  no d r ie d  m ilk ,  b u t  

c o n ta in in g  an  a l k a l i n e  s a l t  m ix tu r e , in d u c e s  a  r e s i s t a n c e  g r e a t e r  th a n  t h a t  

o f  m ice f e d  on  an o a tm ea l d i e t  from  w h ich  t h i s  com ponent i s  a b s e n t ,  b u t  l e s s  

th a n  t h a t  o f  m ice  fe d  on  a  s e p a r a t e d -m ilk - c o n ta in in g  d i e t .  E xp erim en ts on  

t h i s  p o in t  w ere , how ever, fe w , and t h e i r  r e s u l t s  w ere i r r e g u la r .  F u r th er  

work i s  n e c e s s a r y  b e fo r e  any d e f i n i t e  s i g n i f i c a n c e  ca n  be a t ta c h e d  t o  th em .

F i n a l l y ,  -we may n o te  t h a t  we have a s y e t  no e v id e n c e  a s  t o  w h eth er  th e  

in c r e a s e d  r e s i s t a n c e  i s  s p e c i f i c  i n  an y  im m u n o lo g ica l s e n s e ,  w h eth er , a s  

seem s u n l i k e l y ,  i t  i s  c o n f in e d  t o  B a c t . typ h i-m u riu m  and . i t s  t o x i n ,  w h eth er i t  

e x te n d s  t o  o th e r  b a c t e r ia  t h a t  p rod uce t o x i c  p ro d u c ts  o f  t h e  same g e n e r a l  

k in d , or w h eth er i t  c o v e r s  a  fa r  w id er  ran ge o f  b a c t e r ia ,  b a c t e r i a l  t o x i n s ,  

and p erh ap s o th e r  p o iso n o u s  a g e n t s .  The e n q u ir y , e v e n  i n  re g a rd  t o  th e  

p a r t ic u la r  d i e t e t i c  f a c t o r  o r  fa c t o r s  in v o lv e d  i n  th e s e  e x p e r im e n ts , i s  o n ly  

in  i t s  e a r l i e s t  s t a g e s .

C o n c lu s io n s

I .  The r e s u l t s  o b ta in e d  i n  th e s e  ex p er im en ts  h ave b een  summarized a t  t h e  

end o f  e a c h  s e c t i o n .  The more im p o rta n t c o n c lu s io n s  t h a t  em erge from  them  

may b e  r e p e a te d  h e r e .

Z in c  c a g e s  a re u n s u ita b le  f o r  h o u s in g  m ic e , a t  l e a s t  f o r  th e  ty p e  o f  

ex p er im en t w i t h  w h ich  we a re  d e a l in g  h e r e .  There ap p ears t o  be some t o x i c  

e lem en t i n  t h e  m e ta l ,  or s o ld e r ,  u sed  i n  t h e i r  c o n s tr u c t io n  t h a t  a d v e r s e ly



a f f e c t s  t h e  c o n d it io n ,  grow th , f e r t i l i t y ,  and s u r v iv a l  o f  th e  m ic e .  G la ss  

c a g e s  g iv e  f a r  b e t t e r  r e s u l t s .

’'S y n th e t ic "  d i e t s  c o n ta in in g  w h eat g lu t e n ,  or c a s e in o g e n , o r  a  m ix tu r e  

o f  t h e s e  tw o p r o t e in s  w ith  th e  a d d i t io n  o f  b ra n , d e x t r in e ,  la r d ,  c o d - l i v e r  

o i l ,  y e a s t r e l  and s a l t  m ix tu r e ,  red u ced  th e  f e r t i l i t y  o f  th e  m ice  a lm o s t  t o  

z e r o .  They su p p o r ted  th e  grow th  o f  young m ic e , b u t grow th  and s u r v iv a l  

r a t e s  w ere b o th  v e r y  p o o r .

A " n a tu ra l"  d i e t  c o n s i s t i n g  o n ly  o f  w h o le  o a t s  t o  e a t ,  and m ilk  and  

w a ter  t o  d r in k , ga v e  r e s u l t s  t h a t ,  e x c e p t  i n  reg a rd  t o  f e r t i l i t y ,  w ere a s  

u n fa v o u r a b le  a s  th o s e  g iv e n  b y  t h e  " s y n th e t ic "  d i e t s .  In  reg a rd  t o  th e  

grow th  o f  young m ice  th e y  w ere ev en  more u n fa v o u r a b le .

V a r io u s  o th e r  " n a tu ra l"  d i e t s ,  a l l  c o n ta in in g  o a tm e a l, b ra n , c o d - l i v e r  

o i l  and y e a s t r e l ,  w i t h  v a r io u s  m o d if ic a t io n s  and a d d i t io n s ,  w ere found t o
I

v a r y  w id e ly  i n  v a lu e .  The b e s t  r e s u l t s ,  a s  ju d ged  b y  t h e  f e r t i l i t y  o f  S i j

b r e e d in g  d o e s ,  in fr e q u e n c y  o f  l i t t e r - e a t i n g ,  and th e  grow th  and s u r v iv a l  o f  j j !  

•young m ic e ,  w ere o b ta in e d  w ith  t h r e e  d i e t s  ea ch  o f  w h ich  c o n ta in e d  a b o u t 25 

por c e n t  o f  d r ie d  se p a r a te d  m ilk .  On t h e s e  d i e t s  th e  m ice th r o v e  w e l l  in
I

a l l  r e s p e c t s .

I I .  We w ould  l i m i t  our c o n c lu s io n s  t o  th o s e  t h a t  seem  t o  be e s t a b l i s h e d  

w ith  a  h ig h  d e g r e e  o f  p r o b a b i l i t y ,  and th e s e  a r e  a s  f o l l o w s .

Young m ic e ,  b red  and r e a r e d  on  a  d i e t  c o n ta in in g  o a tm e a l, d r ie d
fl

se p a r a te d  m ilk ,  d e x tr in e  or f lo u r -a n d -w a te r  b i s c u i t ,  co co n u t o i l ,  c o d - l i v e r  

o i l ,  y e a s t r e l ,  b ra n , and m ilk  and w a ter  t o  d r in k , a re  more r e s i s t a n t  t o  

p er  o s  i n f e c t i o n  w it h  B a c t . typ h i-m u rium , and t o  th e  in t r a p e r i t o n e a l  i n j e c t i o n  

o f  a t o x i c  su b s ta n c e  i s o l a t e d  from  t h a t  organ ism , th a n  young m ice b red  and
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bred, anri r e a r e d  on  a  d i e t  i n  w h ic h  th e  amount o f  o a tm ea l i s  in c r e a s e d ,  and 

t h e  d r ie d  s e p a r a te d  m ilk ,  d e x t r in e  or f lo u r -a n d -w a te r  b i s c u i t ,  and co co n u t  

o i l  a r e  o m it t e d .

I t  i s  p ro b a b le  t h a t  th e  f a c t o r  r e s p o n s ib le  f o r  t h i s  in c r e a s e  in  

r e s i s t a n c e  i s  t h e  d r ie d  s e p a r a te d  m ilk .

I t  i s  a l s o  p ro b a b le  t h a t  t h e  fe e d in g  on  t h i s  d i e t  f o r  s h o r te r  p e r io d s  

in d u c e s  a  s im i la r  r e s i s t a n c e  o f  s l i g h t e r  d e g r e e .
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