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Recent in v e stig a tio n s  (1 -7) w ith  th e  v iru ses  o f v es icu la r  

s to m a tit is  and equine encephalom yelitis have d isc lo se d  a type o f  r e s i s t  

tanoe which cannot he a ttrib u ted  t o  p rior  exposure to  th e  v iru ses nor 

to  th e  presence o f a n tiv ir a l substances in  th e  b lood . I t  was shown that 

w h ile  th e  a b i l i t y  or in a b il ity  o f th e se  v ir u se s  to  invade the cen tra l 

nervous system (C .N .S .) subsequent to  peripheral in ocu la tion  depended 

on th e  sp ec ie s  o f  th e  h ost, other fa c to r s  not h ereto fore observed were 

a lso  involved . I t  was noted that in  cer ta in  anim als, th e  young o f  

which are not r e s is ta n t  to  th e  v iru ses  when in je c te d  p erip h era lly , 

changes occur in  cer ta in  c e l l s  and t is s u e s  as th e  animals mature which 

render them re fra c to ry  to  th e  v iru ses  when introduced by certa in  p er i­

pheral ro u tes. The changes are not general in  th e  sense that a com­

p le te  r e s is ta n c e  i s  estab lish ed  rega rd less  o f  th e  route o f  in je c tio n  

but rather occur in  d e f in ite  lo c a liz e d  areas such as in  sp e c ia liz e d  

nerve endings, c e r ta in  regions o f th e  C .N .S ., in  th e  blood v e s s e ls  or 

in  other t is s u e s  such as m uscle. When th e se  changes occur, s in ce  th e  

animals remain su sce p tib le  to  in tra cra n ia l and in traneural in je c tio n  o f  

th e  v ir u se s , i t  appears th a t th e  above mentioned t is s u e  changes function  

as c o n s titu tio n a l b arriers which prevent th e  v ir u se s  from entering th e

O.R.S.

In  v iew  o f  th e  fa c t  th a t th e s e  c o n s t itu t io n a l  b a r r ier s  appear 

as th e  animal m atures i t  would be o f  in t e r e s t  t o  know whether, by vary­

in g  c e r ta in  d ie ta r y  fa c to r s  w hich are e s s e n t ia l  f o r  a  growing anim al, th e  

development o f  th e s e  b a r r ie r s  could be prevented  or d elayed .
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S in ce  a t le a s t  one o f  th e s e  b a r r ier s  a r is e s  c o in c id e n t ly  w ith  

sex u a l m aturation i t  was decided  t o  in v e s t ig a te  th e  in flu e n c e  o f  c e r ta in  

hormonal f a c to r s ,  which induce "precociou s” sexu a l m aturation , on th e  

development o f  t h i s  b a r r ier .

T e s ic u la r  s to m a tit is  v ir u s  in je c te d  in tram u scu larly  in to  a l­

b in o  mice was s e le c te d  fo r  th e  study fo r  th e  fo llo w in g  reasons: 1) a l ­

bino m ice a s th ey  grow o ld er  e v en tu a lly  become 100 per cent r e s is t a n t  t o  

th e  v ir u s  when in je c te d .b y  th e  above route whereas th e  number o f  o ld  m ice 

w hich are r e s is t a n t  when in o cu la ted  by oth er ro u te s  i s  v a r ia b le , 2) when 

in je c te d  by t h i s  rou te  th e  v ir u s  produces r e a d ily  d e te c ta b le  c l i n i c a l  

m a n ife sta tio n s  o f  th e  involvem ent o f  th e  C .N .S. o f  n o n -r e s is ta n t m ice,

3) th e  mode o f  spread and p a th o g en esis  o f  th e  v ir u s  has been worked out 

in  co n sid era b le  d e t a i l ,  and l±) th e  s u s c e p t ib i l i t y  o f  normal m ice a t  d i f ­

fe r e n t  ages i s  known th u s p erm ittin g  c o r r e la t io n  betw een th e  d ata  ob­

ta in e d  under th e  var iou s experim ental co n d itio n s  w ith  th a t a lread y  es­

ta b lish e d .

The in f e c t iv e  agent (v e s ic u la r  s to m a t it is  v ir u s )  used  in  th e  

s tu d ie s  to  be rep orted  in  t h i s  paper i s  c la sse d  w ith  th o se  o b lig a to r y  

in t r a c e l lu la r  p a r is i t e s  known as f i l t e r a b l e  v ir u s e s  or sim ply a s  v ir u s e s .  

All  v ir u se s  have th e 'fo llo w in g  p r o p e r tie s:  1) th ey  p ass through f i l t e r s

which w i l l ,  r e t a in  most ib a c te r ia , !12) th ey  cannot h e  seen  w ith  th e  ordinary  

m icroscope, 3) th ey  m u ltip ly  on ly  in  th e  presence o f  l iv in g  c e l l s .

In  nature v e s ic u la r  s to m a t it is  v ir u s  cau ses a m ild d is e a s e  in  

h o rses  and c a t t l e .  In  th e s e  anim als th e  le s io n s  produced by th e  v ir u s
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are lim ite d  to  th e  "buccal ca v ity 'a n d  th e  v ir u s  does not invade th e  cen­

t r a l  nervous system*

T e s ic u la r  s to m a t i t is ,  caused by th e  v ir u s ,  does not occur in  

nature in  th e  a lb in o  mouse. However, when exp erim en ta lly  in jected ; in to  

young w hite  m ice th e  v iru s  has a tendency to  invade th e  c en tr a l nervous 

system  and produce a f a t a l  ascend ing f la c c id  p a r a ly s is  or a f a t a l  en­

c e p h a l i t is  depending on th e  ro u te  o f  in j e c t io n .  For t h i s  reason  th e  

v ir u s  has been used in  experim ents d ea lin g  w ith  immunity to  v ir u s  d is ­

e a se s .

S in ce  thei intram uscular route  o f  in j e c t io n  was used e x c lu s iv e ly  

in  th e  s tu d ie s  rep orted  in  t h i s  paper i t  might be w e ll  t o  co n sid er  th e  

manner by w hich v e s ic u la r  s to m a t i t is  v ir u s  i s  in h ib ite d  from en ter in g  

th e  cen tr a l nervous system  o f  r e s is t a n t  m ice when introduced by t h i s  

r o u te . I t  has bebn poin ted  out e a r l ie r  th a t th e  r e s is ta n c e  t o  in tr a ­

muscular in j e c t io n  o f  th e  v ir u s  i s  not n e c e s s a r i ly  a s so c ia te d  w ith  a  

gen era l r e s is t a n c e .  Old m ice which are r e s is ta n t  t o  intram uscu lar in ­

j e c t io n  o f  th e  v ir u s  ar6 n e v e r th e le s s  s t i l l  s u s c e p t ib le  t o  in tr a c r a n ia l  

in o c u la t io n . Sabin and O litsk y  (1 ,2 )  showed th a t a lthough young and 

o ld  m ice dem onstrated great d if fe r e n c e s  in  th e  degree o f s u s c e p t ib i l i t y  

t o  in tram u scu lar--in jection  o f  v e s ic u la r  s to m a t it is  v ir u s  th ey  were eq u ally  

s u s c e p t ib le  t o  in tr a c r a n ia l in o c u la t io n . The same authors (2) showed 

th a t th e  s im ila r  s u s c e p t ib i l i t y  o f  young and o ld  m ice to  in tr a c r a n ia l  

in o c u la tio n  depended upon th e  manner in  which th e  v ir u s  spread in  th e  

b ra in . They were a b le  to  show by m icroscop ic  study th a t th e  apparent 

le s io n s  in  th e  b ra in  were contiguous w ith  th e  v e n tr ic u la r  system* and w ith
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th e  c e n tr a l carfal o f  th e  sp ih a l cord. A lthough th e  nerve c e l l s  o f  o ld  

m ice were more r e s is ta n t  to  in v a s io n  o f  th e  v ir u s ,  as in d ica ted  by fewer 

le s io n s  in  th e  b ra in s  o f  o ld  m ice, than were th o se  o f  young m ice never­

t h e le s s  th e  v ir u s  was a b le  t o  g a in  a ccess  to  th e  v e n tr ic le s  and by u sin g  

a v e n tr ic u la r  mode o f  spread was ab le  t o  a tta ck  and m u ltip ly  in  a su f­

f i c i e n t  number o f  s u sc e p t ib le  c e l l s  to  produce a  f a t a l  e n c e p h a lit is  even  

in  o ld  m ice. The above authors concluded th a t th e  equal s u s c e p t ib i l i t y  

o f  young and o ld  m ice to  in tr a c r a n ia l in j e c t io n  o f  th e  v iru s  was due to  

th e  v e n tr ic u la r  or "open system" mode o f  spread and not to  th e  equal su s­

c e p t ib i l i t y  o f  a l l  neural t i s s u e .  S in ce  th e  le s io n s  are lim ite d  to  areas  

contiguous w ith  th e  v e n tr ic u la r  system  and th e  c e n tr a l canal o f  th e  sp in a l  

cord i t  i s  necessary...to  assume th a t th e v ir u s  i s  not present in  th e  cerebro­

sp in a l f lu id  fo r  i f  such were tr u e  one would expect to  f in d  le s io n s  in  

oth er  p a r ts  o f  th e  brain  which are in  con tact w ith  c er e b fo -sp in a l f lu id .

The r e s is ta n c e  o f  o ld  m ice t o  intram uscular in je c t io n  o f  v e s i ­

c u la r  s to m a t it is  v ir u s  bas been  shown (1 ,3 )  t °  dependent upon th e  

mode o f  spread o f  th e  v ir u s  from th e  m uscle t o  th e  cen tra l nervous sy s ­

tem . The appearance o f  p a r a ly s is ,  fo llo w in g  in j e c t io n  o f  th e  v ir u s  in to  

th e  c a l f  m uscles o f  th e  hind le g  o f  young m ice, f i r s t  in  th e  in je c te d  

le g  and th en  in  th e  o p p o site  member su g g ests  th a t th e  v ir u s  reach es th e  

cen tra l, nervous system  by spread ing along th e  nerve supply to  th e  m uscle

and th u s in vad ing th e  sp in a l cord . The c h ie f  p a th o lo g ica l le s io n s  o f
were found

th e  c e n tr a l nervous systemAin  th e  a n ter io r  horn c e l l s  o f  th e  lumbar reg ion  

o f  th e  s p in a l cord fo llo w in g  th e  in j e c t io n  o f  th e  v ir u s  in to  th e  m uscles
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o f  th e  hind l e g .  These le s io n s  co n sisted  o f v a r io u s  s ta g e s  o f  n e c ro s is  

and ea r ly  neuronophagia. No le s io n s  were found in  th e  meninges or 

s p in a l and sym pathetic g a n g lia . From th e  ahove f in d in g s  i t  would ap­

pear th a t  th e  v ir u s ,  when in je c te d  in to  th e  m uscle o f  s u sc e p t ib le  m ice, 

en ters  th e  p er ip h era l nerves and by fo llo w in g  th e  e ffe r e n t  f ib e r s  ga in s  

a c ce ss  t o  th e  c e n tr a l nervous system . S in ce  th e  v ir u s  i s  unable to  in ­

vade th e  c e n tr a l nervous system  o f o ld  m ice when in je c te d  in to  th e  

m uscles o f  th e  hind le g  th e r e  must e x is t  a b a r r ie r  which h olds th e  v iru s  

back. T h is b a r r ie r  could  be s itu a te d  e ith e r  in  th e  p erip hera l n erves, 

in  th e  s p e c ia l iz e d  nerve endings or in  th e  m u scle . The b a r r ier  to

n eu ro in vasiven ess may not be in  th e nerve i t s e l f  fo r  a s has been shown
M  ' '

(1 ) th e  v ir u s ,  when in je c te d  d ir e c t ly  in to  th e  s c i a t i c  nerve o f  o ld , 

r e s is ta n t  m ice invades th e  c e n tr a l nervous system  and produces an ascend­

in g  f la c c id  p a r a ly s is  such a s  th a t seen  in  young m ice fo llo w in g  in tr a ­

m uscular in o c u la t io n . I t  should be noted , however, th a t in j e c t io n  o f  

th e  v ir u s  d ir e c t ly  in to  th e  nerve may p la ce  th e  v ir u s  in  con tact w ith  

broken or damaged axones and th u s  provide a means o f  en terin g  th e  sp in a l 

cord.

I t  has been rep orted  (1 ,2 )  th a t v e s ic u la r  s to m a tit is  v ir u s  i s  

a b le  to  m u ltip ly  in  th e  m uscle o f  15 day o ld  m ice w ith  th e  production  

o f n e c r o s is  o f  th e  m uscle c e l l s  togeth er  w ith  hypertrophy and p r o lif e r a ­

t io n  o f  th e  sarcolemmal n u c le i .  No evidence o f  m u lt ip l ic a t io n  was ob­

ta in ed  when th e  v ir u s  was in je c te d  in to  th e  c a l f  m uscles o f o ld , r e ­

s is t a n t  m ice and no le s io n s  were produced.
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The a b i l i t y  ctf th e  v ir u s  to  m u ltip ly  in  th e  m uscle o f  young 

m ice and i t s  in a b i l i t y  to  do so in  o ld  m ice su g g e sts  th a t th e  b a r r ier  

to  n eu ro in v a siv en ess  may be w ith in  th e  m uscle i t s e l f .  However i t  has 

been shown (4 ) th a t  in  th e  guinea p ig , an anim al which i s  a ls o  s u sc e p tib le  

to  in tr a c r a n ia l in je c t io n  o f  th e  v ir u s , a lth ough  m u lt ip lic a t io n  o f  th e  

v ir u s  occurred a f t e r  intram uscular in j e c t io n  th e r e  was no ev id en ce o f  

in v a sio n  o f  th e  cen tra l nervous system . Here again  i f  th e  m uscle and 

nerve endings are circumvented and in j e c t io n  made d ir e c t ly  in to  th e  

s c ia t i c  nerve an ascending f la c c id  p a r a ly s is  develops as in  m ice . Pre­

lim in ary  lo c a l  m u lt ip lic a t io n  o f  th e  v ir u s  th en  i s  not th e  on ly  r e q u is it e  

fo r  in v a sio n  o f  th e  cen tra l nervous system . I t  should be m entioned in  

t h i s  con nection  th a t  ra b ies  v ir u s  i s  a b le  t o  invade a p er ip h era l nerve 

w ithout p relim in ary  lo c a l  in c r ea se  ( 8 ) .

A summary o f  th e  preced ing d is c u s s io n  r e v e a ls  th a t v e s ic u la r  

s to m a t it is  v ir u s  when in je c te d  in to  th e  c a l f  m uscles o f  young m ice under­

goes lo c a l  m u lt ip l ic a t io n  and th en  invades th e  c e n tr a l nervous system  

by way o f  th e  p er ip h era l n erves to  produce a f a t a l  ascending f la c c id  

p a r a ly s is .  When th e  v iru s  i s  in je c te d  in to  th e  c a l f  m uscles o f  o ld , 

r e s is ta n t  m ice th e  v iru s  f a i l s  t o  p r o l i f e r a te  and does not invade th e  

c en tr a l nervous system . E v id en tly  as m ice grow and develop a b a r r ier  

i s  e s ta b lish e d  through which th e  v ir u s  cannot p a ss . T h is b a r r ie r  i s  

at p resen t b e lie v e d  to  be lo c a te d  e ith e r  in  th e  m u scle , in  th e  nerve  

endings or in  both .

The s u s c e p t ib i l i t y  o f  w h ite  m ice o f  var iou s ages t o  in tr a ­

m uscular in j e c t io n  o f  v e s ic u la r  s to m a t it is  v ir u s  has been shown ( 1 ,2 ,7 )
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to  be as fo llo w s: 100 per cent o f  2 week o ld  m ice develop  a f a t a l  a s -

cending f la c c id  p a r a ly s is .  At 21 days o f  a g e '80 t o  90 per cent are su s­

c e p t ib le  and a t t h e  age o f  1 month 80 t o  90 per cent are  r e s is ta n t  in  

th a t  th e y  show no s ig n s  o f  d is e a se . Between th e  5 th  and 6t h  weeks o f  

l i f e  about 100 per cent a re  r e fr a c to r y  t o  th e  v ir u s  when in je c te d  by 

th e  above ro u te .

Because th e  change from 100 per cent s u s c e p t ib i l i t y  to  approxi­

m ately  100 per cent r e s is ta n c e  occurs between th e  14th  and 35t h  day o f  

l i f e  and because m ice su ck le  during th e  period  when th ey  are develop in g  

r e s is ta n c e ,  experim ents were s e t  up t o  determ ine: 1 ) th e  e f f e c t  o f  th e

m aternal d ie t  during la c t a t io n  and 2 ) th e  e f f e c t  at th e  cliet o f  mice 

weaned a t 14 days o f  age on th e  development o f  r e s is t a n t  to  intram uscular  

in j e c t io n  o f  th e  v ir u s .  Because sexu a l m aturity  occurs during th e  period  

when m ice become approxim ately 100 per cent r e s is ta n t  to  th e  v ir u s  an 

experim ent t o  determ ine th e  e f f e c t  o f  "precociou s” sex u a l m aturation was 

inclu ded  in  th e  study.

A review  o f  th e  l i t e r a t u r e  r e v e a ls  th a t  s u r p r is in g ly  l i t t l e  

work has been .done on th e  r e la t io n s h ip  between n u tr it io n  and host sus­

c e p t ib i l i t y  t o  v ir u s  d is e a s e s .  A lthough i t  has been su ggested  ( 9 »10) 

th a t v itam in s are important fa c to r s  in  immunity to  v ir u s  d is e a s e s  th ere  

i s  l i t t l e  experim ental ev id en ce  t o  support such a  b e l i e f .  R ecen tly  

Jungeblut and F ein er  (11) rep orted  th a t v itam in  C i s  an e f f e c t iv e  agent 

fo r  th e  p reven tion  and cure o f  experim ental p o lio m y e lit is  in  monkeys. 

However, th e  f in d in g s  o f  Jungeblut and F e in er  were not su b sta n tia ted  by
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th e  r e s u l t s  obtained  by Sabin (12) who found th at both  n a tu ra l and syn­

t h e t i c  p rep aration s o f  v itam in  C, adm inistered  im m ediately a f t e r  th e
4

v ir u s  was i n s t i l l e d  in to  th e  n o se , had no e f f e c t  on th e  course o f  ex­

p er im en ta lly  induced p o l io m y e lit is  in  th e  monkey. The l a t t e r  author 

showed th a t monkeys whose s to r e  o f  v itam in  C was d ep le ted  by feed in g  a 

d ie t  d e f ic ie n t  in  th e  v itam in  rea cted  in  th e  same way as d id  monkeys 

r e c e iv in g  an adequate d i e t .

Cowdry, Lucas and N eff (13) s tu d ied  th e  e f f e c t  o f  a d e fic ie n c y  

o f  v itam in  and B2 on th e  r e s is ta n c e  o f  r a t s  t o  herpes v ir u s  in je c te d  

in tr a c e r e b r a lly . They concluded th at r a ts  d e f ic ie n t  in  v itam in  B^ and 

Bg were s l i g h t l y  more s u s c e p t ib ly  to...the v ir u s  than were normal r a t s .  

Eowever t h e ir  data are not co n c lu s iv e  s in c e  th e  minimal l e t h a l  cerebral 

dose o f  th e  v ir u s  and th e  proper amount o f  f lu id  which shou ld  be in ­

je c te d  were a l l  determined during th e  course o f  experim en tation . I f  

th e  minimal c e r b r a l l e t h a l  dose fo r  th e  ra t had been determ ined b efore­

hand and kept constant during th e  course o f  th e  experim ents th e  r e s u lt s  

might be more im p ressive ,

Kuczynski (.11) [quoted  from P er la  ( 15) ]  found th a t mice fed  

d ie t s  r ic h  in  v itam in  B^ were more r e s is ta n t  to  th e  v ir u s  o f  y e llo w  

fe v e r , in troduced  in tr a c e r e b r a lly , than were m ice fed  a standard d ie t .

Of 671 m ice fe d  on a normal or standard d ie t  (o a ts  and m ilk) 20 per cent 

su rv ived  when th e  v ir u s  was in o cu la ted  in to  th e  b ra in . When mice were 

fe d  a d ie t  r ic h  in  v itam in  B1 (wheat husks and m ilk) 75 per cent o f  28 

anim als test-ed, were r e s i s t a n t  t o  in tra c e re b r a l in o c u la tio n . Of 137
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anim als fed  a d ie t  fr e e  o f  v itam in  B1 fo r  a period o f  l^ .d a y s  on lyX t

1 6 .7  per cent were r e s i s t a n t .

I t  appears to  be j u s t i f ia b le  t o  conclude from Kuczynski* s  

data th a t d ie t s  r ic h  in  v itam in  did  enhance th e  r e s is ta n c e  o f  m ice 

to  in tra c e re b r a l in o c u la tio n  o f y e llo w  fe v e r  v ir u s .  Whether h is  con­

c lu s io n  th a t th e  r e s is ta n c e  o f  th e  nervous system, to  a l l  v ir u s  in fe c t io n s  

i s  dependent upon th e  p resence  o f  an adequate amount o f  v ita m in  B1 in  

th e  d ie t  i s  j u s t i f i e d  cannot be sa id  at th e  present tim e.

S in ce  m ice develop  r e s is ta n c e  to  intram uscular in j e c t io n  o f  

v e s ic u la r  s to m a t it is  v ir u s  when th ey  are growing ra p id ly  experim ents 

were planned t o  determ ine whether th e  development o f  t h i s  r e s is ta n c e  

would be prevented  or retard ed  by e lim in a tin g  c e r ta in  fa c to r s  from th e  

d ie t  which are known to  be e s s e n t ia l  fo r  growth and developm ent. In  

th e  s e r i e s 'o f  experim ents rep orted  here th e  r o le  o f  n u tr it io n  on th e  

development o f  r e s is ta n c e  was stu d ied  from two d if fe r e n t  a sp e c ts :  l )

s in c e  m ice su ck lin g  m others fed  a d ie t  r ic h  in  n atu ra l fo o d s tu f f s  be­

come BO -  90 per cent r e s is ta n t  at 28 days o f  age an experim ent was 

planned to  determ ine w hether mice suck led  by mothers fed  a  d ie t  d e f ic ­

ie n t  in  c e r ta in  vitaffiins would a ls o  become r e s is t a n t ,  2) a second se t  

o f  experim ents was planned t o  determ ine th e  in flu e n c e  o f  an in s u f f ic ie n t  

amount o f  a d ie t  c o n s is t in g  o f  n atu ra l fo o d s tu ffs  and o f  d ie t s  d e f ic ie n t  

in  c e r ta in  v itam in s on th e  development o f  r e s is ta n c e  in  prem aturely  

weaned m ice.

D ie ts  d e f ic ie n t  in  vitam in  B^ and r ib o f la v in  (v itam in  B^)
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were s e le c te d  fo r  th e  s tu d ie s  p rim arily  because th e se  v itam in s are  

known t o  be e s s e n t ia l  fo r  growth and development (1 6 ,1 7 ) .  However a 

d e f ic ie n c y  o f  e ith e r  o f  t h e  above v itam in s g iv e s  r i s e  to  o th er  p h ysi­

o lo g ic a l  and p a th o lo g ic a l changes which may p la y  a part in  th e  devel§  

opment o f  r e s is ta n c e  in  t h e  growing anim al. B efore ta k in g  up a d is ­

cu ss io n  o f  th e  above m entioned p h y s io lo g ic a l and p a th o lo g ic a l changes 

i t  might be w e l l  t o  d is c u s s  a t t h i s  poin t th e  nature o f th e  above 

v ita m in s . V itam in and r ib o f la v in  (v itam in  B^) are two members o f  

what i s  now term ed’th e  B com plex. They are both  p resen t in  y e a s t .  

V itam in B^ i s  o fte n  termed th e  a n t in e u r it ic  v ita m in . I t  p reven ts b e r i­

b e r i in  man and p o ly n e u r it is  in  an im als. The v itam in  i s  h e a t - la b i le  

b ein g  d estroyed  at 120°C in  a n eu tra l or a lk a l in e  medium. A common 

method fo r  th e  preparation  o f  a d ie t  d e f ic ie n t  in  v itam in  B̂ . i s  t o  add 

y e a st which has been au toclaved  under 15 -  16 pounds p ressu re t o  a mix­

tu re  o f  c a s e in , la r d , corn sta rch  and s a l t s .  However a d ie t  made up in  

t h i s  manner i s  not only d e f ic ie n t  in  v itam in  B^ but a ls o  in  o th er  heat 

l a b i l e  components o f  th e  B complex, such as  v itam in  B^, which p reven ts  

p a r a ly s is  in  r a t s  and c h ic k s . S in ce  th e  B  ̂ d e f ic ie n t  d ie t  used  in  th e  

p resen t s tu d ie s  was made up as in d ic a te d  above i t  to o  was d e f ic ie n t  in  

more than v itam in  B^. Throughout th e  rem ainder o f  th e  paper th e  d ie t  

which was used  t o  study th e  in f lu e n c e  o f  a d ie t  d e f ic ie n t  in  v itam in  B^ 

w i l l  be termed "a d ie t  d e f ic ie n t  in  th e  h e a t - la b i le  E-complex" in  order  

not to  imply th a t  th e  on}.y d e f ic ie n c y  was in  v itam in  B^.
i

R ib o fla v in  or v ita m in  B0 i s  a w a te r -so lu b le  ye llo w -g reen
^ \

f lo r e sc e n t  pigm ent. I t  i s  found in  y e a s t  and i s  not destroyed  by
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a u to c la v in g  at 120°C. I t  i s  n ecessary  fo r  growth in  ch ick s and r a t s .

I t  i s  a  component o f  an o x id a tio n -r e d u c tio n  system  (Warburg*s y e llo w  

enzyme)(18) in  l iv in g  c e l l s .  In  th e  p resen t s tu d ie s  a d ie t  d e f ic ie n t  

in  r ib o f la v in  was made up by adding r ic e  p o lish in g s  con cen tra te  ( r ic h  

in  v itam in  B^) t o  a m ixture o f  c a se in , la r d , cornstarch  and s a l t s .

I t  i s  ev id en t from th e  com position  o f  t h i s  d ie t  th a t  i t  i s  d e f ic ie n t  

in  o th er  fa c to r s  o f  th e  B complex b e s id e s  r ib o f la v in .  In  order not 

t o  g iv e  th e  im pression th a t th e  d ie t  was d e f ic ie n t  on ly  in  r ib o f la v in  

t h i s  d ie t  has been termed na /d ie t  d e f ic ie n t  in  th e  B-eomplex except B ^ .w

No attempt w i l l  be made a t t h i s  tim e  t o  p resent a review  o f

a l l  th e  rep orted  p h y s io lo g ic a l and p a th o lo g ic a l changes which have been  

a ttr ib u te d  to  a d e f ic ie n c y  o f  v itam in  B^. Only th o se  changes which 

seem t o  be r e la te d  to  th e  p resen t problem w i l l  be d isc u sse d . I t  has

lo n g  been known th a t a  d e f ic ie n c y  o f  v ita m in  B le a d s  to  d e f in i t e  neuro­

m uscular symptoms. In  r a ts  and b ird s  th e s e  symptoms are m an ifested  as  

s p a s t ic  p a r a ly s is ,  a ta x ia , op isth o ton u s and co n v u lsio n s. In  a d d itio n  

t o  th e  above a " loss o f  a p p e t ite  occurs in  anim als fed  a B -d e f ic ie n t  

d ie t  w ith  a consequent, lo s s  o f  w eigh t. I t  i s  d i f f i c u l t  in  r e tro sp e c t  

to  a t t r ib u te  th e  changes d escr ib ed  by th e  e a r ly  workers s o l e l y  t o  th e  

la c k  o f  v itam in  B s in c e  th e  r a t io n s  used in  th e  experim ents were de­

f i c i e n t  in  more than one e s s e n t ia l  n u tr ie n t , namely, p r o te in  ( r ic e  d ie t s )  

m inerals' and o th er  v ita m in s . The experim ental anim als were th e r e fo r e  

s u ffe r in g  from a m u ltip le  d ie ta r y  d e f ic ie n c y .

L ater in v e s t ig a to r s  have e lim in a ted  from t h e ir  d ie t s ,  a s  

fa r  as p o s s ib le ,  only th e  B complex or c e r ta in  o f  i t s  c o n s t itu e n ts .
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S t e m  and F in d lay  (19) s tu d ied  th e  changes in  th e  nervous system  o f  

r a t s  fe d  a  d ie t  d e f ic ie n t  in  v itam in  B]_. They found th a t degeneration  

o f  th e  m yelin  sh ea th s o f  p er ip h era l nerves occurs when r a ts  are  fed  

t h i s  d i e t .  Zimmerman and Burack (20) found th a t th er e  was e x te n s iv e  

d egen eration  o f  th e m yelin  sheath  o f  th e  s c ia t i c  nerve in  dogs de­

p r iv ed  o f  w a ter-so lu b le  B v ita m in s . D avison and Stone (21) a ls o  found 

e x te n s iv e  degeneration  o f  th e m yelin  sheath  o f  th e  s c i a t i c  nerve in  r a t s  

fe d  a d ie t  d e f ic ie n t  in  vitam in  B^«

The fa c t  th a t  degeneration  o f  th e  m yelin  sheath  o f  p er ip h era l 

n erves occurs in  anim als fe d  a d ie t  d e f ic ie n t  in  v ita m in  B^ assumes 

g r ea t im portance from th e  v iew point o f  th e  p resen t stu d y . I t  w i l l  be 

r e c a l le d  th a t when v e s ic u la r  s to m a t it is  v ir u s  i s  in je c te d  in to  th e  

m uscle o f  r e s is ta n t  m ice i t  does not invade th e  p er ip h era l nerves and 

th u s does not invade th e  c e n tr a l nervous system . I f  s im ila r  degenera­

t io n  o f  th e  m yelin  sh eath  o f  th e p er ip h era l nerves occurred in  mice fed  

a d ie t  d e f ic ie n t  in  B̂ _ i t  might be pexm issable t o  assume thav tn e  v ir u s  

cou ld  g a in  a c c e ss  to  the axones o f  p er ip h era l n erves and th u s invade 

th e  c e n tr a l nervous system . On th e  o th er  hand i f  th e  b a r r ie r  to  neuro-. 

in v a s iv e n e ss  i s  d is s o c ia te d  e n t ir e ly  from th e  p er ip h era l n erves and 

i s  lo c a te d  w ith in  th e  m uscle o th er  e f f e c t s  o f  a d e f ic ie n c y  o f  vitam in  

must be co n sid ered .

I t  has r e c e n t ly  been shown th a t  cocarb oxylase i s  e s s e n t ia l ly  

a d iphosphorie e s t e r  o f  v itam in  B]_ (2 2 ) . C ocarboxylase i s  a co -fe im en t  

which a c t iv a te s  ca rb o x y la se . The la t t e r  enzyme i s  im portant in  the  

carbohydrate m etabolism  o f  p la n t c e l l s  in  th a t  i t  con v erts  pyruvic a c id
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t o  aceta ldehyde and carbon d io x id e . As fa r  a s th e  w r ite r  i s  aware no
 i

s im ila r  fu n c tio n  o f  vitam in has been dem onstrated in  animal c e l l s .  

However i t  i s  not beyond th e  realm  o f  p o s s ib i l i t y  th a t  B  ̂ may fu n ctio n  

in  a s im ila r  manner in  animal c e l l s .  A f a i lu r e  o f  th e  c e l l s  o f  th e  

m uscle to  become r e s is ta n t  t o  th e  v ir u s  might w e ll  accompany any d is ­

turbance in  th e  carbohydrate m etabolism .

Zimmerman, C ow gill and Fox (23) found th a t marked degenera­

t io n  o f  th e  m edullary sheaths £ihd a x is  c y lin d er s  occurred when dogs 

were fed  a  d ie t  d e f ic ie n t  in  r ib o f la v in .  However Zimmerman and Burack 

(20) d id  not observe changes in  th e  p er ip h era l n erves o f  r a ts  deprived  

o f  th e  above v ita m in . E v id en tly  dogs and r a ts  do not respond s im ila r ly  

t o  a d e f ic ie n c y  o f  r ib o f la v in . From th e  evidence found in  th e  l i t e r a ­

tu r e  i t  i s  d i f f i c u l t  to  p o s tu la te  how a d e f ic ie n c y  o f  r ib o f la v in  might 

a f f e c t  th e  p er ip h era l nerves o f  m ice and thus render them s u s c e p t ib le  

t o  intram uscular in je c t io n  o f  v e s ic u la r  s to m a t it is  v ir u s .  However r e ­

cent in v e s t ig a t io n s  have r ev e a le d  th a t  r ib o f la v in  i s  a component o f  an 

o x id a tio n -red u c tio h  system in  l iv in g  c e l l s .  R ib o f la v in , attach ed  t o  a  

p r o te in  m olecu le  through a phosphoric a c id  nucleus^ ,is now known to  be 

a part o f  Warburg’ s y e llo w  enzyme. T h is enzyme serv es  as an oxygen 

c a r r ie r  in  c e l l  r e s p ir a t io n . I t  i s  co n ce iv a b le  th a t a d e fic ie n c y  in  

th e  d ie t  o f  r ib o f la v in  would consequently  lea d  to  d istu rb an ces in  c e l l  

m etabolism  and in  t h i s  manner in te r fe r e  w ith  th e  normal development o f  

r e s is ta n c e  in  th e  growing anim al.
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In  one s e t  o f  experim ents m ice which had su ck led  mothers fed  

a d ie t  d e f ic ie n t  e ith e r  in  v itam in  or r ib o f la v in  were t e s t e d  fo r  r e ­

s is ta n c e  to  th e  v ir u s . I t  i s  ev ident th a t  w h ile  th e  anim als were suck­

l in g  th ey  were dependent upon th e  mothers* m ilk  as a source o f  th e  

above v ita m in s . The r a te  at which th e  mother was d ep le ted  o f  r ib o ­

f la v in  and v itam in  would o f  course be determ ined by th e  vitam in in ­

ta k e . There appear t o  be no rep o rts  in  th e  l i t e r a t u r e  on th e  ra te  o f  

d e p le t io n  o f  v itam in s in  th e  mouse. Sure (24) has rep orted  th a t l a c t -  

a tin g  r a ts  when put on d ie t s  d e f ic ie n t  in  th e  above v itam in s on th e  

day o f  p a r tu r it io n  are  d ep le ted  o f  t h e ir  s to r e  o f  v ita m in s in  about 2 

w eeks. In th e  presen t s tu d ie s  th e  la c t a t in g  m ice a llow ed  to  feed  on 

a d ie t  o f  n atu ra l fo o d s tu f fs  fo r  2 days a f t e r  d e liv e r y  and were then  

put on th e  d e f ic ie n t  d i e t s .

The e f f e c t  o f  a d ie t  d e f ic ie n t  in  v itam in  E on th e  develop­

ment o f  r e s is ta n c e  t o  intram uscular in j e c t io n  o f  v e s ic u la r  s to m a tit is  

v ir u s  was stu d ied  because i t  has been shown ( 25) th a t when la c ta t in g  

r a ts  are  fe d  such a d ie t  about 75 per cent o f  th e  su c k lin g  young de­

v e lo p  p a r a ly s is  between th e  21st and 2 5 th  day o f  l i f e .  O lco tt (26) and 

Pappenheimer ( 27) have s tu d ied  th e  p a th o lo g ic a l changes in  young r a ts  

due t o  a d e f ic ie n c y  o f  v itam in  E. They found th a t th e  a lte r a t io n s  are  

s t r i c t l y  lim ite d  t o  v o lu n tary  m uscle. The le s io n s  in  th e  m uscles con­

s i s t e d  o f  e x te n s iv e  d egen eration  o f  th e  m uscle c e l l s .  Although muscular 

dystrophy due to  a d e f ic ie n c y  o f  v itam in  E has not been rep orted  in  th e
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mouse th e  study was n e v e r th e le s s  undertaken s in c e  a la c k  o f  v itam in  E 

seems t o  p la y  some r o le  in  th e  w e ll-b e in g  o f  m uscle c e l l s  and th e  

m uscle may p lay  a part in  th e  development o f r e s is ta n c e  to  v e s ic u la r  

s to m a t it is  v ir u s .

I t  has been shown (28-29) th a t  young r a ts  kept a t constant 

w eight by underfeeding con tin u e to  grow in  th a t c e r ta in  organs or p arts  

in crea se  in  weight at th e  expense o f  o th e r s . The t e s t e s ,  su p raren a ls, 

e y e b a lls ,  c e n tr a l nervous system , and sk e le to n  continued to  grow w h ile  

oth er organs e ith e r  lo s e  w eight or m ain tain  t h e ir  o r ig in a l  w e ig h t. I t  

w i l l  be noted  th a t m usculature i s  not in clu d ed  among th o se  organs or  

p a rts  w hich in crea se  in  s i z e  when r a t s  are kept a t a con stan t w eigh t.

I t  has been noted  above th a t th e  in a b i l i t y  o f  v e s ic u la r  

s to m a t it is  v ir u s  t o  invade th e  c en tr a l nervous system  o f  o ld  mice f o l ­

low ing intram uscular in j e c t io n  may be a s so c ia te ^  w ith  th e  f a i lu r e  o f  

th e  v ir u s  t o  m u ltip ly  in  th e  m uscle. I f  th e  m usculature o f  young m ice 

kept on a p a r t ia l  in a n it io n  d ie t  was found t o  rea ct in  th e  same manner  

a s th a t o f  r a ts  i t  might be th a t  a r e ta r d a tio n  in  th e  development o f  

r e s is ta n c e  would r e s u lt  i f  m ice were un derfed . : An experiment designed  

t o  determ ine th e  e f f e c t  o f  un derfeed in g on th e  development o f  r e s is ta n c e  

t o  intram uscular in j e c t io n  o f  th e  v ir u s  was ca rr ied  out in  th e  presen t  

s e r ie s  o f  s tu d ied . The r e s u l t s  appear la t e r  in  th e  paper.

I t  has been poin ted  out e a r l i e r  th a t  m ice become about 100 

per cen t r e s is ta n t  t o  intram uscular in j e c t io n  o f  v e s ic u la r  s to m a t it is
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v iru s  during th e  period when they reach sexual maturation ( 28-36  days

o f  a g e ) . The w r ite r  i s  not fa m ilia r  w ith  any experim ental s tu d ie s  in

w hich an attempt was made t o  c o r r e la te  sexu a l m aturation and immunity
1

t o  v ir u s  d is e a s e s . I t  should be-'noted however th a t th e  in c id en ce  o f  

p o lio m y e lit is  d ecrea ses  a f t e r  th e  age o f  puberty. T h is  decreased  in c i ­

dence m ight, however, ^be due t o  immunity to  th e  d is e a se  acquired by 

having come in  co n ta ct w ith  su b in fe c t iv e  doses o f  th e  v ir u s .r a th e r  than  

to  sex u a l m a tu r ity ..

In  order t o  study th e  r e la t io n s h ip  between sexu a l m aturation  

and development o f  r e s is ta n c e  t o  intram uscular in j e c t io n  o f  v e s ic u la r  

s to m a t it is  v ir u s  an experiment was ca rr ied  out to  determ ine whether 

m ice which had been caused t o  become " p reco c io u sly ” se x u a lly  mature would 

be more r e s is ta n t  th an  normal m ice. Pregnant mare serum was used to  in ­

duce e a r ly  sexu a l m aturation . The r e s u l t s  obtained in  t h i s  experiment 

appear la t e r  in  th e  paper.
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Methods

V iru s, anim als, d ie t s ,  and hormonal fa c to r : The New Jersey s tr a in  o f  

v e s ic u la r  s to m a titis  v iru s  was used in  th e  present s e r ie s  o f s tu d ie s .

In  every in stan ce fr e sh ly  passaged v iru s  was employed. The brains o f  

mice succumbing to  in tracereb ra l in je c tio n  o f th e  v iru s  were ground w ith  

sand and s u f f ic ie n t  broth to  make a 10 per cent suspension. The suspen­

s io n  was centrifuged  at about 1000 R.P.M. fo r  5 minutes in .a  horizon ta l 

c e n tr ifu g e -  The supernatant f lu id  was designated as th e 1:10 d ilu t io n .  

Two-tenths c . c .  o f t h is  suspension was in je c ted  in to  th e  c a lf  m uscles 

o f  th e  hind le g  o f th e  mice to  be t e s t e d .  The minimal cerebral le th a l  

dose (M.C.L.D.) was determined by in je c tin g  10-6  and 10~7 d ilu tio n s  o f  

th e  suspension in tra cereb ra lly  in to  groups o f  3 mice ( 0 .0 3  c . c .  per 

mouse). The t i t e r  o f  th e  v iru s  suspension was u su a lly  10“ 7  but occas­

io n a lly  only 10"6. Each 0 .2  c .c .  in jec ted  intram uscularly th ere fo re  

contained from 1 to  10 m illio n  M.C.L.D.

The albino mice were of inbred stock  supplied by a lo c a l  dealer  

who r a ise d  them on th e  "Mn d ie t  l i s t e d  below. Female mice were obtained  

during th e  3rd week o f pregnancy and d eliv ered  in  th e  laboratory so th at  

an accurate record o f  th e  age o f  th e  o ffsp r in g  was a v a ila b le .

Before undertaking any experiments i t  was necessary t o  deter­

mine th e s u s c e p t ib il i ty  o f  th e  above s tr a in  o f mice at various ages. Pre­

lim inary t e s t s  showed that th e se  mice reacted  to  intramuscular in je c tio n  

o f  the v iru s in  th e  same manner as th e  mice previously  stud ied  ( 1 ,2 ) .
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"M" d ie t

Y ellow  Com Meal 45$
Ground Wheat 20$

" Oats 12$
A lfa lf a  Meal 2$
Bone Meal 2$
D ried M ilk (skimmed) 8$
Tankage 4$
NaCl 2$
CaCo  ̂ 1$
Meat Scrap 4$

100$

To study th e  in f lu e n c e  o f  a d e f ic ie n c y  o f  c e r ta in  d ie ta r y  fa c ­

to r s  on th e  development o f  r e s is ta n c e  a p u r if ie d , a r t i f i c i a l  v ita m in -fre e  

d ie t  was prepared from th e  fo llo w in g  in g r e d ie n ts:

C asein (V ita m in -free )1 22$
Com S tarch  54$
Lard 20$
McCollum* s  S a lt

M ixture 4$

100$
1 . C asein  Company o f  America 

Depending upon th e  p a r tic u la r  d e f ic ie n c y  t o  h e  s tu d ie d  essen ­

t i a l  a ccesso ry  food  fa c to r s  were added t o  or excluded from th e  above d ie t .

The com position  o f  th e  a r t i f i c i a l  d ie t s  used w i l l  be found in  T able £ ,

A commercial p rep aration  o f  pregnant mare serum (Gonadogen—

The Upjohn Company) was u sed  t o  induce "precocious" sex u a l m aturation .

Experim ental

In flu en ce  o f  underfeed ing on th e  development o f  r e s is ta n c e  t o  v e s ic u la r  

s to m a t it is  v ir u s  in  prem aturely weaned m ice: B efore  a ttem p tin g  t o
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T able I

P u r if ie d , A r t i f i c i a l  D ie ts

D iet

C onstituents
Fitam in-
free
stock
d iet

Dehy­
drated  
brewer*s 
y ea st1 
(au to-  
elaved)

Dehy­
drated
brewer’s
yeast
(tin-
trea ted )

P ice  
p o lish ­
in gs con­
cent rat e^

Wheat
germ
o il4

Cod l iv e r  
o i l5

1 . Sup­
plemented 
a r t i f i c ­
i a l

100 gms. 8 gms. 0 .$  gms. 4 gms.

2 . De­
f ic ie n t  
in  h ea t-  
la b i le  
B-complex

100 " 8 gms. 0 .3  " 4 "

3 . De­
f ic ie n t  
in  B - 
complex 
except

100 " 6 gms. 0 .5  « 4 "

4 . De­
f ic ie n t  
in  v i t a ­
min E

100 « 8 « 4  •

1 & 5: Mead Johnson and Company
2 : 10 hours a t 16 pounds
3: The Borden Company
4: Furnished through co u rtesy  o f  G eneral M ills
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determ ine th e  e f f e c t  o f  a  d e f ic ie n c y  o f  any s in g le  d ie ta r y  fa c to r  i t  

was decided t o  le a r n  f i r s t  th e  in flu e n c e  o f  un derfeed in g w ith  a d ie t  

r ic h  in  n a tu ra l fo o d -s t u f f s  and v itam ins on th e  development o f  r e s i s -
1 ■ * . • 1 * 1  •

ta n ee  to  in tram uscu lar in j e c t io n  o f t r h e ; •;*•':&in’c"gj14 day o ld  m ice
• 5 • * '** '*• ••• ■■ •

are 100 per cen t s u s c e p t ib le  t o  inociH ^‘4 bn.'l3y  jtT^s ronfce but become

r e s is ta n t  during subsequent weeks th e  quest le d  arbjie** whet h er  o r  not 

m ice weaned a t 14 days o f age and fed  ju s t  enough food  to  m ain ta in  

t h e ir  weaning w eight would become r e s is ta n t  l a t e r .  To answer t h i s  ques­

t io n  m ice were ta k en  from t h e i r  mothers when 2 weeks o ld  and fe d  a mix­

tu r e  c o n s is t in g  o f  1500 gms. o f  th e  "M" d ie t ,  1000 c . c .  o f  w hole m ilk ,
1 2 150 gms. o f  dehydrated brewers y e a st  , and 60 gms. o f  Cod l i v e r  o i l  .

At th e  tim e o f  weaning 6 t o  8 m ice were p laced  in  a m etal box con ta in ­

in g  e x c e ls io r .  T h eir  in d iv id u a l w eights were recorded d a i ly .  The 

amount o f  food  g iv en  a  group o f  m ice was weighed and recorded each day 

so  th a t i f  on an ensuing day a g en era l g a in  in  w eight was noted  th e  

amount o f  food  g iv en  th a t day was d im in ished . I f  an o .ccasional mouse 

began t o  g a in  w eight in  e x ce ss  o f  7 gms. i t  was removed from th e  group 

and g iv en  l e s s  food  fo r  a day or tw o. When i t  had lo s t  th e  e x cess  w eight 

i t  was returned  t o  th e  group. In  th e  e a r ly  part o f  th e  experim ent mice 

which were removed because o f  ex cess  w eight were g iven  no food  on th e  

day o f  rem oval. T h is  'p r a c tic e  was d isco n tin u ed  because i t  was found 

th a t 24 hours o f  s ta r v a t io n  was u su a lly  f a t a l  t o  th e s e  young m ice. S ib ­

l in g s  o f  th e  underfed m ice were weaned sim u ltan eou sly  and g iv e n  th e  same 

d ie t  ad l ib itu m .

1 . Mead Johnson and- Company
2 . Mead Johnson and Company
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INFLUENCE O F  U N D E R F E E D I N G  O N  THE 
DEVELOPMENT O F R E S IS T A N C E  TO INTRA­
M U S C U L A R  I N J E C T I O N  O F  V E S I C U 1 A R  

S T O M A T I T I S  V IRUS

W E L L - N O U R I S H E D  M I C E
C M * d i e t  + w h o l e  milk.  + i j e a s t  

+ c o d -  l i v e r  o i l . )  a d  lib.

z' :
UNDERFED LITTER MATES

(*M* d ie t+whole milk. + i|east + cod-liver 
o i l ,) q.s.  t o  maintain weigKt

i

• ,wt. . ZoVo
5 .9  gms,: pcoroA yzcdl

2 8  DAYS_  3 6 - 3 9  DAYS

Wt' 8 7 % I  « t .  :
5'99">s. nC>cay,£J  5.99ms.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

C H A R T  I
EFFEC T OF UNDERFEEDIN& ON DEVELOPMENT OF R E S I S T A N C E

f i g u r e  I
Growth curves of u n d e rfe d  an d  well-nourished mice 

w e an ed  a t  14-d a g s
20 W  DIET + WHOLE MILK + YEAST + COD LIVER OIL

15
weaned a t  14 days 
d ie t  ad  libitum

10

til
5

weaned a t  i4 daqs - diet q.s. maintain wt.

AGE IN DAYS

f i g u r e  2
S u sc e p tib ili ty  curves o f  under-feot a n d  well- 

n o u r isb e d  m ice  w e a n e d  a t  14 d a q s
100

9ow 

>i« 7o-fl 
c£ 60-f 

^ so
5: .o  4o-H
lU N>- 3o-
Uio
)r
T .ui
S
111a

20
IO-

q.s. maintain weight 
(13 m ice) ".

/  /
/* q.s. maintain wt. 

/  (13  m ice)

w/ 
a? 1

/
/ "3

W

/ /
7

m /

A
ad. lib. (9 mice) 28 days old 

ad-lib. (19 mice) 36*39 dags old

1 2 3 4 5 6 7 8 9  10 11 a  13
DAYS AFTER INOCULATION WITH VIRUS
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The accompanying photographs show th e  appearance o f  th e  under­

fe d  and w e ll-n o u r ish e d  m ice a t th e  age o f  14 , 28 , and 39 d ays. I t  w i l l  

be noted  th a t grow th has occurred in  th e  m ice h e ld  a t weaning w eight in  

th a t th e y  are la r g e r  and appear more mature than th ey  d id  a t 14 days o f  

a g e . The 28 and 39 day o ld  m ice have la r g e r  heads, t h e i r  h a ir  has grown, 

t h e ir  ey es  are la r g e r ,  and th e  s k e le t a l  s tru c tu re  i s  more developed.

When th e  underfed m ice a re  compared w ith  th e  w e ll-n o u r ish ed  ones i t  i s  

ev id en t th a t th e r e  i s  on ly  a s l ig h t  d if fe r e n c e  in  le n g th . However, th e r e  

i s  a co n sid era b le  d if fe r e n c e  in  w e ig h t. M ice weaned a t 14 days o f  age 

u s u a lly  lo s e  w eight fo r  about 3 days and th en  b eg in  t o  g a in  (Chart I ,

F igu re 1 ) .  In  th e  group w hich was g iv e n  food  ad l ib itu m  th e  weaning 

w eight was a tta in e d  on th e  20th  day o f  l i f e .  From th a t tim e on th ey  

g a in ed  r a p id ly  and a t 28 days o f  age w ere alm ost as heavy as unweaned 

m ice o f  th e  same a g e .

The data  obtained  in  th e s e  experim ents are p resen ted  g r a p h ic a lly  

in  Chart I .  The curves (F igure 2) in d ic a te  th e  percentage, o f  m ice which  

were p ara lyzed  on d if f e r e n t  days a f t e r  in o c u la tio n  o f  th e  v ir u s . The r e ­

s u l t s  r e v e a l s ig n i f ic a n t  d if fe r e n c e s  in  th e  s u s c e p t ib i l i t y  o f  th e  2 

grou p s. At th e  age o f  28 days ,̂87 per cent o f  th e  underfed  m ice developed  

p a r a ly s is  as c o n tra sted  w ith  on ly  11 p er  cent o f  th e  w e ll-n o u r ish ed  a n i­

m a ls . The d if fe r e n c e  i s  even more s t r ik in g  in  th e  36 to  39 day o ld  m ice . 

N in ety-tw o  per cen t o f  th e  underfed developed  p a r a ly s is  whereas 100 per  

cen t o f  th o se  g iv e n  food  ad lib itu m  w ere r e s is t a n t .  "When th e  two mal­

n ou rish ed  groups a re  compared i t  i s  s e e n  th a t  approxim ately th e  same p ercen t­

age o f  th e  28 and 36 t o  39 day o ld  m ice developed p a r a ly s is .  However,
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th e  o n se t m s  e a r l i e r  In  the younger group. P a r a ly s is  appeared  

a s  e a r ly  a s  th e  th ir d  day a f t e r  in o c u la tio n  in  the 28 day o ld  

anim als and by th e  6 th  day 60 per cent were p ara lyzed . In  th e  

36 to  39 day o ld  group s ig n s  o f  C .N .S. involvem ent d id  n o t appear 

u n t i l  th e  6 th  day and by th e  8 th  day on ly  about 50 per cen t were 

p a ra ly zed .

In flu en ce  o f  m aternal d ie t  on development o f  r e s is t a n c e : S in ce

m ice su ck lin g  mothers on a  d ie t  r ic h  in  n a tu ra l fo o d s tu f fs  ("M" 

d ie t )  become 80 to  90 per c e n t r e s is t a n t  t o  intram uscu lar in j e c t io n  

o f  th e  v ir u s  a t  th e  end o f  th e  su ck lin g  p er io d , i t  was decided  to  

determ ine whether m ice su ck led  by mothers fed  d ie t s  d e f ic ie n t  in  

th e  above vitam ins would a ls o  develop t h i s  r e s is ta n c e .  In  t h i s  s e t  

o f  experim ents th e m others were m aintained on th e  "M” d ie t  throughout 

pregnancy and fo r  2 days a f t e r  d e liv e r y , when th ey  were g iv en  th e  

d ie t s  l i s t e d  in  T able I .  The o ffsp r in g  were p erm itted  to  remain 

w ith  t h e ir  mothers fo r  28  days and th en  continued on th e  r e s p e c t iv e  

d ie t s  u n t i l  th e  end o f  th e  t e s t  p e r io d . A l l  mice were observed fo r  

a t  l e a s t  21 days a f t e r  In o cu la tio n  ox th e  v ir u s . D if fe r e n t  groups 

o f  m ice were te s te d  a t  4 ,  5 , and 6 weeks o f  age . The data obtained  

in  th e se  s tu d ie s  are p resen ted  g r a p h ic a lly  in  Chart I I .  Growth and
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s u s c e p t ib i l i t y  curves o f  mice suck led  by m others fed  d ie t s  r ic h  in  

n a tu ra l fo o d s tu f fs  are in clu ded  fo r  comparison*

P u r if ie d , a r t i f i c i a l  v ita m in -free  d ie t  supplem ented by a d d itio n  o f  

y e a s t ,  cod l i v e r  o i l ,  and wheat germ o i l : A t o t a l  o f  41 m ice,

which had been suck led  by 8 m others feed in g  on th e  above d ie t ,  were 

t e s t e d  (Chart I I ,  F igure 3 ) .  S ev en ty -th ree  per cen t o f  15 mice 

t e s t e d  a t  4 weeks o f  age proved to  be r e s i s t a n t .  The average w eight 

o f  th e s e  15 m ice was 9 .7  grams. At 5 weeks o f  age 93 per cent o f  

14 m ice (average w eight 1 2 .9  grams) d id  not show ev id ence o f C .N .S . 

involvem ent and a t  6 weeks o f  age 100 per cen t o f  th e  12 mice t e s t e d  

(average w eight 12 grama) were r e fr a c to r y . A lthough th e  mice in  

t h i s  group were not q u ite  as r e s is ta n t  a t 4  weeks o f  age a s  mice 

which had su ck led  mothers fed  a d ie t  o f  v a r io u s  n a tu ra l fo o d s tu ffs  

(Chart I I ,  F igu re  2) th ey  d id , however, develop  r e s is ta n c e  norm ally 

in  subsequent weeks.

P u r if ie d , a r t i f i c i a l  d ie t  d e f ic ie n t  in  th e  h e a t - la b i le  components o f  

th e  B-com plex: Nine mothers su ck lin g  54 m ice were put on t h i s  d ie t

2 days p ost partum. However, due to  can n ib a lism  f i r s t  by th e  m others 

and la t e r  by th e  more a g g ress iv e  o ffsp r in g  o n ly  8  o f  th e  o r ig in a l 54
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m ice were a v a ila b le  fo r  t e s t i n g .  A ll  o f  th e s e  S mice proved t o  be su s­

c e p t ib le  a t tb e  age o f  4 weeks (Chart I I ,  F igure 4 ) .  The naturd o f  th e  

in f e c t io n  in' th e se  m ice was d if fe r e n t  from th a t occurring in  o th er  mice 

in  th a t on ly  2 developed th e  c h a r a c te r is t ic  p a r a ly s is .  That' death o f  

th e  o th er  6 was due to  in v a s io n  o f  th e  C .N .S. by th e  v ir u s  was evident 

from th e  fa c t  th a t v ir u s  was recovered from th e  sp in a l cord and .brain or 

from th e  sp in a l cord a lon e o f  th e se  m ice at th e  tim e o f d eath . Apparently  

th e  v ir u s , once i t  had gained entrance to  th e  C .N .S ., spread r a p id ly  to  

in v o lv e  v i t a l  c en te r s  o f  th e  cord and m edulla b e fo re  p a r a ly s is ,  could  

d evelop .

Growth was markedly retarded  in  th e s e  8 m ice. At 28 days o f  

age t h e ir  average weight was on ly  4*3 grams as compared w ith  an average 

• w eight o f  9*7 grams fo r  4 week o ld  m ice which had suckled  m others fed  

th e  .p u r if ie d , a r t i f i c i a l  d ie t  supplemented w ith  y e a s t ,  cod l i v e r  o i l ,  and 

wheat germ o i l  (Chart I I ,  F igure 1 ) .

Because p a r a ly s is 'w a s  not a constant occurrence in  t h i s  group 

o f  m ice, Chart I I ,  F igure 4 in d ic a te s  th e  day o f  death ra th er  than  th e  

day o f  onset, o f  p a r a ly s is .

P u r if ie d , a r t i f i c i a l  d ie t  d e f ic ie n t  in  th e  v itam in  B-complex except B^:

Two days post partum 9 m others su ck lin g  62 m ice were p laced  on t h i s  d ie t .  

Cannibalism  occurred in  t h i s  group as  in  th e  prev ious one. However, th e  

m o r ta lity  was not so h igh  s in c e  33 o f  th e  o r ig in a l  62 mice survived
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to  be weaned a t 28 days. At th e  age o f  4 weeks 13 o f th e  m ice were 

t e s t e d ,  and a l l  were s u s c e p t ib le  t o  in tram uscu lar in j e c t io n  o f  th e  v iru s  

(Chart I I ,  F igu re  5)* At 5 weeks 90 per cen t o f  10 anim als were r e s i s ­

ta n t and at 6 weeks 67  per cen t o f  10 m ice showed no s ig n s  o f  C .N .S . in ­

volvem ent. In  t h i s  group, as in  th e  group o f  m ice which suckled  m others 

fe d  a  d ie t  d e f ic ie n t  in  th e  h e a t - la b i le  components o f  th e  B-com plex, 

growth was r e ta rd ed . The average w eight o f  th e  13 m ice t e s t e d  a t 4  weeks 

o f  age was 5*3 gram s, at 5 weeks o f  age th e  average w eight was 7 .5  grams 

and at 6 weeks th e  average w eight o f  10 m ice was o n ly  8 .1  grams (Chart I I ,  

F igure 1 ) .

P u r if ie d , a r t i f i c i a l  d ie t  d e f ic ie n t  in  v ita m in  E (Wheat germ o i l ) : Two

days a f t e r  d e liv e r y  8 m others su ck lin g  56 young were p laced  on t h i s  d ie t .  

F orty  o f  th e  young su rvived  t o  be t e s t e d  at 4» 5» end. 6 w eeks. Growth 

was not retard ed  in  t h i s  group o f  m ice (Chart I I ,  F igu re 1 ) .  At th e  age 

o f  4 weeks 54 p er  cen t o f  15 m ice , whose average w eight was 1 3 .6  grams, 

were r e s i s t a n t .  However, a t 6 weeks o f  age 100 per  cent o f  10 m ice (aver­

age w eight 15•4  grams) were r e fr a c to r y  (Chart I I ,  F igure 6 ) .

A summary o f  th e  data  in  Chart I I  r e v e a ls  th a t  when la c ta t in g  

m ice are  fe d  a  p u r if ie d , a r t i f i c i a l  d ie t  which has been supplem ented by 

th e  a d d itio n  o f  y e a s t ,  cod l i v e r  o i l ,  and wheat germ o i l  th e  su c k lin g  

young grow w e l l  and develop  r e s is ta n c e  t o  th e  in tram uscu lar in j e c t io n  o f  

v e s ic u la r  s t o m a t i t is  v ir u s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

CHART H
INFLUENCE OF MATERNAL DIET DURING LACTATION ON DEVELOPMENT OF RESISTANCE 
TO INTRAMUSCULAR INJECTION OF VESICULAR STOMATITIS VIRUS IN THE O F F S P R I N G .
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When la c ta t in g  m ice are put on a p u r if ie d , a r t i f i c i a l  d ie t  de­

f i c i e n t  e ith e r  in  th e  h e a t - la b i le  B-complex or in  th e  B-complex except 

B^ th e r e  i s  a marked r e ta rd a tio n  o f  growth in  th e  su ck lin g  young and a 

d elay  in  th e  development o f  r e s is ta n c e  t o  in tram uscu lar in j e c t io n  o f  th e  

v ir u s .

Young m ice which suckled  m others put on a d ie t  d e f ic ie n t  in  

v itam in  E two days a f t e r  d e liv e r y , a lthough th e y  continued to  ga in  w eigh t, 

did  not develop  r e s is ta n c e  t o  v e s ic u la r  s t o m a t i t is  v ir u s  in  a normal 

manner.

In flu en ce  o f  v a r iou s d ie t s  on th e  development o f  r e s is ta n c e  in  -prematurely 

weaned m ice: In  t h i s  s e t  o f  experim ents m ice w hich had suck led  mothers

m aintained on th e  "M" d ie t  were weaned a t 14 days o f  a g e . Four groups 

o f  approxim ately equal numbers o f  s ib l in g s  were g iv en  th e  d ie t s  l i s t e d  

in  T able I .  D iffe r e n t groups o f  mice were t e s t e d  at 4 , 5> and 6 weeks 

o f  a g e . The m ice were continued  on th e  d ie t  u n t i l  th e  end o f th e  t e s t  

p er io d .

P u r if ie d , a r t i f i c i a l  d iet-su pplem ented  by a d d itio n  o f  y e a s t ,  cod l i v e r  

o i l ,  end wheat germ o i l ; I t  has been p o in ted  out e a r l ie r  th a t mice 

weaned a t 14 days o f  age lo s e  w eight fo r  about 3 days and th en  b eg in  to  

g a in . A fte r  th e  i n i t i a l  l o s s  in  weight th e  prem aturely weaned m ice fed  

th e  above d ie t  grew r a p id ly  {Chart I I I ,  F igu re 1 ) .  The average w eight 

o f  th e  16 m ice t e s t e d  a t 4  weeks o f  age was 1 2 .3  ©rams* S ix ty -th r e e  per 

cent o f  th e s e  16 m ice proved t o  be r e s is ta n t  (Chart I I I ,  F igure 3 ) t o
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in tram uscu lar in je c t io n  o f  t l ie  v ir u s . At 5 weeks o f  age a l l  o f  th e  12
I

anim als t e s t e d  (average w eight 1 3 .2  grams) were r e fr a c to r y  and a t  6 

weeks 91 per cent o f  11 m ice,w hose average w eight was 1 4 .8  grams d id  not 

develop s ig n s  o f C .N .S. involvem ent.

P u r i f i e d ,a r t i f i c i a l  d ie t  d e f ic ie n t  in  th e  h e a t - la b i le  components o f  th e  

B-complex: A t o t a l  o f  39 m ice were weaned at 14 days and p la ced  on t h i s

d ie t .  I t  was found th a t b oth  growth and development o f  r e s is ta n c e  were 

retard ed  in  th e s e  anim als (Chart I I I ,  F igu res 1 and 4 ) .  The average  

w eight o f  th e  15 m ice t e s t e d  at 4 weeks was 8 .6  grams, and on ly  20 per  

cent o f  th e se  anim als were found to  be r e s i s t a n t .  F if te e n  m ice whose 

average w eight was 6 .7  grams were t e s t e d  a t 5 weeks o f  a g e . Only 33 per  

cent were r e fr a c to r y . At 6 weeks o f  age 9 m ice were t e s t e d .  The aver­

age w eight o f  t h i s  group was 1 0 .7  grams. S ix ty -se v e n  per cent showed 

no ev id en ce o f  C .N .S. involvem en t.

P u r if ie d , a r t i f i c i a l  d ie t  d e f ic ie n t  in  th e  v itam in  B-com plex except B^:

The weaned m ice which were fed  t h i s  d i e t ,  l i k e  th o se  in  th e  p rev iou s  

group, f a i l e d  t o  ga in  w eight in  a normal manner (Chart I I I ,  F igu re 1 ) .

The average w eight o f  th e  m ice t e s t e d  at 4 weeks was 8 .2  grams, at 5 weeks 

th e  average w eight was 8 .8  grams and at 6 weeks 10.7  grams. At 4  weeks 

o f  age 67 per cen t o f  15 m ice t e s t e d  did  not develop p a r a ly s is .  Of th e  

18 m ice t e s t e d  a t 5 weeks 67  per cent were r e s is t a n t  and a t 6 weeks 89 

per cen t o f  9 m ice were r e fr a c to r y  (Chart I I I ,  F igure 5)* The r e la t iv e l y
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high degree o f  r e s is ta n c e  (6 7  per cent) o f  th e  4  week old  mice i s  sur­

p r is in g  when i t  i s  r e c a lle d  th a t 100 per cent o f th e  mice which suckled  

mothers fed  t h is  d ie t  were su scep tib le  a t 4 weeks o f age (Chart I I ,

Figure 5) • I t  would appear th a t during th e  14  days o f su ck lin g  some 

fa c to r  was obtained in  th e  m ilk which enabled th ese  animals to  develop  

r e s is ta n c e . I t  should be noted , however, th a t at 5 weeks o f  age only  

6 7  per cent o f th e  weaned mice fed  th e  above d ie t  were r e s is ta n t  as com­

pared w ith  100 per cent o f  th o se  weaned and fed  th e  supplemented d ie t .

P u r if ie d , a r t i f i c i a l  d ie t  d e f ic ie n t  in  v ita m in  E (wheat germ o i l ) :

When m ice were weaned a t  14 days o f  age and put on th e  above die* i t  was 

found th a t  th ey  gained  w eight in  th e  same manner a s  m ice w hich were weaned 

and g iv en  th e  supplemented d ie t  con ta in in g  wheat germ o i l  (Chart I I I ,  

F igu re 1 ) .  The average w eight o f  15 m ice t e s t e d  at 4 weeks o f  age was 

9 .7  grams. Only 20 per cent o f  th e s e  anim als proved to  be r e s is t a n t  to  

th e  v ir u s .  At 5 weeks o f  age 100 per cent o f  10 m ice , whose average  

w eight was I 4 . 3  grams, were r e fr a c to r y . The average w eight o f  6 m ice 

t e s t e d  a t 6 weeks was 13*8 gram s. Only 33 Per cent o f  th e s e  anim als d id  

not develop  p a r a ly s is .  B ecause on ly  6 s ix -w eek  o ld  m ice were a v a ila b le  

fo r  t e s t in g  th e  apparent h ig h  degree o f  s u s c e p t i b i l i t y  o f  th e s e  anim als 

cannot be con sid ered  s ig n i f ic a n t  u n t i l  la r g e r  numbers are  t e s t e d .

I t  appears from th e s e  data th a t prem aturely weaned m ice when 

fe d  a p u r if ie d , a r t i f i c i a l  d i e t ,  which has been supplem ented by th e  addi­

t io n  o f  v ita m in s , become r e s is t a n t  t o  in tram uscu lar in j e c t io n  o f  v e s ic u la r
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C H A R T  m
INFLUENCE OF DIET OF PREMATURELY WEANED MICE (WEANED AT 14 DAYS OF AGE) ON THE 
DEVELOPMENT OF RESISTANCE TO INTRAMUSCULAR INJECTION OF VESICULAR STOMATITIS VIRUS
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s to m a tit is  v ir u s  in  th e  same manner a s  do prem aturely weaned m ice fed  a 

m ixture o f  n a tu ra l fo o d - s t u f f s  and v ita m in s .

When mice are weaned at 14 days o f age and put on a p u rified  

a r t i f i c i a l  d ie t  d e fic ie n t  in  th e  h e a t - la b ile  components o f th e  B-complex 

both growth and development o f re s ista n ce  are retarded. Although re­

tard ation  in  th e  development o f re s is ta n ce  was not marked in  th e  mice 

weaned and fed  a p u r ified , a r t i f i c i a l  d ie t  d e f ic ie n t  in  the B-compler 

except Bĵ  s t i l l  only 67  per cent were r e s is ta n t  at 5 weeks as compared 

w ith  100  per cent o f th e  weaned mice which received  th e supplemented 

d ie t .

In  th e  group o f  weaned m ice w hich were fed  a p u r if ie d , a r t i ­

f i c i a l  d ie t  d e f ic ie n t  in  v ita m in  E th e r e  was a de lay  in  th e  development 

o f  r e s is ta n c e  although growth was not reta rd ed .

In flu en ce  o f  v a r io u s  d e f ic ie n t  d ie t s  on th e  r e s is ta n c e  o f  fu ll-g ro w n  m ice; 

The e f f e c t  o f  d ie ta r y  d e f ic ie n c ie s  on th e  r e s is ta n c e  o f  fu ll-g ro w n  mice 

was not in v e s t ig a te d  e x te n s iv e ly  in  th e se  s tu d ie s .  However, data was ob­

ta in e d  from s e v e r a l groups o f  mice which had been fe d  d e f ic ie n t  d ie t s ,  

as in d ica ted  in  T able I I ,  fo r  a period  o f  6 t o  8  w eeks.

The d a ta  (Table I I )  r ev e a l th a t none o f  th e  an i ma l s  fe d  th e

d e f ic ie n t  d ie t s  were s u s c e p t ib le  to  v e s ic u la r  s to m a t it is  v ir u s  fo llo w in g  

intram uscular in j e c t io n .  S ev era l o f  th e  m ice fed  th e  au toclaved  d ie t  

developed s ig n s  o f  B^ d e f ic ie n c y  e ith e r  b e fo re  or a f t e r  in j e c t io n  o f  th e  

v ir u s  and s e v e r a l d ied  during th e  t e s t  p e r io d . However, th e  v ir u s  was 

not recovered  from e ith e r  th e  b ra in  or th e  sp in a l cord o f  th e s e  m ice ; and

i t  must b e  concluded th a t death  was due t o  th e  v itam in  d e f ic ie n c y  and
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Table I I  

E ffe c t  o f  D e f ic ie n t  D ie ts  

on R esis ta n ce  o f  Full-G-rovm Mice

D iet Time 
on D iet

No. Mice $
R e sis ta n t

D e fic ie n t  in  B- 
complex except B^

6 -8  wks. 8 100

D e f ic ie n t  in  
v itam in  E

n 7 It

* ( 1IMW d ie t  + wbole 
m ilk  + y e a st  + cod 
l i v e r  o i l )  Ingred­
ie n t s  mixed and 
a n toclaved  6 h rs . 
a t  16 lb s .

n 10 VV

* D e f ic ie n t  in  b e a t - la b i le  B-complex
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not to  th e  v ir u s .  I t  should  be p o in ted  out th a t th e  a u to claved  d ie t  in  

a d d itio n  t o  b e in g  d e f ic ie n t  in  th e  h e a t - la b i le  B-com plex was a ls o  d e f ic ie n t  

in  v itam in  A. S in ce  cod l i v e r  o i l  was added t o  th e  d ie t  b e fo re  au to -  

c la v in g  t h e  d ie t  was probably a lso  d e f ic ie n t  in  v itam in  E.

I t  would appear th en  th a t once m ice have developed r e s is ta n c e  

t o  intram uscular in j e c t io n  o f  th e  v ir u s  th ey  do not a g a in  become suscep ­

t i b l e  when fe d  th e  d e f ic ie n t  d ie t s  used in  t h i s  s tu d y .

In flu en ce  o f  "precocious" sex u a l m aturation  on th e  development o f  r e s is ta n c e ;  

The purpose o f  t h i s  experim ent was t o  determ ine whether su c k lin g  m ice in ­

je c te d  w ith  a gonadotropic hormone which ind uces •’precocious"  sex u a l mat­

u ra tio n  would become r e s is t a n t  at an age when most m ice are  s t i l l  su s­

c e p t ib le .  Beginning on th e  5 th  day o f  l i f e  20 m ice were in je c te d  su b cu t-  

an eou sly  w ith  1 u n it  (C artland-N elson) o f  a commercial p rep aration  o f  

pregnant mare serum (Gonadogen). The in j e c t io n s  were contin ued  u n t i l  th e  

m ice were 21 days o ld .  On th e  tw e n ty - f ir s t  day o f  l i f e  th e  anim als were 

weaned and t e s t e d  fo r  r e s is ta n c e  t o  th e  v ir u s .  Twelve normal l i t  terminates 

served  as c o n tr o ls .  D escent o f  th e  t e s t e s  or opening o f  th e  vag ina  were 

th e  c r i t e r i a  used t o  determ ine sexu al m atu ration . The m others o f  th e s e  

m ice were fe d  a  m ixture c o n s is t in g  o f  1500 gms. "M" d ie t  + 1000 c . c .  whole  

m ilk + 150 grams y e a s t  + 60 gms. cod l i v e r  o i l .  The d ata  obtained in  t h i s

study are  found in  T able I I I .

I t  w i l l  be seen  th a t  opening o f  th e  vagina or d escen t o f  th e  

t e s t e s  occurred by th e  2 1 s t day in  100 per cent o f  th e  t r e a te d  m ice w h ile  

none o f  th e  u n trea ted  l i t t e r m a te  c o n tr o ls  showed ev iden ce o f  sexu al m a tu r ity .
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Table I I I

Influence o f "Precocious” Sexual Maturation on 
tb e  Development o f  R esistance in  Suckling Mice

Treatment No. o f  
Mice

Av. w t. at 
tim e o f  t e s t

i  shov/ing 
opening o f  
vagina or 
descent o f  
t e s t e s  at 
21 days o f  age

%
r e s is ta n t

1 u n it o f
3-onadogen
d a ily
(16  u n its  
per mouse)

20 9 .3 100 25

None 12

( l i t t e r -  
mat es o f  
above 
animals)

3 .9 0 25
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D escent o f  th e  t e s t e s  or opening o f  th e  vagina occurred as e a r ly  as th e  

17th  day o f  l i f e  in  some o f  th e  tr e a te d  an im als. M ice norm ally become 

s e x u a lly  mature a t 28 to  36 days o f  age.

A lthough "precocious" sex u a l m aturation was induced in  100 per  

cent o f  th e  tr e a te d  m ice th e s e  anim als were not more r e s is ta n t  than th e  

lit te r r a a te  c o n tr o ls .  S e v e n ty -f iv e  per cent o f  21 day o ld  m ice in  each  

group were found t o  be s u s c e p t ib le  to  th e  v ir u s  fo llo w in g  in j e c t io n  in to  

th e  m uscle.

I t  appears from th e  d ata  obtained in  t h i s  experim ent th a t mice 

tr e a te d  w ith  pregnant mare serum rea c t t o  th e  v ir u s  in  th e  same manner 

as do normal m ice o f  th e  same a g e , i . e .  premature development o f  r e s is ta n c e  

i s  not a s so c ia te d  w ith  "precocious" sex u a l m aturation .

D iscu ss io n

B efore beg in n in g  a d is c u s s io n  o f  th e  data ob ta ined  in  th e  present  

experim ents i t  w i l l  be w e ll  to  r e s t a t e  th e  purpose o f  th e  s tu d ie s . V e s i­

cu la r  s to m a t it is  v ir u s  when in je c te d  in to  th e  c a l f  m u scles o f  14- dgy o ld  

a lb in o  m ice invades th e  c en tr a l nervous system  by way o f  th e  p er ip h era l 

n erv es  and g iv e s  r i s e  t o  a f a t a l  ascend ing f la c c id  p a r a ly s is  in  100 per  

cent o f  th e  anim als ( 1 ,2 ) .  However as mice grow and develop  th ey  become 

in c r e a s in g ly  r e s is t a n t  to  th e  v ir u s  when in je c te d  by t h i s  r o u te . At 1 

month o f  age o n ly  10 t o  20 per cent are  s u sc e p t ib le  and between th e  5 th  

and 6 th  week o f  l i f e  th ey  are about 100 per cent r e s is t a n t  ( 1 ,2 ,7 ) •  The 

p resen t in v e s t ig a t io n s  were undertaken t o  determ ine w hether th e  development
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o f  t h i s  re s ista n ce  could he in fluenced  by certa in  d ie ta ry  d e f ic ie n c ie s  

or by inducing ea r ly  sexual m aturation.

I t  was observed that mice which were weaned at 14 days of  

age and kept at t h e ir  weaning weight by underfeeding w ith  a d iet r ic h  

in  natural fo o d stu ffs  and vitam ins were s t i l l  h igh ly  su scep tib le  to  th e  

v ir u s  at 28 and 36 to  39 days o f  age. S ib lin g s  on th e other hand* weaned 

at th e  same tim e and given th e same d ie t ad lib itu m  developed re s is ta n c e  

in  a normal manner, i .e .^ a t  36 to  39 days of age th ey  were 100 per cent 

r e s is ta n t .  I t  i s  th us evident that when normal growth and development 

are suppressed by in a n itio n  re s is ta n c e  to  intram uscular in jec tio n  o f  

th e  v iru s does not develop in  a normal manner. How i s  t h is  fa ilu r e  to  

become r e s is ta n t  to  be explained? I t  may be r e c a lle d  that p h y sio lo g ica l 

changes which take p lace in  th e  muscle c e l l s  o f  mice as they grow and 

develop may be resp on sib le  fo r  preventing the v iru s from entering th e  

peripheral nerves and thus gain access to  the cen tra l nervous system .

I t  was noted th a t th e  c a lf  m uscles o f  th e  underfed mice used in  t h is  

p a rticu la r  study were much sm aller than those o f w ell-nourished mice o f  

th e  same age. I t  might be that th e  suppression o f  m etabolic a c t iv it y  

o f  th e  muscle c e l l s ,  due to  a lack  o f  nutrient m a ter ia l, may have in te r ­

fered  with th e  development o f r e s is ta n c e  in  the m uscle. However at the  

present time i t  cannot be sta ted  d e f in it e ly  that th e  fa ilu r e  o f th e  c a lf  

m uscles to  develop was the s o le  contributing cause o f th e  fa ilu r e  of  

th e  underfed mice to  become r e s is ta n t .  I t  has been pointed out e a r lie r  

th a t th e  b arrier  to  neuroinvasiveness fo llow ing intramuscular in je c t io n
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o f  th e  v iru s may be s itu a ted  in  th e  peripheral nerve or nerve endings. 

This being th e  case then  p o ss ib le  changes in  th e  peripheral nerves or 

in  th e  nerve endings, due to  underfeeding, must a lso  be considered.

At present i t  i s  not known whether such changes do occur in  mice which 

are held at a more or l e s s  constant w eight. However i t  has been re ­

ported (2 1 ) th at d is in te g r a tio n  of th e  m yelin  sheaths of peripheral 

nerves occurs in  ra ts  on a t o t a l  in a n itio n  regimen. I t  should be noted  

that because o f th e  nature of th e  d ie t fed  th e se  malnourished mice 

(h igh  in  vitam ins A, B-complex, D) th e  animals may have received  su f­

f ic ie n t  vitam ins even in  th e  sm all amount o f  food g iven  them.

Although i t  has been shown that underfeeding d e f in it e ly  re­

tard s the development o f  r e s is ta n c e  in  m ice to  intram uscular in je c tio n  

o f v e s ic u la r  s to m a tit is  v iru s  th e  present s ta te  of our knowledge does 

not permit one to  s ta te  by what mechanism t h is  fa ilu r e  to  develop re­

s is ta n c e  i s  brought about.

7/hen mice were perm itted to  suck le mothers which had been 

put on a d ie t  d e fic ie n t  in  th e  h e a t- la b ile  components o f th e  vitam in B- 

complex 2 days a fte r  d e liv e r y  th ey  did not develop re s is ta n c e  to  in tra ­

muscular in je c t io n  o f  th e  v ir u s . At 4 weeks of age a l l  o f  th e  8 mice 

te s te d  proved to  be su sc e p tib le . Only 2 o f th ese  mice developed the  

c h a r a c te r is t ic  ascending f la c c id  p a ra ly sis  but th e  v iru s was recovered  

from th e  brain  and cord or from th e cord a lone o f  th e  other 6 at th e  

tim e o f death . I t  would appear th a t once th e  v iru s gained entrance to  

th e  cen tra l nervous system i t  spread rap id ly  to  involve higher centers
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o f th e  sp in a l cord and m edulla b efo re  p a r a ly s is  could d ev e lo p .

I t  w i l l  be noted  (Cbarfc I I ,  Bigur® 1) th a t growth was markedly 

retard ed  in  th e  mice which suck led  m others fed  th e  d ie t  d e f ic ie n t  in  

th e  h e a t - la b i le  B-com plex. The anim als d id  not grow a f t e r  th e  10th  day 

o f  l i f e  (w eigh ts were tak en  from th e  10th  t o  2Sth d ay). A pparently  

th e  la c t a t in g  mouse i s  d e p le te d  o f th e  h e a t - la b i le  B-com plex more 

r a p id ly  than th e  rat s in c e  d e p le t io n  app arently  occurred a f t e r  th e  

m ice had been on th e  d ie t  fo r  & days.

The apparent ra p id  spread o f  th e  v ir u s  in  th e  c e n tr a l nervous 

system  o f  th e  m ice which had been suckled  by mothers fed  a d ie t  d e f ic ie n t  

in  th e  h e a t - la b i le  B-complex su g g ests  th a t th e  f a i lu r e  o f  th e s e  anim als 

t o  develop  r e s is ta n c e  may have been a sso c ia te d  w ith  changes in  th e  ner­

vous system . As a lread y in d ic a te d  e a r l ie r  in  th e  paper v ita m in  B^ seems 

to  be n ecessa ry  fo r  th e  m aintenance o f  h ea lth y  neu ral t i s s u e .  I t  may 

w e ll  be th en  th a t v itam in  B^ i s  a lso  n ecessa ry  fo r  th e  normal develop­

ment o f th e  nervous system . I f  t h i s  i s  th e  ca se  th en  i t  may be lo g ic a l  

to  assume th a t th e  f a i lu r e  o f  th e s e  m ice to  develop  r e s is ta n c e  was a s­

so c ia te d  w ith  a fa i lu r e  o f  th e  p er ip h era l n erves t o  d evelop  in  a normal 

manner. I t  must be remembered however th a t v itam in  B^ may p la y  some part 

in  th e  carbohydrate m etabolism  o f th e  c e l l  and as p o in ted  out e a r l ie r  

a d istu rb an ce o f  m etabolism  might in t e r fe r e  w ith  th e  development o f  r e ­

s is t a n c e .

A marked r e ta r d a tio n  o f growth and a d elay  in  th e  development 

o f  r e s is ta n c e  to  intram uscular in j e c t io n  o f  v e s ic u la r  s to m a t i t is  v iru s
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occurred in  mice which suckled mothers fed  a d iet, d e fic ie n t in  the  

B-complex except B^. At 28 days o f age 100 per cent o f th e  mice 

te s te d  were su scep tib le . A ll  o f th ese  mice developed th e  character­

i s t i c  ascending f la c c id  p a r a ly s is . I t  i s  in ter estin g  to  note that 5 

week old  mice which had suckled mothers fed  th e  above d e f ic ie n t  d iet  

were 90 per cent r e s is ta n t .  T his might suggest that mice feed ing on; 

a d ie t d e f ic ie n t  in  the B-complex except B  ̂ are able to  develop r e s i s ­

tance to  th e  v ir u s . In view  o f  th e  fa c t th at th e  5 week old mice 

proved to  be h igh ly  re s ista n t i t  i s  d i f f ic u l t  to  formulate an explana­

t io n  fo r  th e high degree o f s u s c e p t ib i l i ty  o f th e  28 day o ld  m ice. Re­

tard ation  o f  growth may have been a fa c to r  but th e  d ifferen ce  in  th e  

average weight o f th e  two groups ( 2 .2  grams) would not in d ica te  t h is  

to  be th e s o le  cause. The average weight o f th e  35 day old  mice was 

only 7 .5  grams. In other experiments normal 14 day old mice weighing  

7 .5  grams or more have been found to  be su scep tib le  to  th e  v iru s when 

in jec ted  intram uscularly. The only apparent explanation for  th e  fa ilu r e  

of th e  28 day old mice to  become r e s is ta n t  i s  that a lack  o f the B- 

complex except B^, caused a disturbance in  t is s u e  metabolism which in  

turn retarded the normal development o f  re s ista n ce  in  th e muscle c e l l s .

The grovith curves (Chart I I ,  Figure l )  o f th e  mice suckled  

by mothers fed  a d ie t d e f ic ie n t  in  th e  h e a t- la b ile  B-complex show that  

growth was retarded from th e  10th day o f l i f e .  I t  would appear th at in  

the la c ta t in g  mouse th e  h e a t - la b ile  B-complex and th e  B-complex except
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B-j_ a re  d ep le ted  a t about th e  same r a te .

I t  has been shown (16 , 25) th a t both v itam in  Bj_, and 

r ib o f la v in , are  n ecessary  fo r  s u c c e s s fu l  la c t a t io n  in  th e r a t .

The r e s u lt s  o f  t h i s  phase o f  th e  study su ggest th a t  th e  same i s  

tru e  fo r  th e mouse. Of an o r ig in a l  group o f  54 m ice suck led  by 

m others fed  a d ie t  d e f ic ie n t  in  th e  h e a t - la b i le  components o f  th e  

B-complex on ly  8  were a l iv e  a t  th e end o f  th e  su ck lin g  p er iod , and 

on ly  33 o f  an o r ig in a l  62 m ice su ck led  by m others fe d  a  d ie t  d e f ic ie n t  

in  th e B-complex excep t B^ su rv ived  t o  be weaned. I t  i s  in t e r e s t in g  

to  n o te  in  t h i s  con n ection  th a t  com plete fa i lu r e  o f  la c t a t io n  occurred  

(33) when a lb in o  r a t s ,  f e d  a  d ie t  d e f ic ie n t  in  y e a s t ,  were fed  

supplem ents o f  v itam in  B  ̂ and r ib o f la v in .  However, i f ,  in  a d d it io n  

t o  th e  above v ita m in s , th e  f i l t r a t e  fa c to r  (34) (th e f i l t r a t e  fa c to r  

p reven ts n u tr it io n a l  derm atosis in  ch ick s) was added to  th e  d ie t ,  su c ce ss ­

f u l  la c t a t io n  occu rred .

In  th e  p resen t s e r ie s  o f  s tu d ie s  n u tr it io n a l  m uscular dystrophy  

was not observed in  any o f  th e  m ice which were su ck led  by m others fe d  a 

d ie t  d e f ic ie n t  in  v itam in  S .  E v id en tly  su ck lin g  m ice and su ck lin g  r a ts  

behave d i f f e r e n t ly  to  a d e f ic ie n c y  o f  v itam in  E s in c e  r a ts  su ck lin g  mothers 

on a d ie t  d e f ic ie n t  in  E develop  p a r a ly s is .  A lthough th e  m ice suck led  

by mothers fe d  the above d ie t  d id  not show any c l i n i c a l  symptoms o f  a  

d e fic ie n c y  o f  v itam in  E, n e v e r th e le s s  th ey  were h ig h ly  s u s c e p t ib le  (54 

per cen t) to  th e  v ir u s  a t  28  days o f a g e . However, a t  5 and 6 weeks o f
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age th e  m ice had developed normal r e s is ta n c e  to  th e  v irus*  Growth 

was not retard ed  in  th e se  m ice and th e y  were normal in  appearance*

I t  would appear th a t fa c to r s  o th er  th an  growth are in vo lved  in  th e  

development o f  r e s is ta n c e .  At p resen t no ex p la n a tio n  can be o ffered  

fo r  th e r e ta rd a tio n  in  th e  development o f  r e s is ta n c e  n oted  in  mice 

which had suck led  m others fed  a d ie t  d e f ic ie n t  in  v itam in  E* I t  

m ight be th a t d egen era tive  changes may have occurred in  th e  m nsole 

c e l l s  which were not m an ifested  c l i n i c a l l y  but th er e  i s  no ev id ence  

a t  hand t o  support t h i s  su g g e stio n .

A s tr ik in g  d if fe r e n c e  in  th e  degree o f  r e s is ta n c e  was noted  

betw een th e  m ice weaned a t  14 days o f  age and fe d  a  d ie t  d e f ic ie n t  in  

th e  h e a t - la b i le  B complex and th e  anim als weaned a t  th e  same age and 

fe d  a  d ie t  d e f ic ie n t  in  th e  B complex except B^. The l a t t e r  group 

developed r e s is ta n c e  in  an alm ost normal manner w h ile  in  th e  former 

group th er e  was a  marked re ta rd a tio n  in  th e  development o f  r e s is ta n c e *  

I t  must be remembered th a t  both groups o f  m ice were suckled  fo r  14 days 

by m others feed in g  on a d ie t  r ic h  in  n a tu ra l fo o d s tu f f s .  I t  would 

appear th a t  when m ice are a llow ed  to  su ck le  fo r  14 days and are then  

weaned, r e s is ta n c e  d evelop s even when th e  B-complex except i s  

e lim in a te d  from th e  d i e t .  However, when h e a t - la b i le  components o f  th e  

B-com plex are e lim in a ted  from th e  d ie t  o f  14 day o ld  m ice , th e  develop­

ment o f  r e s is ta n c e  i s  markedly re ta rd ed . I t  i s  apparent, then, th a t  

th e  h e a t - la b i le  components o f  th e  B-oomplex must be in clu ded  in  th e  

m aternal d ie t  and in  th e  d ie t  o f  prem aturely weaned m ice i f  r e s is ta n c e  

i s  to  develop  normally*
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The h igh  degree o f  r e s is ta n c e  a t S8 days o f  age o f  th e  

prem aturely weaned m ice which had been fed  the d ie t  d e f ic ie n t  in  

th e B-complex except i s  su rp r is in g  when i t  i s  r e c a l le d  th a t  

100 per cen t o f  th e  m ice, which had suckled  mothers fed  th e  same 

d ie t ,  were s u sc e p tib le  a t 1 month o f  a g e . I t  would appear th a t  when 

very young m ice (2 days o ld ) are deprived o f  th e  B-complex except B^, 

th ey  f a i l  to  become r e s is t a n t  to  th e  v ir u s  a t  a  tim e when normal mice 

are h ig h ly  r e s i s t a n t .  However, i f  m ice, perm itted  to  su ck le  mothers 

feed in g  on a d ie t  o f  n a tu ra l fo o d s tu ffs , are  weaned a t  14 days o f  age 

and g iv e n  a d ie t  d e f ic ie n t  in  th e  B-complex, th ey  become r e s is t a n t  in  

an alm ost normal manner.

The m ice which were weaned a t  14 days o f  age and g iv en  a 

d ie t  d e f ic ie n t  in  v itam in  E, a lthough they showed no symptoms o f  E 

d e f ic ie n c y , were more su s c e p t ib le  a t  28 days o f  age than were m ice 

which had suck led  m others fe d  a d ie t  d e f ic ie n t  in  th e  same v itam in .

I t  m ight be concluded th a t th e  unweaned m ice r ec e iv ed  seme fa c to r  in  

the m ilk  (perhaps v itam in  E) which enabled them to  become more _  

r e s is ta n t  than th e  prem aturely weaned m ice. S in ce  the m ioe weanedat 

14 days o f  age and fed  th e  d ie t  d e f ic ie n t  in  v itam in  £  d id  n ot show 

any symptoms o f  £  d e f ic ie n c y , no ex p lan ation  can b e  o ffe r e d  f o r  th e  

d elay  in  th e  development o f  r  e s is ta n c e .
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Full-grow n m ice, which are r e s is ta n t  t o  intram uscular  

in j e c t io n  o f  v e s ic u la r  s to m a t it is  v ir u s , d id  not lo s e  t h i s  r e s i s t ­

ance when fe d  a d ie t  d e f ic ie n t  in  c e r ta in  components o f  th e  B-complex 

or in  vitam in £  fo r  a  p eriod  o f  from 6 to  8 weeks* These f in d in g s  

su ggest th a t once m ice become r e s is ta n t  t o  th e  v ir u s , th e  r e s is ta n c e  

i s  not a f fe c te d  by a d e f ic ie n c y  o f  th e  above vitam ins* I t  may w e ll  

be th a t  c e l lu la r  changes which occur during growth and development 

are not r e v e r s ib le . The f a c t  th a t  s e v e r a l o f  th e  m ice which were 

fed  a  d ie t  d e f ic ie n t  in  th e  h e a t - la b i le  components o f  th e  B-complex 

developed s ig n s o f  B^ d e f ic ie n c y  (weakness o f  e x tr e m itie s  and trem ors) 

before  or sh o r t ly  a f t e r  in j e c t io n  o f  th e  v ir u s  might su ggest th a t  

even when the p er ip h era l nerves are  damaged, th e  v ir u s  n e v e r th e le s s  

does n ot invade th e c e n tr a l nervous system*

In  order th a t  m islead in g  g e n e r a liz a t io n  may not be made 

from th e  above o b serv a tio n s , i t  should be p o in ted  out th a t w h ile  

c e r ta in  d ie ta r y  d e f ic ie n c ie s  appear to  in f lu e n c e  th e  development o f  

r e s is ta n c e  to  v e s ic u la r  s to m a t it is  v ir u s  when in je c te d  by th e  in tr a ­

m uscular rou te , i t  cannot be sa id  th a t th e  r e s is ta n c e  t o  a l l  v ir u se s
th a t

would be a f fe c te d  in  th e  same manner. I t  may a ls o  b e /th e  r e s is ta n c e  

to  v e s ic u la r  s to m a t it is  v ir u s  when in je c te d  by oth er ro u tes  might 

be a ffe c te d  d i f f e r e n t ly .

Starkey and Leathern (35) have r e c e n t ly  shown th a t  pregnant 

mare serum i s  capable o f  producing a  s tim u la tin g  e f f e c t  on th e  gonads

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



29

o f  IE day o ld  m ice. They found an ovarian w eight in crea se  in  th e  

immature fem ale m ice, f o l l i c u l a r  m aturation was induced but th e  

form ation o f  lu t e in  t i s s u e  predom inated. They a lso  found an in ­

crease  in  i n t e r s t i t i a l  t i s s u e  and a r e s u lt in g  in crea se  in  a c ce sso r y  

sex u a l organs in  th e  immature m ales.

In  th e  p resen t stu d y  no h is t o lo g ic a l  s tu d ie s  were made o f  

th e  sex  organs o f m ice tr e a te d  w ith  pregnant mare serum. However, 

d escen t o f  the t e s t e s  o r  opening o f  th e vag in a  occurred a s  e a r ly  

a s  th e 17th day when 1 u n it  (C artland-N elson) o f  pregnant mare serum 

was in je c te d  d a ily  b eg in n in g  w ith  th e  5 th  day o f  l i f e .  By th e  21 st  

day o f  l i f e  descent o f  th e  t e s t e s  or opening o f  th e  vagina was observed  

in  100 per cen t o f  th e  in je c te d  m ice . A lthough evidence o f  "precocious** 

sex u a l m aturation was ob ta in ed  in  a l l  th e  tr e a te d  m ice, th ey  were ju s t  

a s  s u s c e p t ib le  to  intram uscular in je c t io n  o f  th e  v ir u s  a s  were th e ir  

u n trea ted  lit te x m a te  c o n tr o ls .
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SUMMABY

The p resen t s e r ie s  o f  in v e s t ig a t io n s  was undertaken to  

study th e  in f lu e n c e  o f  c e r ta in  d ie ta r y  and hormonal fa c to r s  on th e  

development o f  r e s is ta n c e , in  th e  a lb in o  mouse, to  Intram uscular 

in j e c t io n  o f  v e s ic u la r  s to m a t it is  v iru s*  Experim ents were conducted  

to  determ ine th e  e f f e c t  on the development o f  t h i s  r e s is ta n c e  o f  

(1 ) th e  m aternal d ie t  during la c t a t io n ,  (2 ) th e  d ie t  o f  m ice weaned 

a t 14 days o f  age , and (5) a  gonadatropic hormone which induces  

"precocious" sexu a l m aturation*

The d ata  obtained  in  th e  d ie ta r y  s tu d ie s  are suusnarized in  

T ab les IT and V*

The r e s u l t s  (Table IT) r e v e a l th a t  when la c ta t in g  m ice were 

fe d  a p u r if ie d  a r t i f i c i a l  d ie t  which had been supplemented by th e  

a d d it io n  o f  y e a s t , cod l i v e r  o i l  and wheat germ o i l ,  th e  o ffsp r in g  

grew and developed r e s is ta n c e  to  in tram uscu lar in j e c t io n  o f  th e  v ir u s  

in  the same manner as did  m ice which were su ck led  by mothers fe d  & 

d ie t  r ic h  in  n a tu ra l fo o d stu ffs*

HJhen la c ta t in g  m ice were fe d  a  p u r if ie d  a r t i f i c i a l  d ie t  

d e f ic ie n t  e ith e r  in  the h e a t - la b i le  components o f  th e  B-oomplex or  

th e  B-camplex except v itam in  B^, th er e  was a  r e ta rd a tio n  o f  growth 

and a marked delay in  the development o f  r e s is ta n c e  in  th e  o ffsp r in g *
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Table IV

Influence o f  Maternal D iet during Nursing Period on Development o f  R esistance in  O ffspring
(V. S. Virus Intram uscularly)

Age o f Mice

Diet 4 weeks 5 week 3 6 weeks
* No. * No. % No.

resistan t t e s ­ Av. resistant t e s ­ Av. ■resistant te s ­ Av.
ted wt. ted wt. ted wt.

Gm. Gm. Gm.
1. "M" d iet or "M" d iet + whole milk 

+ yeast + CLO
82 75 13.4 3 & 18 15.0

2. CSLS + 0L0 + TOO + yeast 2 1 15 9 .7 2 1 14 12.9 100 12 12.0

3 . " + ” + yeast (d efic ien t in  E) ' J A 15 9 .5 80 15 13 .6 100 10 15.4

4. " + « + WGO + RPC
(d efic ien t in  B. complex except B )̂

0 13 5.3 2 2 10 7.5 64 11 8.1

5. CSLS + CLO + TOO + autoclaved yeast 0 8 4 .3 No survivor'3  on diet
(d efic ien t in  h ea t-la b ile  B)

CSLS « casein  (v itam in -free) + starch  + lard  + s a lt  mixture (McCollum’ s)
CLO =» cod l iv e r  o i l ;  TOO = wheat germ o i l ;  RPG = r ic e  p o lish in g s concentrate  
Av. w t. = average weight
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Table V

Development o f R esistance in  Prematurely Weaned Mice R eceiving  
Q u an tita tively  or Q u a lita tiv e ly  Inadequate D iets  

(V. S . V irus Intram uscularly)

Age o f  Mice

4 weeks 5 weeks 6 wfiftks
D iet %

r e s is ta n t
No.
t e s ­
ted

Av.
w t.

*
r e s is ta n t

No.
t e s - Av.

jsdu.

*
r e s is ta n t

No.
t e s -
A9<L

Av.
LffiL._____

Gm.
\

Gm. \ Gm.
1 . "M" d ie t  + whole milk + y ea st + 

CLO ad l ib .
JZS 9 12 J 100 19 1 6 .8 • • a •  • • • «»

2 . "M" d ie t  + « . «  + « + 
CLO q .s .  m aintain wt.

23 6 .6 8 1? 6 .9 * • » • • • • • •

3. CSLS + CLO + WOO +‘ yeast £ 2 16 12 .3 100 12 13 .2 3k 11 1 4 0

4* n + m + « + epc (d e f ic ie n t  
in  B complex except B^)

£ z 15 8 . 2 ' £ 2 18 8 .8 £ 2 9 1 0 .7

5. CSLS + CLO + yeast (d e f ic ie n t  in  E)' 20 15 9 .7 100 10 1 4 0 21 6 13.8

6 . n + « + WGO + autoclaved yeast 
(d e fic ie n t in  h e a t- la b ile  B)

20 15 8 .6 1 2 15 6 .7 62 . 9 1 0 .7

Mice suckling mothers on "M" d ie t ,  weaned at 14 clays o f age
"M" d iet « mixture o f natural foods described in  te x t;  other abbreviations— same as in  Table IV



4 1

_  Young m ice which suck led  m others fed  a p u r if ie d  a r t i f i c i a l

d ie t  d e f ic ie n t  in  v itam in  E (wheat germ o i l )  , a lthough th ey  continued  

t o  g a in  in  w e ig h t, did  not d evelop  r e s is ta n c e  to  th e  v ir u s  in  th e  same 

manner as m ice which had su ck led  m others fe d  a supplemented d ie t  con­

ta in in g  wheat germ o i l .

M ice which had su ck led  m others fe d  a d ie t  r ic h  in  n a tu ra l 

fo o d s tu f fs  were weaned at 14 days o f  age and fed  th e  d ie t s  l i s t e d  in  

T able V. The data obtained in  t h i s  phase o f  th e  stud y (T able V) r ev e a l 

th a t  prem aturely weaned m ice fe d  a  d ie t  r ic h  in  n atu ra l fo o d s tu f f s  and 

v itam in s gained  in  weight and developed r e s is ta n c e  to  th e  v ir u s  in  a 

normal manner. However, m ice weaned a t 14 days g iv en  th e  same diert, 

but on ly  in  amounts s u f f i c ie n t  t o  m ain tain  t h e ir  weaning w e ig h t, d id  

not become r e s i s t a n t .  At 36 t o  39 days o f  age th e s e  underfed m ice were 

s t i l l  92 per cent s u s c e p t ib le  a s  co n tra sted  w ith  100 per cent r e s is ta n c e  

in  t h e ir  s ib l in g s  which r e c e iv e d  th e  same d ie t  ad lib itu m .

Prem aturely weaned m ice g iv en  th e  p u r if ie d  a r t i f i c i a l  d ie t  

supplemented by th e  a d d itio n  o f  y e a s t ,  cod l i v e r  o i l  and wheat germ 

o i l  were not q.uite as r e s is t a n t  a t 4 weeks o f  age a s th e  weaned m ice fed  

th e  d ie t  r ic h  in  n atu ra l fo o d s tu f f s  and v ita m in s . However, a t 5 snd 6 

weeks o f  age th e y  had developed normal r e s is t a n c e .

When m ice were weaned at 14 days and put on a d ie t  d e f ic ie n t  

in  th e  h e a t - la b i le  components o f th e  B-com plex both  growth and d evelop ­

ment o f  r e s is ta n c e  were markedly r e ta rd ed .

Although r e ta rd a tio n  in  th e  development o f  r e s is ta n c e  was not 

marked in  th e  weaned m ice fe d  a d ie t  d e f ic ie n t  in  th e  B—complex except
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B^ s t i l l  on ly  67 per cent were r e s is ta n t  a t  5 weeks o f  age as compared 

with. 100 per cen t o f  th e  weaned m ice which r e c e iv e d  th e  supplemented  

d ie t .

In  th e  group o f  weaned m ice which were fed  a p u r if ie d  a r t i ­

f i c i a l  d ie t  d e f ic ie n t  in  v itam in  E th ere  was a d e lay  in  th e  development 

o f  r e s is ta n c e  a lth ough  growth was not reta rd ed .

Fu ll-grow n m ice, which are r e s is t a n t  to  intram uscular in je c ­

t io n  o f  v e s ic u la r  s to m a tit is  v ir u s ,  d id  not lo s e  t h i s  r e s is ta n c e  when 

m aintained on a d ie t  d e f ic ie n t  e ith e r  in  c e r ta in  components o f  th e  B- 

complex or in  v itam in  E fo r  a  p eriod  o f  6 t o  8 weeks.

I t  i s  apparent th a t  a d e f ic ie n c y  o f  c e r ta in  d ie ta r y  f a c to r s ,  

e ith e r  in  th e  m aternal d ie t  during th e  n u rsin g  period  or in  th e  d ie t  o f  

prem aturely weaned m ice , can re ta rd  or in h ib it  th e  development o f  at 

l e a s t  one ty p e  o f  c o n s t itu t io n a l  b a r r ier  t o  involvem ent o f  th e  cen tra l  

nervous system  by a n eu rotrop ic  v ir u s . However, i t  has not been p o s s ib le  

t o  break down t h i s  r e s is ta n c e  by th e  same means once i t  has been acquired  

by fu ll-g ro w n  m ice.

Evidence o f  "precocious" sex u a l m aturation  (d escen t o f  t e s t e s  

or opening o f  vagina) was observed on th e  21s t  day o f  l i f e  in  100 per 

cen t o f  m ice in je c te d  w ith  pregnant mare serum (m ice u su a lly  become 

s e x u a lly  mature between th e  28th and 36th  day o f  l i f e ) .  However, pre­

mature development o f  r e s is ta n c e  t o  in tram uscu lar in j e c t io n  o f  v e s ic u la r  

s to m a t it is  v ir u s  was not a s so c ia te d  w ith  "precocious" sex u a l m aturation  

s in c e  21 day o ld  tr e a te d  and u n trea ted  l i t t e r m a t e s  were e q u a lly  s u s c e p t ib le .
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