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During the last few years increasing use 
has been made of rats maintained on retinoic 
acid for studies of vitamin A deficiency ( 1) .  
Since this form of the vitamin disappears 
rapidly from the animal when supplementa- 
tion is stopped, the variable stress from infec- 
tion and inanition which occurs in conven- 
tional vitamin A deficiency is largely 
avoided. Through the use of retinoic acid it is 
possible to produce animals which become 
vitamin A deficient prior to weaning and 
which are suitable for studies of the require- 
ment of the vitamin in growth and develop- 
ment. 

Materials and Methods. Female Sprague- 
Dawley rats with 10-day old litters were fed 
vitamin A deficient diet R-9 ( 2 ) .  The percent- 
age composition of the diet was: vitamin- 
free casein, 22; salt mixture, 6; cottonseed 
oil, 4; vitamin mixture (without vitamin A), 
2; and sucrose, 66. Female weanling rats 
from these litters were fed this diet for 18 
days at the end of which time they were 
given 20 pg of retinoic acid in 5 drops of 
cottonseed oil placed on the diet each day. 
When the animals became sexually mature, 
about 5 weeks postweaning, they were mated 
with vitamin A normal males. Appearance of 
sperm in the vaginal smear or sperm plugs in 
the trays were used to establish the first day 
of pregnancy. During pregnancy and lacta- 
tion the retinoic acid supplement was in- 
creased to 50 pg/day. In  addition, from the 
ninth through the twenty-first day of preg- 
nancy a supplement of 1 pg of retinyl acetate 
in oil was given orally. On the eighteenth 

1 Initial work on this problem was done in the 
Department of Animal Sciences, University of Illinois, 
Urbana and was supported by USPHS Grant GM- 
00653-06. A preliminary report was presented at the 
Federation of American Societies for Experimental 
Biology meeting, April 16-21, 1967, Chicago, Ill. 

day of pregnancy the females were trans- 
ferred to individual plastic cages containing 
wood shavings where they were kept until the 
young were weaned. 

Results. During first pregnancies of 30 rats 
parturition occurred on the twenty-second or 
twenty-third day and the litter size averaged 
9.2, indicating that the supplement of 1 
pg/day of retinyl acetate was adequate. After 
resting 3 weeks the females could produce a 
second litter of vitamin A-low rats, but third 
pregnancies were not as successful unless 
the dose of retinyl acetate was doubled. Dur- 
ing the first days of life the rats nursed 
energetically and obtained milk. Subsequent- 
ly they exhibited varying effects of vitamin A 
deficiency that depended on whether defici- 
ency developed in the first or second week of 
life. 

When symptoms developed in the first 
week the rats exhibited progressive weakness, 
distension of the abdomen and narrowing of 
the thorax. At death, usually by the twelfth 
day of life, the intestines were distended by 
liquid and gas as in older, conventionally 
vitamin A deficient rats. When retinyl ace- 
tate or retinoic acid ( 5  pg/day orally in a 
drop of oil) was given to the young rats 
before weakness became pronounced, survival 
was almost 100% and no abnormalities de- 
veloped. 

I n  other litters the rats maintained good 
appetites and remained relatively strong into 
the second week of life. At about the ninth to 
eleventh day these rats began to appear 
malnourished, had a yellowish cast to their 
skin and exhibited trembling and mild in- 
coordination. In  the next few days crippling 
of the front legs was manifested. The paws 
and toes usually curled and the young rats 
walked stiff-legged on the under-turned paws. 
In  other cases, there was complete loss of 
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FIG. 1. Litter-ma'te rats on thirteenth day of life. 
Offspring of dam supported with retinoic acid contin- 
uously and from ninth to twentieth day of pregnancy 
with retinyl acetate, 1 pg/day. Young rats dosed 
from ninth day of life with either 5 gg of retinoic 
acid in droplet of cottonseed oil per day (left) or 
cottonseed oil (right). 

use of the front legs and the rats pushed 
themselves along on their thorax while their 
forelegs dragged from the shoulder (Fig. 1 ) . 
The stance of the hind legs became spread 
but these limbs and the rest of the muscles of 
the animals remained relatively strong. Eyes 
opened regularly a t  about the fourteenth 
day of life and specks of porphyrin pigment 
began to appear around the nose and eyes 
about the seventeenth day. If the young rats 
were able to obtain retinoic acid-supplemented 
diet from the mother's food cup, or if hand 
supplementation was started, the crippling 
disappeared. Without supplementation the 
rats became weaker and died, usually with 
distended intestines as described above. The 
time required for recovery was related to the 
length of time that the rats had been crippled. 
I n  young rats (e.g. ,  fourteenth day of life), 
retinoic acid supplementation restored walk- 
ing function in 2-4 days. 

I t  was found that normal appearing rats 
deficient in retinyl ester at weaning could be 
obtained consistently if the dams were sup- 
ported during pregnancy by the above 
procedure and the young rats were supple- 
mented, starting at  the fifth day of life, with 
retinoic acid. Growth stopped quickly when 

retinoic acid was removed from the diet of 
weanling rats prepared in this fashion. A typ- 
ical response is shown in Fig. 2 where growth 
is seen to stop 4 days after removal of the 
vitamin from the diet and to recommence 
promptly upon dosing the rats with 5 pg of 
retinoic acid in oil per day. By restricting 
vitamin A acid again a second cycle of weight 
changes followed but the time required for a 
decline in weight was longer and the re- 
sponse of the rats was more variable. 

Discussion. Incoordination and paralysis 
due to vitamin A deficiency has usually been 
explained by either a disproportionate growth 
of the central nervous system and surround- 
ing bone or by increased cerebrospinal fluid 
pressure (3, 4).  Paralysis has generally been 
observed only in the hind legs of rats, but 
Mayer and Krehl (5) observed an involve- 
ment of the front legs in vitamin A deficient 
rats which was cured by dosing with ascorbic 
acid. We found ascorbic acid to be without 
effect whereas retinoic acid always produced 
cures. 

The crippling reported here is interesting 
with regard to the hypothesis that this condi- 
tion is due to pinching of nerve tissue by 
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FIG. 2 .  Typical growth response to retinoic acid of 
weanling, littermate rats having low body stores of 
retinyl esters, Curves are for individual rats. Rats 
were prepared as described in text and weaned to  ret- 
inoic acid-containing diet on twenty-first day of life. 
Retinoic acid was removed from the diet of two rats 
on the twenty-fourth day of life and restored on the 
thirty-third day of life. 
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bone. The fact that the paralysis is reversed 
in 2-4 days in its early stage would appear to 
suggest a more rapid process than bone re- 
modeling. An alternative hypothesis is that 
nerve tissue has a direct requirement for vita- 
min A. Takeshita and KO (6)  reported that 
in the vitamin A-deficient rats changes were 
observed mainly in the sensory nerve end- 
ings. These investigators thought that nerve 
degeneration then progressed retrogradely up 
the sensory fibers toward the central nervous 
system. Also Krishnamurthy et al. ( 7 )  noted 
that chicks supported with a daily dose of 
retinoic acid showed ataxia each day about 
20-24 hr after the supplement was given. 

I t  has been well authenticated that retinoic 
acid disappears rapidly after administration 
to the rat. Supporting rats on retinoic acid 
provides a unique means of maintaining them 
available for the study of certain aspects of 
vitamin A deficiency. When the deficient con- 
dition is required, it is necessary only to 
remove the supplement from the test diet and 
in approximately 2 days the rats are free of 
vitamin A. Thompson et  al. (1)  reported that 
pregnancy could be maintained in rats sup- 
ported with retinoic acid if they were given 
an additional supplement of very small 
amounts of retinyl esters. They interpreted 
the failure of many of the young to survive 
as being due to an inherent weakness result- 
ing from the nutritional treatment of the 
dam during pregnancy. I t  seems likely that 
this weakness is due to lack of transport of 
retinoic acid to the young rats through the 
dam’s milk for if they are hand supplemented 
with retinoic acid they survive. The advan- 
tages of this procedure over conventional 

methods of producing vitamin A deficiency 
are chiefly in the young age of the experi- 
mental animals and the minimizing of side- 
effects of deficiency such as infection and 
prolonged inanition. 

Summary. Female rats maintained on ret- 
inoic acid and given a supplement of 1 pg of 
retinyi acetate during part of pregnancy de- 
livered normal offspring that became vitamin 
A deficient in the first 2 weeks of life. If the 
rats were not supplemented with vitamin A, 
reversible crippling of the front legs occurred 
frequently in the second week of life. If 
retinoic acid supplementation was started a 
few days after birth, the rats developed nor- 
mally but their growth would stop in 4 days 
whenever the supplement was removed from 
the diet. Growth resumed promptly when ret- 
inoic acid was again supplied. 

The careful assistance of Mrs. Mary Sue Brewer in 
caring for the young rats is gratefully acknowledged. 
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