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Abstract
Introduction Isoniazid (INH) and rifampicin (RIF), the
most common anti-tubercular therapy, causes hepato-
toxicity through a multi-step mechanism in certain indi-
viduals. The present study was an attempt to evaluate
the hepatoprotective effect of coenzyme Q10 against
INH+RIF-induced hepatotoxicity in Wistar albino rats.
Methods Hepatotoxicity was induced by the oral ad-
ministration of INH+RIF (50 mg/kg b.w. each/day) in
normal saline water for 28 days. The hepatoprotective
effect of coenzyme Q10 (10 mg/kg b.w./day) was com-
pared with that of the standard drug silymarin (25 mg/kg
b.w./day). Animals were sacrificed at the end of the
study period, and blood and liver were collected for
biochemical, immunological and histological analyses.
Results Evaluation of biochemical parameters showed
that coenzyme Q10 treatment caused significant
(P<0.05) reduction in the elevated levels of serum liver
function markers and restored normal levels of total
protein, albumin and lipids in INH+RIF-treated rats.
Also, it was observed that coenzyme Q10 was able to
restore normal levels of enzymic antioxidants, reduced
glutathione and lipid peroxidation in the INH+RIF-
treated rats. Coenzyme Q10 was found to effectively
reduce the extent of liver damage caused due to INH+
RIF. In addition, the levels of IL-10 and IL-6 were

significantly elevated in the INH+RIF-induced rats
treated with CoQ10.
Conclusion Our study indicates the protective role of
coenzyme Q10 in attenuating the hepatotoxic effects of
INH+RIF in a rat model and that it could be used as a
food supplement during anti-tubercular therapy.
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ATDs Antitubercular drugs
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MAH Monoacetyl hydrazine
RIF Rifampicin

Introduction

Tuberculosis (TB) is a widespread, communicable dis-
ease that has been declared as global emergency by the
World Health Organisation with nine million new cases
and about two million deaths per annum. Some of the
side effects of anti-tubercular drugs (ATDs) include
hepatotoxicity, gastro-intestinal (GI) intolerance, mild
rash or itching, peripheral neuropathy, optic neuritis,
fatigue and rarely lupus syndrome. Of these, hepato-
toxicity and peripheral neuritis are serious side effects of
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ATDs which pose the biggest challenge in eradicating
this dreadful disease (Vanhoof et al. 2003). Isoniazid
(INH) and rifampicin (RIF) are the most common first-
line regimen prescribed against TB infection. Although
they are most effective in killing almost 99% of tubercle
bacilli within the first 2 months of initiation of therapy,
they are both well-known hepatotoxic agents causing
severe hepatotoxicity in about 1–2 % of patients.
Concomitant administration of these two potent ATDs
has shown higher incidence of hepatotoxicity (2.55 %)
than that observed in regimens containing one or the
other (Steele et al. 1991).

INH is metabolised by the liver primarily by acety-
lation, and the enzyme responsible for this process is N-
acetyl transferase 2 (NAT-2) (Ohkura et al. 2010).
Acetyl-isoniazid is then metabolised to form toxic
monoacetyl hydrazine (MAH), the much less toxic
diacetyl hydrazine (DAH) and certain other minor me-
tabolites of INH (Ellard and Gammon 1976). The mi-
crosomal enzymes of the CYP450 superfamily further
metabolize the INH intermediates through phase I path-
ways of drug metabolism. Studies have shown that
CYP2E1 plays a major role in the metabolism of INH
intermediates (Yue et al. 2004). MAH and its metabo-
lites cause injury to hepatocytes possibly through free
radical generation. The reactive oxygen species enhance
the extent of lipid peroxidation thereby causing damage
to cellular membrane (Attri et al. 2000). The depletion
of enzymic and non-enzymic antioxidants leave the
hepatocytes unprotected against damage due to ROS.
RIF is a potent activator of the pregnane X receptors
(PXR) in the liver, thereby inducing CYP450 enzymes
(Burk et al. 2004; Rae et al. 2001). Hence, rifampicin
potentiates the formation of toxic INH metabolites by
enhancing metabolic idiosyncratic reaction in the liver
cells. RIF causes conjugated hyperbilirubinemia and
rarely hypersensitivity reactions causing hepatocellular
damage (Byrne et al. 2002; Grosset and Leventis 1983).

Cytokines play a significant role in regulating im-
mune responses in drug-induced liver injury. The mech-
anisms underlying the processes of hepatocyte regener-
ation and repair by regulation of the expression of
cytokines are unclear. Studies have shown the protective
effects of interleukin-10 (IL-10) in models of hepatic
injury (Bourdi et al. 2002; Louis et al. 1997). Aithal
et al. (2004) have reported IL-10 polymorphisms in
relation to disease susceptibility in patients with
diclofenac hepatotoxicity. In addition, the role of IL-6
in hepatocyte regeneration has been proven in a mouse

model of acetaminophen-induced hepatotoxicity (James
et al. 2003). The role of cytokines in ATD-induced liver
injury is unclear.

It has been proven through several studies that com-
pounds with significant antioxidant properties are capa-
ble of rendering protection to liver tissues against ad-
verse effects caused by ROS (Dong et al. 2014; Lian
et al. 2013). Coenzyme Q10 (CoQ10) is the only en-
dogenously produced lipid-soluble antioxidant with
powerful antioxidant properties. It was earlier thought
that its only main function was to play the role of
electron carrier in the mitochondrial respiratory chain.
Later, it was found that this benzoquinone in its reduced
form is highly effective in preventing lipid, protein and
DNA oxidation (Alam and Rahman 2014). Co-
administration of CoQ10 with statins has shown to
enhance resistance to oxidative stress (Kettawan et al.
2007). CoQ10 was also found to inhibit dimethyl nitro-
samine (DMN)-induced liver fibrogenesis by suppress-
ing transforming growth factor-β1 expression in mice
(Choi et al. 2009). The protective role of CoQ10 in
various models of oxidative stress is evident from pre-
viously published data.

The current study is aimed at investigating the hepa-
toprotective potential of CoQ10 in attenuating INH+
RIF-induced liver injury and also to study the change in
the antioxidant status and levels of the cytokines IL-6
and IL-10 on INH and RIF co-treatment.

Materials and methods

Chemicals and reagents

Coenzyme Q10 was obtained from Sigma-Aldrich Co.,
India. Silymarin capsules were purchased from Quality
Pharmaceuticals Ltd., India and INH and RIF from
Lupin Ltd., Aurangabad, India. INH and RIF were
dissolved in normal saline, while silymarin was dis-
solved in sterile distilled water. Coenzyme Q10 was
dissolved in 0.2 ml corn oil. All the other chemicals
and reagents used were of analytical grade and procured
from SD Fine Chemicals Pvt. Ltd., Mumbai, India.

Animals

The study was carried out using female Wistar albino
rats with a mean weight of 161.11±16.48 g procured
fromVITAnimal House, VITUniversity, Vellore, Tamil
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Nadu, India. The animals were housed at six per cage
in a light- and temperature-controlled (24 °C±2)
room with 12-h dark- light cycles. The animals were
acclimatized for a week before the study, and the
rats were allowed access to standard pelleted feed
(Hindustan Lever Ltd., Mumbai, India) and water ad
libitum. Guidelines recommended by the Committee
for the Purpose of Supervision and Control of
Experiments on Animals (CPSCEA), Government
of India, Chennai, Tamil Nadu were followed for
the care and maintenance of the animals. The exper-
imental procedure was approved by the institutional
ethical committee, VIT University, Vellore, India
(VIT/IAEC/10th/March 14th/No. 24).

Isoniazid- and rifampicin-induced hepatotoxicity

Saline suspensions of INH and RIF each at a dosage of
50 mg/kg b.w. were prepared separately and adminis-
tered (p.o.) to the experimental animals for a duration of
28 days to produce hepatotoxicity.

Experimental design

The animals were treated as follows:

Group I Normal control treated with normal saline
Group II INH and RIF each administered at a dosage

of 50mg/kg b.w./day, p.o.) (Rana et al. 2006)
Group III INH+RIF (50 mg/kg b.w. each/day, p.o.)

with concomitant administration of CoQ10
(10 mg/kg b.w./day, p.o.)

Group IV INH+RIF (50 mg/kg b.w. each/day, p.o.)
with concomitant administration of
silymarin (25 mg/kg b.w./day, p.o.)

Group V CoQ10 (10 mg/kg b.w./day, p.o.)

At the end of the experiment, the animals were fasted
overnight and sacrificed after ether anaesthesia. Blood
was collected from the trunk, and the livers were pro-
cured for further analyses. Whole blood was centrifuged
to obtain serum samples which were stored immediately
at −70 °C for biochemical analyses. After thorough
washing with ice-cold 5 % phosphate-buffered saline
(PBS), a portion of the liver was fixed in 10 % formalin
for histopathological studies. Liver homogenates were
prepared using 5 % PBS (1 g tissue in 5 ml) and used for
measuring antioxidant parameters.

Determination of liver index

The body weights of the animals were measured once
every 3 days during the study period. After sacrifice, rat
liver weights were measured, and liver index was cal-
culated using the formula:

Rat liver weight
.
rat body weight

� �
� 100%

Assessment of liver function

Commercial reagent kits used for the estimation of
serum aspartate transaminase (AST), alanine transami-
nase (ALT), alkaline phosphatase (ALP), total and direct
bilirubin, total protein and albumin, total cholesterol,
high-density lipoprotein (HDL) and triglyceride levels
were purchased from AutoSpan Diagnostics, India.
Gamma glutamyl transferase (GGT) and lactate dehy-
drogenase (LDH) levels (King 1965) were measured in
the serum of the normal and experimental rats.

Assessment of antioxidant status

Assays of antioxidant enzymes like superoxide dismut-
ase (SOD) (Marklund and Marklund 1974), catalase
(CAT) (Sinha 1972), glutathione peroxidase (GPx)
(Rotruck et al. 1973) and glutathione-S-transferase (G-
S-T) (Habig et al. 1974) and total reduced glutathione
(reduced GSH) (Moron et al. 1979) and the lipid perox-
idation levels (Ohkawa et al. 1979) were determined in
the liver tissue homogenates.

Measurement of IL-10 and IL-6 levels

The levels of the cytokines IL-10 and IL-6 in the serum
of the experimental animals were measured by ELISA
using commercial kits obtained from Sigma-Aldrich,
India.

Histopathological analysis

The tissues fixed in 10 % formalin were washed and
then dehydrated in descending grades of isopropanol
and finally with xylene. The tissues were then embed-
ded in paraffin wax, and sections of 5 μm thickness
were cut from the respective blocks. The sections were
stained with haematoxylin and eosin (H & E) and ex-
amined microscopically for histopathological changes.

Cell Biol Toxicol (2015) 31:211–219 213



Statistical analysis

The data obtained were computed to calculate the mean
and standard deviation (S.D). Statistical analysis was
carried out by one-way ANOVA followed by Student’s
Newman–Keul’s test.

Results

Effect of CoQ10 on liver index in INH+RIF-treated rats

The effect of INH and RIF on liver index in the exper-
imental rats is shown in Fig. 1. The INH+RIF-treated
rats showed significant reduction in liver index com-
pared to the normal control. The group co-administered
with CoQ10 showed to maintain near-normal liver in-
dex which was comparable with that of the silymarin-
treated rats.

Effect of CoQ10 on liver function markers in INH+
RIF-treated rats

INH+RIF-induced rats showed significant elevation in
the levels of liver marker enzymes such as AST, ALT
and ALP (Table 1). There was also significant
hyperbilirubinaemia in the INH+RIF-induced rats,
thereby indicating hepatobiliary dysfunction due to
these ATDs. INH+RIF-induced rats also showed signif-
icant elevation in the levels of GGT and moderate ele-
vation in the levels of LDH in the serum of the exper-
imental animals (Table 1). There was significant reduc-
tion in the levels of total protein and albumin in INH+
RIF-induced rats. Concomitant administration of
CoQ10 was able to normalize the aforementioned

parameters which were comparable with that of the
silymarin-treated rats.

Assessment of serum lipid profile in the experimental
rats revealed a significant increase in total cholesterol,
TGL, LDL and phospholipids in INH+RIF-induced
rats (Table 2). On the other hand, there was significant
reduction in the levels of HDL. Co-administration of
CoQ10 was able to restore near-normal lipid profile in
the INH+RIF-treated rats.

Effect of CoQ10 on antioxidant status of INH+
RIF-induced rats

INH and RIF treatment resulted in impaired antioxidant
defence system which was evident from the depletion of
enzymatic (SOD, CAT, GST and GPx) and non-
enzymatic (Reduced GSH) antioxidants and elevated
levels of lipid peroxidation (TBARS) (Table 3).
CoQ10 treatment was able to restore normal antioxidant
status in INH+RIF-induced rats, thereby indicating its
potential role as an antioxidant.

Effect of CoQ10 on cytokine levels

The levels of IL-6 and IL-10 were significantly in-
creased in the INH+RIF-treated rats compared to the
normal group. Co-administration with CoQ10 showed a
decrease in the levels of IL-6 to near normal but aug-
mented the increase in IL-10 levels (Figs. 2 and 3). The
effect of CoQ10 on levels of IL-6 and IL-10 was com-
pared to that of the standard hepatoprotective drug
silymarin.

Effect of CoQ10 on liver histo-architecture in INH+
RIF-induced rats

Microscopic examination of liver sections in the normal
control rats (group I) revealed normal morphology of
hepatocytes with the central vein (Fig. 4—5a). INH and
RIF-treated rats (group II) showed minimal periportal
inflammation with microvesicular fatty change in hepa-
tocytes (arrow) along with nuclear pyknosis (double
arrow) with lobular architecture being maintained
(Fig. 4—5b). Rats co-administered with CoQ10 showed
normal liver morphology, while those co-administered
with silymarin presented with focal areas showing the
pyknotic nuclei of hepatocytes (arrow) (Fig. 4—5c and
5d). CoQ10-alone-treated rats showed normal morphol-
ogy of hepatocytes (Fig. 4—5e).
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Fig. 1 Effect of INH and RIF on liver index
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Discussion

Drug-induced liver injury (DILI) is an adverse effect of
current ATDs, which is of major concern. Co-

administration of INH and RIF is potentially toxic to
the liver due to synergistic effect (Skakun and
Shman’ko 1985). INH is metabolised by the CYP450
enzymes, the major toxic metabolite formed beingMAH.

Table 1 Effect of CoQ10 on liver functional markers in INH+RIF-induced rats

Parameters Group I (normal
control)

Group II (INH& RIF-
induced)

Group III (INH &
RIF+CoQ10)

Group IV (INH&RIF+
silymarin)

GroupV (CoQ10
alone)

AST (U/L) 82.41±3.36 189.76±6.27a* 121.36±4.81a*b* 108.12±3.96a*b* 92.47±
3.24a*b*c*

ALT (U/L) 52.68±2.41 108.32±3.87a* 61.26±2.73a*b* 58.54±2.81a*b* 55.28±
3.14b*c*

ALP (U/L) 87.34±3.18 193.25±4.09a* 114.87±3.83a*b* 118.25±3.74a*b* 86.75±
3.29b*c*d*

GGT (U/L) 24.81±1.08 81.27±2.76a* 41.35±1.34a*b* 39.46±1.43a*b* 26.69±
0.97b*c*d*

LDH (μmol pyruvate
liberated/h/L)

168.62±3.85 291.14±5.12a* 197.31±4.28a*b* 201.83±4.48a*b* 172.56±
3.67b*c*d*

Total bilirubin (mg/dL) 0.56±0.09 2.19±0.29a* 0.91±0.18a*b* 0.86±0.21a*b* 0.52±
0.09b*c*d*

Direct bilirubin (mg/dL) 0.31±0.06 1.66±0.13a* 0.65±0.09a*b* 0.58±0.09a*b* 0.33±
0.05b*c*d*

Total protein (g/dL) 6.25±0.72 4.03±0.43a* 5.18±0.57a*b* 5.43±0.64a*b* 6.41±
0.89b*c*d*

Albumin (g/dL) 4.17±0.88 1.78±0.38a* 3.72±0.84a*b* 3.88±0.79a*b* 4.23±0.96b*

N=6 animals in each group. The values are expressed as mean±S.D. Statistical analysis was carried out by one way ANOVA followed by
Student’s Newman–Keul’s test

a group I vs. group II, III, IV and V, b group II vs. group III, IV and V, c group III vs. group IV and V, d group IV vs. group V

*p<0.05 (level of statistical significance)

Table 2 Effect of CoQ10 on INH+RIF-induced changes in serum lipids in the experimental rats

Parameters Group I (normal
control)

Group II (INH & RIF-
induced)

Group III (INH & RIF+
CoQ10)

Group IV (INH & RIF+
Silymarin)

Group V (CoQ10
alone)

Total cholesterol
(mg/dl)

75.38±5.27 142.45±9.07 93.62±6.34 82.35±6.11 72.94±5.65

a* a*b* b*c* b*c*

TGL 63.01±5.14 84.72±6.89 70.26±4.93 67.85±5.09 59.78±4.36

(mg/dl) a* b* b* b*c*

HDL 27.12±1.26 21.37±0.97 23.68±1.12 24.07±1.15 29.18±1.33

(mg/dl) a* b*c*d*

LDL 39.47±1.84 50.92±2.53 41.24±2.16 40.74±2.21 38.47±1.58

(mg/dl) a* b* b* b*

Phospholipids 126.76±6.37 169.24±8.21 131.44±6.28 129.57±6.54 121.49±5.86

(mg/dl) a* b* b* b*

N=6 animals in each group. The values are expressed as mean±S.D. Statistical analysis was carried out by one way ANOVA followed by
Student’s Newman–Keul’s test

a group I vs. group II, III, IV and V, b group II vs. group III, IV and V, c group III vs. group IV and V, d group IV vs. group V

*p<0.05 (level of statistical significance)
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RIF is a well-known, strong inducer of CYP450
enzymes causing increased metabolic conversion of
INH and thereby increased accumulation of its toxic
metabolites (Kanebratt et al. 2008). This could be
the reason behind the increased incidence of hepatic

necrosis in patients administered with INH and RIF
as compared to those administered with either of the
two drugs. In addition, ATD-induced oxidative
stress also plays a major role in the progression of
liver injury (Chowdhury et al. 2001).

Table 3 Effect of CoQ10 on the antioxidant status of INH+RIF-induced rats

Parameters Group I (normal
control)

Group II
(INH & RIF-
induced)

Group III (INH &
RIF+CoQ10)

Group IV (INH & RIF+
Silymarin)

GroupV (CoQ10
alone)

SOD (Units/mg protein) 228.76±12.78 115.43±7.21 203.18±11.05 207.81±11.14 232.48±12.26

a* a*b* a*b* b*c*d*

CAT (Units/min/mg protein) 91.45±3.26 56.32±2.14 79.34±3.07 82.67±3.11 89.16±4.08

a* a*b* a*b* b*c*d*

GPx (μg of GSH utilized/min/
mg protein)

52.48±1.62 23.17±1.31 39.62±1.47 41.27±1.36 50.73±2.01

a* a*b* a*b* b*c*d*

GST (nmol/min/mg protein) 22.46±1.22 10.81±0.84 17.25±1.16 18.37±1.13 21.68±1.35

a* a*b* a*b* b*c*d*

Reduced GSH (nmol/mg
protein)

53.91±1.78 31.57±1.33 44.88±1.35 42.21±1.46 54.16±1.69

a* a*b* a*b* b*c*d*

TBARS (mM TBARS/100 g
of wet tissue)

0.98±0.08 1.97±0.16 1.15±0.12 1.13±0.11 0.87±0.09

a* b* b* b*c*d*

N=6 animals in each group. The values are expressed as mean±S.D. Statistical analysis was carried out by one way ANOVA followed by
Student’s Newman–Keul’s test

a group I vs. group II, III, IV and V, b group II vs. group III, IV and V, c group III vs. group IV and V; d – group IV vs. group V

*p<0.05 (level of statistical significance)
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Fig. 4 Haematoxylin and eosin
staining of liver sections: 5a
Group I illustrating normal liver
histoarchitecture. 5b Group II
showing minimal periportal
inflammation with microvesicular
fatty changes in hepatocytes
(arrow) and nuclear pyknosis
(double arrow). 5c Group III
showing normal hepatocyte
morphology. 5d Group IV
presenting with focal areas
showing pyknotic nuclei of
hepatocytes (arrow). 5e Group V
illustrating normal liver histology.
Total magnification ×400
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The present study revealed significantly elevated
levels of serum liver functional markers (AST, ALT,
ALP, GGT, LDH, total and direct bilirubin), total choles-
terol, LDL and triglycerides in INH and RIF treated rats.
Also, the levels of serum total protein, albumin and HDL
were significantly reduced on the co-administration of
INH and RIF. These parameters clearly indicate that
INH and RIF co-exposure leaves the hepatocyte mem-
branes unprotected and susceptible to drug-induced
peroxidative damage. This might have led to the release
of intracellular enzymes into the circulation. Increased
activities of serum aminotransferases with concomitant
reduction in serum albumin levels are presumptive indi-
cators of acute liver damage (Giannini et al. 2005).

Concurrent supplementation of CoQ10 in INH and
RIF-treated rats showed protective effects by reducing
the extent of hepatic damage and restoring near-normal
levels of antioxidants. ATDs, like many other antibiotics,
favour the generation of free radicals resulting in hepa-
tocellular damage. CoQ10, being a powerful antioxidant,
might have reduced cellular damage caused due to lipid
peroxidation in INH and RIF treated rats. Studies have
shown that idiosyncratic drug-induced hepatic injury
may be mediated in part by oxidative stress in INH and
RIF co-administration (Boelsterli and Lee 2014). This is
evident from the depletion of enzymatic and non-
enzymatic antioxidants and elevation of lipid peroxida-
tion levels in liver tissue homogenates of INH and RIF-
treated rats. In addition, studies have indicated that there
is a strong association between hypercholesterolemia
and increased generation of ROS (Martinet et al. 2001).

The production of several inflammatory cytokines in
DILI has been known to increase the extent of liver
tissue damage (Steuerwald et al. 2013). The present
study shows elevated levels of IL-6 and IL-10 in INH
and RIF-treated rats. IL-6, being a pro-inflammatory
cytokine, controls the expression of other cytokines
such as TNF-α and IL-10, indicating inflammatory
hepatic damage to play a part in ATD-induced hepato-
toxicity. A transient increase in IL-6 levels in humans
has been shown to induce an anti-inflammatory envi-
ronment (Steensberg et al. 2003). IL-6 is a well-known
mediator of acute phase response, causing transcription-
al activation of acute phase plasma proteins (APPs), and
it also activates signalling pathways such as JAK/STAT,
Ras/MAPK and PI3K. Studies have shown positive
feedback mechanisms for IL-6 signalling (Lee et al.
2012). Therefore, IL-6 plays both pro-inflammatory
and anti-inflammatory roles. TGF-β- and IL-6-

mediated increase in IL-10 has been shown in previous
studies (McGeachy et al. 2007). Pachkoria et al. (2008)
studied the relevance and outcome of IL-10 polymor-
phisms in drug-induced liver damage and found that low
IL-10 producing haplotype may be associated with
worse clinical outcome from DILI.

Conclusion

The current study demonstrates the protective effect of
CoQ10 against INH+RIF-induced hepatotoxicity by
attenuating oxidative stress and inflammatory damage.
This protective effect could be attributed to its ability to
restore normal antioxidant levels and reduce the expres-
sion of inflammatory cytokines while augmenting the
expression of anti-inflammatory cytokines such as IL-
10. The efficacy of CoQ10 in reducing the inflammation
caused in INH+RIF-induced rats is evidenced by a
significant decrease in IL-6 and significant increase in
IL-10. The hepatoprotective effect of CoQ10 is further
confirmed by histological examination of liver tissues.
However, further studies focussing on the mechanistic
roles of various pro- and anti-inflammatory cytokines
would help unveil immune regulation processes in-
volved in INH+RIF-induced hepatotoxicity.
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