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Effects of Vitamin A Malnutriture on Resistance to Stress." (19453) 

BEN JAMIN H. ERSHOFF. 
From the Emory W .  Thwston Laboratories, Los Angeles,  Calif. 

Considerable data are available indicating 
that resistance to stress may be significantly 
impaired in the nutritionally-deficient animal. 
Thus an impaired resistance to cold has been 
demonstrated in rats deficient in pyridoxine 
( 1 ) .  riboflavin(2), and vit. -4(3,4), and 
p i n e a  pigs deficient in vlt. C(5) .  A\n im- 
paired resistance to anoxia has been reported 
in the riboflavin-deficient rat(6,7) : and fail- 
ure to excrete water and to withstand water 
intoxication has been observed both in ribo- 
flavin-deficient ( 8 )  and pyridoxine-deficient 
(9) rats. In  the present communication data 
are presented on the effects of graded doses 
of vit. on resistance to 1 )  low environ- 
mental temperature and 2 )  x-irradiation in- 
jury in the rat. 

Procedure. The animals employed in the 
present experiment were male rats of the 
L-niversity of Southern California strain. The 
mother rats were maintained for a t  least 2 
months previous to breeding and for 1 2  days 
after the birth of the litter on Sherman diet 
B ( 10) without addition of supplementary 
lettuce or meat. Litters were cut to 7 a t  3 
days of age, and on the 12th day mothers and 
litters were placed on a vit. A-low diet.t The 
jroung were weaned at  21-24 days of age and 
at  a body weight of 36-50 g inclusive. The 
- - _ _ _ I _ _ ~  

* This paper reports research undertaken in co- 
operation with the Office of Saval Research and the 
Quartermaster Food and Container Institute for  the 
;\rmed Forces. The views or conclusions contained 
in this report are those of the author. They are not 
t o  be construed as necessarily reflecting the views or 
indorsement of the Department of the Army or the 

basal ration employed in the present experi- 
ment had the following composition: sucrose, 
60%; casein,: 25%; salt mixture,§ 5%; 
cottonseed oil (Wesson), 10%; and the fol- 
lowing synthetic vitamins per kg of diet: 
thiamine hydrochloride, 10 mg ; riboflavin, 
10 mg; pyridoxine hydrochloride, 10 mg; 
calcium pantothenate, 60 mg ; nicotinic acid, 
60 mg; ascorbic acid, 200 mg; biotin, 5 mg; 
folic acid, 10 mg; p-aminobenzoic acid, 400 
mg; inositol, 800 mg; vit. BIZ, 150 p g ;  2- 
methyl-naphthoquinone, 10 mg ; and choline 
chloride, 2 g. To each kg of diet were also 
added 400 U.S.P. units of vit. D.11 Each rat 
also received once weekly a supplement of 
4.5 mg alpha-tocopherol acetate. Animals 
were kept in metal cages with raised screen 
bottoms to minimize access to feces and were 
fed ad libitum. Diets were made up weekly 
and stored under refrigeration. Rats were fed 
on alternate days. All food not consumed 48 
hours after feeding was discarded to minimize 
oxidative changes in the diet. 

Results. Exp .  1. Eflects of graded doses of 
vit. '4 on survival time of rats under cold room 
and Y O O ~ Z  temperature conditions. Rats aver- 
aging 43.4 g in weight were divided into 5 
groups of 30 each and were fed the basal vit. 
A-free ration. They received in addition, 
____- 

t Similar to U.S.P. XI11 depletion diet except 
that commercial casein rather than extracted (Vit. 
A-free) casein was employed. 

$ Vitamin Test Casein, General Biochemicals, Chag- 
rin Falls, 0. 

0 Hubbel, Mendel and Wakeman Salt Mixture, 
General Biochemicals, Chagrin Falls, 0. 

Ofice of Xaval Research, ll HY-DEE Powder, Standard Brands, New York. 
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TABLE I. Effects of Graded Doses of Tit. A on Growth and Survival of Rats Under Cold 
and Room Temperature Conditions. 

hvg daily 
supplement Gain in b’ody Avg survival 

of decedents, 
dayst 

of rit. A, X o .  of Initial wt, 30 day 
T’.S.Y. units animals body wt, g period, g” surriring ?. 

0 
2.5 
a 

1 0 
50 

0 
9.5 
5 

10 
50 

1 
1 

3 
9 

12 
1 2  
14 

15 
18 
18 
18 
18 

Cold room 
111.<5 
153.8 

‘series, 2 +_ 1.5”C 
- 0 1.9 f .6 

31 58 16.2 f 2.7 
156.4 20.8 99 10 & .o 
154.3 24.9 100 
163.7 34.1 100 

- 
- 

Room temperature series, 23°C 
105.1 - 0 19.3 f 1.2 
151.7 82.7 100 - 
159.6 93.7 100 
149.6 105.1 100 
1G3.4 109.9 100 

- 
- 
- 

Of surviving animals, 

jsdZ 
+ Iiicluding stand. error of the mean calculated as follows: j - ./ Vywliere  “ d ”  is the 

v 
de~-iation from the mean and “ n ”  is the number of o’bservations. 

twice weekly by graduated syringe, oral sup- 
plements of vit. A1 dissolved in 0.12 cc of 
cottonseed oil in amounts furnishing an aver- 
age daily intake of 0, 2.5, 5, 10, and 50 U.S.P. 
units of vit. -1 for groups I to V, respectively. 
Rats in group I became depleted of vit. A 
(as judged by stationary or decreasing body 
weight for a period of 5 days) after an average 
of 23.4 days of feeding (range 21 to 2 7  days) 
and at an average body weight of 108.3 g. At 
the time of depletion half the animals were 
placed (1 animal per cage) in a walk-in re- 
frigerator maintained at a temperature of 
2 ”  x 1.5 C. The remaining half were con- 
tinued at  standard laboratory conditions 
(23 I C )  . After 24 days of feeding the average 
body weight of rats in the remaining dietary 
groups was as follows: group 11, 152.3 g; 
group 111. 154.0 g ;  group IV, 151.3 g ;  and 
group V. 163.5 g. At this time animals in the 
above groups were divided into 2 series. 
Eighteen rats in each group were continued 
at  standard laboratory conditions; the re- 
maining 1 2  animals were placed in the walk-in 
refrigerator (1 animal per cage). KO change 
was made in the diets fed. Feeding was con- 
tinued ad libitum for an additional 30 days 

h \-it. -4 Palmitate (Synthetic), Hoffmann-La 
Roche. Kutley, S. J. 

or until death, whichever occurred sooner. 
Results are summarized in Table I. 

I n  agreement with earlier findings( 3,4), 
exposure to a low environmental temperature 
significantly decreased the survival time of 
rats depleted of vit. A. At an environmental 
temperature of 2 t 1.S0C, the average length 
of survival of rats depleted of vit. A was 1.9 
days in contrast to an average survival time 
of 19.3 days for depleted rats a t  room tem- 
perature. An average daily intake of 2.5 
U.S.P. units of vit. A was insufficient to pro- 
vide maximal adjustment‘to cold since 42% 
of the rats in this series succumbed during an 
experimental period of 30 days. An average 
daily intake of 5 U.S.P. units of vit. A was 
sufficient, however, to permit an apparently 
optimal adjustment to cold. Under room tem- 
perature conditions all rats fed an average 
daily intake of 2.5 U.S.P. units of vit. A or 
more survived. Gain in body weight was cor- 
related at  room temperature conditions with 
the amount of vit. A administered, being sig- 
nificantly greater for rats fed the higher doses 
of vit. A than the lower. The differences be- 
tween the various groups, however, were not 
marked; and with the exception of size the 
various groups were grossly indistinguishable. 
It is apparent from these findings that an 
average daily intake of 2.5 U.S.P. units of 



1-it. -1. although sufiicient for good growth 
and survival under room temperature condi- 
tions. was inadequate for optimal adjustment 

Exp. 2 .  Efirt-fs of grc~ded doses o j  :lit. -4 011 
I I  I ( 3  ti I I ti I’ t c I *  in I p r  c s s I I I’C n j r-a t s I I I ti i l l  t n in r d I I  I 1 - 
d( 1 3  t-old niid room tc . )npCruf i lrc  conditions. 
--It the termination of Exp. 1. 6 rats were se- 
lected at random from each o i  the surviving 
groups and the niean arterial pressure deter- 
mined Is!- the direct method.** The rats were 
anesthetized with ether and the abdominal 
aorta was exposed a n d  pnnctured with a 21 
gauge needle connected to a niercurj- manom- 
eter of 1 nim Imre tubing. The puncture was 
made during licht anesthesia and with the 
mercurj- column in the manometer raised to a 
level of 90-100 mni HF;. I n  the cold room 
series the a\-era<ze mean arterial pressure was 
108.3. 95.3. 9.5.S. and 91.4 inni Hg, respec- 
tively, for rats fed an average daily intake of 
2.5.  5. 10. and 50 L-.S.P. units of vit. -4. I n  
the room temperature series the average mean 
arterial pre.;sure oi these groups u-as 101.5. 
91.8. 9.i.4, and 9S.2 tnni Hg. respectively. 
The differences observed between rats fed the 
varying levels or‘ vit. -1 were not statistically 
significant either under cold room or room 
temperature conditions: nor were the differ- 
ences between the 2 environmental series on 
any oi the rations eniployed. The latter find- 
ings are a t  variance with the report(l1) that 
prolonged exposure to cold causes a significant 
increase in the systolic blood pressure of the 
rat. Gikon’s determinations, however. were 
made with a tail plethysmograph on unanes- 
thetized rats fed a natural food ration. In  
unpublished findings from this laboratory i t  
was observed. in agreement with Gilson. that 
prolonged exposure to a low environmental 
temperature resulted in a significant increase 
in the systolic blood pressure of rats on a 
natural food ration. as determined in unanes- 
thetized animals with a Sobin tail plethysmo- 
yraph. Khen  the mean arterial pressure was 
determined on these same rats, however. by 

tQ Cold. 

x:c 11-e a re  inrkhtecl to  Dr. Sheldon Rosenield, 
Dept. of P h y G o l o q  l-nii-crsity o i  Southern Cali- 
iornia, ior  rechnical aszistance in the blood pressure 
det erminatinns. 

the direct method outlined above.. r t J  
in mean arterial pressure was obw~veC ~ ) w r  
that of animals fed a similar ration bu: mnin-  
tained under room temperature cond~~icm:. It 
would appear, therefore, either 1 j rhnt the 
hypertension caused by  prolonged Cxposiie to 
cold is abolished by ether anes;ht.i,i i ~ r  2 )  
that the tail plethysmograph is mi nil AC- 
curate method for determining the -iy5tolic 
blood pressure of rats which had been e x p x e d  
to a  lo^ environmental temperaturt. In:. il. ;>m- 
longed period of time. 

Exp. 3. E f ~ ~ t s  of graded dosos ( 7 -  :I?:. -4 o?z 
swzGa~l of rats adnziizistered n sinpjt- 11 fhal 
dosr o j  .~-irrudiation. At the termination of 
ESP. 1. 10 rats were selected a t  randcmi from 
each of the siirviving groups in the n r ~ m  tern- 
perature series and were administered. a single 
dose of 750 r x-irradiation. -\nirnals were 
continued on the basal ration p h i 5  their re- 
spective \.it. -4 suppIements for 30 days post-  
irradiation. The radiation factors wew as 
f o l l o ~ ~ s :  GE Model Maximar 250: 25G K\-: 
15 Xi: 0.5 iiim Cu and 1 mni -41 f l iers  phis 
a Cu paraboIic fiIter; f f  HC’L. 2 - 1 5  mrri Cu: 
target distance to top of box, 7s c m :  and  dose 
rate! 17.92 r per minute (measured in air) .  
The  animals to be irradiated were placed in a 
wooden box divided into 14 compartments 7 
cni wide,, 16 cni long and 10 cni deep ( i h O  rats 
were irradiated at a time). The partitions 
and top were made of %-inch cellulu>se acetate 
sheeting; and the top, one side and hottom 
of each coinpartment were perforated with 
holes for purposes of ventilation. T’he con- 
tainer was rotated slowly on an electrically- 
driven turntable to insure equivalen: irradia- 
tion. The per cent survival and the ak’erage 
survival time of decedents in the vxious 
groups are summarized in Table 11. 

-4 significant difference was ob5trve.d in 
the survival rate of rats fed var j ing cjcsses of 
vit. -4 folloxing a single exposure oi 750 r 

-4 non-uniform filter which produce: i, flat  
isodose surfacc of x-ray intensity cons?ruc!rd by 
the method o i  Greenfield and Hand(1; W e  are 
indebted to  Dr. Moses Greenfield and Miss Katherine 
Hand of the .Atomic Energy Project, University of 
California at  Lo3 Angeles, for constructirvr. c i the 
parabolic filter. The center of the filter had ii thick- 
ness of 1. t  mm Cu;  the edge, 0.5 mm Cu. 



VITAMIN A AND STRESS 583 

TABLE 11. Effects of Graded Doses of Vit. A on Survival of Rats Administered a Single 
Lethal Dose of X-Irradiation. 1 0  rats in each 'series. 

Avg daily 

of vit. A, Initial wt, 30 days post- 70 of decedents, 
suppkment Change in body Avg survivtta 

U.S.P. units body wt, g irradiat.ion, g" sui?-iriiig days + 

2.5 217.4 - 0 8.5 & .Y 
a 276.3 -17.5 sir 18.5 * 3.5 

30 292.7 10.9 90 9 +_ .o 
10 279.:; -. 4 50 14.4 2 2.3 

+ Of sur~-iving animals. t Inclucliiig stand. error cf the inean. 

x-irrdiation. -All of the rats receiving 2.5 
U.'S,P. units of vit. A daily succumbed, 
whereas, 505 of the rats fed 5 or 10 C.S.P. 
units, and 90% 'of those on 50 U.S.P. units of 
vit. A survived. During the first 4 days post- 
irradiation, rats in all groups lost approxi- 
mately 20-25 g in body weight. Surviving 
aninrids fed the higher doses of vit. A gained 
back the weight they had initially lost. This 
did not x c u r ,  however, in rats fed an average 
daily intake of 5 U.S.P. units of vit. ,4. An 
unexpected finding was the occurrence of cir- 
cular necrotic patches on the tail of irradiated 
rats fed an average daily intake of 5 or 10 
L-..'.s.P. units of vit. A (Fig. 1). These first 
became manifest during the second week post- 
irradiation and persisted for approximately 2 
weeks En those animals which survived. 
Seventy percent of the rats fed an average 
daily intake of 5 U.S.P. units of vit. -\ and 
9070 {A those receiving an average daily in- 
take of 10 U.S.P. units of vit. -\ developed 

such patches. No such patches were observed 
in any of the rats receiving an average intake 
of 50 U.S.P. units of vit. A daily. Rats re- 
ceiving an average daily intake of 2.5 U.S.P. 
units of vit. A succumbed following x-irradia- 
tion without showing such lesions. 

Discussion. Results of the present experi- 
ment indicate that doses of vit. A sufficient to 
promote good but suboptimal growth under 
standard laboratory conditions are inadequate 
f'or optimal resistance to stress as caused by 
1 )  prolonged exposure to a low environmental 
temperature or 2 )  a single exposure of 750 r 
x-irradiation. No data are available to indi- 
cate what factors were responsible for the 
impaired resistance of vit. -4-deficient rats to 
the above stressor agents. Since food intake 
was reduced in the deficient rats, it is possible 
that the decreased resistance of these animals 
was due, at  least in part, not to vit. A mal- 
nutriture per se but the attendant reduction 
in caloric intake. Further experiments are 

FLG. 1. R a t  tail, 18 days post-irradiation, of animal fed a purified b a d  ration suppleweiited 
with average daily h s e  of 10 U.F.P. units or" Ti t .  A. 
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indicated to determine to what extent this units of vit. -4 was inadequate for optimal 
factor may have contributed to the observed 
results. 

Summary. Experiments were conducted on 
the effects of graded doses of vit. A\ on re- 
sistance to low environmental temperature and 
x-irradiation injury in the male rat. The 
average survival time of rats depleted of vit. 
-4 was 1.9 days at  an environmental tempera- 
ture of 2°C and 19.3 days under standard 
laboratory conditions (23 "C) . -Adjustment to 
low environmental temperature (as judged by 
per cent surviving an experimental period of 
30 days) was significantly increased in ani- 
mals fed an average daily intake of 2.5 U.S.P. 
units of vit. -4, but a minimal intake of ap- 
proximately 5 U.S.P. units of vit. -4 daily was 
required for optimal adjustment to cold. A 
direct correlation was observed between the 
vit. -4 content of the diet and resistance to 
x-irradiation. A11 rats administered an aver- 
age intake of 2.5 U.S.P. units of vit. -4 daily 
succumbed following a single exposure of 
750 r x-irradiation: 90% of the rats receiving 
a daily intake of 50 U.S.P. units of vit. -4 and 
exposed to a similar dose of x-irradiation sur- 
vived. -An average daily intake of 10 U.S.P. 

resistance to x-irradiation, although this level 
of vit. X was adequate under standard labora- 
tory conditions for optimal growth. 
_ ~ _ _ _ _ _ _ _ _ _  
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Reduction of Urinary Sodiuiii and Potassiuin Produced by Hypophyseal 
Growth Hormone in Normal Feniale Rats." (19454) 

JOHN E. WHITNEY, LESLIE L. BENNETT, AND CHOH HAO LI. 
Froriz the Divi.\ioia o,f Physiology, Iizstitiite of Experiiiieii fa1 Biology, and Department o i  

Biocheiiristry, University of California, Hvrkeley. 

Previous work from this laboratory( 1) has 
shown that the administration of hypophyseal 
growth hlormone (GH) to diabetic male rats 
results in the retention of both sodium and 
potassium even though the degree of glycosuria 
may be increased concurrently. I t  is the 
purpose of this paper to report that GH pro- 
duces both sodium and potassium retention 
in normal female rats. 

Methods. Three experiments are reported 

*-Aided by grants from the Sational Institute of 
Health (to L. L. Bennett) and  from the Albert and 
Mary Lasker Foundation (to Choh Hao Li.) 

in this paper designated as Series 1: 11, and 
111. In  each experiment 10 "plateaued" fe- 
male rats of the LongEvans strain were used. 
Five animals of each group were fed the 
regular stock diett and 5 received the same 
stock diet plus an additional 600 mg of KCl 

t The stock diet consisted of ground whole wheat 
67.5%, casein 15.0.0/0, whole milk powder lO.O%, 
XaC1 O . i ; % ,  CaC03 lS%, hydrogenated vegetable 
oil, 5.2556. To each kg of diet were added 3.5 g 
Sardilene (fish oil concentrate containing 3000 
USP units of vit. A and 400 chick units of vit. D 
per g>. 


