
EFFECT OF SHORT TERM VITAMIN A DEFICIENCY ON ORGAIN
WEIGHTS, BLOOD GLUCOSE AND LACTATE LEVELS AND,

TISSUE PROTEIN AND GLYCOGEN CONTENTS OF
ALBINO RATS: A PRELIMINART STunT

A. V. RAMACHANDRAN*, S. P. MEHAN AND S. GUJRAL

Department oJ' Foods and Nutrition,
Faculty of Home Science and

*Department of Zoology,
Faculty ofScience,

M. S. UniDersity of Baroda, Baroda - 390 002

( Received on]uly 16,1987 )

Summary: The effect of short term dietary vitamin A deficiency in post-pubertal female rats in

terms of weight gain, food consumption, organ weights, haemoglobin content, blood glucose and

lactate levels and, tissue protein and glycogen contents has been evaluated to gain insight into the
possible interrelationship between vitamin A and general metabolism. Significant elevation in

blood glucose level and reduction in blood lactate and haemoglobin alongwith a tendency of

reduction in weights of spleen, adrenals and ovaries have been noted. Lowered tissue protein and

glycogen contents and reduced body weight gain have also been revealed. Obviously, reduced

functional competence of some of the organs and certain alterations in general metabolism
especially of carbohydrates are suspected and hence is discussed in relation to supportive evidences

available.
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INTRODUCTION

metabolism Vitamin A

Vitamin A is an essential nutrient for all mammalian species including man as it cannot
be synthesized within the body and has to be obtained from daily dietary intake either as
vitamin A, as carotenoid vitamin A precursors or as a mixture of the two (3). Ingested excess
of the vitamin gets stored in the liver which can sustain animals and man during periods of
dietary vitamin A deficiency or insufficiency. However, protracted dietary deficiency of
vitamin A by depleting the hepatic store could lead to hypovitaminosis A and ultimately to
many deficiency syndromes. Apart from its deleterious effects on photoreceptor mechanisms (8),
vitamin A deficiency is known to cause dryness of the eyes, undefined cellular changes in
the corneal epithelium leading to ulceration and perforation (13, 15, 26, 16) and also affect
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adversely growth (I, 21), reproduction (10, 21) and resistance to infection (I8, 6, 28, 4, 5, 12).
There are also experimental evidences for vitamin A deficiency induced hyperkeratinization of
epthelia (31, 2 ') depression of DNA and RNA (nuclear and tRNA synthesis), reduction in
glycoprotein formation and promotion of carcinogenesis (I2).

Despite the fact that mUltiple structural and biochemical changes associated with

vitamin A deficiency disorders have been recognized, the exact mode of action nor its n-lation
to general metabolism have been elucidated. As far as the metabolic aspects are concerned,
vitamin A deficiency has been noted to affect protein metabolism both by reducing the
synthesis and release of retinol binding protein from liver and by impairing nitrogen utiliza
tion and excreting more nitrogen as urea in the urine (12). Epidemiologic data from human
nutrition surveys also suggest a correlation between the prevalence of anemia and of vitamin A
deficiency (22, 23). Hence in this light it was thought pertinent to carry out a preliminary

study to evaluate the effect of a short term dietary vitamin A deficiency (two weeks) in albino
rats on organ weights, haemoglobin (Hb) status, blood glucose and lactate levels and tissue
contents of glycogen and protein alongwith hepatic retinol and water contents.

MATERIAL AND METHODS

Ten healthy Wistar strain post-pubertal female rats weighing about 125 g were divided

nto 2 ~roups of 5 each and were maintained on vitamin A deficient (experimental) and
vitamin A sufficient (control) diets for a period of two weeks. The control diet contained

1(,% casein protein and the diet contained all vitamins and minerals according to the sugges
ted allowances for adult rats (24). The experimental diet was the same as the control diet
except that it was devoid of vitamin A. The casein used for the experimental diet was

devitaminised by washing twice with 20% alcohol. The diets were fed ad libitum. Food
intake and weight changes were recorded daily. Haemoglobin content was estimated by the
Cyanomethemoglobin method (II). At the end of the experimental period, the rats were

weighed and sacrificed. Blood was obtained from tbe jugular vein and the levels of glucose
and lactat~ were estimated by the method of Folin and Malmros (}4) and .Barker and
Summerson (2) respectively. Liver, spleen, adrenals, ovaries and skin from abdominal region
were removed, blotted free of tissue fluids and weighed, Glycogen content of liver, skin and
ovary was estimated by the method of Seifter et al. (29). Hepatic and muscle protein con'tents

were estimated by the method of Lowry ct al. (17). The retinol content of the liver was
estimated by the method of Neeld and Parson (25) and the water content of the liver was
determined by the difference in weight of fresh and dried tissue. The mean' and standard
deviation were calculated and student's "t" test and two-sample rank test of Wilcoxon and
Whitney (31) were applied for evaluating statistical sigt:lificance.
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RESULTS AND DISCUSSION

The net weight gain, food consumption, g. food consumed/g. weight gain and relative
weight of organs are given in Table I. Table II depicts the haemoglobin value and blood
glucose and lactate levels while Table ITI shows the tissue contents of protein, glycogen, retinol
and water.

A cursory glance of Table I shows that vitamin A deficient rats were lighter by 7%
than the vitamin A sufficient rats but the former tended to eat more (19%); consequently the
g. food intake/g. weight gain ratio was hil!her in the latter group of rats. Similarly the
relative weight of various organs studied has revealed a decreasing trend in the rats fed with
vitamin A deficient diet. The relative weights of liver, ovary, spleen and adrenals of
vitamin A deficient rats were found to be significantly lesser (30-45%) than that of the
vitamin A sufficient control rats.

From Table II it can be seen that the haemoglobin content and the lactate level in the
blood of vitamin A deficient rats were lower than the corresponding values of the controls.
On the other hand the blood glucose level of vitamin A deficient rats was increased. The
protein content of liver and muscle a~ well as the glycogen content of liver and skin tended to
be lesser in the vitamin A deficient animals than in the controls (Table III).

Though recent epidemiological studies have sho\\n a relationship between vitamin A
deficiency and anemia (22), earlier studies had failed to bring out this relationship (32).
There are very few reports available on vitamin A status in animals and its influence on

TABLE I : Weight gain, food consumption, food consumption'weight gain ratio and relative
weight of organs in vitamin A deficient and control rats.

Control Vitamin A deficient

~ Net weight gain (g) 21.09±6A 19.50±6.5 (-7.1%)

Food consumed (g) 92.3±16.9 1l0.1±3.18 (+ 19.2%)

Food consumed weight gain ratio 4.3 5.6

Liver (g) 3.03±0.26 3.99±0.25 (-31.6%)*

Ovary (mg) 4O.6±2.0 27.8±7.9 (-31.5%)**

Spleen (mg) 205.6±27.0 144.6±32.0 (-29.6%)**

Adrena1s (mg) 13.3±2.0 7.3±0.2 (-45%)***

·Wilcoxon significance, **P<O 02, ***P<O.OOI
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T ABLE II Haemoglobin content and blood glucose and lactate levels
of control and vitamin A deficient rats.

Haemoglobin (gj 100 ml)

Blood glucose (mgjdl)

Blood lactate (mgjdl)

*P<0.05, **P<O.OI

Control

18.63±161

79.28±7.34

14.57±109

Vitamin A deficient

17.22±0.96 (-7.5%)

98.89±5.82 (+24.6%)**

9.86±1.49 (-32.3%)*

TABLE III Tissue protein and glycogen contents and, retinol and water
contents of JiveI' in control and vitamin A deficient rats.

Hepatic protein (mgjlOO mg)

Muscle protein (mgj 100 mg)

Hepatic glycogen (mgjlOO mg)

Ovary glycogen (UgjJOO mg)

Skin glycogen (Ugj JOOmg)

Retinol (Ugjg)

Hepatic water (mglIOO mg)

·P<0.05

Control

10.16±0.83

8.08±1.49

8.99±0.90

223.5± 113.9

185.6±14.7

34.51±1.95

34.30±8.74

·*P<O.OI

Vitamin A defcient

8.46±0.45 (-13.4%) **

6.63±0.33 (-12.7%)

7.17±1.12 (-20.2%)*

233.9±89.5

147.9::!::28.0 (-9.9%)·

21.55±1.34 (-37.5%)**

23.03±2.98 (-32.8%)*

various organs. Most of those available are from the distant past and have heen reviewed by
Wolbach (32). While serious atrophic effects on the seminiferous tubules of testis of man
and laboratory animals have been noted to occur (33,19,27,21), no effect of vitamin A on
ovaries has been documented. Except for greater deposition of haemosiderin, no other
vitamin A deficiency changes have been reported for spleen (32). Both' vitamin A deficiency
as well as hypervitaminosis have been reported to induce some changes in the adrenals of rat
and guinea pig. Whereas vitamin A deficiency depicted some evidences of atrophy (9, 30),
hypervitaminosis induced adrenocortical enlargement and loss of cortical lipids (7). In the
present study decrease in the relative weight of adrenals has been noticed which tend to
suggest the possible influence of vitamin A either directly or indirectly in maintaining their
functional competence. The recent reports of relationship of anaemia with vitamin A
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deficiency (22), and the reported deposition of haemosiderin in the spleen (32) are in agree
ment with the herein observed decrement in haemoglobin content (7.5 %) in vitamin A
deficient rats. The significant decrease in spleen weight by 30% in vitamin A deficient rats
obviously bespeak of a reduced functicnal competence of the spleen which relates well with
the known easy susceptilDility of vitamin A deficient rats to infection {l2L The tendency for
reduction in adrenal weight in the experimental aniftlals by about 45% may have something
to do with the involvement of both adrenal hormones and vitamin A in the formation of
glycoproteins (12). Though there are no previous reports on vitamin A deficiency on ovarian
structure and function, the decrement in relative weight of ovary to the tune of about 31 %
has been noted in the present study and needs to be evaluated more critically.

An association of vitamin A deficiency with protein metabolism is inferred from the
observation of reduced protein synthesis and excessive excretion of urea (12). Apparently a
net negative nitrogen balance can be thought to occur and in this light the herein observed
decrease in hepatic and muscle protein contents by 13% 'could be self explimatcry. The most
significant changes recorded in the present study are for those of blood glucose and lactate
levels. Whereas the blood glucose level was elevated by 25%, the lactate level was reduced
by 32%. Correspondingly the hepatic glycogen content was depleted by 20% while a marginal
deerease of about 10" was shown by the skin glycogen content. To our knowledge there are
no reports as yet about vitamin A deficiency status and its influence on carbohydrate
metabolism. Hence the present observations seem interesting and the involvement of vitamin
A in maintaining carbohydrate homeostasis is a distinct possibility. In this wake, the hyper
glycacmic condition exhibited by the rats fed on vitamin A deficient diets. along with the
depletion of hepatic and skin glycogen stores are complementary changes. However the
reduced blood lactate level could indicate diminished peripheral utilization of carbohydrate
reserves through glycolysis. These aspects of carbohydrate metabolism in relation to vitamin
A deficiency need to be evaluated and as such detailed studies on these lines are in progress.

REFERENCES

I. Anzeno, M. A., A.]. Lamb and]. A. Olson. Growth, apetite sequence or pathological signs and survival
following the induction of rapid, synchronous vitamin A deficiency in the rat. J. Nutr., 109 : 1419-1431,1979.

2. Harkei' and Su~ri1~rson.].. Biot.' Chern., 138 : 535 (1941). In: Hawks Physiological chemistry, pp 1103,
Oser, Ed. 14th edition (Me Graw Hill, New York), 1965.

3. Bauernfeind,]. C. The safe use of vitamin A: A report of the International Vitamin A Consultative
group. pp 44, 1980.

4. Bang, B, G., F. B. Dang and M. A. Foard. Lymphocyte depression induced in chickens on diets deficient
in vitamin A and other components. Am. J. Pathol., 68: 147, 1972.

5. Bhaskaram, C. and V. Reddy. Cell mediated immunity in iron deficiency anaemia and vitamin deficic
ncies. Brit. Med. J., 3 : 522, 1975.



238 Ramachandran et al. October-December 1987
Ind. J. Physiol. Pharmac.

6. Bieri, J. G., E. G. Mc Daniel and W. E. Rogers, Jr. Survival of germ free rats without vitamin A. Science,
163 : 574, 1969.

7. Blumenthal, H. T. and L. Loeb. Am.]. Pathol. 18 : 615, 1942. As cited by Wolbach, 1954.

8. Bridges, C. B. D. Vitamin A and the role of the pigment epithelium during bleaching and regeneration of
rhodopsin in the frog eye. Exp. Eye. Res., 22 : 435-455, 1976.

9. Burn, C. G., A. U. Orton and A. A. Smith (1941). Yale]. BioI. and Med., 13: pp 817. As cited by
Wolbach (1954).

10. Coward, W. A., J. H. Howell, G. A. J. Pitt andJ. N. Thomoson. Effects of hormones on reproduction in
rats fed a diet deficient in retinol (vitamin A alcohol) but containing methyl retininoate (vitamin A acid
methyl ester). ]. Reprod. Fertil., 12 : 309-317, 1966,

II. Dacie, J. V. and S. M. Lewise. Practical hematology, 5th ed. The English Language Book Society and
Church Hill Livingston, 1977.

12. De Luca, L. M.,J. Glover,J. Heller,J. A. Olson and B. Underwood. Recent advances in the metabolism
and function of vitamin A and their relationihip to applied nutrition: A report of the International
Vitamin A consultative Group. pp 44, 1979.

13. Dohlman, C. and V. Kalevar. Cornea in hypovitamonosis and protein deficiency. Israel. ]. Med. Sci., 8:
1179-1183, 1972.

14. Folin, O. and H. Malmros. Micromethod for glucose estimation in blood.]. BioI. Chern., 83 : 115, 1929.

15. Kim, Y. C. L. and G. Wolf. Vitamin A deficiency and the glycoproteins of rat corneal epithelium.
]. NUlrition, 104 : 710-718, 1974.

16. Kiorpes, T. C., S. J. Molica and G. Wolf. A plasma glycoprotein depressed in vitamin A deficiecy in the
rat: a macroglobulin. ]. Nutrition, 106: 1659-1667, 1976.

17. Lowry, O. H., N. J. Rosenbrough, L. R. Farr and J. Randall. Protein measurement with the folin phenol
reagent. ]. BioI. Chern., 193 : 265-285, 1951.

18. Ludovici, P. P. and A. E. Axelrod. Circulating antibodies in vitamin deficiency status. Pteroyl-glutamic
acid, niacin-tryptophan, vitamin Blh A and D deficiency. Proc. Soc. Etp. BioI Med., 77 : 526, 1951.

19. Mason, K. E. 1930.]. &ptl. Zool., 55: 101, As cited by Wolbach, 1954.

20. Mann, H. B. and D. R. Whitney. On a test of whether one of two random variables in stochastically
larger than the other. Annals Math. Stat., 18 : 50-60, 1947.

21. Mc Laren, D. S., E. J. Ballintine, J. Doesschate, R E. Hodges, R. Pararaja-segaram, A. Sommer and
G. Venkataswamy. The symptoms and signs of vitamin A deficiency and that relationship to applied
nutrition: A report of the International vitamin A Consultative group. pp 20, 1981.

22. Mejia, L. A., R. E. Hodges, G. Arroyave, F Viteri and B. Torum. Vitamin A deficiency and anemia in
Central American Children. Am.]. Clin Nutr., 30 : 1176-1184, 1977.

23. Mohanram, M., K. A. Kulkarni and V. Reddy. Haematological studies in vitamin A deficient children.
Int.]. Vito Nutr. Res., 47: 389,1977.

24. National Academy of Sciences - Nationl Research Council, Nutrient requirement of laboratory rat. In:
Nutrient requirement of laboratory animals. National Academy of Sciences Publications. 1978.

25. Neeld,J. B. and W. N. Parson. Macro and micro methods for the determinations of serum vitamin A using
trifluoroacetic acid.]. Nutr., 79 : 454-462, 1963.

26. Pirie, A., Z. Werd and M. C. Burleigh. Cologinase and other proteinases in the cornea of relinol deficiem
rat Brit.]. Nutr., 34 : 297-309, 1975.



Volume 31
Number 4:

Vitamin A Deficiency on Organ Weights and Metabolism 239

27. Sampson, M. M. and V. Korechevsky. ]. Pathol. Bacterial., 35: 875, As cited by Wolbach, 1954.

28. Scrimshaw, N. S., C. E. Taylor and J. E. Gordon. Interaction of nutrition and infection, W. H. O.
Monograph series No 57, Geneva, 1968

29. Seifter, S., S Dalton, S. Novic and B. Muntwyter. The estimation of glycogen with anthrone reagent.
Arch. Biochem., 25: 191-200,1950.

30. Whitehead, R. 194:2.]. Pathol. Bacteral., 5c : pp 169, As cited by Wolbach, 1954

31. Wilcoxon, F. Individual comparisons by ranking methods. Biometrics, 1 : 80-83, 194:5

32. Wolbach, S. B. Effects of vitamin A deficiency and hypervitaminosis A in animals. pp 106-136. In: -The
vitamins Chemistry, Physiology and Pathology. Vol. I (eds.) SebreIl, Jr. W. H. and Harris R. S.
Academic Press. Inc. New York, pp 676, 1954:.

33. Wolbach, S. B. and P. R. Howe. ]. Exptl. Med., 57 : 511. As cited by Wolbach, 1933 (1954:).

" ,


