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Erythrocyte, lipid peroxidation and antioxidant enzymes in hypervitaminotic A
rats and their modification by dietary protein
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Rats fed excess vitamin A showed decreased body weight gain and protein efficiency ratio. In rats fed low protein vi-
tamin A level increased in liver but with 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 erythrocyte, but excess vitamin A in diet sig-
nificantly decreased haemoglobin 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 minimum level of LP. Result showed
that high protein in diet increased the levels of antioxidant enzymes, catalase and superoxide dismutase (SOD) and that ex-
cess vitamin A supplementation functions synergistically with high 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 respectively'. 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 high protein fed state plasma
vitamin A level increases due to enhanced transport
while in liver it decreases'”. Thus protein intake in-
fluences transport of vitamin A. Vitamin A has been
shown to cause lysis of erythrocytes in virro™ and can
inhibit tissue lipid peroxidation (LP)*°. Vitamin A
supplementation increases the activity of antioxidant
enzymes, catalase and SOD’. Effects of normal and
excess dietary vitamin A on RBC haemoglobin, tissue
LP and antioxidant enzymes in varying dietary protein
conditions have been estimated in this 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 Central
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Animal House of the University Department of Ex-
perimental Medicine. They were individually housed
in polypropylene cages in a room at 25°+2°C with
12: 12 hr L:D cycle.The modified diets were fed to
the rats®. They were given water ad libitum.
Chemicals—All the chemicals used were of ana-
Iytical grade and all the vitamins used were of LP.
grade. Analytical grade all trans retinol was obtained
from Nicholas Piramol (India) Limited, Mumbai, as
gift. Glass distilled water was used for all the analyses.

Experimentation—The local Institutional Animal
Ethics Committee clearance was obtained for the in-
vestigation. Initially 36 rats were equally divided into
6 groups (Group [-VI). Groups I, Il and IIT were fed
normal level of vitamin A (4000 [U/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 I and group IV diets contained normal
level of casein (18%), group II and group V diets con-
tained low level of casein (6%) and groups 111 and VI
diets contained high 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 adding
same amount of lipid (groundnut oil). Each rat was
given 20 g diet per day for 30 days. Rats of Groups |-
VI consumed 2760, 2910, 2550, 2580, 2760 and 2400 g
of their respective diets during 30 days.At the end of
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30™ day all the rats were fasted overnight for 12 hr
and sacrificed on the morning of 31™ day by decapita-
tion using ether anaesthesia.

The composition of lkg standard diet and experi-
mental diets is as follows :

Group I (control) diet and group IV diet : casein
180 g, rice starch 670 g, salt mixture 40 g, groundnut
oil 100 g and vitamin mixture 10 g.

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

Group 111 diet and group VI diet: high protein diet
contained 240 g casein and 610 g rice starch; other
constituents were same as control diet.

Powdered retinyl palmitate tablet (50,000 IU) was
mixed with the diet at 4000 [U/kg and 40,000 IU/kg
as per the protocol above.

Collection of blood—Blood was collected from
experimental rats by cutting caroteid artery into
heparinised tubes containing Img sodium salt of
heparin/5ml of blood.

The protein content in plasma/liver homogenate
was estimated as per Lowry et al ”.

Vitamin A from liver was extracted by the method
of Ames et al."" and subsequently estimated from the

chloroform phase as per Carr Price''.Vitamin A in
plasma was estimated by the method of Jalal et al .
using high performance liquid chromatographic tech-
nique (HPLC)’.

Haemoglobin content in haemolysate”. LP in
liver", plasma' and erythrocyte', the activities of
catalase'’ and SOD'® were measured.

Results expressed are the mean+SE of 6 rats in
each group. Student’s r-test was used to determine the
statistical significance between control and test
groups. Significance level was fixed at 0.05.

Results and Discussion

Protein deficiency significantly decreased the body
weight (group II; Table 1). This may be due to defi-
ciency of amino acids and decrease of activity of he-
patic and probably other tissue microsomal oxi-
dases'. Excessive intake of dietary protein can be
deleterious due to increased catabolic reactions and
unbalanced interactions among amino acids™ (group
II1; Table 1). The lower body weight gain in rats fed
excess vitamin A may be due to toxic effect of vita-
min A*"*. Protein efficiency ratio (PER) was found
to be decreased as protein content in diet increased
(groups II & I1I; Table 1). This may be due to increased

Table 1—Effect of dietary protein on body weight change, protein efficiency ratio (PER) and vitamin A
levels in plasma and liver in normal and hypervitaminotic A rats

[Values are mean * SE of 6 rats. Figures in parentheses are % increase (+) or decrease (=) over control
(Group 1)]

Groups Paramelers
Body weight Protein cfficiency Vitamin A level Vitamin A level
change (g) ratio (PER) in plasma in liver (ug/g)
(pgsdl)
I 109.83 +3.14 1.06 2544 +£7.85 180.86 + 16.12
[l 82.17 £ 3.16° 1.49 17.80 £ 4.44 ™ 385.64 + 17.93*
(=25%) (+41%) (—-30%) (+113%)
1 91.00 +3.85" 0.76 35.21+6.37™ 56.52 +5.28°
(-17%) (=28%) (+38%) (—69%)
v 85.00 +3.18" 0.88 3220+336™ 234.66 +7.12°
(=23%) (=17%) (+27%) (+30%)
\ 70.83 + 3.10° 1.35 19.58 £3.11 57532+ 13.29°
(—36%) (+27%) (—-23%) (+218%)
VI 78.00 + 3.04° 0.69 39.47 +4.85™ 133.75+£5.12°
(-29%) (=35%) (+55%) (—26%)

Pvalues : *<0.001."<0.01

NS : Non Significant

Group | ¢ Normal protein + Normal vitamin A
Group 11 Low protein + Normal vitamin A
Group 111 High protein + Normal vitamin A

Group 1V Normal protein + Excess vitamin A
Group V Low protein + Excess vitamin A
Group VI High protein + Excess vitamin A
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amount of fecal and urinary nitrogen excretion™. 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 111 vs group VI: Table 1).

Low protein in diet decreases the synthesis of RBP
which in turn affects the synthesis of vitamin A from
liver to plasma resulting accumulation of vitamin A in
liver and corresponding level in plasma becomes low’

(group II; Table 1). The situation was reversed when
the protein intake was more. The condition became
worse when excess vitamin A was supplemented in
diet (group I1; Table 1).

No significant change was observed in haemoglo-
bin levels among groups I, Il and 11 (Table 2). This
indicates that quantity of protein in diet may have lit-
tle effect on haemoglobin content in RBC. Haemo-
globin levels were significantly decreased in all the

Table 2— Effect of dietary protein on RBC haemoglobin and liver, plasma and RBC lipid peroxidation (TBARS)
level in normal and hypervitaminotic A rats

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

Groups Parameters
Heamoglobin level in+ Lipid peroxidation Lipid peroxidation Lipid peroxidation
RBC (g/dl) (TBARS) level in - (TBARS) level in plasma  (TBARS) level in RBC
liver (n mol/mg of (n mol/dl) (p mol/mg of Hb)
sprotein)

12.65 + 0.35 117 £0.06 201.74 £ 8.60 4.111£0.12

11 11.59 + .42 1.41 4 0.09™ 266.51 +5.62° 421+0.11™
(—-8%) (+21%) (+32%) (+2%)
11 13.05 + 0.37™ 0.94 +0.05° 163.49 + 14.25™ 2.96 + 0.09"
(+3%) (-20%) (—19%) (-28%)
v 9.95+0.41" 1.07 £0.13™ 173.08 £ 16.13™ 326+0.11°
(=21%) (-9%) (~14%) (~21%)
Y 9.32 +0.28" 1.27 £0.12% 241.94 + 931N 3.934+0.10M
(—26%) (+9%) (+20%) (=4%)
i 9.45 +0.27° 0.80 + 0.04° 144.26 + 16.22° 2.65+0.12°
(—25%) (-32%) (~28%) (=35%)
P values © 20,001, "< 0.01,¢<0.05
NS : Non Significant

Details of Groups | — VI are same as in Table 1.

Table 3 —Effect ol dictary protein on liver and RBC catalase and SOD levels in normal and hypervitaminotic A rats
[Values are mean £ SE of 6 rats. Figures in parentheses are % increase (+) or decrease (=) over control (Group 1)]
Groups Parameters
Catalase level in liver  Catalase level in RBC SOD level in liver SOD level in RBC
(U/mg of protein) (U/mg of protein) (U/mg of protein) (U/mg of protein)
I 1.80 £0.19 2,00 +£0.08 4,69 +0.47 2.80 +0.08
1l 1.74 +0.15™ 1.67 +0.07° 4.52 4 0.05™ 2.59 = 0.09™
(—8%) (=17%) (—4%) (—69)
1 2.11+0.13% 2.23 +0.06™ 4.80 £0.07™ 3.04 £ 0.1
(+12%) (+12%) (+2%) (+9%)
v 2.23+0.00M 2.44 +0.09" 4.94 +0.09™ 3.17 4 0.08°
(+18%) (+22%) (+5%) (+13%)
A 1.96 + 0.09™° 1.97 £ 0.09™ 4.62 +£0.05™ 2.92 = 0.00™
(+4%) (—2%) (—1%) (+4%)
VI 240+ 0.07° 2.86 1 0.01° 5.03 +0.06™ 3.48 4 0.08"
(+27%) (+43%) (+7%) (+24%)

U (Catalase) — i mol of H-Os utilised per minute
U (SOD) — Enzyme concentration required to inhibit 50% of chromogen production
1<0.001," <001, <0.02

P values
NS

Non Significant

Details of Groups 1 — VI are same as in Table |
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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 oxidative lysis of RBC and thereby
reduced the level of haemoglobin in RBC. RBC is
susceptible to oxidative damage due to (i) as oxygen
transporter it is exposed to high oxygen tension (ii)
the RBC membrane is rich in polyunsaturated fatty
acids (PUFAs) which are readily converted to unsta-
ble lipid radicals or (iii) the cell is rich in iron, a potent
catalyst for production of reactive oxygen species .

Liver, plasma and RBC LP were increased in group
IT and decreased in group 11l as compared to group |
(Table 3). Inadequate intake of dietary protein may be
responsible for enhanced LP. The degree of protein
deficiency affects the extent of the enhancement of
tissue LP in rats™. LP of the above tissues were inhib-
ited by feeding of excess vitamin A in the present
study. Decreased level of LP may be indicative of
increased vitamin A transport which subsequently
helps to quench the free radical and decreases LP. In
vivo inhibitory capacity of retinol could be suggestive
of its ability to penetrate into endoplasmic reticulum
and protects the phospholipids therein from free radi-
cal attack™.

Protein deficiency decreased the levels of catalase
and SOD. Protein deficiency depresses the levels of
antioxidative enzymes™. Increased levels of catalase
and SOD in excess vitamin A supplemented groups
indicate that excess vitamin A increases the activities
of scavenging enzymes’.

It can be summarised that in hypervitaminotic-A
rats body weight, haemoglobin and LP decrease,
while antioxidant enzymes, catalase and SOD in-
crease. Results also show that excess vitamin A sup-
plementation in diet functions synergistically with
high protein diet to reduce LP and to increase antioxi-
dant enzymes.
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