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The present research task is aimed at evaluating the influence of alpha lipoic acid (ALA) against
phenytoin induced hepatotoxicity. The rats were divided into five groups of six animals each. Group 1
received 0.2% carboxy methyl cellulose (CMC, p.o), group 2 received 20 mg/kg phenytoin (p.0), groups
3, 4 and 5 received 50, 100 and 200 mg/kg (p.o) of ALA in 0.2% CMC, respectively 1 h prior to phenytoin
for 45 days. On the 45th day, blood samples were collected and subjected to analysis of liver function
test. Animals were sacrificed, antioxidant status and lipid peroxidation were estimated in the liver
samples along with histopathological investigations. Phenytoin treatment was observed to induce liver
injury, which was apparent from increased serum transaminases, alkaline phosphatase (ALP) and
bilirubin in blood, and lipid peroxidation in liver. Phenytoin decreased the levels of albumin, total
protein, and endogenous antioxidants along with reduction in body weight. Histopathological
investigation revealed phenytoin induced periportal congestion and hepatic necrosis. ALA (100 and 200
mg/kg) significantly (P < 0.001) reduced the phenytoin elevated serum enzymes, ALP, bilirubin, lipid
peroxidation, liver weight and significantly increased the levels of albumin, total protein, antioxidant
levels and body weight reduced by phenytoin. ALA effectively reversed the phenytoin induced
histopathological changes. ALA was found to be effective against phenytoin induced hepatotoxicity.
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INTRODUCTION

Aromatic antiepileptic drug (AAED) therapy has been
expanded to a broad spectrum of psychiatric and neuro-
logical disorders. However, the clinical use of these drugs
is limited by several adverse effects, mainly hepatotoxicity.

Metabolites of AAEDs are proven to be responsible for
the occurrence of oxidative stress resulting in hepatic
damage (Santos et al., 2008). Reactive metabolites from
AAED lead to direct cytotoxicity and liver cell necrosis
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and liver cell necrosis (Bjornsson, 2008).

Phenytoin is one of the most commonly used AAEDs in
the treatment of generalized as well as secondarily gene-
ralized tonic clonic seizures (Walker, 2005). Phenytoin
induced hepatotoxicity is one of the most recurrently
reported adverse effects induced by the drug (Walia et
al., 2004). 10 to 38% of the patients were observed to
show fatal outcome subsequent to phenytoin induced
liver damage (Dreifuss and Langer, 1987). It was
observed that there was an increase in hepatic enzymes
such as transaminases, lactic dehydrogenase, alkaline
phosphatase and gamma glutamyl transferase along with
serum bilirubin in  patients receiving phenytoin
(Aldenhovel, 1988; Kazamatsuri, 1970; Smythe and
Umstead, 1989). The drug also brought about
morphologic and pathologic abnormalities such as
primary hepatocellular degeneration and necrosis
(Harden, 2000). 95% of phenytoin is metabolized in the
liver and less than 5% is eliminated unchanged in the
urine (Bajpai et al., 1996). AAED induced hepatotoxicity
was considered to be due to defect in epoxide hydrolase
detoxification process resulting in accumulation of arene
oxides (Bavdekar et al., 2004; Kass, 2006). It was
reported that the metabolites of phenytoin produced
severe oxidative stress on the rat hepatic mitochondria
resulting in mitochondrial dysfunction (Santos et al.,
2008). The aforementioned studies suggested oxidative
stress mediated via reactive oxygen species to be one of
the contributing factors of phenytoin induced liver
damage. Our previous study also confirmed that
phenytoin induced liver damage had an etiological
background of oxidative stress (Saraswathy et al., 2010).

Alpha lipoic acid (ALA) is a powerful antioxidant often
termed as "universal antioxidant" as it neutralizes free
radicals in both aqueous and lipid media of cells. ALA
functions as both fat and water soluble antioxidant that
easily crosses cell membranes, thereby it confers free
radical protection to both interior and exterior cellular
structures. The antioxidant capacity of ALA is retained in
both its reduced and oxidised forms (Packer et al., 1995).
ALA was used to treat liver poisoning induced by alcohol,
mushroom and heavy metals. The antioxidant abilities of
ALA and its role in glutathione recycling have encouraged
its use in liver damage. ALA was also reported to exhibit
a very significant hepatoprotective effect against
chloroquine induced hepatotoxicity than silymarin, a
reference drug (Pari and Murugavel, 2004).

As phenytoin induced hepatic damage was induced by
oxidative stress; the present study was undertaken to
investigate the intervention of an antioxidant ALA on
phenytoin induced hepatotoxicity.

MATERIALS AND METHODS

Animals

Adult male albino rats weighing 150 to 200 g were selected and
housed in propylene cages at room temperature (25 + 3°C). All
through the study, they were fed ad libitum on standard pellet feed

Saraswathy et al. 199

and freely provided drinking water. The study protocol was
approved by the Institutional Animal Ethical Committee of M.S.
Ramaiah College of  Pharmacy, Reference number
220/abc/CPCSEA.

Study protocol

The rats were divided into five groups of six animals each. Group 1
served as control and received 0.2% carboxy methyl cellulose
(CMC) (orally) for 45 days. Group 2 received 20 mg/kg phenytoin
(orally) for 45 days. Groups 3, 4, and 5 received 50, 100 and 200
mg/kg (orally) of ALA in 0.2% CMC, respectively 1 h prior to
administration of 20 mg/kg phenytoin for 45 days. On the 45th day
of the drug administration, the animals were anaesthetized under
ether anaesthesia and the blood samples were collected from retro
orbital plexus for estimation of serum biochemical parameters such
as total protein (Gomall et al., 1949; Lowry et al., 1951), albumin
(Doumasa et al, 1971), serum glutamate oxaloacetate
transaminase (SGOT) (Gella et al., 1985), serum glutamate
pyruvate transaminase (SGPT) (Gella et al.,, 1985), alkaline
phosphatase (ALP) (Rosalki et al., 1993) and total bilirubin
(Peariman and Lee, 1974) were analyzed by enzymatic kit
(AGAPPE, India) and an autoanalyser (Chemistry Analyser (CA
2005), B4B Diagnostic Division, China). Animals were then
sacrificed; liver tissues were dissected out and were rinsed with
cold phosphate buffer (PB, 100 mM, pH 7.4), weighed, sliced for
histopathological studies and stored at -40°C. The stored tissues
were homogenized and the homogenate was centrifuged at 10,000
x g for 10 min at 4°C. The supernatant was stored at -40°C for
estimation of lipid peroxidation (to measure the extent of oxidative
stress) by malondialdehyde method (Chatterjee and Sil, 2006) and
antioxidants such as superoxide dismutase (SOD) by pyrogallol
auto oxidation method (Marklund and Marklund, 1974), catalase
(Beer and Sizer, 1952) by hydrogen peroxide method and reduced
glutathione (GSH) by Ellman’s method (Sedlak and Lindsay, 1968).
The levels of endogenous antioxidants were estimated only in liver
homogenates in order to assess the extent of liver damage.

Histopathological studies

Rats were anesthetized under ether anesthesia and sacrificed. The
liver was fixed in 4% paraformaldehyde overnight. Block was
prepared in block preparation unit (Shandon Histocenter-2) and
sections (10 ym) were cut with the help of a microtome (Leica RM
2255, Lab India) and picked up on poly-I-lysine coated slides and
were stained with hematoxylin and eosin (Li et al., 1998).

Statistical analysis

The results were expressed as mean * standard error of mean
(SEM; n=6). The statistical analysis was performed by means of
analysis of variance (ANOVA) followed by Tukey-Kramer's Multiple
Comparison Test. p value < 0.05 was considered as statistically
significant. Data were processed with Graphpad Instat Software.

RESULTS

Effect of ALA on phenytoin induced alterations in
hepatic parameters

Administration of phenytoin 20 mg/kg for a period of 45
days significantly increased the levels of SGOT, SGPT,
total bilirubin and ALP along with a significant decrease
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Table 1. Effect of ALA on phenytoin induced alterations in liver parameters.

Parameter Control Phenytoin PHT+ALA 50 PHT+ALA 100 PHT+ALA 200
(20 mg/kg) mg/kg mg/kg mg/kg
SGOT (IU/L) 254.5+4 5+++  376.3+5.45"** 324.8+3.8"" " +++ 299.6+6.4***+++ 263+2.769+++
SGPT (IU/L) 67.6811.6+++ 91.7520.9*** 75.3£0.65" *+++ 72+0.847*+++ 69.27+0.77+++
TBL (mg/dl) 1.29+0.07+++ 2.45+0.12*** 2.2 +0.122%** 1.723 £ 0.5" +++ 1.39+0.065+++
ALP (IU/L) 147.614.5+++  250.1£3.28*** 210.614.8***+++ 180.1£6.0***+++ 150.5+£3.63+++
ALB (g/dl) 4.47+0.22+++  3.15+0.072*** 3.52+0.185*** 3.98+0.15++ 4.34+0.149+++
TP (g/dl) 7.82+0.83+++  5.56+0.083*** 6.2+0.285***+ 6.93+0.128**+++ 7.5+0.056+++
LLP (nmol/g wet tissue) 32.8+0.47+++  119.240.67*** 91.75£0.9***+++ 75.68+1.1°**+++ 52.05+1.3""*+++

SOD (Superoxide anion reduced/mg protein/min)
Catalase (umol H202 degraded/mg protein/min)

GSH (mg/dl)

5.8+0.036+++
58.9+0.83+++
17.5+£0.22+++

2.12+0.046***
40.09+0.45***
11.48+0.43***

2.70.049"* +++
42.9+0.45"* +++
12.58+0.24***+

3.48£0. 1" +++
46.3+£0.61"*+++
13.33+0.24***++

4.4+0.074* " +++
51.4+0.70"*+++
14.8+0.23**+++

Values are expressed as meant SEM of 6 animals.

in the levels of albumin and total protein. ALA (50
and 100 mg/kg) significantly (p < 0.001)
decreased the elevated SGOT levels when
compared with phenytoin treated animals, but the
values did not reach that of normal. ALA at its
higher dose (200 mg/kg) dropped off the levels of
SGOT near to that of normal control animals. ALA
(50 and 100 mg/kg) significantly (p < 0.001)
decreased the levels of SGPT when compared
with phenytoin treated animals, but the values did
not reach that of the normal. ALA (200 mg/kg)
decreased the levels of SGPT near to that of
normal control. ALA at 50 mg/kg showed no
significant decrease in the levels of total bilirubin
elevated by phenytoin, whereas at 100 mg/kg ALA
significantly (p < 0.001) reduced the levels of total
bilirubin and at 200 mg/kg the values were
brought near that of normal values. ALA at the
dose of 50 and 100 mg/kg significantly (p < 0.001)
brought down the levels of ALP but not closer to
the normal values, whereas the antioxidant at its
higher dose (200 mg/kg) decreased the levels of
ALP near to that of normal control. ALA at the

Kk,

p < 0.001 versus control group, **p < 0.01 versus control group, *p < 0.05 versus control group; “'p < 0.001 versus
Phenytoin group, “p < 0.01 Phenytoin group, “p < 0.05 Phenytoin group.

dose of 50 mg/kg showed no significant increase
in the levels of albumin, whereas at 100 and 200
mg/kg ALA augmented the levels of albumin in a
dose dependent fashion and at the dose of 200
mg/kg, a significant (p < 0.001) increase in the
levels of albumin near to that of normal control
was observed. ALA at the dose of 50 mg/kg
slightly increased the levels of total protein (p <
0.05), whereas at 100 and 200 mg/kg, significantly
(p < 0.001) augmented the levels of total protein
(Table 1).

Effect of ALA on phenytoin enhanced liver
lipid peroxidation

Administration of phenytoin 20 mg/kg for a period
of 45 days significantly increased the lipid
peroxide contents in liver. ALA at all the three
doses (50, 100 and 200 mg/kg) significantly (p <
0.001) reduced the liver lipid peroxidation in a
dose dependent manner but the values did not
reach the normal (Table 1).

Effect of ALA on phenytoin depleted
endogenous enzymatic and non enzymatic
antioxidants

Administration of phenytoin 20 mg/kg for a period
of 45 days significantly decreased the endoge-
nous enzymatic antioxidants such as SOD as well
as catalase and non enzymatic antioxidant GSH
in liver. ALA at all the three doses (50, 100 and
200 mg/kg) significantly increased the endoge-
nous antioxidant levels decreased by phenytoin in
a dose dependent manner but the values did not
reach the normal (Table 1).

Effect of antioxidants on phenytoin induced
alterations in body weight, absolute and
relative liver weight

At the end of 45 days of treatment with phenytoin,
there was a statistically significant decrease in
body weight and an increase in the absolute and
relative liver weights when compared with the
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Table 2. Effect of phenytoin and phenytoin + ALA on body weight, absolute and relative liver weight.

Body weight (g)

Absolute liver Relative liver

Group Initial Final Percent change weight (g) weight (g)
Control 225 268.3x2.1 19.240.93"" 12.7+0.081""" 4.7+0.05
Phenytoin 228.3x4.4  201.61.0 -11.320.6*** 14.6+0.056*** 7.2+0.06***
Phenytoin+ALA 50 mg/kg 22254214  211.6+2.4 -4.8+1.0%* 13.5£0.09***** 6.4£0.07*"""
Phenytoin+ALA100 mg/kg 221.66+3.3  216.6%3.0 -2.120.9%*™" 13.01+0.09**"* 5.9£0.11%**
Phenytoin+ALA 200 mg/kg 229.16+1.5  225+1.29 -1.840.75 12.78+0.117" 5.7+0.05**"*

Values are expressed as meant SEM of 6 animals. ***

4+

control group. ALA at the dose of 50 mg/kg showed no
significant difference in body weight or absolute and
relative liver weight. ALA at its higher doses (100 and 200
mg/kg) reversed the phenytoin induced weight loss and
decreased the absolute and relative liver weights
significantly when compared with phenytoin group (Table
2).

Effect of ALA on phenytoin induced alterations in
liver histopathology

On histopathological examination, the livers of the control
group revealed normal hepatic architecture (Figure 1A).
Figure 1B and C represented the phenytoin group and
showed severe congestion, periportal inflammation
revealing centrilobular congestion, fatty degeneration and
hepatocellular necrosis. Phenytoin + ALA (50 mg/kg)
treated group showed mild hepatic necrosis and mild
congestion in liver (Figure 1D), ALA (100 mg/kg) showed
mild hepatic necrosis (Figure 1E). Thus ALA (50 and 100
mg/kg) decreased the extent of hepatic damage induced
by phenytoin. ALA (200 mg/kg) treated group showed
normal hepatic parenchyma (Figure 1F).

DISCUSSION

AAED induced hepatotoxicity correlated to the
accumulation of arene oxides metabolites of phenytoin
which are reported to be involved in the pathogenesis of
hepatotoxicity (Bavdekar et al., 2004). Santos et al.
(2008) elucidated the mechanism of phenytoin induced
hepatic damage and revealed that oxidative stress to be
one of the potential mechanisms responsible for
phenytoin associated hepatotoxicity.

Oxidative stress induced by the metabolites of
phenytoin have been suggested to be formed after its
biotransformation both in humans and in rats (Bavdekar
et al., 2004; Shear and Spielberg, 1988; Roy and
Snodgrass, 1988; George and Farrell, 1994; Madden et
al., 1996; Kalapos, 2002; Zaccara et al., 2007). Santos et
al. (2008) demonstrated AAED induced depletion of the

p < 0.001 versus control group, **p < 0.01 versus control group, *p < 0.05 versus control group;
p < 0.001 versus Phenytoin group, "p < 0.01 Phenytoin group, ‘p < 0.05 Phenytoin group.

mitochondrial antioxidant defense in rat liver. These
findings might explain the potential role of mitochondrial
toxicity and oxidative stress in the hepatotoxicity in
associated with AAED therapy. Also, in the present study,
phenytoin increased lipid peroxidation and depleted the
endogenous antioxidants such as SOD, catalase and
GSH in liver revealing massive oxidative stress in liver.

SGOT, SGPT, ALP and bilirubin are markers used to
assess hepatic damage (Sallie et al., 1991; Ncibi et al.,
2008; Gokcimen et al., 2007; Eraslan et al., 2009). A low
serum albumin indicates poor liver function, reductions in
albumin levels shows the presence of underlying liver
disease (Kalender et al., 2010). In this investigation
phenytoin treated rats showed a significant increase in
the levels of SGOT, SGPT, bilirubin and ALP and
decrease in the levels of albumin and total protein which
indicates the hepatotoxic nature of the drug phenytoin.
Phenytoin was observed to alter protein and free amino
acid metabolism and their synthesis in the liver. The body
weight of phenytoin treated rats was decreased whereas
the relative liver weight was increased.

Phenytoin exhibited periportal inflammation,
hemorrhage, sinusoidal congestion and hepatic necrosis
in rat liver which was revealed by histopathological
investigation. These changes were online with the
changes in various biochemical parameters investigated
and liver damage was considered to arise from the toxic
effects of phenytoin mediated via oxidative stress.

ALA was used to treat liver poisoning induced by
alcohol, mushroom and heavy metals. The antioxidant
abilities of ALA and its role in glutathione recycling have
encouraged its use in liver damage. ALA (100 mg/kg/day)
was reported to exhibit a significant hepatoprotective
against chloroquine induced hepatotoxicity. It was also
observed that ALA had a better protective effect than
silymarin, a reference drug (Pari and Murugavel, 2004).
Hesham (2007) elucidated the effects of ALA against
tamoxifen (TAM) induced liver damage, oxidative stress
and DNA fragmentation. ALA was described to scavenge
free radicals, prevent DNA fragmentation, reduce liver
injury and protect oxidative stress induced by TAM
intoxication. The study suggested the use of ALA in the
prophylactic treatment of TAM induced liver injury than its
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Figure 1. Micrograph showing effect of phenytoin and ALA on hepatocytes. (A) Control showing normal
hepatocytes. (B) Phenytoin treated group showing severe congestion and periportal inflammation revealing
centrilobular congestion. (C) Phenytoin treated group showing fatty degeneration and hepatocellular
necrosis. (D) Phenytoin + 50 mg/kg ALA treated group showed mild congestion and hepatic necrosis. (E)
Phenytoin + 100 mg/kg ALA treated group showed mild hepatic necrosis. (F) Phenytoin + 200 mg/kg ALA
treated group showed normal hepatic parenchyma.

use as curative agent (post-TAM administration) in rats and the possible underlying mechanisms in
(Hesham, 2007). The effects of ALA and its reduced form hepatic stellate cells in vitro. It was found that co-
dihydrolipoic acid (DHLA) was studied by Foo et al. administration of ALA to rats chronically treated with TAA
(2011) against thioacetamide (TAA) induced liver fibrosis inhibited the development of liver cirrhosis, as indicated



by reductions in cirrhosis incidence, hepatic fibrosis and
AST, ALT activities. ALA exhibited beneficial role in the
treatment of chronic liver diseases caused by ongoing
hepatic damage (Foo et al., 2011). Liu et al. (2010)
explored the effect of ALA (10 mg/kg/day) and vitamin C
(25 mg/kg/day) on arsenic (50 mg/L water) induced
oxidative stress. It was observed that the combination of
both the antioxidants significantly decreased the TBARS
level of the brain and liver and thereby attenuated
oxidative stress, restored the &-ALAD activity against
arsenite induced toxicity (Liu et al., 2010). Investigation of
influence of ALA treatment in malathion (100 mg/kg)
induced toxicity revealed that the pretreatment with ALA
significantly ~ attenuated the  physiological and
histopathological alterations induced by malathion (Al-
Attar, 2010). ALA was reported to exhibit protective effect
against combination of Isoniazid and Rifampicin (INH-
RIF) induced hepatotoxicity (Saad et al., 2010).

In the present study, supplementation with ALA (200
mg/kg) decreased the markers of hepatotoxicity such as
SGOT, SGPT and bilirubin which were elevated by
phenytoin. ALA supplementation also restored the levels
of albumin and total protein decreased by phenytoin. In
addition, ALA restored the total body weight of the rats
and decreased the relative liver weight against phenytoin
induced alterations. ALA also has improved the hepatic
histopathological damages induced by phenytoin. ALA at
the dose of 200 mg/kg exerted significant protection
against phenytoin induced toxicity by its ability to
ameliorate the lipid peroxidation and thus oxidative stress
through its free radical scavenging activity, which
improved the levels of antioxidant defense system.

Conclusion

The results of the present investigation revealed the
protective effect of ALA against phenytoin induced
oxidative stress and hepatotoxicity. ALA also reversed
the histopathological damages induced by phenytoin in
liver. ALA at a dose of 100 and 200 mg/kg was effective
in reducing the oxidative stress and hepatic damage. The
enzyme inducing property of phenytoin might possibly
explain the relative inefficiency of ALA at 50 mg/kg. This
investigation reports the beneficial ALA on phenytoin
induced hepatotoxicity mediated via oxidative stress.
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