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Effects of Prolonged Exposure to Cold on the Vitamin A Requirement 
of the Rat." (17981) 

B E X . T A ~ S  H. ERSKOFF 
From the Emory  7 f .  Tlii(rston L(iboratories, Los Angeles, and the Department  of B i o c h m i s t r y  

and S u t y i t i o n ,  i7viversity of Southern Cali fornia,  Los Angeles. 

.\\.ailable data indicate that requirements 
for a number of nutrients are markedly in- 
creased under conditions of low environmental 
temperature. This is particularly true for 
some of the water-soluble vitamins. .in in- 
creased requirement for thiamine ( 1,2) ; pyri- 
dosine(3) and ascorbic acid(4) has been 
demonstrated following prolonged exposure to 
low environmental temperatures. In the 
present communication data are presented on 
the effects of low environmental temperature 
on the vitamin A requirement of the rat. 
Animals were fed purified rations deficient in 
vit. -4 and their rate of depletion and length 
of survival determined under cold room and 
room temperature conditions. 

Procedure and results. The vit. ,\-free ra- 
tion employed in the present experiment con- 
sisted of sucrose, 60%; casein,+ 25%; salt 
mixture,S 5% ; and cottonseed oil (Wesson), 
10%. To each kg of the above were added 
the 'following synthetic vitamins: thiamine 
hydrochloride, 40 mg; riboflavin, 40 mg; 
pyridoxine hydrochloride. 40 mg ; calcium 

*This paper reports research undertaken in co- 
operation with the Quartermaster Food and Con- 
tainer Institute for the Armed Forces, and has 
been assigned number 312 in the series of papers 
approved for publication. The views or conclusions 
contained in this report are those of the author. 
They are not to be construed as necessarily reflecting 
the views or indorsement of the Department of the 
-4rmy. 
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pantothenate, 80 ing; nicotinic acid, 60 mg; 
ascorbic acid, 100 mg; biotin, 5 mg: folic 
acid. 10 m g ;  p-aminobenzoic acid, 400 mg; 
inositol, 800 mg; vit. B12,Q 60 7 ;  Z-methyl- 
naphthoquinone, 10 mg; vit. DJl l  400 C.S.P. 
units: and choline chloride, 2 g. Each rat 
also received once weekly 4.5 mg of alpha- 
tocopherol acetate. The animals employed in 
the present experiment were male rats of the 
Cniversity of Southern California strain in 
which the dietary regime of the parents was 
such as to mate the young rats satisfactory for 
bioassay studies for vit. A. Parents were main- 
tained for a t  least 2 months previous to breed- 
ing and for 14 days after the birth of the 
litter on Sherman diet B ( 5 )  without addition 
of supplementary lettuce or meat. Litters 
were cut to 7 a t  3 days of age, and on the 14th 
day mothers and litters were placed on a vit. 
,A-low diet.7 At 26 days of age the young rats 
were placed either on the vit. A-free diet in- 
dicated above or a similar ration supple- 
mented with 6000 U.S.P. units of vit. -4 per 
kg of diet.** Tests were conducted (1) with 
animals kept continuously in a large walk-in 
refrigerator at  a temperature of 2 t 1 5 ° C  
and ( 2 )  under standard laboratory conditions 
at  an average temperature of approximately 
23 = 2°C. The dietary groups consisted of 
12 rats each in the room temperature series 
and 16 animals per group in the cold room 
series. Rats were kept in individual metal 
cages with raised screen bottoms to prevent 
access to feces and were fed ad lib the diets 

$Vitamin B,, Oral Grade Solids, Chas. Pfizer & 
Co., Brooklyn, N. Y. 
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5 .  Sherman, H. C., and Campbell, H. L., J .  Biol. 
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I; Similar to U.S.P. XI1 depletion diet except that 
commercial casein rather than extracted (vitamin 
A-free) casein was employed. 
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TABLE I. 
Effects of Low Environmental Temperature on the Rate of Depletion and Length of Survivai 

of Immature Rats Fed a Vitanih A-free Diet (10 animals per group). 

Avg survival 
afttlr depletion* Values end of depletion period 

c ------ Body wt after 50 
TVt,  g Avg age, days hvg  wt, g Days Range days of feeding, g 

-7 
Init  ial b o d ~  -- 

_ _ _ _ _ _ I ~  

Cold room series 
53.2 40.4 73.4 4.0 2 0.5 (2-6) - 
54.ij - - - 136.4 

Room temperature serica 
53.1 44.3 107.3 20.4 -t. 1.4 (12-27) - 
52.8 I - - 233.1 

- 
xd2 

* Iiicludiiig standard error of the mean calculated as follows: 1 - / Vx where “ a ”  is 
v n  

the deviation from the mean and “n’’ is the number of observations. 

listed above. Feeding was continued for 50 
days or until death, whichever occu’rred 
sooner. 

Results are summarized in Table I. Data 
were computed on the basis of the top 10 
animals in each group in order to minimize 
variations in averages due to early deaths, 
infection and atypical responses on the part. of 
individual rats. The end of the depletion 
period was arbitrarily set as the 5th day on 
which animals on a vit. A-free diet showed 
stationary or decreasing body weight. Find- 
ings indicate that rats fed a vit. A-free diet 
under cold room conditions differed from 
those fed a similar ration at room temperature 
in the following respects: (1) rats depleted 
more rapidly under cold room conditions, (2 )  
body weight at  time of depletion was less in 
the cold room than in room temperature series 
and (3)  length of survival after depletion was 
significantly decreased in the cold room 
series. Gain in body weight was also reduced 
in animals fed the A+ diet under cold room 
conditions. These rats, however, did not de- 
velop serophthalmia or other manifestations of 
vit. -\ deficiency as did animals on the vit. A- 
free diet. In  accordance with previous find- 
ings(6) gangrene of the tail tip and edges of 
the ear was common in virtually all rats in the 
cold room series with amputations of the en- 
tire tail occurring in approximately 20% of 
the series. In  general, however, these effects 
occurred with equal frequency on both diets 

6 .  Gilson, S. B., Am. J .  Physiol., 1950, v161, 57. 

employed. 
Present findings indicate that prolonged 

exposure to cold increases the vit. A require- 
ment of the rat. This is indicated by the fact 
that animals maintained on a vit. A-free diet 
depleted more rapidly under cold room than 
room temperature conditions and also by the 
shorter survival time after depletion of vit. 
A-deficient rats under conditions of low en- 
vironmental temperature. A similar decrease 
in post-depletion survival time has been ob- 
served in vit. Adeficient rats following 
growth hormone administration( 7) .  It is 
possible, however, that the decreased length 
of survival after depletion may reflect not a 
more rapid exhaustion of body stores of vit. 
A (as was suggested in the case of growth 
hormone) but rather failure of some physio- 
logical mechanism in the vit. A-depleted rat 
which is essential for resistance to cold. 

Summary. Immature rats were fed purified 
rations deficient in vit. A under cold room 
(2°C) and room temperature (23°C) condi- 
tions. The following results were obtained: 
(1) rats depleted more rapidly under cold 
room conditions, ( 2 )  body weight at time of 
depletion was less in the cold room than room 
temperature series, and ( 3 )  length of survival 
after depletion was significantly decreased in 
the cold room series. 
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