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Abstract Drug-induced liver injury is a problem of increasing significance, but has been a long-standing concern
in the treatment of tuberculosis (TB). The present study evaluates the possible hepatoprotective effects of Quercetin
against the experimentally induced hepatotoxicity with isoniazid (INH) and rifampicin (RFP) in rats. Twenty-four
rats wereallocated into 4 groups (6 rats in each group), and treated as follow: group I, received normal saline orally;
group II, receivednormal saline + (INH 10mg/Kg/day and RFP 10 mg/Kg/day orally); group III, received Quercetin
(300mg/kg/day) + (INH and RFP as in group II);group IV, received N-acetyl cysteine (NAC) (50 mg/Kg/day) +
(INH and RFP as in group II).After 42 days, the rats were scarified; blood samples obtained for evaluation of total
antioxidant status (TAS), CRP, and the activities of ALT, AST, and ALP. Liver tissue sections were prepared for
histopathologicalevaluation. The results clearly demonstrate that Quercetin provides significant protection against
INH and RFP-induced toxicity in liver of rats, revealed as reduction in AST and ALT activities, increase in total
antioxidant capacity, and improvements histopathologicalpicture of the liver. In conclusion, orally administered
Quercetin protects the liver against INH and RFP-induced hepatotoxicity in rats.
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1. Introduction
Toxic liver injury occurs more often than other organs,
because all ingested substances that are absorbed are first
presented to the liver and that the liver is responsible for
the metabolism and elimination of many substances [1].
Many xenobiotics such as CCl4, isoniazid (INH) and
Rifampicin (RFP) produce liver damage in a predictable
and dose-dependent manner; INH and RFP are first-line
drugs for treatment of tuberculosis (TB), and the
hepatotoxicity associated with their long-term use remains
a significant problem for their clinical use [2].
Peroxidation of endogenous lipids has been shownas a
major mechanism involved in the hepatotoxic effects of
INH and RFP [3]. This mechanism is generally attributed
to the formation of highly reactive oxygen species (ROS),
which act as initiators of lipid peroxidation and the
consequent destruction and damage to the cell membrane
[4]. Preventive care can significantly limit and reduce the
progression of many types of liver diseases[5]. One of the
drugs that used for this purpose is N-Acetylcysteine
(NAC), which is used clinically for the treatment of acute
acetaminophen poisoning, manifested as progressive liver
damage [6]. Oral supplementation with NAC provides an

alternate means of boosting intracellular glutathione via
elevated intracellular cysteine, and this can scavenge
peroxynitrite and hydroxyl radicals as well as convert
hydrogen peroxide to water [7]. Quercetin, the plantderived flavonoid, has a long history of traditional
medicinal use in many countries. However, the flavonoids
class themselves are not discovered until the 1930s.
Currently, researchers focus on these naturally occurring
substances and being a subject to many rigorous scientific
and clinical studies. Quercetin in particular has shown
great promise in a number of areas relevant to human
health. Quercetin is a phenolic antioxidant with
physicochemical properties that enable it to counteract the
damaging effects of oxidation caused by ROS or other
types of free radicals in many types of tissues and cells[8].
Oxidation reactions occur as part of the body’s normal
metabolic processes and also occur following exposure to
environmental factors such as toxins in pollution, cigarette
smoke, and fried foods. Quercetin’s superior free radical
scavenging capacity is believed to be one of the
mechanisms by which it enhances endurance and
performance, particularly insofar as research demonstrates
that radicals and other ROS are an underlying aetiology in
exercise-induced physiological disturbances [9,10]. The
present study was designed to evaluate the possible
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protective effect of orally administered Quercetin against
isoniazid and rifampin-induced hepatotoxicity in rats.

2. Materials and Methods
Twenty four 10 weeks old, male Sprague-Dawley rats
weighing 150-200gm were housed in the animal house,
School of Pharmacy, Faculty of Medical Sciences, University
of Sulaimani in well ventilated plastic cages, at an ambient
temperature (25 ± 2°C) and humidity of 55±5% under
12hr dark-light cycle, and allowed free access to water and
food. Experimental protocols met the Guidelines for
Animal Experimentation and approved by the Ethical
Committee of the Faculty of Medical Sciences, University
of Sulaimani. The animals were randomly allocated in to 4
groups (6 rats in each),and treated as follow: group I, the
negative control, received 1 ml of normal saline/day for 42
days; group II, the positive control, received 1 ml/day
saline by oral gavage tube for the first seven days; then,
from the day 8 to day 42, the animals received oral daily
doses of INH(SDI, Iraq) and RFP(SDI, Iraq) (10mg/kg/day
for each one of them); group III, received oral doses of
Quercetin (Xian Co, China) (75 mg/kg/day), with the
daily doses of INH and RFP as in group II, starting from
the first days and continued up to the day 42; group IV,
the standard hepatoprotectant group, treated with a single
daily dose of N-acetyl cysteine (Health Biotech Ltd., India)
(NAC, 25mg/kg), administered orally by gavage tube for
42 days, with the daily doses of INH and RFP as in group
II.On day 43, the animals were sacrificed andblood
samples obtained by cardiac puncture in a plain tube; the
samples were left to clot and centrifuged to obtain the
serum, which is utilized for the estimation total
antioxidant status (TAS), C-reactive protein (CRP), and
the liver enzymes, AST, ALT, and alkaline phosphatase
(ALP), utilizing ready-made kits (Randox, UK),according
the specifications of manufacturer. Tissue samples of the
liver were quickly existed and placed in formaldehyde,
and processed later for histopathological evaluation [11].

3. Statistical Analysis

57

control animals. Moreover, co-administration of either
Quercetin or NAC did not produce significant changes in
serum CRP levels compared to both negative and positive
controls, respectively (P>0.05).Regarding the effects of
long-term administration of anti-tubercular drugs on the
serum levels of liver enzymes, Figure 3 demonstrates that
treatment of rats (group II) with a combination of INH and
RFP produces a highly significant increase in serum ALT
activity (167.4%, P<0.001) compared to untreated controls.
Figure 3 also shows that co-administration of either Quercetin
or NAC with the anti-tubercular drugs significantly attenuates
the elevation of serum ALP activity levels, which appeared
comparable to that reported in non-treated controls (group
I). Similarly, Quercetin and NAC significantly attenuate
the elevation in serum levels of AST activity that already
elevated due to treatment with INH and RFP (180.4%,
P<0.001), and achieving full protection with AST values
comparable to that reported in untreated controls (Figure 4).
The results presented in Figure 5 clearly shows that longterm administration of INH and RFP produces slight
elevation in serum ALP activity, which was not significantly
different compared to untreated animals (9.5%, P > 0.05).
Meanwhile, co-administration of either Quercetin or NAC
did not produce significant changes in serum ALP activity
compared with either untreated or treated animals (groups I
and II). In Figure 6, a section of liver tissue from rats
treated with a combination of INH and RFP shows picture
of liver toxic injury with mild degenerative changes in
addition to focal lobular inflammation, eosinophils infiltration
in the portal tracts and lobular parenchyma, with marked
Kupffer cell hyperplasia and scattered apoptotic
hepatocytes. In Figure 7, the section from liver of rats
treated with Quercetin in addition to the anti-TB drugs for
42 days shows preserved liver lobular architecture with
minimal Kupffer cell hyperplasia, with marked reduction
in the number of eosinophils, in both portal tracts and
lobular parenchyma; this was associated with notable
absence of hepatocyte apoptosis. This indicates that
Quercetin has notable hepatoprotective effect. Similarly,
the section from liver of rat treated with NAC in addition
to the anti-TB drugs for 42 days showspreserved liver
lobular architecture comparable to that reported in animal
group treated with Quercetin (group III) (Figure 8).

All the results were expressed as mean±SEM. Analyses
were processed using Graph Pad Prism software for
Windows (version 5.0, Graph Pad Software, Inc., San
Diego, CA). The significance of difference among the
studied groups was determined using one-way analysis of
variance (ANOVA) followed by Bonferroni'spost hoc test.
Values with P < 0.05 were considered significant.

4. Results
Figure 1 clearly shows that the total antioxidant status
(TAS) value was significantly decreased due to treatment
with a combination of INH and RFP (group II) compared
with untreated controls (61.4%, P<0.05). Meanwhile, coadministration of either Quercetin or NAC with the antitubercular agents elevates TAS value in groups III and IV;
the achieved values were comparable to that reported in control
(group I). In Figure 2, treatment of rats with a combination
of INH and RFP did not produce significant changes in
serum levels of CRP (P>0.05) compared with non-treated

Figure 1. Effect of treatment with Quercetin or N-acetylcysteine on
serum TAS level in rats treated with a combination of INH and RFP.
Values are presented as mean ± SEM; n= 6 animals in each group; values
with different letters (a,b) are significantly different (P<0.05) using
ANOVA and post hoc test
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Figure 2. Effect of treatment with Quercetin or N-acetylcysteine on
serum CRP level in rats treated with a combination of INH and RFP.
Values are presented as mean ± SEM; n= 6 animals in each group; no
significant differences (P>0.05) reported among groups using ANOVA
and post hoc test

Figure 3. Effect of treatment with Quercetin or N-acetylcysteine on
serum ALT level in rats treated with a combination of INH and RFP.
Values are presented as mean ± SEM; n= 6 animals in each group; values
with different letters (a,b) are significantly different (P<0.05) using
ANOVA and post hoc test

Figure 4. Effect of treatment with Quercetin or N-acetylcysteine on
serum AST level in rats treated with a combination of INH and RFP.
Values are presented as mean ± SEM; n= 6 animals in each group; values
with different letters (a,b) are significantly different (P<0.05) using
ANOVA and post hoc test

Figure 5. Effect of treatment with Quercetin or N-acetylcysteine on
serum ALP level in rats treated with a combination of INH and RFP.
Values are presented as mean±S EM; n= 6 animals in each group; no
significant differences (P>0.05) reported among groups using ANOVA
and post hoc test

Figure 6. A portal tract in liver of a rat treated with INH and RFP for 42
days. A moderate mononulcear inflammatory cell infiltrate is noted in
the portal tract with relative prominence of eosinophils (black arrows)
(indicate drug-related hepatotoxicity). 400X magnification, H&E stain

Figure 7. Sections of liver tissue from a rat treated Quercetin in addition
to the anti-TB drugs (INH and RFP) for 42 days. The picture shows
perivenular (zone-3) zone with minimal Kupffer cell hyperplasia (Black
arrows). 100 X magnification. H&E stain
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Figure 8. Sections of liver tissue from a rat treated NAC in addition to
the anti-TB drugs (INH and RFP) for 42 days. There is a marked
reduction of eosinophils in lobular parenchyma compared with liver from
rats that have received anti-TB alone. However, there is still some degree
of Kupffer cell hyperplasia(Black arrow). 100 X magnification. H&E
stain

5. Discussion
Drug-related hepatotoxicity cannot be viewed as a
single disease. Many different mechanisms lead to
hepatotoxicity, including disruption of the cell membrane
and cell death. This may result from covalent binding of
the drug to cell proteins, which creates new adducts that
serve as immune targets, thus inciting an immunologic
reaction [12]. Other causes included inhibition of cellular
pathways of drug metabolism [13], abnormal bile flow
due to disruption of subcellular actin filaments and/or
interruption of transport pumps, leading to cholestasis and
jaundice with minimal cell injury [14], programmed cell
death (apoptosis) through tumor necrosis factor and Fas
pathways [15], and inhibition of mitochondrial function
with accumulation of reactive oxygen species and lipid
peroxidation, fat accumulation, and cell death [16].
Administration of INH and RFP produces different types
of metabolic and morphologic aberrations in the liver
because the liver is the main site for detoxifying these
anti-tubercular drugs [3]. Increasing evidence suggests
that these toxic metabolites can induce oxidative stress in
the liver in rats [17,18]. Metushi et al. reported that INH
itself could be oxidized to a reactive metabolite that
covalently binds to hepatic proteins, and INH-induced
liver injury is immune-mediated [19]. In the present study,
we used an animal model to reveal the protective role of
Quercetin against INH/RFP-induced hepatic toxicity. We
found that INH and RFP treatment induced significant
hepatic histopathological injuries, decreases TAS levels,
increases serum CRP, AST and ALT levels, indicating the
ability of such combination to induce hepatic oxidative
stress. In the biological systems, the balance between prooxidants and antioxidants is crucial to cellular homeostasis.
Since several studies have indicated the development of
oxidative stress following liver toxicity [20,21], we
examined the serum TAS level, which represent the major
antioxidant systems of the body following INH/RFP
administration. As observed in the present study, INH and
RFP caused the impairment of liver antioxidant status, as
evidenced by the significant decrease in TAS value. As is
well known, cells have evolved an array of well-
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coordinated defense mechanisms comprising antioxidant
molecules such as GSH, and antioxidant enzymes, all of
which act synergistically to detoxify the oxidative injury
by means of scavenging oxygen free radicals and
represent the TAS status. Although INH and RFP are
potentially hepatotoxic drugs, the precise molecular
mechanisms behind their adverse effects are not fully
understood. INH is metabolized to acetylisoniazid via
hepatic N-acetyltransferase-2 [22]. In turn, acetylisoniazid
is hydrolyzed to acetylhydrazine, which is oxidized by
cytochrome P450 to form some hepatotoxic intermediates
[23]. Moreover, several studies have proven that RFP
increases INH toxicity, most probably by increasing the
formation of its toxic metabolite hydrazine [24,25]. A
logical approach to prevent INH/RFP-induced hepatic
injury could be the potentiation of the antioxidant defense
machinery of the host to guard the liver against these
offending drugs. In the present study, Quercetin attenuates
INH/RFP-induced oxidative stress, revealed as an increase
in serum TAS value, as well as that of NAC-treated rats.
Quercetin acts by scavenging the reactive metabolites and
hydroxyl radicals and preventing their interactions with
hepatic macromolecules [26]. In Quercetin-treated rats,
the serum levels of liver enzymes markers were decreased
significantly when compared with INH/RFP only treated
group (group II) reverting back to normal levels. These
results may support the hepatoprotective effect of
Quercetin drug-induced toxicity [27]. In support of our
present findings, several studies proved the protective
effect of Quercetin on diabetes mellitus and improving
insulin resistance [28,29]. The hepatoprotective effect of
Quercetin on liver injury is well evident, which
significantly inhibits the elevation of these enzymes levels
in rats with ethanol-induced hepatotoxicity treated with
quercetin, by keeping the structural integrity of the liver
[30]. To our knowledge, this is the first study in which the
protective effects of Quercetin against INH/RFP-induced
hepatotoxicity through improving the antioxidant status
and ameliorating inflammatory reactions have been
reported. Such protection was detected both by diagnostic
indicators of liver damage (AST and ALT levels) and by
histopathological analyses. The oxidative injury that was
induced by INH and RFP was substantiated by
histopathological findings. The protection by Quercetin in
this study was reflected by the absence of histological
lesions. The present study further supported oxidative
stress as the mechanism for INH/RFP-induced
hepatotoxicity. The study presents a novel approach to
prevent INH/RFP-induced liver injury by the coadministration of Quercetin. In conclusion, the
hepatotoxicity due to long-term use of the anti-tubercular
drugs, INH and RFP, can be effectively ameliorated by
adjuvant use of Quercetin.
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