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This study examined the effects of -carotene on antioxidant status in rats with chronic alcohol consumption. At the beginning of experiment
(week 0), according to both the plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities, rats (n =24) were
divided into 3 groups and fed with a standard diet (group C), a diet containing ethanol (group E), or a diet containing ethanol and B-carotene
(group E+B). After 10 weeks, plasma AST and ALT, fat accumulation in the liver, antioxidant enzyme activities in erythrocytes and the liver,
malondialdehyde (MDA), and «-tocopherol and retinol in plasma and hepatic samples were analyzed. The chronic alcohol diet significantly
increased AST and ALT levels in plasma, and these changes were prevented by supplementing the diet with g-carotene. Glutathione (GSH) in
erythrocytes and in the liver was significantly elevated in rats fed with a diet containing S-carotene. The results indicate that B-carotene
supplementation can prevent ethanol-induced liver damage and increase GSH concentrations in erythrocytes and the liver. Copyright © 2009

John Wiley & Sons, Ltd.
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INTRODUCTION

Carotenoids are natural, fat-soluble pigments that provide
bright coloration to plants and animals. B-Carotene is the
most common carotenoid in food and is a nontoxic precursor
of vitamin A. In addition, B-carotene is a strong antioxidant
with the ability to scavenge free radicals and to physically
quench singlet oxygen.' p-Carotene is primarily found in
leafy green vegetables, carrots, sweet potatoes, red palm oil,
mature squashes, pumpkins, and mangoes.” It has been
reported that B-carotene functions as a radical-trapping
antioxidant at low oxygen pressure to reduce the extent of
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nuclear damage and to inhibit lipid peroxidation.” Additionally,
B-carotene is believed to inhibit 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone—induced lung carcinogenesis,* and
improve cell viability.” However, B-carotene has not been to
be an effective agent in the treatment of lung cancer in
clinical trials and, perhaps, may even be harmfuls.® In
addition to antioxidant activity, S-carotene might serve as a
pro-oxidant, propagating free radical-induced reactions,
depending on its intrinsic properties as well as on the redox
potential of the biological environment in which it acts.’
The liver is the major site of ethanol oxidation, as well as
the site of major damage (alcoholic liver disease, ALD) due
to the prolonged consumption of excessive amounts of
alcohol. Numerous studies indicated that excessive alcohol
intake induces the mass production of free radicals in
the body, which may play a role in ALD.® Moreover, the
prolonged use of alcohol can lead to the depletion of vitamin
A from the body.”'® It is hypothesized that B-carotene
supplementation may lower the production of free radicals
as well as prevent vitamin A depletion from excessive
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alcohol intake. Based on this hypothesis, the objective of the
present study was to investigate the effects of S-carotene on
antioxidant capacity and vitamin A status in rats with
chronic alcohol intake.

MATERIALS AND METHODS
Animals and diets

Six weeks old male Sprague-Dawley rats were purchased
from the National Laboratory Animal Breeding and
Research Center in Taiwan. Rats were fed with a standard
laboratory diet and distilled water ad libitum, and housed
in an air-conditioned room at 23 £ 2°C with 12 h of light per
day. At the beginning of experiment (week 0), according to
both the plasma AST and ALT activities, 24 rats were
divided into three groups: the control (C), ethanol (E), and
ethanol with pB-carotene (E+4B) groups. Rats in groups
E and E+B were given semi-purified diet containing a
powdered ethanol preparation (30% of calories in the diet),
and rats in group C were fed an isocaloric, semi-purified diet
without ethanol. The composition of the experimental diets
was based on a previous study'' with a slight modification as
shown in the Table 1. One hundred grams of powdered
alcohol containing 30.5 g of ethanol, 65.0 g of dextrose, and
4.5 g of water in beadlets (Vodka type, Alcock™, Sato Foods
Industries Co., Ltd, Japan) were given daily to rats in
groups E and E+B. B-Carotene was given as Solatene™
(10% pB-carotene in beadlets, Hoffmann-La Roche, USA) at
dose of 5 mg per kg per day and administered admixed with
powdered diet.

Sample preparation

After 10 weeks, all rats were anesthetized with ethyl ether
and sacrificed. Blood was collected via the abdominal aorta,
and the liver was carefully removed, rinsed in ice-cold
normal saline (0.9% NaCl), blotted dry, and stored at —80°C
for further analysis. Blood samples were centrifuged at
1500 x g at 4°C for 10 min. The supernatants (plasma) were

Table 1. Composition of experimental diets’

Control Ethanol

Ingredient2 (g/1000 kcal powdered diet)

Casein 48.8 48.8
Soybean oil 14.6 14.6
Cellulose 19.5 19.5
AIN-76 Vitamins 4.9 4.9

AIN-76 Minerals 14.6 14.6
Dextrose 168.3 —

Powdered alcohol® — 141.5

!Control diet: semi-purified diet; ethanol diet: semi-purified diet containing
a powdered ethanol preparation (30% of calories in the diet).

The components for the diets were purchased from ICN Biochemicals, Inc.
(Costa Mesa, CA) with the exception of powdered alcohol.

*Powdered alcohol: 100 g of powdered alcohol contained 30.5 g of ethanol,
65.0 g of dextrose, and 4.5 g of water in beadlets that was obtained from Sato
Foods Industries Co., Ltd, Japan.
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used for the determination of plasma parameters. The pellets
(erythrocytes) were washed three times with ice-cold saline.
The erythrocytes were then suspended in four packed cell
volumes of ice-cold distilled water to prepare hemolysates,
as described in a previous report.'> All chemicals used in this
study were purchased from Sigma Chemical Co. (St. Louis,
MO, USA) unless stated otherwise.

Histological examination

All slices of liver tissue were fixed in 10% formaldehyde and
embedded in paraffin for histological examination. Sections
were stained with hematoxylin and eosin and examined
under a light microscopy, as described in a previous report.'?

Measurements of plasma AST and ALT activities

At the beginning of experiment, blood samples were
collected into heparin-containing tubes via the tail vein
and centrifuged. Plasma AST and ALT activities were
measured by spectrophotometric methods with a latrozyme
TA-LQ kit (Iatron Laboratories Inc., Tokyo, Japan).

Measurements of hepatic cholesterol and
triacylglycerol levels

The extraction of liver lipids and determination of
cholesterol and triacylglyceride concentrations were carried
out according to Yang et al.'*

Measurement of total protein concentration

In order to express the antioxidant enzymes activities per g
protein, total protein concentration of the samples was
estimated using a Bio-Rad DC protein assay kit (Bio-Rad
Laboratories, Hercules, CA, USA) and a spectrophotometer.

Measurement of superoxide dismutase (SOD) activity

SOD activities of erythrocyte hemolysates and liver samples
were measured with a commercial kit (Randox Laboratories,
Antrim). Fifty pL of diluted sample was added to 1.7 mL of
mixed substrate (50 wmol L™' xanthine and 25 wmol L'
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride). Two hundred and fifty L of xanthine oxidase was
added to the mixture and SOD activity was measured at
37°C on a Hitachi U-2000 Spectrophotometer at 505 nm for
3 min. The activity was expressed in U/mg protein in the
samples.

Measurement of glutathione peroxidase (GPX) activity

GPX activities of erythrocyte hemolysates and liver were
determined with a commercial kit (Randox Laboratories,
Antrim). Twenty pL of diluted sample was added to 1 mL of
mixed substrate (4mmol L' glutathione, 0.5 UL ™" gluta-
thione reductase and 0.34 mmol L~' NADPH dissolved in
50mmol L™" phosphate buffer, pH 7.2, 4.3mmolL""

Cell Biochem Funct 2009; 27: 344-350.
DOI: 10.1002/cbf



346 W.-T. LIN ET AL.

EDTA). Forty pL of cumene hydroperoxide (diluted in
deionized water) was added to the mixture and GPX activity
was measured at 37°C on a Hitachi U-2000 Spectropho-
tometer at 340 nm for 3 min. The activity was expressed in
Umg ! protein in the samples.

Measurement of glutathione reductase (GRD) activity

GRD activities of erythrocyte hemolysates and liver samples
were measured with a commercial kit (Calbiochem-
Novabiochem, CA, USA). Two hundred pL of diluted
sample was added to 400 wL of 2.4 mmol L™" GSSG buffer
(dissolved in 125 mmol L' potassium phosphate buffer, pH
7.5, 25 mmol L™! EDTA). Four hundred pL of
0.55mmolL~" NADPH (dissolved in deionized water)
was added to the mixture and GRD activity was measured at
340 nm for 5min on a Hitachi U-2000 Spectrophotometer.
The activity was expressed in mUmg ' protein in the
samples.

Measurement of catalase (CAT) activity

CAT activities of erythrocyte hemolysates and liver samples
were determined at 25°C with Hitachi U-2000 Spectropho-
tometer UV-VIS spectrophotometer by the method of
previous study.'® Diluted sample was added to 59 mmol L~
hydrogen peroxide (dissolved in 50 mmol L™ potassium
phosphate buffer, pH 7.0) and CAT activity was measured at
240 nm for 3 min. One unit of CAT activity was defined as
the mmol of H,0,degradedmin 'mg~' protein. The
activity was expressed in Umg ' protein in the samples.

Measurement of glutathione (GSH) concentration

The concentrations of GSH in erythrocyte hemolysates and
liver samples were assayed spectrophotometrically at
400 nm using a commercial kit (Calbiochem-Novabiochem,
CA, USA).

Measurement of total antioxidant status (TAS)
concentration

The concentration of TAS in plasma was assayed spectro-
photometrically at 600 nm using a commercial kit (Randox
Laboratories, Antrim).

Measurement of malondialdehyde (MDA) concentration

The concentrations of MDA in plasma and liver samples
were assessed colorimetrically at 586 nm using a commer-
cial kit (Calbiochem-Novabiochem, CA, USA).

Measurement of uric acid level

The uric acid level in plasma was assayed spectrophotome-
trically at 520nm using a commercial kit (Randox
Laboratories, Antrim).

Copyright © 2009 John Wiley & Sons, Ltd.

Measurements of plasma and hepatic o-tocopherol,
retinal, and B-carotene levels

For «-tocopherol, retinal, and g-carotene analysis, sample
extraction and HPLC analysis were carried out with a slight
modification of the method used in a previous study.'®
Approximately 1g of liver was homogenized in 4 mL of
absolute ethanol (containing 1gL ™" of butylated hydro-
xytoluene) with a tissue homogenizer (Polytron PT3 100;
Brinkmann Instruments, Littau, Switzerland). Homogenate
was saponified by addition of 1 mL of saturated KOH. The
mixture was saponified at 70°C in a water bath for 30 min.
After the sample was cooled to room temperature, the extract
was washed with 2mL of deionized water and extracted
three times with 6 mL of n-hexane. The n-hexane layer
(I mL) was evaporated to dryness under a vacuum. The
residue was dissolved in 200 wL of methanol, and 50 L. of
sample was subjected to HPLC. The analytical HPLC
system was a Shimadzu LC-10A system (Shimadzu, Tokyo,
Japan), including Shimadzu LC-10A HPLC Pump and
Shimadzu SPD-10AV UV-Vis Detector. Separations were
performed using a Cjg, Spm, 4.6mm id. x 250 mm
reversed-phase column (Vydac 201TP54, Hesperia, CA,
USA) in a column oven (Super Co-150,. Enshine, Taipei,
Taiwan) maintained at 40°C. The concentrations of «-
tocopherol and retinol were measured at 295 and 325 nm,
respectively, using methanol as the mobile phase at
a flow rate of ImLmin '. The retention times for
a-tocopherol and retinol were 4.4 and 3.2 min, respectively.
The concentration of B-carotene was measured at 452 nm
using a mixture of methanol, acetonitrile, and deionized
water (88:9:3, v/v/v) as the mobile phase. The retention time
for the B-carotene was 15.5 min. Data were analyzed by
SISC-LAB chromatographic analysis software (Scientific
Information Service Corp., Taipei, Taiwan).

Statistical analysis

Values are expressed as the mean+SD. To evaluate
differences between the three groups, one-way analysis of
variance (ANOVA) with Fisher’s post hoc test was used. The
SAS software (version 6.12, SAS Institute Inc., Cary, NC,
USA) was used to analyze all data. Differences were
considered statistically significant when p < 0.05.

RESULTS
Animals and diets

The energy intake and initial body weight in groups C, E,
and E+B showed no differences. In addition, the alcohol
intake in groups E and E4-B was similar. However, the final
body weight in group E was significantly lower by 9%
compared with that in group C (p < 0.05). The relative liver
weight in group E was significantly increased by 13%
compared with that in group C (p < 0.05). In contrast, the
relative liver weight in group E+B was nearly same as that
in group C and significantly reduced by 16% compared with
that in group E (p < 0.05) (Table 2).
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Table 2. Energy intake, alcohol intake, body weight, and relative liver weight in each group'™

Body weight (g)

Energy Alcohol Relative liver
Groups intake (kJday ") intake (gday ") Initial Final weight* (%)
C 257+0 0 148 £38 413£7° 3.42+0.39°
E 25440 2.6240.03 151£5 377 +31° 3.8640.43°
E+B 255+1 2.62+£0.02 155+7 394 +12% 3.254+0.43"

'Group C: control diet; Group E: ethanol diet; Group E+B: ethanol diet with S-carotene.

Data are mean + SD (n=8).

*Only the values in each column with a different superscript are significantly different (p < 0.05).

3Relative liver weight = liver weight/body weight x 100%.

Liver damage and histopathology examination

Plasma AST and ALT activities in group E were significantly
elevated by 25 and 27%, respectively, compared with those
in group C (p < 0.05). In contrast, the activities of AST and
ALT in group E+B were significantly reduced by 12
and 15%, respectively, compared with those in group E
(p <0.05) (Table 3). Based on light microscopy of the liver,
fat accumulation was observed in the group E. However,
ethanol-induced fat accumulation was prevented by
B-carotene supplementation (Figure 1). In addition, hepatic
cholesterol in group E (31 =7 mg g~ ") was 33% higher than
that in group C (23 =3 mg g~ "), and triacylglycerol in group
E (61 +15mgg~') was 73% higher than that in group
C (35+6mgg "). However, hepatic cholesterol and
triacylglycerol in group E4+B (2543 and 38 +13mgg "
liver, respectively) was decreased by 20 and 38%,
respectively, compared with those in group E.

Antioxidant enzymes activities

The activities of the four antioxidant enzymes in erythro-
cytes were not different among the three groups (Table 4). In
addition, the activities of GRD and SOD in liver were not
significantly different among the three groups. However,
hepatic GPX activity in group E was significantly decreased
by 21% compared with that in group C (p <0.05). In
contrast, hepatic CAT activity in group E was 27% higher
than that in group C and 20% higher than that in group E+B
(p <0.05 for both) (Table 5).

Table 3. Plasma AST and ALT activities in each group'™

AST (Karmen unit/L) ALT (Karmen unit/L)

Groups Week 0 Week 10 Week 0 Week 10

C 4510+6.32  4473+3.38" 10.20+1.91  12.77+0.49"
E 44104613  56.02+539° 10.15+£2.44 1624+1.34°
E+B 4443 +4.67 49.95+521* 9.93+241 13.84+1.15*

'Group C: control diet; Group E: ethanol diet; Group E+B: ethanol diet with
pB-carotene.

“Data are mean & SD (n=8).

3Only the values in each column with a different superscript are significantly
different (p < 0.05).

Copyright © 2009 John Wiley & Sons, Ltd.

Antioxidant concentrations and total antioxidant status

GSH concentrations of both erythrocytes and liver samples
in group E were significantly decreased by 15 and 23%,
respectively, compared with those in the group C (p < 0.05).
However, GSH concentrations of erythrocytes and liver in
the group E+B were significantly increased by 43 and 27%,
respectively, compared with those in group E (p <0.05)
(Tables 6 and 7). Moreover, there were no significant
differences in either plasma or liver vitamin E levels among
the three groups (Tables 6 and 7). In contrast, plasma TAS in
group E was significantly elevated by 19% compared with
that in group C and by 23% compared with that in group
E+B (p <0.05 for both) (Table 6).

Lipid peroxidation (MDA concentrations)

MDA levels were not significantly different in either plasma
or liver among the three groups (Tables 6 and 7).

Uric acid concentrations

The level of plasma uric acid in group E was significantly
elevated by 34% compared with that in group C and by 22%
compared with that in group E4+B (p <0.05 for both)
(Table 6).

Vitamin A and B-carotene concentrations

pB-Carotene concentration was not detected in plasma of the
three groups. However, B-carotene was detected in liver
samples from group E+B, but not from groups E or C.
Furthermore, hepatic vitamin A content in group E4+B was
significantly increased by 33 and 51%, respectively,
compared with that in groups C and E (p<0.05)
(Tables 6 and 7).

DISCUSSION

In this study, the average energy intake in groups C, E, and
E+B, and the average alcohol intake in groups E and E+B
were similar to that reported previouslys.!” However, the
final body weight was significantly lower and the relative
liver weight significantly higher in group E than those in
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Figure 1. (A) Section of the liver from a rat fed the control diet for
10 weeks shows normal histology with no evidence of pathologic changes.
(B) Section of the liver from a rat fed the ethanol diet shows the presence of
fat accumulation. (C) Section of the liver from a rat fed ethanol with
B-carotene diet shows normal histology with no evidence of pathologic
changes. (H&E, magnification: x 200)

group C. A previous study reported that isocaloric
substitution of carbohydrates by ethanol resulted in
significantly lower weight gain and higher relative liver
weight in spite of similar energy intakes.'®

Both plasma AST and ALT are markers of liver damage as
opposed to alcohol misuse.'” The plasma AST and ALT
activities in group E were significantly higher than those in
group C, which is consistent with the long-term effects of
ethanol administration on liver injury.”’ In contrast, the
elevation of these two enzyme activities in group E+B was
significantly less than that in group E, which indicate a
reduction in ethanol-induced liver damage. Similarly, from
the light micrograph of liver, fat accumulation was observed
in group E, which might have been due to enhanced
mobilization of free fatty acids from adipose tissue and
increased hepatic biosynthesis of lipids, as previously
suggested.”' However, ethanol-induced fat accumulation
was prevented by p-carotene supplementation. Thus, by
eliminating fat accumulation in the liver, B-carotene
supplementation may reduce ethanol—induced liver injury.

Since liver is the target tissue for ethanol, it is not
surprising that four antioxidant enzymes activities in
erythrocytes were no different among the three groups.
Although our results also showed that both GRD and SOD
activities in liver were not significantly different among the
three groups, chronic ethanol feeding did result in
significantly lower hepatic GPX activity in group E than
that in group C. Furthermore, hepatic CAT activity in the
group E was significantly increased compared with that in
the other two groups. Both GPX and CAT can react
with H,O,. Moreover, GPX is thought to be more active in
the removal of H,0,, because of its dual location
(mitochondria and cytosol).””> However, a previous study
demonstrated that superoxide is able to inactivate GPX
activity, and this inactivation could be reversed by GSH.*
Indeed, our results showed that long-term ethanol feeding
caused a significant reduction in hepatic GSH levels.
Therefore, GPX should be more sensitive and more easily
alterable than CAT in response to chronic ethanol intake.”
In contrast, B-carotene supplementation could inhibit the
decrease of hepatic GPX activity via increasing hepatic GSH
levels.

It has been reported that chronic ethanol feeding
significantly decreases rates of GSH synthesis.”® It is
surprising that B-carotene supplementation was able to
prevent the ethanol-induced decline in GSH in the present

Table 4.  Antioxidant enzymes, SOD, GPX, GRD,and CAT, activities of erythrocytes in each groupl‘3

SOD GPX GRD CAT
Groups U mg_1 protein) (mUmg~" protein) (mUmg ™" protein) U mg_1 protein)
C 9.31£1.70 1599 + 140 1.36 £0.53 295 +41
E 10.24 £1.48 1550+ 192 1.72 £0.64 361 £102
E+B 10.39+1.04 1486 + 117 1.94 £0.69 295 +049

'Group C: control diet; Group E: ethanol diet; Group E+B: ethanol diet with B-carotene.

’Data are mean +SD (n=8).

3Only the values in each column with a different superscript are significantly different (p < 0.05).
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Table 5. Hepatic antioxidant enzymes, SOD, GPX, GRD,and CAT, activities in each groupl'3

SOD GPX GRD CAT
Groups (Umg " protein) (mUmg " protein) (mUmg ' protein) (Umg ' protein)
C 11.24+2.09 1050 + 146° 32.644+5.80 1234 £+ 1357
E 11.76 £2.29 833 £+ 130" 38.57+8.86 1563 +267°
E+B 11.13+£2.22 930 4 124™° 35.34+£4.81 1246 +171*
'Group C: control diet; Group E: ethanol diet; Group E+B: ethanol diet with B-carotene.
’Data are mean 4 SD (n=38).
*Values in each column sharing the different superscripts are significantly different (p < 0.05).
Table 6. GSH concentration of erythrocytes, and plasma TAS, MDA, vitamin E, vitamin A, and uric acid levels in each groupl‘3
GSH TAS MDA a-Tocopherol Retinol Uric acid
Groups (wmol L") (mmol L™ (umol L") (wmol L") (umol L") (pmol/L)
C 123+6° 0.59 £+ 0.06" 10.86 4 0.96 14.78 +1.59 1.594+0.15 70 + 8°
E 105 + 20° 0.70+0.05 10.78 £3.23 15.42 +1.46 1.60£0.19 94 +8°
E+B 150+ 7° 0.57 +0.04" 9.14£1.85 14.51 £1.65 1.67 £0.40 77+ 18"
'Group C: control diet; Group E: ethanol diet; Group E+B: ethanol diet with -carotene.
’Data are mean & SD (n=8).
3Values in each column sharing the different superscripts are significantly different (p < 0.05).
Table 7. Hepatic GSH, MDA, vitamin E, vitamin A, and B-carotene concentrations in each groupl'3
GSH MDA a-Tocopherol Retinol B-Carotene
Groups (wmol L™ (umol L™ (ngg™" liver) (mgg ' liver) (ngg ' liver)
C 132 £19* 3.17£1.40 81.03 £25.85 1.57+£0.39* 0
E 101 +19* 3.40£0.89 78.78 £15.29 1.38 £0.25* 0
E+B 129 4+ 15° 298 £0.54 82.16 £ 16.67 2.0940.57° 0.82+£0.22

'Group C: control diet; Group E: ethanol diet; Group E+B: ethanol diet with S-carotene.

Data are mean + SD (n=8).

3Only values in each column with a different superscript are significantly different (p < 0.05).

study. However, there is no evidence that p-carotene
supplementation increases GSH concentration via stimulat-
ing GSH synthetase activity. Therefore, GSH synthetase
activity must be determined in future studies.

Plasma TAS in group E was significantly elevated
compared with that in the other two groups. The assay kit
for plasma TAS concentration measures the capacity of all of
the antioxidants present in plasma samples, including GSH,
vitamin C, vitamin E, f-carotene, bilirubin, uric acid and
other antioxidants. However, it has been reported that uric
acid is a strong determinant of plasma antioxidant
capacity.”® Furthermore it is known that chronic ethanol
consumption results in hyperuricemia. In this study, we also
detected a significantly higher plasma uric acid concen-
tration in group E compared with that in groups C and E+4B.
Therefore, plasma TAS was greatly influenced by uric acid,
and this suggests that TAS is not a suitable indicator for
alcoholic liver disease.

Lipid peroxidation induced by long-term ethanol intake
results not only from increased ROS production but also the
combination of ethanol with a low vitamin E intake (2 1U/
1000 kcal).25 However, there were no significant differences

Copyright © 2009 John Wiley & Sons, Ltd.

in either plasma or liver MDA levels among the three groups.
In our study, dietary fat intake only accounted for 13%
of total calories, whereas it accounted for up to 36% of
total calories in other studies.?® Furthermore, our results
showed that vitamin E concentration in both plasma and
liver were not affected by ethanol. Thus, we speculate that
less dietary fat and a sufficient vitamin E intake (301U/
1000 kcal) were responsible for the lack of an increase in
MDA in group E.

A previous study showed that an oral dose of S-carotene
in oil increases the concentrations of retinoids and
B-carotene at 3h in the serum.?’ However, we did not
detect S-carotene in plasma after 12 h of fasting. In contrast,
B-carotene was detected in the liver of group E+B, and the
hepatic vitamin A content was significantly higher than that
in groups C and E. Our results are consistent with the view
that B-carotene is converted to vitamin A by a central
cleavage pathway in rats in vivo.”’

In conclusion, our data show that S-carotene supple-
mentation can prevent ethanol-induced liver damage and
increase GSH concentrations in rats with chronic alcohol
consumption.
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