INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UM films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

in the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing
from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI

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



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



UNIVERSITY OF CINCINNATI

May 20 19 40

I _‘he'reby recommend that the thesis prepared under my

supervision by Carl Edward Duffy .

i
entitled Influence of Certain Dietary and Hormonal Factors on the

Development of Resistance to Neuro-Invasiveness by Vesicular

Stomatitis Virus

be accepted as fulfilling this part of the requirements for the

Doctor of Philosophy

degree of

Approved by:

- =7
1&%‘

|~ e
-

Form 668—@G. S, and Ed,—1M—7-37

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




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



I\NII.UENCE OF CERTATN DIETARY AND
HORMONAL FACTORS ON THE DEVELOPMENT OF

RESISTANCE TO NEURO~-INVASIVENESS BY

VESICULAR STOMATITIS VIRUS

A dissertation submitted to the

Graduste School
of the University of Cincinnati

in partial fulfillment of the
requirements for the degree of

DOCTOR OF PHILOSOPHY
1940

by
Carl Edward Duffy
[

A. B. Ohio University 193,

M. S. University of Cincinnati 1938

se;
.
.

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



UMI Number: DP15734

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

UMI Microform DP15734
Copyright 2009 by ProQuest LLC

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, M| 48106-1346

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



Acknowledgment

The studies reported in this manuscript were
carried out in association with Dr. Albert B.
Sebin. His many valuable suggestions are deeply

appreciated.

C.E.D.

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



Table of Contents

IntroductioNessecececease 1
MothodSeceecaoassconeveesl?
Experimeﬁtal.............l8
DisSCUBSiONecscarccroccsee
SWMMNET Y esesessccoescecasell
6 Photographs

5 Tables

3 Charts

Bibliography

26 Ag ’40

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



Recent investigations (1-7) with the viruses of vesicular
stomati‘bis and equine encephalomyelitis have disclosed a type of resis-
tance which cannot be attributed to prior exposure to the viruses nor
to the presence of antiviral substances in the blood. It was shown that
while the ability or inebility of these viruses to invade the central
nervous system (C.N.S.) subsequent to peripheral inoculation depended
on the species of the‘ host, obther factors noi; ‘heret»ofore'observed were
also involved. It was noted that in certain animals, the young of
which aré not resistant to the viruses when injected peripherally,
changes occur in certain cells and tissues saa the animals mature which
render them refractory to the viruses when int roduced by certain peri-
pheral routes. The changes are not general in the sense that a com-
plete reéis’cance is established regardless of the route of injection
but rather occur in definite localized areas such as in specialized
nerve endings, certain regions of the C.N.S., in the blood vessels or
in other tissues such as muscle. When these changes occur, since the
animals remsin susceptible to intracranial and intraneural injection of
the viruses, it appears that the above mentioned tissue changes funetion
as constitutional barriers which prevent the viruses from entering the
C.N.S. |

In view of the fact that these comstitutional barriers appear
as the animal matures it would be o;? interest to know whether, by vary-
ing certain dietary factors which are essential for a growing animal, the

development of thesé barriers could be prevented or delayed.

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



. Since at least one of these barriers .e:rises' coineidently with
sexual maturation it waes decided to investigete the influence of certain
hormonal faetors, which induce "precocious" sexual maturation, on the
development of this barrier.

Veéicular stomatitis virus injected intramuscularly into al-
bino mice was selected for the study for the following reasons: 1l) al-
bino mice as they grow older eventually become 100 per cent resistant to
the virus when i:ije‘cted.bly the above route whereas the number of o0ld mice
which are resistant when inoculated by other routes is varisble, 2) when
injected by this route the virus produces readily detectable clinical
menifestations of the involvement of the C.N.S. of non-resistant mice,

3) the mode of spread and pathogenesis of the wvirus has been worked out
in considerable detail, and 4) the susceptibility of normsl mice at dif-
ferent ages is known tlus permitting correlation between the data ob-
tained under the various experimental conditions with that already es-
tablished.

The infective agent (vesicular stomatitis virus) used in the
studies to be reported in this paper is classed with those obligatory
intracellular parisites known as filterable viruses or simply as viruses.
All viruses have the‘following properties: 1) they pass through filters
which will retain most ‘bacteria,2) ‘th'ey? ‘cannot .be seen with the ordinary
microscope, 3) they multiply only in the presence of living cells.

In nature vesicular stomatitis virus causes a mild disease in

borses and cattle. In these animals the lesions produced by the virus
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are limited to the buccal cavity and the virus does not invade the cen-
tral nervous system,

Yesicular stomatitis, caused by the virus, does not occur in
nature in the albino mouse., However, when experimentally injected into
young white mice the virns has a tendency to invade the central nervous
system and produce a fatal’ a;cending flaccid paralysis or a fatsl en-
cephalitis depending on the route of injeection. For this reason the
virus bhas been used in expex;iments dealing with immunity to virus dis-
eases.

Since 'thé intramuscular route of injection was used exclusively
in the studies reported in this paper it might be well to consider the
manner by which vesicular stomatitis virus is inhibited from entering
the central nervous system of i*esistant mice when introduced by this
route. It hashe_'én pointed out earlier that the resistance to intra-
muscular injection of the virus is not necessarily associsted with a
general resistance. 014 mice which are resistanf to intremuscular ine
jection of the virus aré nevertheless still susceptible to ~~intracraniél
inoculation. Sabin and Olitsk}; (1,2) showed. that although young and
old mice demonstreted great differences vin the degree of susceptibility
to intramuscular-injection of vesiecular stomatitis virus they were eqﬁally
susceptible to intracranial inoculation. The seme aubhors (2) showed
that the similar susceptibility of young and o0ld mice to intracranial
inoculation depended upon the manner in which the virus gpread in the
brain. They were sble to show by microscopic study thaf the apparent

‘ . ]
lesions in the brein were contiguous with the ventricular system and with
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the central canal 6:;' the spinal cord. Although tl;e nerve cells of old
mice were more resistant to invasion of the virus s &s indicated by fewer
lesions in the brains of old mice, than were those of young' mice never-
theless the virus was able to gain access to the ventricles and by using
a ventricular mode of spread was able to attack and multiply in a suf-
ficient number of susceptible cells to produce a fatal encephalitis even
in old mice. The above authors concluded that the equal susceptibility
of young and old micé to intracraniel injection of the virus was due to
the ventricular or "open system® mode of gpresd and not to the equal sus-
ceptibility of all neural tissue. Since the lesions are limited to areas
contiguous with the ventricular system and the central canal of the spinal
cord it is‘ﬁécessary,._:b,q assume that the virus is not present in the cerebro-
gpinal fluild for if such were true one would expeét to find lesions in
other parts of the brain which are in contact with cerebfo~spinal fluid.

| The fesistance of 0ld mice to intramuscular injection of vesi-
eular stométitis virus has been shown (1,3) t0 be dependent upon the
mode of spread of the virus from the muscle to the central nervous sys-
tem. The aiapearanc_e of paralysis, following injection Qf the virus into
the calf museles of the hind leg of young mice, first in the injected
leg end then in the opposite member suggests that the virus reaches thew
central nervous syastem by spreading along the nerve supply to the muscle
and thus ihvading the spinal cord. The chief pathological lesions of

.were found :

the central nervous syfe;'t‘emA in the anmterior horn cells of the lumbar region

of the spinal cord following the injection of the virus into the muscles

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



of the hind leg. These lesions consisted of various stages of necrosis
and early neuronophbagia. No lesions were found in the meninges or
spinal and sympathetic ganglia. From the above findings it would &p-
pear that the virus, when injected into the muscle of susceptible mice,
enters the peripheral nerves and by following thé efferent fibers gains
access to the central nervous system. Since ;'the virus is unable to in-
vade the central nervous system of old mice when injected into the
muscles of the hind leg there must exist a barrier which holds the virus
back. This barrier could be situated either in the peripheral nerves,
in the specialized nerve endings or in the muscle. The barrier to
neuroinvasiveness may not b_e in the nerve itself for as has been shown
(i)vthe virus, when injected directly imto the sciastic nerve of old,
resistant mice invades the central nervous system and produces an ascend-
ing flaccid paralysis such as that seen in young mice following intra- |
miscular inoculation. It should be noted, bowever, that injection of
the virus directly into the nerve may place the virus in contaet with
broken or damaeged axones and thus provide a means of entering the spinal
cord.

It has been reported (1,2) that vesicular stomatitis virus is
sble to multiply in the muscle of 15 dey o0ld mice with the production
of necrosis of the muscle cells together with hypertrophy and prolifera-
tion of the sarcolemmal nuclei. No evidence of multiplication was ob-

tained when the virus was injected into the calf muscles of 0ld, re-

sistant mice and no lesions were produced.
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The ability of the virus to multiply in the muscle of young
mice and its inability o do so in old mice suggests that the barrier
$0 neuroinvasiveness may be within the musacle itself. However it has
been shown (4) that in the guines pig, an animal which is also susceptible
to intracranial injection of the virus, although multiplication of the
virus occcurred afber intramuscular injection there was no evidence of
invasion of the cemtral nervous system. Here again if the muscle and
nerve endings are circumvented and injection made directly into the
sciatic nerve an ascending flaccid paralysis develops as in mice. Pre-
liminary local multiplication of the virus then is not the only requisite
for invasion of the central nervous system. It should be mentioned in
this conmnection that rabies virus is sble to invede a peripheral nerve
without preliminary local increase (8).

A summary of the preceding discussion reveals that vesicular
stomatitis virus when injected into the calf muscles of young mice under-
goes local multiplication and then invades the central nervous system
by way of the peripheral nerves to produce a fatal ascending flaccid
paralysis. When the virus is injected into the calf mﬁscles of old,
resistent mice the virus fails to proliferate and does not invade the
central nervous system. Evidently as mice grow and develop a barrier
is established through which ﬁhe virus cannot pass. This barrier is
at present believed to be located: either in the muscle, in the nerve
endings oxr in both.

' The susceptibility of white mice of various ages to intra-

muscular injection of vesicular stomatitis virus has been shown (1,2,7)
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to be a8 follows: 100 per cent of 2 week old mice develop a fatal as-
cending’flaccia paralysis. At 21 days of age‘8_0 to 90 per cent are sus-
ceptible and at the age of 1 month 80 to 90 pei' cent are resistant in
that they show no signs of disease. Between the 5th and 6th weeks of
life about 100 per cent are refractory to the virus when injected by
the above route.

Because the change from 100 per cent susceptibility to approxi-~
mately 100 per cent resistance occurs between the 14th and 35th day of
life and beceuse mice suckle during the period when they are developing
resistance, experiments were set up to determine: 1) the effect of the
maternal diet during lactation and 2) the effect of the Qiet of mice
weaned at 14 days of 'age on the development of resistant to intramuscular
injection of the virus. Becauss sexﬁal maturity occure during the period
when mice become approximateiy 100 per cent resistant to the virm_s an
experiment to determine the effect of "preqocious" sexual maturation was
included in the study.

A review of the literature reveals that surprisingly little
work has been .done on the.relationship between nﬁtrition and host sus-
ceptibility to virus diseases. Although it has been suggested (9,10)
thet vitemins are important factors in immunity to virus diseases there
is little experimental evidence to support sgch a belief. Recently

7 Jungeblut and Feiner (1ll)} reported that vitemin C is an effective agent
for the preven'tibn and cure o:f.‘. experimental poliomyelitis in monkeys.

e However, the findings of Jungeblut and Felner were not substantiated by
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the rasults obtained by Sabin (12) who found that both natural and syn—
thetic preparations of vitamin C, administered immediately after the
virus was instilled into the nose, had mno effect‘on the course of ex-
perimentally induced poliomyelitis in the monkey. The latter author
showed that monkeys whose store of vitamin C was depleted by feeding a
diet defieient in the vitamin reacted in the same way as did monkeys'
receiving an adequate diet.

Cowdry, ILucas and Neff (13) studied the effect of a deficiency

of vitamin B, and B2 on the resistance of rats to herpes virus injected

1
intracerebrally. They concluded thet rats deficient in vita'm’in‘Bl and
B,, were slightly more susceptible to the virus than were normal rats. .

2

However their data are not conclusive since the minimal lethal cerebral
dose of the virus and the proper emount of f£luid which should be in-
jecteﬁ were all determined during the course of experimentation. If
+he minimal cerbral lethal dose for the rat had been determined before-
hend and kept constant during thé course of the egcperiments +he results
might be more impressive,

Kuczynski §14) [quoted from Perla (15)] found that mice fed

)\"‘"

diets rich in vifamin Bl were more resistant to the virus of yellow
fever, introduced intracerebrally, than were mice fed a standard diet.
0f 671 mice fed on a normal or standard diet (oats and mi]Jc) 20 per cent
survived when the virus was inoculated into the brain. When mice were

fed a dieét rich in vitemin B, (wheaet busks and milk) 75 per cent of 28

animals tes‘tr‘eég_ were resistant to intracerebial inoculation. Of 137
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animals fed a diet free. of vitamin Bl for a pezfiod of lA_,d;ays only
26.7 per cent were resistant. .

It appears to be justifiable to conclude f_rom Kuczynskits
deta that diets rich in vitemin -Bl did enhance the résistance of mice
to intracerebral inoculation of yellow fever virus. Whether his con-
clusion that the resistance of the nervous éystem to all virus infections
is dependent upon the presence of an adequate amount of vitamin Bl in
the diet. is justified cennot be said at the present time,

Since mice develop resistance to intramuscular injection of
vesicular stomatitis virus when they are growing rapidly experiments
were planned to determine whether the development of this resistance
would be prevented or retarded by elimineting certain factors from the
diet which are known to be essential for growth and development. 1In
the serieé '. of’exper:‘..ments repqrtéd here the role of nutrition on the
development of resistance was -studied_ from two different aspects: 1)
since mice suckling mothers fed a diet rich in natursl foodstuffs be-
come 80 - 90 per cent resistant at 28 days of age an experiment was
planned to determine whether mice suckléd by mothers fed e diet defic-
ient in certain vitai?inej would also become res‘istant, 2) a segéﬁd set .
of experiments was planned to determine the influence of an 1nsuffiéiént
smount of a diet consisting of natural foodstuffs and of diets deficient
in certain vitamins on fhe develogment of resistance in pfemétﬁé;elj
weaned mice.

Diets deficient in vitamin B, and riboflavin (vitemin B2)

1
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were selected for the studies primarily because these vitamins are

known to be essential for growﬁh and development (16,17). However a
deficiency of either of the above vitamins .gives rise to other physi-
ological and pathological changes which may play a part in the devels
opment of resistance in the growing enimal. Before teking up a dis-
cussion of the above mentioned physiological and pathological changes
it might be well to discuss st this point thé nature of the above

vitemins. TVitamin B, and riboflevin (vitamin B2) are two members of

1
what is now termed the B complex. They are both present in yeast.
Vitamin Bl is often termed the antineuritic vitamin. It prevent_s beri—
beri in man and polymeuritis in animels, The vitamin ‘:I‘.s hea‘b-lébile
being déstroyed at 12600 in a neutral or alkaline medium. A common
method for the preparation of a diet deficient in vitamin Bl' is to add
yeast which has been sutoclaved under 15 - 16 pounds pressure to a mix-
ture of casein, lard, corqstarch and salts. However a diet made up in
this manner is mnot only deficient in vitamin Bl but also in other heaf
labile componeni;s of' the B complex, such as vitamin B 5 which prevents
paralysis in ;-ats and 'chicks. Since the Bi deficient diet used in the
preseﬁt studies: was mede up as indicated above it too was deficient in
more than vitemin Bl' Throughout the remainder of the paper the diet

which was used to study 'Ehe influence of a diet defiqien‘b in vitemin Bl

will be termed "a diet deficient in the heat-lebile B-compiex"™ in order
not to imply that the only deficiency was in vitamin Bl'
. []
Riboflavin or vitamin 32 is a water-soluble yellow-green

)
florescent pigment. It is found in yeast and is not destroyed by
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autoclaving at 120%. It is necessary for groﬁth in chicks and‘rats.
It is a compqnent of an oxidation~reduction system (Warburg's yellow
enzyme) (18) in living cells. In the present studies a diet deficient
in riboflavin was made up by adding rice polishings’concentrate (rich
in vitamin Bl) to & mixture of casein, lard, cornstarch and salts.
It is evideni: from the composition of this diet that it is deficient
in other facj:ors» of the B éomplex besides riboflavin. In order not
" $o give the in_;prgssion that the diet was deficient only in riboflavin

this diet has been termed "aa!diet deficient in the B-complex except»Bl."

No atbtempt will be made at this time to present a review o:f,
all 'i;he reported physiologica; and pethological changes which have been
attributed to a deficiency of vitamin B,. Only those changes ﬁhich
seem to be related to the present problem will be discussed. It has
long beeﬁ known that a deficiency of vitamin B leads to definite neuro-
muscular symptoms. In rats and birds these symptoms are manifested as
spastic paralysis, ataxia, opisthotonus and convulsions.. In addition
to the above a-loss of appetite oceurs in animals fed a B-deficient
diet with a conséqﬁe.nt, loss of weight. It is Qifficult in retrospect
to attribute the changes-described by the early workers solely to the
lack of vitemin B since the ratioﬁs used in the experiments were de-
ficient in more than one essentisl nutrient, namely, protein (rice diets)
minerals' and other vitemins. .The experimental animals were therefore
suffering from a multiple dietary deficiency.

Later investigators have eliminated from their diets, as

far as possible, only the B complex or certain of its constituents.

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



12

Sstern and Findlay (19) studied the changes in the mnervous system of
rats fed a ‘diet defic:ient in vitamin Blf They found that degeneration
of the myelin sheaths of peripheral nerves occurs when rats are fed
this diet. Zimmerman and Burack (20) found that there was extensive
degeneiation of the myelin sheath of the sciatic nerve in dogs de-
prived of water-soluble B vitamins., Davison and Stone (21) elso found
extensive degeneration of the myelin sheath of the sciatic nerve in rats
Ted a diet deficient in vitamin Bl‘

The fact that degeneration of the myellin sheath of periphexral
nerves occurs in animals fed a diet deficient in vitamin Bl assumes
great importance from the viewpoint of the present study. It will be -
recalled that when vesicular stomatitis virus is injected into the
miscle of resistant mice it does not invade the peripheral nerves and
thus does not invade the central nervous system. If similar degenera-
tion of the myelin sheath of the peripheral nerves occurred in mice fed
a diet deficient in Bl it might be permissable to assume that tue virus
could gain access to the a.iones of peripheral nerves and thus invade
the central nervbus gystem. On the other hand if the barrier to neuroc-.
invesiveness 1s dissociated entirely from the peripherﬁl nerves and |
is located within the muscle other effects of a deficiency of vitamin By
must be considered. .

It has recently been shown that cocarboxylase is essentially
a diphosphoric ester of vitamin By (22). Cocarboxylase is a co~ferment
which actlvates carboxylase. The latter enzyme is important in the

carbohydrate metabolism of plant cells in that it converts pyruvic acid
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to acetaldehyde and carbon dioxide. As far as the writer is aware no

]

similar function of wvitamin Bl has been demonstrated in animal 'cél’is.

However it is not beyond the realm of possibility that B, may funetion

1
in a similer manner in animal cells. A failure of the cells of the
muscle to become resistan_t $0 the virus might well accompany any dis-
turbance in the carbohydrate metabolism.

Zimmerman, Cowgill and Fox (23) found that marked degenera-
tion of the medullal;y sheaths &hd axis cylinders occurred when dogs
were fed a diet deficient in riboflawin. However Zimmerman and Burack
(20) did not observe changes in the peripheral nerves of rats deprived
of the above vitamin. T®Evidently dogs and rats do not respond similarly
to a defieciency of riboflavin. From the evidence found in the litera-
ture 1t is difficult to postulate how a deficiency of riboflavin might
affect the peripheral nerves of mice and thus render them susceptible
to0 intramuscular injection of vesicular stometitis virus. However re-
cont investigations have revealed that riboflavin is a component of an
oxidation-reduction system in living ce;ls. Riboflavin, attached to a
protein molecule through a phosphoric acid nucleus}_.i-s now known to be
a part of Warburg's yellow enzyme. This enzyme serves aS'ah oxygen
carrier in cell respiration. It is conceivable that a deficiency in
the diet 61‘ riboflavin would consequen%ly lead to distuxfbances in cell

metabolisnm and in this manner interfere with the normual development of

resistance in the growing animal.
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In one get of experiments mice which had suckled mothers fed
a diet deficient either in vitamin Bl or riboflavin were tested for re-
sistance to the virus. It is evident thet while the animals were suck-
ling they were dependent upon the motherst® milk as a source of the
above vitamins. The rate at which fhe mother was depleted of ribo-
flavin and vitamin Bl would of course be determined by the vitamin in-
take. There appear to be no reports in the literature on the rate of
depletion of vitamins in the mouse. Sure (24) has reported that lact-
ating rats when put on diets deficient in the above vitamins on the
day of parturition are depleted of their store of vi‘bamiﬁs in about 2
weeks. In the present studies the lactating mice sllowed to feed on
a diet of natural foodstuffs for 2 days after delivery and were then
put on the deficient disets.

The effect of a diet deficient in vitamin E on the develop-
ment of resistance to intramuscular injection of vesicular stomatitis
virus was studied because it has been shown (25) that when lactating
rats are fed such a diet about 75 ver cent of the_suckling young de-
velop paralysis between the 21lst and 25th day of life. Oleott (26) and
Pappenheimer (27) have étudied the pathological changeé in young rats-
due to a deficiency of vitamin E. .They found that the alterations are
strictly limited to voluntary muscle. The lesions in the museles con~

sisted of extensive degeneration of the muscle cells. Although muscular

dystrophy due to a deficiency of vitemin E has not been reported in the
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mouse the sbtudy was neverthele_ss undertaken since a lack of vitamin E
seens to play some role in the well-being of musels cells and the
muscle may play a part in the development of resistance to vesicular
stomatitis virus.

Tt has been shown (28-29) that young rats kept at constant
weilght by underfeeding continue to>grow in that certuin organs or parts
inerease in weight at the expense of others. The testes, suprarenals,
eyeballs, central nervous system, and skeleton continued to grow while
6ther organs either lose welight or maintain their original weight. It
will be noted that musculature is not included among those organs or
parts which increase in size when rats are kept at a constant weight.

It has been noted sbove that the inability of vesicular
stomatitis virus to invade the central nervous system of old mice fol-
lowing intremscular injection may be agsociated with the failure of
the virus to multiply in the muscle. If the musculature of young mice
kept on a partial inanition diet was found to react in the same manner
as that of rats it might be that a retardation in the development of
resistance would result if mice were unde:n;fed. “An experiment designed
to debtermine the effect of underfeeding on the development of resistance
4o intramuscular injection of the virus was carried out in the present
gseries of studied. The resp.lts appear later in the paper.

It has been poin::;ed out earlier that mice become about 100

per cent resistant to intramuscular injection of vesicular stomatitis
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virus during the ﬁeriod when they reach sexual maturation (28-36 days
of age). The writer is not familiar with any experimental studies in
which an attempt was made to correlate semél maturation and immmnity
to virus diseases. If should be-‘lnoted however that the inéidence of
poliomyelitis decregses after the age of puberty. .This decreased inci-
dence might, however, Ai)e due to immunity to the disease aequiréd bﬁr
having come in contact with subinfective doses of the virus rather 'than
to sexual maturity.. ) |

I_n order t.oi study the relationship between sexual msturation
and development of resistance to in'bramuscular'inja'otion of vesicular
stomatitis virus an experiment was carried out to det ermine whether
mice which had been caused to become “precociously" sexually mature would
be more resistant than normal mice. Pregnant mare serum was used. tor inf-'
4duce early sexual métu;ration. The results obtained in this experiment

appear later in the paper.
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Methods

Virus, animals, diets, and hormonal factor: The New Jersey strain of

vesicular stometitis virus was used in the present series of studies.
In every instance freshly passaged virus was ‘ermployed. The brains of
mice succumbing to intracerebral injection of the virus were ground with
sand and sufficient broth to meke a 10 per cent suspension. The suspens=
sion was cenbrifuged at about 1000 R.P.M. for 5 minutes in.a horizontal
centrifuge. The supernataﬁt fluid was designated as the 1:10 dilution.
Two-tenths c.c. of this suspension was injected into the calf musecles
of the hind leg of the mice to be tested. The minimal cerebral lethal
dose (M.C.L.D.) was determined by injecting 10-6 ard 10~7 dilutions of
the suspension inmtracerebrally into groups of 3 mice (0.03 c.c. per
mouse). The titer of the virus suspension was usually 10;7 but occas-
ionally only 10"5. Each 0.2 c.c. injected intramuscularly therefors
contained from 1 to 10 million M.C.L.D. |

The albino mice were of inbred stock supplied by a 1§cal dealer
who raised them on the "M" diet listed below. Female mice were obbained
during the 3rd week of pregnancy and delivered in the iaboratpry. so that
an accurate'reco:d of the age of the offspring was available.

Before undertaking any experiments it was necessary to deter-
mine the susceptibllity of the above strain of mice at various ages. Pre~
liminary tests showed that these mice reacted to mtramiscular injection

of the virus in the seme menner as the mice previously studied (1,2).

AS
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- myn diet

Yellow Corn Mesl 45%
Ground Wheat 20%

" Qats 12%
Alfalfa Meal 4
Bone Meal %
Dried Milk (skimmed) 8%
Tankage ‘ L%
NaCl %
caco3 1%
Meat Scrap 4%

To study the influence of a deficiency of certain dietary fac-
tors on the development of resistance a purified, artificial vitamin-free
diet was prepared from the following ingredients:

Casein (Vitamin-_-free)l 2%
Corn Starch 54%

Lard 20%
McCollumts Salt

Mixture go
100%

1. Casein Company of America
Depending upon the particular deficiency to be studied essen-
tial accessory food factors were added to or excluded from the above diet.
The composition of the artificial diets used will be found in Table T,
A commercial preparstion of pregnant mare serum (Gonadogen--~

The Upjohn Company) was used to induce "precocious*' sexual maturation.

Experimental

Influence of underfaedingp on the development of resistance to vesicular

~s

stomatitis virus in prematurely weaned mice: Before attempting to
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Table I

Purified, Artificial Diets

_ Constituents

Jitamin- | Dehy- Dehy- ‘Rice Wheat Cod liver
Diet free drated | drated | polish- |germ 0il’

Istock brewer's | brewer's| ings con-}oil4

diet yeast yeast centrate

(auto~ 5 (un-
claved) < | treated)

:!.o Sup" 100 Qns. 8 ng. 0-5 Qﬂs. l,. gnls.
plemented
artifiec-
ial
2. De- 100 n 8 gms. 0.5 " L "
ficient :
in heat-
labile
B-complex
3. De~ 100 » 6 gus. 0.5 *» L O
ficient
in B~
complex
except Bl
/e De= J100 w g n L "
ficient
in vita-
fmin E
1 & 5: Mead Johnson and Company
2: 10 hours at 16 pounds
3: The Borden Company
4: TFurnished through courtesy of General Mills
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determine the effect of a deficiency of any single dietary factor it
was decided to learn first the influence qf underfeeding with a diet
rich in natural food-stuffs and vitamins on the development of resis-
tance to intramuscular inj ection of trhe Sv:imss.- S'ince:u, day old mice

s s, 0 000 a0, 0, eee

are 100 per cent susceptible to inociliation.Hy tHLs 1 7he but become
resistant during subsequent weeks the ques{;ioﬂ 'Aiirilvé'e-'.whether or not
nice weaned at 14 days of age and fed just enough food to maintain
their weaning weight would become resistant later. To answer this ques-
tion mice were taken from their mothers when 2 weeks old and fed & mix-
ture consisting of 1500 gms. of the "M" diet, 1000 c¢.c. of whole milk,
150 gms. of dehydrated brewers yeas‘bl,A and 60 gms. of Cod liver oilz.

At the time of weaning 6 to 8 mice were placed in a metal box contain-
ing excelsior. Their individual weights were recorded daily. The
am&un’d of food given a group of mice was weighed and recorde_d each day
so that if on an ensuing day a general gain in ﬁeight wés noted the
amount of food given that day was diminished. If an occasional mouse
began to gain weightt in excess of 7 gms. ‘11: was removed from the group
and given less :t_’ood for a day or two. When it had lost the excess weight
it was returmed to the group. In the early part of the experiment mice
which were removed because of exXcess weight were given no foo@ on the
day of removal. This ‘p;'a;'stice was discontinued because it waé found
thet 24 hours of starvation was usually fatal to thes.e young mice. Sib-
lings of the underfed mice were weaned simultaneously and given the same

diet ad libitum.

1. Mead Johhson and- Company
2. Mead Johnson and Company
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CHART I

EFFECT OF UNDERFEEDING ON DEVELOPMENT OF RESISTANCE

FIGURE | )
Growth curves of underfed and well-nourished mice
weaned ot 14 days

*M* DIET+WHOLE MILK + YEAST + COD LIVER OiL

weaned at 14 days
diet ad libitum

weaned at 14days -diet gs. maintain wt.
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AGE IN DAYS

.. .. FIGURE 2
Susceptibility curvesof underfed and well-
nourished mice weaned ot 14 days
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The accompanying photographs show the appearance of the under-
fed and well-nourished mice at the age of 14, 28, and 39 days. 'It will
be noted that growth has occurred in the mice held at weaning weight in
that they are larger and appear more mature than they did at 14 days of
age. The 28 and 39 dey old mice have larger heads, their hair has grown,
their eyes are larger, and the skeletal structure is more developed.

When the underfed mice are compared with the well-nourished ones it is
evident that there is only a slight difference in length. However, there
is a considerable difference in weight. Mice weaned at 1/ days of age |
usually lose weight for about 3 days and then begin to gain (Chart I,
Figure 1). In the group which was given food ad libitum the weaning
weight was attained om the 20th day of life. ¥rom that time on they
galned rapidly and at 28 days of age were slmost as heavy as unweaned
mice of the same age.

Thé data obtained in these experiments are presented graphically
in Chart I. The curves (Figure 2) indicéte the percentage of mice which
were paralyzed on different days after inoculation of the virus. The re-
8';11153 reveal significant differences in the susceptibility of the 2 .
groups. At the age of 28 days /87 per cent of the underfed mice developed
paralysis as contrasted with only 11 per cent of the well-nourished ani-
mals. The difference is even more striking in the 36 to 39 day old mice.
Ninety-two per cent of the underfed developed paralysis whereas 100 per
cent of those given food ad libitum were resistant. When the two mal-
nourished lg:roups are compared it is seen that approximately the same percent-

age of the 28 and 36 to 39 day old mice developed paralysis. However,
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the onset was earlier in the younger group. Parelysis appeared
as eerly as the third day after inoculation in the 28 day old
aninals and by the 6th day 60 per cent were paralyzed. In the
36 to 39 day old group signs of C.N.S. involvement did not appeer

until the é6th dsy and by the 8th day only about 50 per cent were

paralyzede

Influence of maternal diet onm development of resistances Since ,

mice suckling mothers on & diet rich in natural foodstuffs (“M"
diet) becoms 80 to 90 per cent resistant to intramscular iﬁ}eétion‘
of the virus at the end of the suckling period, it was decided to |
determine whether mice mckléd by mothers fed diets deficient in

the above vitamins would also develop this resistance. In this set
of experiments the mothers were meintained on the "M" diét throughout
pregnancy and for 2 days after delivery, when they-w;‘re given the
diets listed in Table I. The offspring were permitted to remain
with their mo'bhefa :fo‘r.28 days and then continued on the respective
diets until the end of the test period. All mice were observed for
at least 21 da'ys after inoculastion os tneAvirus. Different groups

of mice were tested at 4, 5, and 6 weeks of age., The data obtained

in these studies are presented graphlically in Chart II. Growth and
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susceptibility curves of mice suckled by mothers fed diets rich in

natural foodstuffs are included for comparison.

Purified, artificial vitamin-free diet supplemented by addition of

veast, cod liver oil, and wheat germ oil: A total of 41 mice,

which had been suckled by.e mothers feeding on the sbove diet, were
tested (Chert II, Figure 3). Seventy-three per cent of 15 mice
tested é.t 4 weéks éf age pf.‘oved to be resistant. The average weight
of these 15 mice was 9.7 grams. At 5 weeks of age‘ 93 per cent of
14 mice (average weight 12.9 gramé) did not show evidence of d.N.S,
involvemént and at 6 weeks of age 100 per cent of the 12 mice tested
(average weight 12 grams) were refractory. Although the miece in
this group were not Aq_uite as resistant a’c‘i weeks of age as mice
which had suckled mothers fed a diet of various natural foodstuffs
(Chart II, Figure 2) they did, however, develop resistance normally

in subséciuen?s weeks,.

Purified, artificial diet deficient in the heat-labile components of

the B-complex: Nine mothsers suckling 54 mice were put on this diet

2 days post partum, However, due to cannibalism first by the mothers

and later by the more aggressive offspring only 8 of the original 54
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mice were avﬁilable for testing. All of these 8 mice proved to be susg-
‘ceptible at the age of 4 weeks (Chﬁr’c ITI, Figure 4). The naturd of the
infection in' these mice was different from that occurring in other mice
in that only 2 developed the characteristic paralysis. That' death of
the other 6 was due to invasion of the C.N.S. by the virus was evident
from the faet that virus was recovered from the gpinal cord and brain or
from the spinal cord alone of these mice et the time of death. LA_pparently
the virus, once i%¥ had gained entrance to the C.N.S., épread rapidly to
involve vital centers of the cord and medulla before paralysis. could
develop.

Growth was markedly retarded in these & mice. At 28 days of
aée their average weight was only 4.3 grams as compared with an average
‘weight of 9.7 grams for 4 week 0ld mice which had suckled mothers fed
the purified, artificial diet supplemented with yeast, cod liver oil, and
wheat germ oil {Chart IT, Figure 1). ‘

Because paralysis' was not a constant occurrence in this group
of mice, Chart II, Figure 4 indicates the day of death rather than the

day of onset. of paralysis.

Purified, artificial diet deflicient in the vitamin B-complex exc_:e;gt Bl-:—

Two days post partum 9 mothers suckling 62 mice were placed on this diet.
Cannibelism occurred in this group as in the previous ons. However, the

mortality was not so high since 33 of the original 62 mice survived
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to be wesned at 28 days. At the age of 4 weeks 13 of the mice were
tegted, and all were susceptible to intramusculer injection of the virus
(Chart II, Figure 5). At 5 weeks 90 per cent of 10 animals were resis-
tant and at 6 weeks 67 per cent of 10 mice showed no signs of C.N.S. in-
volvement. In this group, as in the group of mice which suckled mothers
fed a diet deficient in the heat-labile components of the B-complex,
growth was retarded; The average weighd; of the 13 mice tested at 4 weeks
of age was 5.3 grams, at 5 weeks of age the average weight waé 7.5 grams
and at 6 weeks the average weight of 10 mice was only 8.1 grams (Chart II,

Figure 1).

Purified, artificial diet deficient in vitemin E (Wheat germ oil): Two

days é.fter delivery 8 mothers suckling 56 young were placed on this diet.
Forty of fhe young survived to be tested at 4, 5, and 6 weeks. Growth
was not retarded in this group of mice (Chart II, Figure l). At the age
of L4 weeks 5/ per cent of 1_5 mice,v whose average welght was 13.6 grams,
were resistant. However, st 6 weeks of age 100 per cemt of 10 mice (aver-
age weight 15.4 grams) were refractory (Chart IL, Figure 6).

A summary of the data in Chart II reveals that when lactating
mice are fed a purified, artificial diet which has been supplemented by
the addition of yeast, cod liver oil, and wheat germ oil the suckling
young grow well and develop resistance to the intramuscular injection of

vesicular stomatitis virus.
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INFLUENCE OF MATERNAL DIET DURING LACTATION ON DEVELOPMENT OF RESISTANCE
TO INTRAMUSCULAR INJECTION OF VESICULAR STOMATITIS VIRUS IN THE OFFSPRING.
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When lactating mice are put on & purified, artificial diet de~
ficient either in the heat-labile B-complex or in the B-complex except
Bl there is a marked reterdation of' growth in the suckling young and a
delay in the development of resistsnce to intramuscular injection of the
virus.

Young mice which suckled mothers put on a diet deficient in
vitamin E two days after delivery, slthough they continued to gain weight,
did not develop resistance to vesicular stomatitis virus in a normal

manner. _ .

Influence of varibus diets on the development of resistance in prematurely

weaned mice: In this set of experiments mice which had suckled mothers

meintained on the "M® diet were weaned at 14 days of age. Four groups
of approximately equal numbers of siblings 'were given the diets listed
in Table I. Different groups of mice were tested at 4, 5, and 6 weeks
of age. The mice were continued on the diet until the' end of the test

period.

Purified, artificisl diet--tsnpplamehted by addition of yeast, cod liver

oil, end wheat germ oil: It .‘qas been pointed out earlier that mice

weaned ét 1 days of ege lose weight for about 3. days and then begin to
gain. After the initial loss in weight the prematurely weaned mice fed
the above diet grew rapidly (Chart III, Figure 1l). The average weight
of the 16 mice tested at 4 weeks of age was 12.3 grams. Sixty-three per

cent of these 16 mice proved to be resistant (Chart III, Figure 3) to
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intramuscular injection of the virus.' At 5 weeks of age all of the 12

. ‘ i
animels tested (average weight 13.2 grams) were refractory and at 6
weeks 91 per cent of 1l mice,whose average weight was 14.8 grams did not

develop signs of C.N.S. involvement.

Purified,artificial diet deficient in the heat-lsbile components of the

B-complex: A total of 39 mice were weaned at 14 days and placed on this
diset. It was found that both growth and devéiopment of resistance were
retarded in these animals (Chart III, Figures 1l and 4). The aversage
weight of the 15 mice tested at 4 weeks was 8.6 grams, and only 20 per
cent of these animals were found to be resistant. Fifteen mice whose
average weight was 6.7 grams were tested at 5 weeks of sge. Only 33 per
cent were refractory. At 6 weeks of age 9 mice were tested. The aver-
age weight of this group was 10.7 grams. Sixby-seven per cent showed

no evidence of CoN.S. involvement.

Purified, artificial diet deficient in the vitamin B-complex exceph By

The weaned mice which were fed this diet, like those in the previous
group, failed to gain Weight in a normal manner (Chart III, vFigure 1l).

The average iweight of the mice tested at L weeks was 8.é grems, at 5 weeks
the average weight was 8.8 grams and at 6 weeks 10.7 grams. ‘At L weeks
of sge 67 per cent of 15 mice tested did mot develop paralysis. Of the
18 mice tested at 5 weeks 67 per cent were resistant and at 6 weeks 89

per cent oi‘ 9 mice were refractory (Chart III, Figure 5). The ;‘elatiﬁ'ely
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high degree of resistence (67 per cent) of the 4 week old mice is sur-
prising when it is recalled that 100 per cent of the mice which suckled
mothers fed this diet were susceptible at 4 weeks of age (Chart II,
Figure 5). It would appear theat during the 1_1,, days of suckling some
factor was obtained in the milk which enabled these animels to. develop
resistance. It should be noted, however, that at 5 weeks of age only
67 per cent of the weaned mice fed the above diet were resistant as com-

pared with 100 per cent of those weaned and fed the supplemented diet.

Purified, ertificiel diet deficient in vitamin E (wheet germ oil):

When mice were weaned at 14 days of age and put on the above diet it was
found that they gained weight in the same manner as mice which were weaned
and given the supplemented diet containing wheat germ oil (Chart III,
Figure 1). The average weight of 15 mice tested at L weeks of age was
9.7 grams.‘ Only 20 per éent of these animals proved to be resistent to
the virus. At 5 weeks of age 100 per cent of 10 mice, whose average
weight was 1l4.3 grams, were refractory. The average weight of 6 mice
tested at 6 weeks was ;3.8 grams. Only 33 per cent of these animals did
not develop paralysis. Because only ) six-weék 0ld mice were availsble
for testing the apparent high degree of susceptibility of these animals
cannot be considered significant until larger numbers are tested.

It appears from these data that prematurely weaned mice when
fed a purified, artificial diet, which has been supplemented by the addi-

tion of vitamins, become resistant to intramuscular injeetion of vesicular
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stomatitis virus in the same manner as do prematurely weaned mice fed a
mixture of natural food-stuffs and vitamins.

When mice are weaned at 14 days of age and put on a purified |
artificial diet deficient in the heat-labile components of the B-complex
both growth and development of resistance are yetarded. Although re-
tardation in the developmént of Tesistance wab not marked in the mice
weaned and fed a purified, artificial diet d'éficie’nt in the B-complex
except B.'L still only 67 pér cent were resistant at 5 weeks as compared
with 100 per cent of the weaned mice which received the supplemented
diet.

In the group of weaned mice which were fed a purified, arti-
ficial diet deficient in vitamin E there was a delay in the development

of resistance although growth was not retarded.

Influence of various deficient diets on the resistence of full-grown mice: A
The effect of dietary deficiencies on the resistance of full-grown mice
was not investigated extensively in these studies. However, data was ob-
tained from several groups of mice which had been fed deficient diets,

as indicated in Table II, for a period c;f 6 to 8 weeks.

The data (Table II) reveal that none of the animals fed the
deficienﬁ diets were susceptible to vesicular stomatitis virus following
intramscular injection. Several of the mice fed the autoclaved diet
developed signs of Bl deﬁcienéy either before or sfter injection of the
virus and several died during the test period. However. the virus was
not recovered from either the brain or the spinal cord of these mice. and

it must be concluded thet desth was due to the vitamin deficiency and
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Table II
Iffect of Deficient Diets

on Resistance of Full-Grown Mice

Diet Time |No. Mice | %
on Diet Resistant
Deficient in B- 6-8 wks. 8 100
complex except Bl .
Deficient in u R "
vitamin E o o
*(wyw diet + whole | ™ 10 "

milk + yeast + cod
liver oil) Ingred-
ients mixed and
autoclaved 6 hrs.

at 16 1lbs. ‘ ﬂ
i - .

* Deficient in heat-labile B-complex

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



29

~not to the virus. It should be pointed out that the autoclaved diet in
addition to being deficient in the heat-labile B-complex was also deficient
in vitemin A. Since cod liver oil was added to the diet before auto~-
claving the diet was probebly also deficient in vitamin E.
It would eppear then that once mice have developed resistance
to inbtramuscular inj ectiqn of the virus they d;:; not again become suscep-

tible when fed the deficient diets used in this study.

Influence of “precocious" sexual maturation on the development of resistance:

The purpose of this experiment was to determine whether suckling mice in-
jected with a gonadotropic hormone which induces "precocious” sexual mat-
uration would become resistant at an age when most mice are still sus-
ceptible. Beginning on the 5th day of life 20 mice were injected subcut-
aneously with 1 unit (Cartlend-Nelson) of a commercial preparation of
pregnant mare serum (Gonadogen). The injections were continued wntil the
mice were 21 days old. On the twenty-first day of life the animsls were
weaned and tested for resistance to the virus. Twelve normasl litter-mates
served as co.":rl;rols. Descent of the testes or 'openihg of the vagina were
the eriteria used t6 determine sexuel maturation. The mothers of these
mice were fed a mixture consisting of 1500 gms. "M" diet + 1000 c.c. whole
milk + 150 grams yeast + 60 gms. cod liver oil. The data obtained in this
studylare found in Table III.

Tt will be seen that opening of the vagina or descent of the
'testes occurred by the 2lst day in 100 per cent of the treated mice while

none of the untreated littermate controls showed evidence of sexual maturity.
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Table III

Influence of "Precocious" Sexual Maturation on

the Development of Resistance in Suckling Mice

% showing
, opening of
vagina or %
Treatment N;i czf ‘:‘Elewz% :g st descent of resistant
testes at
21 days of age
1l wnit of
Gonadogen
daily 20 9.8 100 25
(16 units
lper mouse )
one ' 12 8.9 0 25
(Litter-
mates of
above
animals)
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- Descent of the testes or opening of the vagina occurred as early as the
17th day of life in some of the treated animals. Mice normally become
sexually mature at 28 to 36 days of age.

Although "precocious" sexusl meturation was induced in 100 per
cent of the treated mice these animals were not more resistant than the
littermate controls. Seventy~five per cent of 21 day old mice in each
group were found to be susceptible to the virus following inJeqtion into
the muscle.

It appears from the date obtained in this experiment that mice |
treated with pregnant mare serum react to the virus in the same manner
as do normsl mice of the same age, i.e. premature development of resistance

is not associated with "precocious™ gexual maturstion.

Discussion

Before beginning a discussion of the deta obtained in the present
experiments it will be well to restate the purpose of the studies, Vesi-
cular stomatitis virus when inj eeted. into the calf muscles of 14 day old
albino mice invades the central nervous system by viay of the peripheral
nerves and gives rise to a fatal ascendingf flaccid paralysis in 100 per
cent of the animals (1,2). However as mice grow and develop they become
increasingly resistant to the virus when injécted by this route. A% 1
month of age only 10 to 20 per cent are ausceptiﬁle and between the 5th
and 6th week of life they are about 100 per cent resistant (1,2,7). The

present investigations were undertaken to determine whether the development
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of this resistance coul@ be influenced by certain dietary deficiencies
or by inducing early sexual maturation.

It was observed that mice which were weaned at 14 days of
age and kept at their weaning weight by underfeeding with a diet rich
in natural foodstuffs and vitamins were s8till highly suscepbtible to the
virus at 28 and 36 to 39 days of age. Siblings on the other hand, weaned
at the same time and given the same diet aid libitum developed resistance
in a normal msnner, i.e., at 36 to 39 days of age they were 100 per cent
resistant. It is thus evident that when mormal growth aﬁd development
are suppressed by inanition resistance to intramiscular injection of
the virus does not develop in a normal manner. How is this failure to
become resistant to be explained? It may Be recalled that physiologleal
changeé which take place in the musele cells of mice as they grow and
develop .may be responsible for preventing the virus from enbering the
peripheral nerves and thus gain acceas to the central nervous system.
It was noted that the calf muscles of the underfed mice used in this
particular study were much smaller than those of well-nourished mice of
the same agé. It might be that the suppression of metabolic activity
of the muscle cells, due to a lack of nutrient material, may have inter-
fered with the development of resistance in the muscle. However at the
present time it cannot be stated definitely that the failure of the calf
muscles to develop was the sole contributing cause of the failure of
the underfed mice to become resistant. It has been pointed out earlier

that the barrier to néuroinvasiveness following intramiscular injection
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of the virus may be situated in the peripheral nerve or nerve endings.
This being the case then possible changes in the peripheral nerves or
in the nerve endings, due to underfeeding, must also be considered.

At present it is not knowm whether such changes do occur in mice which
are held at a more or less constant weight., However it hes been re~
ported (21) that disintegration of the myelin sheaths of peripheral
nerves occurs in rats on a total inanition regimen. It should be noted
that because of the nature of the diet fed these malnourished mice
(high in vitamins A, B~-complex, D) the animals may have received suf-
ficient vitaminsg even in the small amount of food given them.

Although it has been shown that underfeeding definitely re-
tards the development of resistance in mice to intramuscular injeetion
of vesicular stomatitis virus the present state of our knowledge does
not permit one to state by what mechanism this failure to develop re-
sistance is brought about.

When mice were permitted to suckle mothers which had been
put on a diet deficient in the heat-labile components of the vitamin B-
complex 2 days after delivery they did not develop resistance to intra-
musceular injection of the virus. At 4 weeks of age all of the 8 mice
tested proved to be susceptible. Only 2 of these mice developed the ‘
characteristic ascending flaccid paralysis but the virus was recovered
from the brain and cord or from the cord alone of the other 6 at the
time of death. It would appear that once the virus gained entrance to

the central nervous system it spread rapidly to involve higher centers
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of the spinal cord and medulla before paralysis could develop.

It will i)e noted (Chart II, Figure 1) that growth was markedly
retarded in the mice which suckled mothers fed the diet deficient in
the heat~labile B-complex. The animals did not grow after the 10th day
of life (weights were taken from the 10th to éSth day). Apparently
the lactating mouse is depleted of the heat-labile B-complex more
rapidly than the rat since depletion apparently oceurred after the
mice had beern on the digt for 8 days.

The apparent rapid spread of the virus in the central nervous
gystem of the mice which had been suckled by mothers fed a diet deficient
in the heat-labile B-complex suggests that the failuré 'o.f these animels
to develop resistance may heve been asscceiated with changes in the ner-
vous system. As elready indicated eérlier in the paper vitanin Bl seems
to be necesaary for the maintenance of healthy neural tissue. It may

well be then that vitamin B, is also necessary for the normal develop-

1
ment of the nervous system. If this is the case then it may be logiecal
to assume that the failure of these mice to develop resistance was ase
sociated with a failure of the peripheral nerves to develop in a nqir:mal
manner. It must be remembered however that vitamin Bl masy play some pary
in the carbohydrate metabolism of the cell and as pointed out earlier

a disturbance of metabolism might interfere with the development of re-
sistance.

A marked retardation of growth and a delay in the development

of resistance to intramuscular injeetion of vesicular stomatitis virus
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occurred in mice which suckled mothers fed a diet, deficient in the

B-complex except B At 28 days of age 100 per cent of the mice

1
tested were susceptible. All of these mice developed the character-
istic ascending flaccid paralysis. It is interesting to note that 5
week old mice which had suckled mothers fed the above deficient diet
were 90 per cent resistant. This might suggest that mice feeding on.

a diet deficient in the B-complex except B, are able to develop resis-

1
tance to the virus. 1In view of the fact that the 5 week old mice
proved to be highly resistant it is difficul‘t to fornmlate an explana-
tion for the high degree of susceptibility of the 28 day old mice. Re-
tardation of growth may have been a factor but the difference in the
average weight .of the two groups (2.2 grams) would not indicate tbis

o0 be the so'le cause. The average weight of the 35 day old mice was
only 7.5 grams. In other experiments norniél 1/ dey old mice weighing
7.5 grams or more have been found to be susceptible to thé virus when
injected intramusculerly. The only apperent explanation for the failure
of the 28 day old mice to become resistant is that a lack of thé B-

complex except B,, caused a disturbance in tissue metabolism which in

1
“turn retardgd the normal development of resistance in the muscle cells.
The growth curves (Chart II, Figure 1) of the mice suckled
by mothers fed a diet deficient in fhe heat-labile B-complex show that
growth was retarded from the 10th day of life. It would appear that in

the lactating mouse the heat-labile B-complex and the B-complex except
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B; are depleted at about the same rate.

It has been shown (16, 25) that both vitamin B,, and
riboflavin, are necessary foi successful lactation in the rat,
The results of this phase of the study suggest that the seme is
true for the mouse. OFf an original group of 54 mice suckled by
mothers fed a diet deficient in the heat-labile components of the
B~complex only 8 were alive at the end of the suckling period, and
only 33 of an original 68 mice suckled by mothers fed a diet deficient
in the B-complex except B) survived to be weaned. It is interesting
%o note in this connection thet complete failure of lactation occurred
(33) when albino rats, fed a diet deficient in yeast, were fed
supplements of vitamin B, and riboflavin. However, if, in addition
to the above vitamins, the filtrate factor (34) (the filtrate factor
prevents nutritional dermatosis in chicks) was added to the diet, succeass~

. Tul lactation occurred.

In the present series of studies nutritional muscular dystrophy
was not observed in any of the mice which were suckled by mothers fed a
diet deficient in vitamin E. Evidently suckling mice and suckling rats
behave differently to a deficiency of vitamin E since rats suckling mothers
on & diet deficient in E develop paralysis. Although the mice suckled
by motheras fed the above.d;et did not show any clinical symptoms of a
deficiency of vitamin E, nevertheless they were highly suscepiible (54

per cent) to the virus at 28 days of age. However, at 5 and 6 weeks of
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age the mice had developed normal resistance to the wvirus. Growtl_l
was not retvarded in these mice and they were normal in appearance,
It would appear that factors other than growth are involved in the
development of resistance. At present no explanation can be offered
for the retardation in the development of resistance noted in mice
which bad suckled mothers fed a diet deficient in vitamin E. It
might be that degemerative changes may have occurred in the muscle
cells which were not manifested clinically but there is no evidence
at hand to support this éuggestion.

A striking difference in the degree of resistance was noted
between the mice weaned at 14 days of age and fed a diet deficient in
the heat-labile B complex and the animals weaned at the same age and
fed a diet deficient in the B complex except Bl' The latter gr;:up
developed resistance in an almost normal msnner while in the forher
group there was & marked retardation in the development of resistance.
It must be remembered that both groups of mice were suckled for 14 days
by mothers feeding on & diet rich in natural foodstuffs. It would
appear that when mice are allowed to suckle for 14 deys and are then
weaned, resistance develops even when the B-complex except Bi is
eliminated from the diet. However, when heat-labile éanponents of the
B-complex are eliminated from the diet of 14 day old mice, the develop-
nment of resistance is merkedly retarded. It 1s apparent, then, that
the heat-labile components of the B-complex must be included in the

maternel diet and in the diet of prematurely weaned mice i1f resistance

is to develop normallye.

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



37

The high degree of resistance at 28 days of age of the
prematurely weaned mice which had been fed the diet deficient in
the B-complex gxcept B is surprising when it is recalled that
100 per cent of the mice, which bad suckled mothers fed the same
diet, were susceptible at 1 month of age. It would appear that when
very young mice (2 days old) are deprived of the B~complex except Bl,
they fail to become resistant to the virus at a time when normel mice
are highly resistant. HHowever, if mice, permitted to suckle mothers
fosding on a diet of natural foodstuffs, are weaned at 14‘ days of age
and given a diet deficient in the B-complex, they beccme resistant in
an almost normal manners. |

The mi_ce vhich were weaned et 14 days of asge and 5iven a
diet deficient in vitamin E, although they showed no symptqns of B
deficiency, were more suscéptible at 28 days of age than were m'i‘cAe‘
which had suckled mothers fed a diet deficient in the same vitamin.
It might be concluded that the unweaned mice received same raétor in
the m:llk {perhaps vitemin E) which enaebled them to become more ~
resistant than the prematurely weaned mice. Since the mice weanejiét
14 days of age and fed the diet deficient in vitamin E did nptA aiow

any symptoms of E deficiency, no explanation cen be offered for the

delay in the devélopmant of resistance,
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Full-grown mice, which are resistant to intramuscular
injection of vesicular stomatitis virus, did not lose this resist-
ance when fed a diet deficient in certein components of the B-complex
or in vitemin E for a period of from 6 to 8 weeks., These findings
suggest that once mice become resistant to the virus, the resistance
is not affected by & deficiency of the sbove vitamins. It mey well
be that cellular changes which occur during growth and dévelopment
are not réversible. The fact that several of the mice which were
fed a diet deficient in the heat-labile componemts of the B-complex
developed signs of B]. deficiency (weakness of extremities and tremors)
before or shortly after injection"of the virus might suggest that '
even when the peripheral nerves are damsged, the vi;cus nevertheless

does not invade the central nervous system.

In order that misleading generalization may not be made
from the abéve observations, it should be pointed out that while
certain dietary deficiencies appear to influence the development of
resistance to vesicular stomatitis virus when injected by the intra-
mscular route, it cannot be said that the resistance to all viruses
would be affected in the same manmner. It may alsoc bz}}ize resistance
t0 vesicular stomatitis virus when injected by other routes might
be é.ffected differentlye.

starkey and Leathem (35) have recently shown that pregnant

mare serum is capable of producing a stimulating effect on the gonads
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of 13 day old mice. They found an ovarian weight increase in the
imature female mice.l Fellicular maturation was induced but the
formation of lutein tissue predominated. They also found an in-
creese in interstitiel tissue and a resulting increase in accessory
sexual organs in the immature males.

In thq present study no histological studies were mede of
the sex organs of mice treated with pregnant mere serum. Howevex,
descent of the testes or opening of the vagina occurred as early
as the 1l7th dey when 1 unit (Cartland-Nelson) of pregnant mare serum
was injected daily beginning with the S5th day of life. By the 2lst
day of life descent of the testes or opening of the vagine was observed
in 100 per cent of the injected mice. Although evidence of "precocioﬁa"
sexual maturation was obtained in all the treated mice, they‘were just .
as suscepiible to intramuscular injection of the virus as were their

untreated littermate controls.
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The present series of investigations was undertaken to
study the influence of certain dietary and hormonsal factors om the
development of resistance, in the albino mouse, to intramiscular

" injection of vesicular stometitis virus. Experiments were conducted
to determine the effect on the development of this resistance of
(1) the maternal diet during lactatiom, (2) the diet of mice weaned
at 14 deys of age, and (3) a gonadatropic hormone which induces
"precocious" sexual maturation.

The data obtained in the dietary studies are sumarized in
Tables IV and V.

The results (Teble IV) reveal that when lactating mics were
fed a purified artificiél dief which had been- suppiamented by the
addition of yeast, cod liver oil and wheat germ oil, the offspring
grew and developed resistance to intramuscular injection of the virus
in the same manner as did mice which were suckled by mothers fed a
diet rich in natural foodstuffs,.

When lactating mice were fed a purified artificial diet
deficient either in the heat-labile components of the B-complex or
the B-complex except vitemin By, there was a retardation of growth

and é marked delay in the development of resistance in the offspring.
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Table IV

Influence of Maternal Diet during Nursing Period on Development of Resistance in Offspring
(V. S. Virus Intramuscularly)

Age of Wice
/_weeks 5 iveekg 6 weeks
Diet 4 |No. % |No. % |No.
resistant|tes-| Av. resistant|tes-|Av. #esietant tes-|Av.
ted |wh. ted |wh. ted jwt.
Gm. Gm, Gnm.
1. "M diet or "M" diet + whole milk 82 75 |13.4 94 18 |15.0
+ yeast + CLO ‘
2. CSLS + CLO + WGO + yeast 73 115 | 9.1 93 (1 [|12.9] 100 |12 [12.0
3. " + % + yeast (deficient in E)| 46 15 | 9.5| 80 15 |13.6| 100 |10 |[15.4
be ™ + " + WGO + RPC _ 0 113 | 5.3 90 |10 [7.5] 64 |1 | 8.1
(deficient in B ¢omplex except Bl) v
5. CSLS + CLO + WG0 + autoclaved yeast (] 8 be3 No survivors on diet
(deficient in heat-labile B) . I

CSLS = casein (vitamin-free) + starch + lard + salt mixture (MeCollum's)
CLO = cod liver oil; WGO = wheat germ oil; RPC = rice polishings concentrate

Av. wt. = average weight
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Table V

Development of Resistaence in Prematurely Weaned Mice Receiving
Quantitatively or Qualitatively Inadequate Diets
(V. S. Virus Intramuscularly)

Age of Mice
weeks 5 weeks 6
Diet No. % No. % No.
resistant|tes~|Av. |resistant| tes-} Av, [resistant|tes-| Av,
ted |wt, ted lwho | ta
Gm. ) G’m' i G’m.
1. "M" diet + whole milk + yeast + Vi) 9 1,2.,‘,\ 100 19 [16.8) ... vee fooe
CLO ad 1ib. : : :
2. wWyn ddet + M . om 4+ w4 13 23 | 6.6 8 |13 | 609 | con oo |oes
C10 q.8. meintain wh. -
3, CSLS + CLO + WGO + yeast 63 16 [12.3] 100 J12 [13.2) 91 Ju1 {14.8
Le ™ + " + ® 4+ RPC (deficient 67 |5 |8.2] 67 |18 |88| 89 |9 [10.7
in B complex &xcept Bl) "
5. CSLS + CLO + yeast (deficient in E)| 20 15 | 9.7] 100 [0 |14.3°] 33 6 113.8
6. " + " 4+ WGO + autoclaved yeast| 20 15 | 8.6 33 |15 |6.7 ] 67 9 {10.7
(deficient in heat-labile B)

Mice suckling mothers on "M" diet, weahed at 14 days of age

" diet = mixture of natural foods described in text; other abbreviations-- seme as in Table IV




_ Young mice which suckled mothers fed a purified artificial
diet deficient in vitamin E (wheat germ o0il), although they continued
to galin in weight, did not develop resistance to the virus in the same
manner &s mice which had suckled mothers fed a supplemented diet con-
taining wheat germ oil.

Mice which had suckled mobthers fed a diet rich in natural
foodstuffs were weaned at 14 days of age and fed the diets listed in
Table V. The date obtained in this phase of the study (Table V) reveal
that premeturely weaned mice fed a diet rich in natural foodstuffs and
vitamins gained in weight. and developed resistence to the virus in a
normsel manner. However, mice weaned at 1/ days given the same diet,
but only in amounts sufficient to maintein their weaning weight, did
not become resistant. At 36 to 39 days of age these underfed mice were
still 92 per cent susceptible as conbtrasted with 100 per cent resistance
in their siblings which received the same diet ad libitum.

Prematurely weaned mice given fhe purified artificial diet
supplemented by the addition of yeast, cod liver oil and wheat germ
0il were not quite as resistant at 4 weeks of age as the weaned mice fed
the diet rich in natural foodstuffs and vitamins. However, at 5 and 6
weeks of age they had developed mormal resistance.

“When mice were weaned at 1/ days and put on a diet deficient
in the heat-labile components of the B-complex both growth and develop-
ment of resistance were markedly retarded.

Although retardestion in t]:_x_e_._gejreloPment of resistsnce was not

Lo
marked in the weaned mice fed a diet deficiemt in the B-complex except
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ZBl still only 67 per cent were resistant at 5 weeks of age as compared
with 100 per cent of the weaned mice which received the supplemented |
diet. |

In the group of weaned mice which were fed a purified arti-
ficiel diet deficient in vitamin E there was a delay in the development
of reslstance although growth was not retarded.

Full-grown mice, which are resistant to intramuscular injec-
tion of vesicular stomatitis virus, did not lose this resistance when
maintained on a diet deficient either in certain compbnents of the B-
complex or in vitamin E for a period of 6 to 8 weeks.

. It is apparent that a deficiency of certain dietary factors,
either in the maternal diet during the nursing period or in the diet of
prensturely weaned mice, can retard or inhibit the development of at
least one type of comstitutional barrier to involvement of the central
nervous system by a neurotropic virus. Eoﬁever, it has not been possible
t0 break down this resistance by the same means once it has been acguired
by full-grown mice.

Evidence of "precocious™ sexual maturation (descent of testes
or opening 6:8 vagina) was observed on the 2lst day of life in 100 per
cent of mice injected with‘ pregnant mare serum (mice usually become
sexually mature between the 28th and 3éth day of life). However, pre-
mature development of resistance to intramuscular injection of vesicular
stomatitis virus was not associated with "precocious" sexual maturation

since 21 day old treated and untreasted littermates were equally susceptible.
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