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Rats fed excess vitamin A showed decreased body weight ga in and protein efficiency ratio. In rats fed low protein vi­
tamin A level increased in liver but wi th an associated decrease in plasma. These changes were reversed in high protein fed 
state. The amount of protein in diet had little effect on haemoglobin level in ery throcyte, but excess vitamin A in diet sig­
nificantly decreased hae moglobin level in erythrocyte. Lipid peroxidation (LP) increased in rats fed low protein and de­
creased in high protein fed rats. Rats fed high protein and excess vitamin A showed minimulll level of LP. Result showed 
that hi gh protein in diet increased the leve ls of anti xidant enzy mes, catalase anei superox ide di smutase (SOD) and that ex­
cess vitamin A supplementation functions sy nergistica lly with hi gh protein in diet to increase antioxidant enzymes level. 

Vitamin A is transported by protein , the retinol­
binding protein (RBP) in plasma. RBP level in­
creases/decreases following excess/low intake of pro­
tein in diet respectivel/ . Therefore low protein intake 
decreases the transport of vitamin A from liver to 
plasma and accumulation of vitamin A in liver be­
comes more and its corresponding level in plasma 
becomes less whereas in hi gh protein fed state plasma 
vitamin A level increases due to enhanced transport 
while in li ver it decreases 1

•
2

. Thus protein intake in­
fluences transport of vitamin A. Vitamin A has been 
shown to cause lysi s of erythrocytes in vitra3

,4 and can 
inhibit ti ssue lipid peroxidation (LP)5.6. Vitamin A 
supplementation increases the activity of antioxidant 
enzymes, catalase and SOD7. Effects of normal and 
excess dietary vi tamin A on RBC haemoglobin , ti ssue 
LP and antioxidant enzy mes in varying dietary protein 
conditions have been estimated in thi s investigation to 
find out whether low and excess dietary protein intake 
modifies the effect of vitamin A on the above parame­
ters in rats. 

Materials and Methods 
Four months old male albino rats of Wistar strain 

weighing 140-160 g were obtained from Centra l 
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An imal House of the University Department of Ex­
perimental Medicine. They were indiv idually housed 
in polypropylene cages in a room at 25° ± 2°C with 
12: 12 hr LD cycle.The modifi ed diets were fed to 
the rats8

. They were given water ad libitum. 
Chemicals-All the chemicals used were of ana­

lytical grade and all the vitamins used were of l.P. 
grade. Analytical grade all trans retinol was obtained 
from Nicholas Piramol (India) Limited, Mumbai, as 
gift. Glass distilled water was uscd for all the analyses. 

Experilllentation-The local Institutional Animal 
Ethics Committee clearance was obtained for the in­
vestigation. Initi all y 36 rats were eq ually divided into 
6 groups (Group I-VI). Groups I, ]] and III were fed 
normal level of vitamin A (4000 IU/kg diet) contain­
ing diets whereas groups IV, V and VI were fed high 
level of vitamin A (40,000 IU/kg diet) containing di­
ets. Group ] and group IV di ets contained normal 
level of casein ( I %), group II and group V diets con­
tained low level of casein (6%) and groups III and VI 
diets contained hi gh level of casein (24%). All the 
administered diets (Groups I-VI) were made isocaloric 
by keeping the total weights of protein (casein) and 
carbohydrate (rice starch) same and also by addi ng 
same amount of lipid (groundnu t oil). Each rat was 
given 20 g diet per Jay for 30 day. Rats of Groups 1-
VI consumed 2760, 2910, 2550, 2580, 2760 and 2400 g 
of their respecti ve diets during 30 days. At the end of 
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30th day all the rats were fasted overnight for 12 hr 
and sacrificed on the morning of 3 1 5t day by decapita­
tion using ether anaesthes ia. 

The composition of 1 kg standard diet and experi ­
mental diets is as fo llows : 

Group I (control) die t and group IV diet: casein 
180 g, ri ce starch 670 g, salt mi xture 40 g , groundnut 
oil 100 g and vitamin mi xture 10 g. 

Group II diet and group V di et : low protein diets 
contained 60 g casein and 790 g rice starch; other 
constituents were same as control diet. 

Group III diet and group VI diet: high protein diet 
contained 240 g casein and 6 10 g ri ce starch; other 
constituents were same as contro l diet. 

Powdered retinyl palmitate tablet (50,000 IU) was 
mi xed with the di et at 4000 IU/kg and 40,000 IU/kg 
as per the protocol above. 

Collection of blood-Blood was collected from 
ex perimental rats by cutting caroteid artery into 
heparini sed tubes containing I mg sodium salt o f 
heparin/5ml of bl ood. 

The protein content in pl asma/li ver homogenate 
was estimated as per Lowry el a19

. 

Vitamin A from li ver was ex tracted by the method 
of Ames et al. 10 and subsequently estimated from the 

chloroform phase as per Carr Price ll . Vitamin A in 
plasma was estimated by the method of Jalal el al 12 

using hi gh performance liquid chromatographic tech­
nique (HPLCl 

Haemoglobin content in haemolysate l3, LP 111 

li ver l4 , plasma l5 and erythrocyte l6, the acti viti es of 
catalase l7 and SOO l8 were measured. 

Results expressed are the mean ± SE of 6 rats in 
each group . Student 's i-test was used to determine the 
stati sti cal signi ficance between control and test 
groups. Signi ficance level was fixed at 0 .05 . 

Results and Discussion 
Protein deficiency significantl y decreased the body 

weight (g roup II ; Table I). Thi s may be due to defi­
ciency of amino ac ids and decrease of acti vity of he­
patic and probably other ti ssue microsomal oxi­
dases 19. Excess ive intake of dietary protein can be 
deleterious due to increased catabo lic reacti ons and 
unbalanced interactions among amino ac ids20 (group 
III ; Table I). The lower body weight ga in in rats fed 
excess vitamin A may be due to toxic effect of vita­
min A21.22. Protein effi c iency ratio (PER) was fo und 
to be decreased as protein content in die t increased 
(groups II & Ill ; Table I). This may be due to increased 

Table 1- Effect of dietary protein on body we ight change, protein efficiency rat io (PER) and vitamin A 
leve ls in plasma and li ver in normal and hyperv itaminotie A ra ts 

[Values arc mean ± SE of 6 rats. Figures in parentheses are % increase (+) or decrease (-) over control 
(Group 1)1 

Groups 

II 

III 

IV 

V 

VI 

P values 
NS 
Group I 
Group II 
Group III 
Group IV 
Group V 
Group VI 

Parametcrs 
Body weight Prote in efTiciency Vit amin A leve l 
change (g) 

109.83±3. 14 
82. 17±3. 16" 

(-25%) 
9 1.00 ± 3.85b 

(- 17%) 
85.00 ± 3. 18" 

(-23%) 
70.83 ± 3. 10" 

(-36%) 
78.00 ± 3.04" 

(-29%) 

"< 0.00 1, b < 0.0 1 
Non Significant 

rat io (PER) 

1.06 
1.49 

(+4 1%) 
0.76 

(-28%) 
0.88 

(- 17%) 
1.35 

(+27%) 
0.69 

(-35%) 

orma l protein + onna l vitam in A 
Low protein + Normal vitamin A 
High protein + Normal vitami n A 
Normal protein + Excess vitami n A 
Low protein + Excess vita min A 
Hi gh protein + Excess vitamin A 

in pl as ma 
(l1g/d l) 

25.44 ± 7.85 
17.80 ± 4.44 NS 

(-30%) 
35.2 1 ± 6.37 NS 

(+38%) 
32.20 ± 3.36 NS 

(+27%) 
19.58 ± 3.11 NS 

. (-23%) 
39.47 ± 4.85 NS 

(+55%) 

Vitami n A level 
in li ver (l1g/g) 

180.86± 16.12 
385.64 ± 17.93" 

(+ 11 3%) 
56.52 ± 5.28" 

(-69%) 
234.66 ± 7.12" 

(+30%) 
575 .32 ± 13.29" 

(+2 18%) 
133.75 ± 5. 12" 

(-26%) 
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amount of fecal and urinary nitrogen excreti on23
. De­

creased PER in rats fed excess vitamin A compared to 
normal vitamin A fed rats could be due to less body 
weight gain (group I vs group IV ; group II vs group V 
& group III vs group VI; Tab le I). 

(group II ; Table I). The situat ion was reversed when 
the protein intake was more. The condition became 
worse when excess vitam in A was supplemented in 
di et (group II ; Table I). 

No significant change was observed in haemoglo­
bin levels among groups I , II and III (Table 2). This 
indicates that quantity of protein in diet may have lit­
tl e effect on haemoglobin content in RSC. Haemo­
globin levels were sign ifi cantl y decreased in all the 

Low protein in diet decreases the sy nthesis of RBP 
which in turn affects the sy nthes is of vitamin A from 
li ver to pl asma resulting accumulation of vitamin A in 
liver and corresponding level in plasma becomes low2 

Tablc 2-Erfcct o f dietary protc in on RBC hacmoglobin and li vcr, plasma and RB C lipid pcroxidation (TBARS) 
levcl in normal and hypcrvitam inoti c A rats 

I Valucs are mcan ± SE of 6 rats. Figurcs in parcnthescs arc % increasc (+) o r decrcasc (-) over contro l (Group I) I 

Groups Paramcters 
Hca moglobi n Icvcl in lipid pcroxidation lipid peroxidation lipid peroxidation 

RBC (g/d l) (TBA RS) Icvel in (TBA RS) levcl in plasma (TBARS) Ievcl in RBC 
li ver (n mol/mg of (n mol/dl) (p mol/mg of Hb) 

"protcin ) 

12.65 ± 0.35 1. 17 ± 0.06 20 1.74 ± 8.60 4. 11 ±0. 12 
II 11.59 ± 0.42 s 1.4 1 ± 0.09N5 266 .5 1 ± 5.62" 4.21 ± 0. 11 NS 

(-8%) (+2 1%) (+32%) (+2%) 

III 13.05 ± 0.37 5 0.94 ± 0 .05c 163.49 ± 14.25 N5 2.96 ± 0.09" 
(+3 %) (-20%) (- 19%) (-28%) 

IV 9.95±0.4 lb 1.07 ± 0. 13 5 173.08 ± 16.131\s 3.26 ± 0. 11 " 
(-2 1%) (-9%) (-14%) (-2 1%) 

V 9.32 ± 0.28" 1.27 ± 0. 12,5 24 1.94 ± 9.3 1 NS 3.93 ± 0 . 19NS 

(-26%) (+9%) (+20%) (-4%) 
VI 9.45 ± 0 .27" 0.80 ± 0 .04" 144.26 ± 16.22c 2.65 ± 0. 12" 

(- 25%) (--32%) (-28%) (-35 %) 

P values "< 0 .00 1, b < 0.0 1, c < 0.05 
NS Non Significant 
Dctail s of Groups I - VI arc samc as in Table I . 

Tablc 3 -Effect o f dietary protein on li vcr and RBC catalasc and SOD levcls in normal and hypcrv itaminotic A rats 
[Val ucs arc mean ± SE of 6 rats. Figurcs in parcn thcses are % incrcasc (+) or dccrcase (-) over control (Group 1)1 

Groups Paramcters 

I 
II 

III 

IV 

V 

VI 

Catalase Icvcl in liver 
(U/mg of protein) 

1.89 ± 0. 19 
1.74 ± 0 . 151'5 

(-8%) 
2.1 I ± 0 . 13N5 

(+ 12%) 
2.23 ± 0.09N5 

(+ 18%) 
1.96 ± 0.09N5 

(+4%) 

2.40 ± 0.07c 

(+27%) 

Cata lase Icvcl in RB C 
(U/mg of protci n) 

2.00 ± 0.08 
1.67 ± 0 .07c 

(-17%) 
2.23 ± 0.06N5 

(+ 12%) 
2.44 ± 0.09b 

(+22%) 
1.97 ± 0 .09NS 

(-2%) 
2.86 ± 0.0 1" 

(+43%) 

U (Catal ase) ~ 1-1 mol of H20 2 utiliscd per minute 

SOD Icvel in li ver 
(U/mg of prote in ) 

4.69 ± 0.47 
4.52 ± 0.05 N5 

(-4%) 
4.80 ± 0.071'5 

(+2 %) 
4.94 ± 0.091\'5 

(+5 %) 
4.62 ± 0.05 N5 

(- 1%) 

5.03 ± 0 .06N5 

(+7 %) 

U (SO D) ~ Enzymc conccntration rcqu ircd to in hi bit 50% of chromogen production 
Pvalucs : "<0.001,"<0.0 1,c< 0.02 
NS Non Signi ficant 
Detail5 of Groups I - VI arc same a5 in Table I 

SOD Icvc l in RBC 
(U/mg of protein) 

2.80 ± 0.08 
2.59 I 0.09"5 

(-6%) 
3.04 ± 0. 1 II'S 

(+9%) 
3.17 ± 0.08e 

(+13 %) 
2.92 I 0.09NS 

(+4%) 

3.48 ± 0.08" 
(+24%) 
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groups supplemented with excess vitamin A com­
pared to their counterparts of normal vitamin A sup­
plemented groups. Vitamin A may have increased the 
susceptibility to ox idati ve lys is of RBC and thereby 
reduced the level of haemoglob in in RBC. RBC is 
susceptible to ox idati ve damage due to (i) as oxygen 
transporter it is ex posed to high oxygen tension (ii ) 
the RBC membrane is rich in polyunsaturated fatty 
acids (PUFAs) which are readil y converted to unsta­
ble lipid radicals or (i ii ) the cell is ri ch in iron, a potent 
catalyst for production of reacti ve oxygen spec i es2~. 

Li ver, plasma and RBC LP were increased in group 
Il and decreased in group III as compared to group I 
(Table 3). Inadeq uate intake of dietary protein may be 
responsible for enhanced LP. The degree of protein 
deficiency affects the extent of the enhancement of 
ti ssue LP in rats25 . LP of the above ti ssues were inhib­
ited by feeding of excess vitamin A in the present 
study. Decreased level of LP may be indicati ve of 
increased vitamin A transport which subsequentl y 
helps to quench the free radical and decreases LP. III 
vivo inhibitory capac ity of retinol could be sugges ti ve 
of its ability to penetrate into endoplasmic reticulum 
and protects the phospholipids therein from free rad i­
cal attack26

. 

Protein deficiency decreased the levels of catalase 
and SOD. Protein defici ency depresses the levels of 
anti ox idative enzymes25. Increased levels of catalase 
and SOD in excess vitam in A suppl emented groups 
indicate that excess vitamin A increases the activities 

f . 7 o scavenging enzy mes. 
It can be summari sed that in hypervitaminotic-A 

rats body weight, haemoglob in and LP decrease, 
whil e antioxidant enzy mes, catalase and SOD in­
crease. Results also show that excess vitamin A sup­
plementation in diet functions sy nergistically with 
high protein di et to reduce LP and to increase anti ox i­
dant enzy mes. 
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