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Ascorbic acid supplementation causes faster
restoration of reduced glutathione content in
the regression of alcohol-induced
hepatotoxicity in male guinea pigs
P A Abhilash, R Harikrishnan, M Indira

Department of Biochemistry, University of Kerala, Thiruvananthapuram, Kerala, India

Alcoholic liver disease is caused mainly by free radicals. Ascorbic acid (AA) and glutathione (GSH) are the
major water-soluble antioxidants in the liver. The impact of AA supplementation on GSH, AA and activities of
GSH-dependent enzymes in alcoholic guinea pigs was studied and was compared with alcohol abstention.
Guinea pigs were administered ethanol at a dose of 4 g/kg body weight (b.wt)/day for 90 days. After 90 days,
alcohol administration was stopped and one-half of the ethanol-treated animals were supplemented with AA
(25 mg/100 g b.wt) for 30 days and the other half was maintained as the abstention group. There was a
significant increase in the activities of alanine aminotransferase, aspartate aminotransferase, and gamma-
glutamyl transpeptidase in the serum of the ethanol group. In addition, a significant decrease in the GSH
content, activities of GSH peroxidase, GSH reductase, and increased activity of GSH-S-transferase were
observed in the liver of the ethanol group. Histopathological analysis and triglycerides content in the liver
of the ethanol group showed induction of steatosis. But AA supplementation and abstention altered the
changes caused by ethanol. However, maximum protective effect was observed in the AA-supplemented
group indicating the ameliorative effect of AA in the liver.
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Introduction
It is well established that oxidative stress is one of the
pathogenic mechanisms of alcoholic liver diseases.
Oxidative stress is mainly caused by the generation
of reactive oxygen species (ROS),1 since physiological
amounts of ROS are necessary for defence against
infectious agents, cellular signalling systems, and
induction of a mitogenic response.2 Glutathione
(GSH; L-glutamyl-L-cysteinyl-glycine), the most abun-
dant antioxidant in liver cells, plays a major role in the
defence against oxidative stress-induced cellular injury,
and is essential for the maintenance of intracellular
redox balance3 and the proper functioning of antioxi-
dant enzymes. It is well documented that ethanol
induces depletion of GSH content in the liver of alco-
holics.4,5 In alcoholics, pools of mitochondrial GSH
are depleted with the concomitant result that ROS
damage can be exacerbated producing cell death and
contributing to cirrhosis. The selective depletion of

GSH in this organelle can sensitize hepatocytes to
the oxidative effects of cytokines such as tumour
necrosis factor.6

High intracellular content of GSH in the liver is
congruous with the detoxification functions of this
organ. Depletion of GSH content in the liver can sig-
nificantly disrupt liver function and in some instances
can be conditionally lethal. Glutathione can exist
intracellular in either an oxidized (GSSG) or reduced
(GSH) state. Maintaining optimal GSH:GSSG ratios
in the cell is critical to survival; hence, tight regulation
of the system is imperative.7 Production of GSH is
considered as a crucial defence against oxidative
damage and free radical generation.8

Ascorbic acid (AA) plays an important physiologi-
cal role in cells as a reducing agent, antioxidant, free
radical scavenger, and enzyme cofactor and partici-
pates in multiple functions central to the physiology
of cells.9 Similarly, alcohol has been found to decrease
the concentration of AA in rat and guinea pig livers,
resulting in increased lipid peroxidation and liver
injury.10,11
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Previous studies reported that GSH deficiency was
accompanied by a marked decrease in the tissue
levels of AA, indicating either a role for GSH in the
metabolism of AA or that AA is used in reactions
that normally use GSH.9 Earlier studies from our lab-
oratory reported the beneficial effect of AA in ameli-
orating the toxicity induced by alcohol.10,12,13 Hence,
in the present study, we evaluated the effect of the sup-
plementation of AA on the ethanol-induced impaired
GSH metabolism in guinea pigs and compared it with
the ethanol abstention group. The guinea pig was
chosen as the animal model since, like man, it
cannot synthesize AA due to the deficiency of the
key enzyme gulonolactone oxidase and its metabolism
of ethanol more closely resembles human alcohol
metabolism than other animal species.14 Hence, the
results of this study can be easily extrapolated to
humans.

Materials and methods
Animals
Male guinea pigs (Cavia porcellus) (NIH coloured)
were purchased from Veterinary College, Mannuthy,
Thrissur, Kerala, India. Weight-matched animals
were selected (average initial weight of 400± 25 g)
and housed individually in wire-netted cages with
room temperature maintained at 25± 1°C and light
and dark cycles of 12 hours. The study protocol was
approved by our Institutional Animal Ethics
Committee. Animals were handled using laboratory
animal welfare guidelines. Guinea pigs were fed with
guinea pig pellets (Sai Feeds Bangalore, India). Food
and water were given ad libitum.

Experimental design
Animals (n= 36) were first divided into two groups
and maintained for 90 days as follows: control (C)
(n= 18) and ethanol group (E) (n= 18) (4 g/kg body

weight (b.wt)/day). After 90 days, ethanol adminis-
tration was stopped and six animals from both
groups were killed after overnight fasting. Blood and
liver samples were collected for biochemical analysis.
The control group was used only to evaluate whether
90 days of ethanol feeding induced liver toxicity in
ethanol (E) group by analysis of liver toxicity
markers alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and gamma glutamyl trans-
pepetidase (GGT) in the serum (Table 1). All other
parameters were analysed only in the ethanol group.
The remaining animals in the control group were
divided into two groups and maintained for 30 days
as follows:
Group I – Control (C) (n= 6) (normal diet)
Group II – Control+ ascorbic acid (C+AA) (n=

6) (AA 25 mg/100 g b.wt/day)
The remaining animals in the ethanol group were

divided into two groups and maintained for 30 days
as follows:
Group III – Abstention (A) (n= 6) (normal diet)
Group IV – Ethanol+ ascorbic acid (E+AA) (n=

6) (AA 25 mg/100 g b.wt/day).
This is schematically presented in Fig. 1.

Table 1 Activities of ALT, AST, and GGT in serum after 90
days of ethanol feeding

Groups

ALT in serum
(μmol of
pyruvate

liberated/min/
mg protein)

AST in serum
(μmol of oxalo

acetate liberated/
min/mg protein)

GGT in serum
(Units*/ml)

C 64.99± 4.21a 149.11± 4.17a 6.71± 0.98a

E 201.45± 8.34b 239.92± 11.95b 19.24± 1.68b

*The molar absorption coefficient of the p-nitroaniline product at
450 nm is 9900 mol−1 cm−1.
Values are expressed as mean± SD of six guinea pigs in each
group. Values not sharing a common superscript letter differ
significantly at P< 0.05.

Figure 1 Schematic representation of experimental design.

Abhilash et al. AA reduces alcohol-induced hepatotoxicity in guinea pigs

Redox Report 2012 VOL. 17 NO. 2 73



Ethanol (Merck, Mumbai, India) diluted with dis-
tilled water (1:1) and AA (Sigma-Aldrich, St Louis,
MO, USA) freshly dissolved in distilled water were
given orally by an intragastric tube. These doses were
selected from our previous studies.12,13 The activity
of GGT was measured once in every week during the
reversal period. After 30 days of treatment, all the
animals were fasted overnight, anaesthetized with
ketamine hydrochloride injection and sacrificed. The
liver was removed and washed with phosphate-
buffered saline, and transferred into ice-cold contain-
ers. Blood was collected in heparinized tubes for
various biochemical analyses.

Biochemical parameters
Toxicity markers ALT and AST in the serum were
assayed by the method of Reitman and Frankel as
described by Wooten.15 GGT in the serum was
assayed using the method by Szasz.16 The activity of
GSH peroxidase (GPX) was determined by the
method of Rotruck et al.17 The activity of GSH
reductase (GR) was determined by the procedure of
David and Richard.18 GSH transferase (GST) was
assayed by using the method of Habig et al.19 by
1-chloro-2,4-dinitrobenzene as substrate. GSH
content was estimated by the method of Patterson
and Lazarow.20 Triglycerides (TGs) was estimated by
the method of Van Handel and Zilver Smith.21 Total
proteins in tissue were estimated by the method of
Lowry et al.22

High-performance liquid chromatography
analysis of AA in serum
One part serum with four parts 6% metaphosphoric
acid was mixed in a polypropylene storage vial. The
vial contents were vortexed and centrifuged at
10 000 × g for 15 minutes at 4°C and the supernatant
was used for analysis. HPLC analysis was done by
the Shimadzu Prominence SCL-20AHT (Shimadzu,
Kyoto, Japan) system and the separation of AA was
done by isocratic gradient elution using a Luna 5S
NH2 100A column (Phenomenex, Torrance, USA).
The mobile phase was 50 mM phosphoric acid
(H3PO4) (eluent A, pH 2.5), acetonitrile (eluent B) in
1:1 ratio, the total flow rate was 1.0 ml per minute
and the time of analysis was 15 minutes. The detector’s
wavelengths were set at 268 nm. The injection volume
was 20 μl and the temperature of the column was ther-
mostated at 40°C.

Histopathological analysis of liver
The liver tissues were rapidly dissected out and fixed
by immersion at room temperature in 10% formalin
solution. For the histological examinations, paraffin-
embedded tissue sections of liver (4–6 μm thick) were
stained with haematoxylin–eosin (H&E). The tissue

samples were then examined and photographed
under a light microscope for observation of structural
abnormality.23

Statistical analysis
The results were analysed using a statistical pro-
gramme SPSS/PC+, Version 11.5 (SPSS Inc.,
Chicago, IL, USA). A one-way analysis of variance
was employed for comparison among the groups.
Duncan’s post hoc multiple comparison tests were
used to determine significant differences among
groups: P< 0.05 was considered to be significant.

Results
The activities of liver toxicity markers ALT, AST, and
GGT in the serum (Table 2) were significantly increased
in the ethanol group when compared with the control
and C+AA groups. Our results showed that the activity
of ALT, AST, and GGT (Table 2) were significantly
decreased in the abstention and E+AA-treated group,
but the E+AA group showed more decrease in their
activity than the abstention group.

The GSH content in the liver was significantly
decreased in the ethanol-treated groups (Fig. 2),
when compared with the control and C+AA group.

Table 2 Toxicity markers

Groups

ALT in
serum (μmol of

pyruvate
liberated /min/
mg protein)

AST in serum
(μmol of oxalo

acetate
liberated/min/
mg protein)

GGT in serum
(Units*/ml)

C 66.49± 3.50a 148.63± 5.84a 6.78± 0.79a

C+AA 63.84± 2.59a 144.08± 8.45a 6.20± 0.67a

E 201.45± 8.34b 239.92± 11.95b 19.24± 1.68b

A 164.59± 3.87c 226.03± 11.03b 13.64± 1.64c

E+AA 81.32± 6.42d 170.96± 7.24c 7.47± 0.64a

*The molar absorption coefficient of the p-nitroaniline product at
450 nm is 9900 mol−1 cm−1.
Values are expressed as mean± SD of six guinea pigs in each
group. Values not sharing a common superscript letter differ
significantly at P< 0.05.

Figure 2 Graphical representation of reduced GSH content
in liver. Values are expressed as mean± SEM of six guinea
pigs in each group. Values not sharing a common superscript
differ significantly at P< 0.05.
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In the abstention group slight increase was observed in
the GSH content, in comparison with the ethanol
group. But in the E+AA group, GSH content was sig-
nificantly increased in comparison with the ethanol
and abstention groups (Fig. 2).
The activities of GSH-dependent enzymes, GPX

and GR (Table 3), in the liver were significantly
decreased in the ethanol group in comparison with
the control and C+AA groups. In the abstention
group, the activities of these enzymes were increased
in comparison with the ethanol group. But more sig-
nificant increase was observed in AA-treated E+AA
groups in comparison with the ethanol and abstention
groups.
The activity of GSH-dependent detoxifying enzyme

GST was significantly increased in the ethanol-treated
group in comparison with the control and C+AA
groups (Table 3). When compared with the ethanol
group, its activity was significantly decreased in the
abstention and E+AA groups. But more decreased
GST activity was observed in the E+AA group, in
comparison with the abstention group.
The AA content in the serum was analysed

(Figs. 3A and B) and it was found that its level was sig-
nificantly decreased in the ethanol and abstention
groups in comparison with the control group. But in
the C+AA and E+AA groups, AA content was sig-
nificantly increased in comparison with the control,
ethanol, and abstention groups. The increase in the
E+AA group was less than that of the C+AA group.
The concentration of TGs (Fig. 4) was enhanced

significantly in the liver of the ethanol group in com-
parison with the control and C+AA groups. When
compared with the ethanol group, TGs content was
significantly decreased in the abstention and E+AA
groups. But the decrease was more pronounced in
the AA-supplemented E+AA group.
Histopathological analysis of the liver of the ethanol

group (Fig. 5C) showed marked fat accumulation,
mild inflammation, and necrosis in comparison with
the control and C+AA groups. But in the abstention
group, marked fatty changes were attenuated to

moderate steatosis with mild inflammation and necro-
sis in comparison with the ethanol group. However, in
the AA-supplemented E+AA group (Fig. 5E), liver
exhibited less steatosis, inflammation, and necrosis.

Discussion
Alcohol toxicity is one of the world’s major health pro-
blems as a significant number of people are affected
due to several fatal diseases caused by alcohol.24

Alcohol-induced oxidative stress leads to a decrease
in the intracellular antioxidative capacity of the liver
cells including small molecular antioxidants (GSH
and AA) and antioxidant enzymes.5,25 In ethanol-
induced liver toxicity, both GSH and AA were simul-
taneously decreased and it indicates that AA plays
some role in the metabolism of GSH. Therefore, sup-
plementation with exogenous antioxidants has been
an attractive approach to prevent or reduce ethanol-
induced hepatotoxicity26,27 and maintain normal
levels of GSH in the liver. Hence, we studied the
impact of AA supplementation (after 90 days of
ethanol feeding) on GSH levels and GSH-dependent
enzymes in comparison with the ethanol abstention
group.
Alcohol-induced liver toxicity was evidenced by the

increased activities of liver toxicity markers, ALT,
AST, and GGT, in the serum. The supplementation
of AA reduced the alcohol-induced hepatotoxicity in
the E+AA group more than in the abstention group,
suggesting the role played by AA in the faster
reduction of alcoholic hepatotoxicity. This is reflected
in the reduced activities of ALT, AST, and GGT in the
serum. This is in line with the previous reports that AA
reduces alcohol-induced toxicity.12,13,28

GSH is a powerful nucleophile, critical for cellular
protection activities such as detoxification of ROS,
conjugation and excretion of toxic molecules, and
control of inflammatory cytokine cascade.29 The free
radicals increased the lipid peroxidation and GSSG,
and subsequently promoted liver cell apoptosis. Our
findings are consistent with other published reports
which showed that both AA and GSH concentration
were decreased during ethanol ingestion.30,31 In
addition, an earlier study from our laboratory reported
that GSH content was increased in experimental
animals ingested with ethanol for 30–45 days.10,13

The enhanced GSH content observed may be due to
the feedback activation of GSH synthesis.13 The
induction of GSH synthesis might have been an adap-
tive step to combat alcohol-induced oxidative stress.
But in the present study GSH content was lower in
the liver of 90 days ethanol-fed guinea pigs. The pro-
longed exposure to alcohol might have caused
reduction in the initial induction of GSH synthesis.
This is in line with previous studies which indicated
that GSH content was decreased in alcohol-induced

Table 3 Activity of GSH-dependent antioxidant enzymes
in liver

Groups

GPX in liver
(1 μmol of
NADPH

oxidized/min)

GR in liver
(1 μmol of
NADPH

oxidized/min)

GST in liver (μmol
of CDNB-GSH
conjugate/min/
mg tissue protein

C 0.56± 0.04a 7.25± 0.66a 4.80± 0.69a

C+AA 0.65± 0.05a 8.57± 1.28a 4.75± 0.59a

E 0.23± 0.04b 3.46± 0.68b 10.73± 1.19b

A 0.30± 0.02b 4.61± 0.53b 8.17± 0.87b

E+AA 0.45± 0.05c 6.72± 0.68c 5.79± 0.74c

Values are expressed as mean± SD of six guinea pigs in each
group. Values not sharing a common superscript letter differ
significantly at P< 0.05.
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liver toxicity.4,5 The reduction in GSH content can be
linked to the reduced activities of GR and also the
altered GSH metabolism due to onset of liver fibrosis
after 90 days of ethanol feeding. The reduced levels of
GSH may be explained on the basis of its utilization in
scavenging the free radicals, oxidation of GSH to its
oxidized form by GPX in detoxification of hydrogen

peroxide, suppression of GSH synthesis by ethanol,32

and increased activity of GSH-degrading enzyme
GGT in liver. The increased activity of GGT induces
extracellular GSH breakdown and GGT activity
might be in great demand if intracellular GSH is
depleted by ethanol toxicity.33 Levels of both AA
and GSH were significantly increased in the abstention

Figure 3 (A) HPLC chromatogram of ascorbic acid in serum. (a) Control, (b) C+AA, (c) ethanol, (d) abstention, and (e) E+AA.
The retention time was 2.2 minutes. (B) Graphical representation of ascorbic acid content in serum. Values are expressed as
mean± SEM of six guinea pigs in each group. Values not sharing a common superscript letter differ significantly at P< 0.05.
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and E+AA groups. But more significant increase was
observed in the AA-treated group, in comparison with
the abstention group. Thus, AA not only decreases
oxidants but also increases concentrations of GSH in
the liver. This is further supported by the activity of
GSH-dependent enzymes like GPX, GR, and GST
in the liver.
Decreased activities of GSH-dependent enzymes in

the liver of rats that ingested alcohol could be due to
either free radical-dependent inactivation of enzyme or
depletion of its co-substrates, that is GSH and
NADPH.34 Our results are also in line with the above
observations. The activities of enzymes (GPX, GR,

Figure 4 Graphical representation of TGs content in liver.
Values are expressed as mean± SEM of six guinea pigs in
each group. Values not sharing a common superscript letter
differ significantly at P< 0.05.

Figure 5 Histopathological#analysis of liver (magnification ×40). (A) Control liver tissuewith normal hepatocyte architecture. (B)
C+AA group liver tissue with normal hepatocyte architecture. (C) Ethanol group, showing altered hepatocyte architecture with
vascular steatosis and inflammation. (D) Abstention group showing altered hepatocyte architecture with vascular steatosis and
inflammation. (E) E+AA liver tissue showing nearly normal histological features with reduced amount of steatosis and
inflammation.
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and GST) were significantly reduced in the ethanol
group. This is in agreement with reports which indicate
that chronic ethanol administration reduced the activi-
ties of scavenging enzymes.35 The reduced activity of
GPX is due to the deficiency of GSH for antioxidant
functions of GPX. The GSH peroxidises (selenium-
dependent and independent) are responsible for the
enzymatic reduction of peroxides. The NADPH-depen-
dentGRconvertsGSSGback toGSHafter the actionof
GPX on free radicals, and so almost all intracellular
GSH is reduced. GST plays an essential role in the
liver by eliminating toxic compounds by conjugating
them with GSH. Increased GST activity and decreased
GR activity followed by thiol depletion are important
factors sustaining a pathogenic role for oxidative
stress.36 But AA supplementation offered protection
rather than ethanol abstention by increased activities
of GPX, GR, and reducing the activity of GST.
Chronic alcohol consumption increases hepatic

accumulation of fat, largely TGs, and leads to
hepatic steatosis, which is the earliest and most
common response to heavy alcohol intake. Alcohol-
induced fat accumulation in hepatocytes may result
from increase of TG synthesis, inhibition of fatty
acid oxidation, and excessive oxidative stress.
Hepatic steatosis may render the liver more susceptible
to oxidative damages, in particular to endotoxins,37

which promote the pathogenesis of alcoholic hepatitis
or liver fibrosis.38 In agreement with the above obser-
vations, TGs content significantly increased in the
liver of the ethanol group and it was further supported
by histopathological analysis of the liver of the ethanol
group. Therefore, recovery from fatty liver would help
decrease susceptibility to liver fibrosis. But in the AA-
treated group, TGs content was significantly reduced
in the liver and histopathological analysis of the liver
showed that AA reversed steatosis induced by
alcohol. In addition to this, we demonstrated that
AA was significantly decreased in ethanol-treated
guinea pigs and it was reversed in the AA-treated
group.

Conclusion
From these results, we concluded that AA plays a vital
role in maintaining GSH levels. Guinea pigs are
genetically unable to synthesize AA; therefore, a
great depletion of AA and GSH occurs in guinea
pigs after ethanol treatment same as in the case of
human beings. Hence, supplementation of AA at the
dose of 25 mg/100 g body weight caused faster restor-
ation of GSH and GSH-dependent enzymes, and
reduced ethanol-induced steatosis in the liver of
ethanol-treated guinea pigs. This suggests that AA
should be supplemented to alcoholics in de-addiction
centres for the speedy reversal of alcohol-induced
hepatotoxicity.
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