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Vitamin A supplementation modifies the antioxidant system in rats
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BACKGROUND/OBIJECTIVES: It has been shown that vitamin A supplementation has different effects on skeletal health and
the antioxidant system. Deficiency or excess of this vitamin can lead to health problems. Vitamin A can work as either an
antioxidant or prooxidant depending on its concentration. The present study was conducted to investigate the effects of different
doses of vitamin A supplementation on the antioxidant system in rats.

MATERIALS/METHODS: Forty Spargue-Dawley male rats were divided into four groups according to the dose of vitamin A
received: 0 (A0), 4,000 (A1), 8,000 (A2), and 20,000 (A3) IU retinyl palmitate/kg diet. After a feeding period of 4 wks, lipid
peroxide levels, glutathione concentration, antioxidant enzyme activities, and vitamins A and E concentrations were measured.
Histopathological changes were observed in rat liver tissue using an optical microscope and transmission electron microscope.
RESULTS: Lipid peroxide levels in plasma were significantly decreased in the A1 and A2 groups compared to the AO rats.
Erythrocyte catalase and hepatic superoxide dismutase activities of the A2 group were significantly higher than those of the
AO group. Hepatic glutathione peroxidase activity was significantly lower in the A3 group compared to the other groups.
Total glutathione concentrations were significantly higher in the A1 and A2 groups than in the A0 group. Histological examination
of liver tissue showed that excessive supplementation of vitamin A might lead to lipid droplet accumulation and nuclear membrane
deformation.

CONCLUSIONS: These results indicate that appropriate supplementation of vitamin A might have a beneficial effect on the

antioxidant system in rats.
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INTRODUCTION

As the dietary pattern of South Koreans changes, excess
energy and unbalanced nutrient intake has become a serious
problem that can cause chronic diseases including obesity,
hypertension, and cardiovascular diseases [1]. According to the
results of the 2010 Korea National Health and Nutrition
Examination Survey, a high portion of people consumed lower
amounts of calcium, iron, potassium, riboflavin, and vitamin A
than the recommended levels reported in the Korea Dietary
Reference Intakes 2010 [2]. About 38% of South Koreans consume
less than the estimated average requirement of vitamin A while
about 3.6% of South Koreans consume a higher quantity of this
vitamin than the tolerable upper intake level which can induce
toxicity in the body [3]. These findings indicate that imbalanced
consumption of vitamin A poses a health problem for the South
Korean population.

Low intake of vitamin A is still a significant nutritional problem
in underdeveloped countries [4]. de Oliveros et al. [5] showed
that fatty acid oxidation in the mitochondria can be elevated
in rats fed a vitamin A-deficient diet and affect lipid metabolism
in heart tissue. Another study indicated that low intake of

vitamin A may lead to a reduction of retinoid X receptor (RXR)
a, B expression in heart tissue, which can interfere with the
regulation of oxidative stress [6]. A recent review study reported
that insufficient intake of vitamin A is associated with poor bone
health [7]. On the other hand, excessive accumulation of vitamin
A in the body can cause an imbalance of reactive nitrogen
species and subsequently increase the risk of cardiovascular
disease [8]. In infants and children, excessive vitamin A
consumption may cause leukemia, necrotizing vasculitis, and
melancholia [9,10].

According to a study by Pasquali [11] that focused on
excessive intake of vitamin A in rats, high levels of this vitamin
increased thiobarbituric acid reactive species (TBARS) levels and
promoted the accumulation of lipid peroxides in lung tissue.
High levels of vitamin A supplementation can also increase
oxidative stress through protein carbonylation, oxidation of
protein thiol groups, and lipid peroxidation in a rat model [11].
In another previous investigation, supplementation of vitamin
A at clinical levels increased oxidative damage as well as
antioxidant enzymes activities in rat liver [12].

Few studies have been performed to clarify the connection
between vitamin A intake levels and the antioxidant defense
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systems. Therefore, more research is needed to determine the
appropriate amount of vitamin A that can optimize the antioxi-
dant defense systems. The current study was thus carried out
to investigate the effects of various levels of vitamin A supple-
mentation on the antioxidant system in rats.

MATERIALS AND METHODS

Experimental animals and diets

Male Sprague-Dawley rats (70-90 g, n=40) 4 wk old were
purchased from Central Lab. Animal Inc., (Seoul, South Korea).
During the first week, the animals were housed individually in
stainless steel cages with a 12-h light/dark cycle at 25 + 3°C and
40 + 15% humidity. The rats were given a control pellet diet
(Central Lab. Animal Inc.) and water ad libitum during the
acclimatization period.

The animals were divided into four groups of 10 rats each
after 1 wk of acclimatization. The experimental diet (Research
Diets, Inc., New Brunswick, NJ, USA) based on the AIN-76A diet
without vitamin A was used as a basal diet for the study. The
four groups of rats were fed the AQ, A1, A2, and A3 experimental
diets mixed with 0 1U/kg, 4,000 1U/kg, 8,000 IU/kg, and 20,000
IU/kg diet of vitamin A, respectively, for 4 wk (Table 1).
Recommended vitamin A level in AIN-76A rodent diet is 4,000
IU/kg diet. Based on the level, 8,000 IU/kg (two times) and
20,000 IU/kg (five times) were used to observe whether these
amounts of vitamin A have a different effect in rat model, and
thus to present the effect of supplementary levels to induce
antioxidant system in rats. Vitamin A was supplied as retinyl
palmitate (Sigma, St.Louis, MO, USA).

The amount of feed intake was recorded three times per week
and body weight was measured every week; these data were
used to calculate the feed efficiency ratio (FER). This animal
experiment was performed according to the guidelines provided
by the Experimental Animal Care Ethical Committee of Yeungnam
University and approved by the committee (2012-001).

Sample preparation

At the end of the 4-wk feeding period, the rats were anesthe-
tized with diethyl ether after an overnight fast, and blood
samples were collected from the inferior vena cava using
heparin-treated syringes (Jung Rim Medical Co., Seoul, South
Korea). Plasma was separated from blood by centrifugation
(MF-300; Hanil, Seoul, South Korea) at 1,700 x g for 15 min.
Erythrocytes were isolated as previously described by Mccord
and Fridovich [13]. Liver tissue was removed, washed rapidly
with ice-cold saline, and then frozen in liquid nitrogen. The
method by Hogeboom [14] was used to isolate mitochondria,
microsomes, and cytosol from the liver tissue. All samples were

Table 1. Classification of experimental groups

Group AIN-76 rodent diet without vitamin A”
A0”

Retinyl palmitate (mg)

+ B
Al + 8 (4,000 IU/kg)
A2 + 16 (8,000 1U/kg)
A3 + 40 (20,000 1U/kg)

Y Research Diets, Inc,, New Brunswick, NJ, USA

stored at -70°C in a deep freezer until use.

Lipid peroxides assay

The concentration of hepatic TBARS, a bio-parameter used
to estimate lipid peroxide levels, was determined as previously
described by Ohkawa et al. [15]. In brief, 0.1 mL liver tissue
homogenate was mixed with 0.2 mL of 8.1% sodium dode-
cylsulfate (SDS), 1.5 mL of 20% acetic acid buffer (pH 3.5), 1.5
mL of 0.8% thiobarbituric acid (TBA; Sigma, St.Louis, MO, USA),
and 0.7 mL distilled water. The solution was mixed well and
incubated for 60 min in a water bath at 95°C. After cooling
under tap water, 5 mL of an n-butanol and pyridine solution
(15:1, v:v) along with 1 mL of distilled water was added and the
solution was mixed thoroughly. The mixture was centrifuged
at 1700 x g for 10 min. Absorbance of the supernatant was read
spectrophotometrically at 532 nm (U-2900; Hitachi, Tokyo, Japan).
1,1,3,3-Tetraethoxy propane (Sigma, St. Louis, MO, USA) was
used as a reference to calculate the lipid peroxide levels.

The lipid peroxide concentration in plasma was measured as
previously described by Yagi [16]. To extract the lipid peroxide,
0.1 mL plasma was mixed with 4 mL of 1/12 N H,SO,; and
centrifuged at 1700 x g for 10 min to pellet the precipitate.
Next, 1 mL of TBA and 4 mL of distilled water were added,
and the solution was heated at 95°C for 10 min. After cooling
in tap water, 0.5 mL of butanol was added to the mixture and
centrifuged as described above. The plasma TBARS concentra-
tion was determined fluorometrically using a multilabel plate
reader (Victor™ X3; Perkin Elmer, Waltham, MA, USA) at an
excitation wavelength of 515 nm and emission wavelength of
553 nm.

Total glutathione and oxidized/reduced (GSH/GSSG) glutathione
assay

Glutathione concentration in liver tissue was measured using
a glutathione kit (BioVision Inc., Milpitas, CA, USA). Liver tissue
(40 mg) was homogenized with glutathione assay buffer (100
pL) using a tissue grinder (Wheaton, Millville, NJ, USA) on ice.
Next, 10 pL of a reducing agent mixture was added to the 40
pL of homogenized sample to convert GSSG into GSH. Levels
of GSH were analyzed directly in the homogenate sample.
Absorbance of GSH and total glutathione was measured with
a multilabel plate reader (Victor™ X3) at 515 nm (excitation)
and 553 nm (emission). The GSH concentration was calculated
using a GSH standard curve. GSSG contents were determined
by subtracting the amount of GSH from the level of total
glutathione.

Measurement of antioxidant enzyme activities

Catalase activity in liver mitochondria and erythrocytes was
assayed by spectrophotometrically analyzing the change of
absorbance at 240 nm that can reflect the rate of H,0O,
decomposition [17]. Superoxide dismutase (SOD) activity in the
cytosolic fraction from liver tissues and erythrocytes was
measured as previously described by Marklund and Marklund
[18]. Color change of pyrogallol autoxidation was spectropho-
tometrically monitored at 420 nm for 3 min. The results were
expressed as unit/min/mg protein or hemoglobin and one unit
was defined as 50% inhibition of pyrogallol autoxidation.
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Glutathione reductase (GR) activity of the hepatic cytosolic
fraction was determined as previously described by Pinto and
Bartley [19]. One unit of GR was defined as reduction of 1 umol
oxidized glutathione/min/mg protein. Glutathione peroxidase
(GSH-Px) activity in the mitochondrial fraction of liver tissue and
erythrocytes was assayed using a modified method described
by Paglia and Valentine [20]. The activity is expressed as nmol
of reduced NADPH/min/mg protein or hemoglobin. Glutathione-
S-transferase (GST) activity of the hepatic cytosolic fraction was
measured according to the method of Habig et al. [21].

Measurement of retinol and a-tocopherol in plasma

The levels of retinol and a-tocopherol in plasma were
analyzed simultaneously according to the HPLC method by Bieri
et al. [22]. For this, 100 pL retinyl acetate (Sigma, St. Louis, MO,
USA) and 200 pL tocopherol acetate (Sigma, St. Louis, MO, USA)
were added as internal standards to 200 pL plasma sample to
calculate the extraction yield. Next, 400 pL of hexane extraction
solvent and 100 pL of 0.01% 2, 6-di-tert-butyl-4-methylphenol
as an antioxidant were added to the solution, mixed thoroughly,
and centrifuged for 5 min at 220 x g. After repeating this
procedure three times, the supernatant was concentrated under
nitrogen gas and the residue was redissolved in a mixture of
diethyl ether: methanol (1:3, v:v). The sample was passed
through a 0.45-um membrane filter (Millipore, Bedford, MA,
USA) and 20 pL was injected into an SPD-10Avp HPLC system
with a UV detector and column (3.9 X300 mm, W12461N;
Waters, Milford, MA, USA). A solution of methanol : water (95:5,
v:v) was used as the mobile phase and absorbance was read
at 280 nm. The flow rate was 1.0 mL/min and the run time
was 30 min.

Measurement of retinol, retinyl palmitate, and a-tocopherol in liver
tissue

The levels of retinol, retinyl palmitate, and a-tocopherol in
liver tissue were measured using the HPLC method by Furr et
al. [23]. Briefly, 0.5 mg liver tissue was ground (Samhwa, Seoul,
South Korea) with 1 g of anhydrous sodium sulfate. The sample
was combined with 8 mL of dichloromethane, 100 pL of retinyl
acetate (Sigma), and 100 pL of tocopherol acetate (Sigma); and
the mixture was centrifuged at 690 x g for 10 min. After the
extraction procedure was repeated three times, the supernatant
was collected and concentrated under nitrogen gas. The residue
was redissolved in 200 pL of an ethyl ether : methanol (1:3,
v:v) solution and passed through a 0.45-pm membrane filter
(Millipore) for HPLC analysis. The analytical method was the
same as that used for plasma but the mobile phase was a
mixture of methanol : tetrahydrofuran : water (85:10:5, v:v:v).

Histopathological examination

Liver tissue was stored in a 10% formalin solution for 24 h
immediately after dissection and then embedded in paraffin.
Sections were cut and stained with hematoxylin and eosin [24].
The sections were examined with an optical microscope
(Axiostar Plus; Carl Zeiss, Gottingen, Germany).

The liver tissues were fixed in 0.1 M phosphate buffer (pH
7.2) with 2.5% glutaraldehyde at 4°C for 3 h, and then post-fixed
in 0.1 M phosphate buffer (pH 7.2) with 1% osmium tetroxide

for 1.5 h. The tissues were dehydrated in a mixture of ethanol
and water, embedded in epoxy resin, and incubated at 60°C
for 25 h for polymerization. The blocks were cut into sections
80-nm thick with an ultramicrotome (MT-X; RMC, Tucson, AZ,
USA) and stained with uranyl acetate and lead nitrate [25]. The
grids were examined with a transmission electron microscope
(H-7600; Hitachi, Tokyo, Japan) at a high voltage of 75 kV.

Measurement of protein and hemoglobin

Protein contents of the analytical samples were measured as
previously described by Lowry [26]. Hemoglobin levels in each
sample were assayed using a commercial hemoglobin analytical
kit (Asan Pharm. Co., Ltd. Seoul, South Korea).

Statistical analysis

All results were analyzed with a one-way analysis of variance
(ANOVA) followed by Duncan's multiple-range test using the
SPSS software package (SPSS ver. 18.0; Chicago, IL, USA). P-values
less than 0.05 were considered significant.

RESULTS

Growth performance of the experimental animals

Weight gain, feed intake, and FER of the rats during the
feeding period did not significantly vary among all groups
(Table 2).

Effect of vitamin A supplementation on lipid peroxide levels in
plasma and liver

TBARS levels in plasma were not significantly different among
the experimental groups (Fig. 1A). In liver homogenates, TBARS
levels of the A3 group were significantly higher than those of
the A1 and A2 groups (P < 0.05; Fig. 1B), but not significantly
different from those of the A0 group.

Effect of vitamin A supplementation on total glutathione levels
and the GSSG/GSH ratio in liver

Total glutathione concentration of the A0 group was the
lowest among all experimental groups, and this level was
significantly increased in the A1 and A2 groups compared to
the A0 group (P<0.05; Fig. 2A). The concentration of total
glutathione for the A3 group was not significantly different from
that of the other groups. There was no significant difference
in GSSG/GSH ratios among all groups (Fig. 2B).

Table 2. Effects of vitamin A supplementation on weight gain, feed intake, and
FER in rats fed the experimental diets

Group Weight gain Feed intake FER"
(g/day) (9) (%)
AO 6.7+09" 189+13" 254+23%
Al 6.7+06 192+12 256+ 15
A2 72+1.1 195+14 26,6 +36
A3 7008 196+19 262+ 1.1

The experimental groups are described in Table 1,
" Feed efficiency ratio

Values represent the mean = SD,

NS: Not significant
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(A = 6 NS Table 3. Effects of vitamin A supplementation on erythrocyte catalase, SOD, and
E 5 [ [ [ GSH-Px activities in rats fed the experimental diets (unit/min/mg Hb)
o
é‘ ol [ Group Catalase SOD GSH-Px
3, AO 0.33+0.08° 033+026" 1.08 +0.31"
H s Al 045 +0.25% 033+027 1.18+0.56
s
% 1] A2 0.49 +0.15° 033+0.18 1.04 £0.42
0 A3 046 +0.11%° 0.30+£0.17 1.16 £0.38
A0 Al A2 A3 The experimental groups are described in Table 1,
Values represent the mean = SD.
(B) 4 Values with different superscript letters within a column are significantly different
% ab b (P<0.09),
g3 I T NS: Not significant; SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase
o a 2
£ I [ . —
g Erythrocyte SOD and GSH-Px activities were not significantly
g 14 different among all groups.
= Antioxidant enzyme activities in the liver are presented in
0 : : : .

A0 Al A2 A3

Fig. 1. Effects of vitamin A supplementation on plasma (A) and hepatic (B) lipid
peroxides in rats. The experimental groups are described in Table 1, Values are
presented as the mean + SD, Values with different superscript letter are significantly
different (A< 0,05). MDA; malondialdehyde, NS: Not significant,
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Fig. 2. Effects of vitamin A supplementation on hepatic total glutathione (A)
and the GSH/GSSG (B) ratio in rats fed the experimental diets. The experimental

groups are described in Table 1, Values with different superscript letter are significantly
different (P<0,05), NS: Not significant,

Effect of vitamin A supplementation on antioxidant enzymes
activities

Catalase, SOD, and GSH-Px activities of the rat erythrocytes
are presented in Table 3. Catalase activity for the A2 group was
significantly higher than that for the A0 group (P < 0.05).

Table 4. Effects of vitamin A supplementation on liver catalase, SOD, GSH-Px, GR,

Table 4. Hepatic catalase activity was not significantly different
among all experimental groups. SOD activity was increased in
the vitamin A-supplemented groups compared to the A0 group,
but only the level found in the A2 group was significantly
different (P < 0.05). The GSH-Px activity of the A3 group was
reduced compared to that of the other groups. GR and GST
activities in the liver were not significantly different among all
experimental groups.

Effects of vitamin A supplementation on vitamin A and E
concentrations in plasma and liver

The retinol and a-tocopherol concentrations in plasma are
shown in Table 5. Plasma retinol levels did not significantly differ
among all groups. The a-tocopherol level of the A3 group was
significantly higher than that of the A0 group (P < 0.05).

The hepatic retinol concentration for the A3 group was
significantly increased compared to that of the other groups
(P <0.05; Table 6). Retinyl palmitate levels in the liver were
lowest in the AO group. This was increased along with elevated
concentrations of vitamin A supplementation. The retinyl
palmitate level of the A3 group was significantly higher than
that of the A1 and A2 groups (P < 0.05). Total vitamin A contents
of the A3 group were significantly increased compared to the
other groups (P < 0.05). a-Tocopherol concentrations in the liver
did not significantly differ among all groups.

Effect of vitamin A supplementation on histological changes of
rat hepatocytes

Micrographs of the liver tissues are shown in Fig. 3. The
hepatocytes were better proportioned around the central vein
in the A1 and A2 groups compared to the AO and A3 groups.
However, the liver sinusoid space was increased in the A2 and

and GST activities in rats fed the experimental diets (unit/min/mg protein)

Group Catalase SOD GSH-Px GR GST
A0 143.1 £29.8" 53+13° 0.90 +£0.15° 0.30+0.02" 0.35+0.09"°
Al 147.4+30.8 7.6 +3.0" 0.99 +0.20° 0.32+0.05 0.35+0.12
A2 15194252 85+4.1° 098 +£0.16° 0.33+0.06 0.39+0.11
A3 142.8+243 6.2+26" 0.79 £0.14° 0.33+0.07 0.36 £0.10

The experimental groups are described in Table 1,
Values represent the mean = SD,

Values with different superscript letters within a column are significantly different (~ ¢ 0.05).
NS: Not significant; SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase; GR: Glutathione reductase; GST: Glutathione-S-transferase
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Table 5. Effects of vitamin A supplementation on plasma concentrations of retinol
and a-tocopherol in rats fed the experimental diets

Variable A0 Al A2 A3
Retinol 24+04"% 24+05 23+03 26+06
(pg/mg lipid)
a-Tocopherol 165+107°  255+85® 279+17.9° 322+123°

(pg/mg lipid)
The experimental groups are described in Table 1,
Values represent the mean = SD,
Values with different superscript letters within a column are significantly different
(P<0.05).
NS: Not significant

Table 6. Effects of vitamin A supplementation on hepatic concentrations of
retinol, retinyl palmitate, total vitamin A, and a-tocopherol in rats fed the
experimental diets

Variable A0 Al A2 A3

Retinol 0104008  020+008 0.17+008" 034+0.19°
(mg/g liver)

Retinylpalmitate 1.80+£041°  249+093" 272+095° 375+1.93"
(mg/g liver)

Total vitamin A 3.78 +0.99° 541+172° 579+178° 833+394°
(umol/g liver)

a-Tocopherol 033011  027+008 027+007  026+0.11

(mg/g liver)

The experimental groups are described in Table 1,

Values are presented as the mean + SD,

Values with different superscript letters within a column are significantly different
(P<0.05),

NS: Not significant

Fig. 3. Micrographs of liver tissue from rats fed the experimental diets (H&E
staining, 100 x magnification). The experimental groups are described in Table 1.

A3 groups compared to the A0 and A1 groups.

In Fig. 4, micrographs of the hepatocytes observed with
transmission electron microscopy are presented. Hepatocytes
from the A1 group contained clear nuclei with round nuclear
membranes, regular chromatin distribution, and abundant
mitochondria. These characteristics were similar to the ones
observed for the A2 group. The shape of the nuclear membrane
was not perfectly round and a large amount of the rough
endoplasmic reticulum was degranulated in hepatocytes from
the AO group. Results for the A3 group were similar to those
of the A0 group although some fat droplets were observed in
the cytoplasm of a few liver cells from the A3 group.

2um

Print Mag: 11400% @7.0 in
HV=100.0kV

Direct Mag: 1200 %

AMT Camera system

Fig. 4. Micrographs of hepatocytes from rats fed the experimental diets
(transmission electron microscopy, 1200 x magnification). N, nuclei; NO, nucleoli;
M, mitochondria; L, lipid droplets, The experimental groups are described in Table 1,

DISCUSSION

Vitamin A deficiency is one of the most common types of
malnutrition in many underdeveloped and developing countries
[27]. Vitamin A supplementation is commonly recommended
for nutritional purposes in the world [11]. On the other hand,
accumulation of vitamin A in the body leads to a high likelihood
of vitamin toxicity [8]. In the past few years, this vitamin has
been suggested to have an antioxidant effect in tissues such
as liver and lungs [28]. However, the effects of vitamin A
supplementation differ depending on the dose because this
compound can be either act as an antioxidant or prooxidant
[11]. The effects of vitamin A supplementation on the antioxidant
system thus need to be explored according to concentration.

Supplementation with 1.2 mg retinol/kg (4,000 1U/kg) in mice
was not found to have a significant impact compared to a
vitamin A-deficient group [29]. Another study reported that
vitamin A intake of 4,000 1U/kg significantly increases the body
weight of 21-wk-old rats compared to vitamin A-deficient
animals during a feeding period of 10 wk [30]. In our study,
however, no significant change of body weight was observed,
probably due to the short experimental period of 4 wk.

Recent study has shown that appropriate amounts of lipid
peroxides help mediate the activation of receptors, nuclear
transcription factors, inducers of adaptive responses, and
regulators of gene expression [31]. In contrast, excess levels of
lipid peroxides can cause various disorders and diseases [31].
When rats were fed diets supplemented with 1,000, 2,500, 4500,
and 9,000 IU/kg retinyl palmitate, the level of TBARS significantly
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increased in rats with 9,000 IU/kg compared to the other groups
[32]. These results are similar to our findings from liver tissue
of rats with 20,000 1U/kg. These elevated levels of this oxidative
marker in the liver tissue are considered as the indicator of
hepatocyte damage [33]. A dose of 4,000 IU/kg vitamin A
supplementation was found to result in a significantly lower
level of lipid peroxides in spleen tissue of rats compared to
a vitamin A-deficient group [31].

Indeed there is increasing concern about the excessive use
of vitamin A among both children and adults [34]. It is common
for infants and children to be provided with a single high-dose
vitamin A (300 to 10,000 IU/kg) supplement at regular intervals
in many developing countries [9]. Thus it is important to
elucidate the effect of vitamin A intake levels on biological
system.

Glutathione is an antioxidant that can play an important role
in the mammalian antioxidant defense system. This compound
mainly exists in the reduced thiol state (GSH) that can interact
with many antioxidant enzymes to remove peroxides from
biological systems [35]. Vitamin A deficiency decreased GSH
concentrations and the GSH/GSSG ratio in rat liver compared
to the control group; these effects were reversed after restoring
vitamin A administration [36]. These findings from vitamin A
deficiency are similar with results of total glutathione from the
present study, suggesting that vitamin A deficiency increased
the level of lipid peroxides that can disrupt the antioxidant
system in rats.

In a study by de Oliveira et al. [32], catalase activity was
unchanged when comparing vitamin A supplementary groups
(1,000, 2,500, 4,500, and 9,000 1U/kg) and vitamin A-deficient
group. SOD activity of the 4,500 and 9,000 IU/kg groups signifi-
cantly increased compared to the vitamin A-deficient group.
These findings coincided with our results, showing that 8,000
IU/kg vitamin A intake can increase liver SOD activity. The
relation of some anti-oxidant enzymes between erythrocyte and
liver in experimental groups turned out to be a different
tendency. Although the SOD and GSH-Px activities in the
erythrocyte were not different among experimental groups,
those in liver tended to increase in the A2 group and to
decrease in the A3 group. It is associated that the plasma lipid
peroxide was not different among experimental groups, but
liver lipid peroxide was the highest in the A3 group. It may
be due to deplete the hepatic SOD and GSH-Px to counter
oxidative stress increased by supplementation of excessive
vitamin A. Further studies, however, are needed to elucidate
the different tendency of anti-oxidant enzymes according to
the tissues.

Vitamin A deficiency was shown to significantly reduce
vitamin A levels in plasma compared to a 4,000 IU/kg supple-
mentation group [37]. When a vitamin A-deficient diet was fed
to 60-d-old rats for 21 d, retinal and retinyl palmitate concen-
trations were decreased over 95% compared to the vitamin A
intake group. Even after 10 d of retinoic acid recovery, the levels
of these two compounds did not increase [38]. Vitamin A
supplementation did not change the plasma level, but signifi-
cantly increased hepatic concentration of vitamin A in the
present study.

In another previous study, vitamin A treatment significantly

alleviated liver injury caused by ischemia/reperfusion compared
to a control group [39]. Additionally, Murakami et al. [40] reported
that in rats with hepatic fibrosis induced by tetrachloride,
histological changes associated with hepatic fibrosis were
ameliorated with vitamin A treatment compared to the control
group. Similar results were presented in a previous study in
which vitamin A deficiency induced hepatic damage that was
ameliorated in control rats fed an adequate level of vitamin
A [41].

It has been reported that oxidative stress may contribute to
the pathogenesis of diffuse lung disease [42]. Rat liver mito-
chondria are vulnerable to vitamin A, which induces permea-
bility transition from rat liver mitochondria [43]. Overall, vitamin
A deficiency can cause liver damage while a high dose of
vitamin A can also lead to liver injury. According to the present
study, high doses of vitamin A might exert a prooxidant effect
on liver hepatocytes. Increased oxidative damage to hepatocytes
may culminate in pathological effects [44]. Prooxidant effects
observed with vitamin A supplementation at a high dose may
be involved in the development of liver diseases associated with
redox dysfunction and free radical-induced damage to
biomolecules [45]. Considering our findings, 4,000 IU/kg based
on vitamin A level of AIN-76 diet and 8,000 IU/kg supple-
mentation might be considered as adequate level to induce
the antioxidant system in rats.

In conclusion, appropriate supplementation of vitamin A can
affect the antioxidant system of rats. This might be associated
with regulation of lipid peroxide production and some antioxidant
enzyme activities, and amelioration of hepatic histological
changes. Additional studies are needed to further investigate
the long-term, dose-dependent effects of vitamin A supplemen-
tation in biological systems.
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