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Abstract

AIM: To study the role of N-acetylcysteine (NAC) as a
protective agent in rifampicin (RMP)-induced oxidative
hepatic injury of young rats.

METHODS: Hepatic injury was produced by giving
50mg/kg body weight/day of RMP for 3 wk. A dose
of NAC (100mg/kg body weight/day) was given in
combination with RMP intraperitoneally. Analysis of lipid
peroxidation, thiol levels, cytochrome P.s,, superoxide
dismutase (SOD), catalase, glutathione peroxidase, re-
ductase and transferase were estimated in liver along
with the body weight, liver weight and histological obser-
vations.

RESULTS: RMP exposure resulted in no change in body
and liver weight while antioxidative enzymes were al-
tered but the non protein thiol (GSH) status was well
preserved. Cytochrome P4, system and peroxidation of
lipids were induced by RMP exposure. Partial protection
was observed with NAC against RMP-induced changes
in liver, which was evidenced from the prevention of in-
crease in lipid peroxidation and the reduction in SOD and
catalase enzyme levels.

CONCLUSION: NAC protects young rats against RMP-
induced oxidative hepatic injury.
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INTRODUCTION

Tuberculosis is one of the major health problems in
developing countries like India. Most adult deaths in India
are due to vascular diseases or pulmonary tuberculosis!'l.
Steel et al? reported that clinical hepatitis occurs in 1.1%
of adults receiving RMP containing regimens. Occasional
cases of RMP-associated hepatitis have been reported in
patients not receiving isoniazid (INH) treatment?. The
actual incidence of RMP-induced hepatitis remains unclear
because RMP is always used in combination with other
antitubercular drugs.

The mechanism of RMP-induced liver injury is not
yet fully understood. Gangadharan!” showed that RMP
causes a direct toxic injury to the hepatocytes. This has
been confirmed in experimental rats by Sodhi ez a/F.
Hepatotoxicity still remains a definite yet unpredictable risk
during treatment of tuberculosis patients, suggesting that
diminution of protective mechanisms and enhancement
of destructive mechanism might be important in RMP-
induced hepatotoxicity.

It is well established that by augmenting cellular
antioxidative defense system especially non protein thiols,
i.e. glutathione (GSH), cells can be protected against
oxidative injuties produced by vatious drugs!”. Among the
possible antioxidant chemicals, NAC known to be non-
toxic has been used in the treatment of various disorders
-8 The present study was designed to see whether NAC
could protect against RMP-induced oxidative hepatic
injury in an experimental model.

MATERIALS AND METHODS

Animals

Young male Wistar rats weighing about 150-200 g were
selected in the present study. Animals were fed with
standard rat pellet diet (Aashirwad Industries, Chandigarh)
and water ad libitum.

Drugs

NAC was obtained from Sigma Chemical Company, USA.
RMP and NAC were administered intraperitoneally (i.p)
to animals. RMP solution was prepared by dissolving
the powder in sterile distilled water and then the pH was
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adjusted to 3.0 with 0.1 N HCI to have a clear solution”.

Similarly, NAC was dissolved in sterile distilled water. The
volume of sterile water injected either alone or containing
drugs, was kept constant (4.0mL/kg body weight/day) in
all the treatments.

A dose of NAC (100 mg/kg body weight/day) was
selected when the animals treated with this dose did not
exhibit any histopathological liver injury at the end of the
treatment schedule.

Study protocol

Forty animals were divided into four groups (10 each
group) and injected with RMP and / or NAC (dissolved in
sterile watet) for a period of three weeks.

Animals in control group were injected with sterile water
alone. Animals in RMP group were injected with 50mg/kg
body weight/day of RMP alone after dissolved in sterile
distilled water. Animals in RMP+NAC group were injected
with RMP (50mg/kg body weight/day) and NAC (100mg/
kg body weight/day). Animals in NAC group were treated
with NAC at a dose of 100mg / kg body weight / day.

Animals were fasted for 12 h before sacrificed by
cervical dislocation under light anesthesia and weighed
on d 0 and 10 and at the time of sacrifice. Their liver
tissues were excised and cooled in an ice-bath after
weighed. Liver tissues were perfused with ice-cold saline.
Homogenate and post mitochondrial supernatant were
prepared as previously described”. Crude homogenate
(20%) was prepated in 100mmol/L phosphate buffer and
used to estimate thiols (total and protein-bound) and lipid
peroxidation. The homogenate was then centrifuged at
10000t/min for 20 min at 4°C. The post mitochondrial
supernatant (PMS) was separated from the pellet by
decantation and pellet was discarded. All enzyme assays
were carried out using PMS fraction.

HEstimation of thiols was carried out according to the
method of Sedlak and Lindsay[m]. Lipid peroxidation was
measured by the method of Ohkawa ¢ a/'". Cytochrome
Paso was assayed using the method of Omura and Sato
' The method of Kono"” was adopted to estimate
superoxide dismutase. Activity of catalase was measured
by the method of Luck"*. Glutathione peroxidase,
glutathione reductase and glutathione transferase were
estimated using the methods of Flohe and Gunglerm],
Carlberg et a/ 1 and Habig et a/ w respectively. Proteins
were estimated using bovine serum albumin as standard by
the method of Lowry ez al".

Histopathological investigation
Small pieces of liver tissue from sacrificed animals
were preserved in 10% formal saline. Light microscopy
was performed after slides were routinely stained with
haematoxylin and eosin (H&E).

Statistical analysis
Data were analysed by analysis of variance (ANOVA)
followed by multiple comparison using Dunnett’s
procedure to compare all groups against control and
Student-Newman-Keul’s procedure to compare the pair
wise of all groups.

An approval from Postgraduate Institute of Medical

www.wjgnet.com

Education and Research Ethical Committee was obtained
before the animal experimentation.

RESULTS

Analysis of variance showed that inter-group variation in
body weight and the effect of treatment on body weight
were not significant. Relative liver weight (g/100 g body
weight) of experimental animals was not affected by
any of the treatments. Animals treated with RMP had
comparable liver weight (4.75%0.75¢g) to animals treated
with RMP+NAC (4.85%0.67g).

Mortality in RMP treatment group was decreased
from 30% (3/10) to 10% (1/10) when NAC was co-
administered with RMP.

Essentially normal morphology was observed in all 10
control animals (100%) (Figure 1). Hepatotoxicity was
produced by i.p. injection of RMP at a dose of 50mg / kg
body weight / day over a period of three weeks as
evidenced by the presence of changes such as hepatocytic
necrosis and portal triaditis. Nine out of 10 (90%) animals
treated with RMP showed histological lesions, 7 out of
10 (70%) animals had moderate degree of portal triaditis
(Figure 2A) and 2 out of 10 (20%) had spotty necrosis
with portal triaditis (Figure 2B). Only 1 out of 10 (10%)
animals treated with RMP showed normal morphology.

Animals co-exposed to RMP+NAC exhibited lower
degrees of histological lesions such as mild to moderate
portal triaditis and spotty necrosis. Control animals treated
with NAC alone had no change in liver histology.

Hepatic thiols were significantly increased (P<0.05) after
treatment with RMP, while NAC had no effect on total and
bound thiols when animals were treated with RMP+NAC.
Multiple comparisons using Newman-Keul’s procedure
did not reveal any significant change in treated groups with
respect to non protein thiols (GSH) (Table 1).

Lipid peroxidation was significantly (P<0.001) enhanced
in animals exposed to RMP compared to the controls.
Simultaneous administration of NAC and RMP prevented
the enhancement of lipid peroxidation compared
to control animals (P<0.05). But the values of lipid
peroxidation in RMP+NAC-treated animals were higher
(P<0.05) than those in the controls (Table 2). There was
no significant difference in LPO values between NAC-
treated group and controls.

Superoxide dismutase (SOD) was decreased significantly
(P<0.001) in RMP-treated animals compated to controls.
Supplementation of NAC to RMP treated animals
significantly prevented the reduction of superoxide
dismutase while no effect of NAC was observed in control
group (Table 2).

Catalase activity was significantly decreased in RMP-
treated animals as compared to controls (P<0.001).
Supplementation of NAC to RMP-treated animals
prevented the lowering of catalase levels. However,
animals treated with NAC in combination with RMP had
significantly lower (P<0.001) enzyme levels compared to
the controls while NAC alone had no effect on catalase
activity in control group (Table 2).

Levels of glutathione-S-transferase were significantly
higher (P<0.001) in RMP-treated group than in controls.
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Table 1 Effect of RMP treatment (50 mg/kg/day for
3 wk) and NAC (100 mg/kg/day for 3 wk) on total,

protein-bound and non-protein thiols in rats (vumole /g
liver) (mean + SD)

Table 2 Effect of RMP treatment (50 mg/kg/day for
3 wk) and NAC (100 mg/kg/day for 3 wk) on lipid

peroxidation, catalase, superoxide dismutase, glutathione-
S-transferase(nmol/min/mg protein) in rats (mean + SD)

Group Total thiols Protein bound Non protein thiols
(GSH)

Control 13.42+£0.52 10.09£0.45 3.23+0.42

RMP 16.77+0.61° 13.49+0.42* 2.98+0.61

RMP + NAC 17.17+0.78° 13.92+0.51° 3.37+0.72

NAC 13.44+0.50 9.55+0.25 3.42+0.43

2P <0.05 vs control, °P<0.001 vs control.

Table 3 Effect of RMP treatment (50 mg/kg/day for 3
wk) and NAC (100 mg/kg/day for 3 wk) on glutathione

peroxidase, glutathione reductase and cytochrome P;so
(nmol/min/mg protein) (mean+ SD)

Group Glutathione Glutathione Cytochrome Pyso
peroxidase reductase

Control (C) 458.37+45.19 25.37+3.82 0.431+0.050

RMP 287.18+39.82WP 27.01£2.75 0.540+0.039°

RMP + NAC  385.99+50.47* 27.47+3.27 0.509+0.042*

NAC 474.07+37.92 26.93+4.01 0.412+0.047

2P <0.05 vs control, °P<0.001 vs control.

Supplementation of NAC to RMP-treated animals
prevented the increase of GST activity. GST level in NAC-
treated animals was comparable to that in the controls
(Table 2).

Glutathione peroxidase activity was significantly
(P <0.001) decreased after RMP treatment. NAC
incombination with RMP could prevent the decrease of
glutathione peroxidase activity but was still significantly
lower than that in the controls (P<0.05). NAC had no
effect on this enzyme in control group (Table 3).

Glutathione reductase did not significantly increase
in the RMP-treated animals compared to the controls.
Supplementation of NAC to RMP-treated and control
groups had comparable enzyme activities to non RMP-
exposed animals (Table 3).

Cytochrome Paso was induced in RMP-treated animals
(P<0.001). Supplementation of NAC to RMP-treated
and control animals had no effect on cytochrome Psso in
the present study. The values in RMP+NAC group were
comparable to those in RMP-treated animals (Table 3).

DISCUSSION

Rat model was used to study the hepatotoxic effect of
RMP and hepatoprotective effect of NAC. Rats have been
successfully used to establish RMP-induced hepatotoxicity
models™”. Our earlier studies have shown that oxidative
stress is the mechanism of RMP-induced hepatotoxicity in
experimental rats'”.

In the present study, hepatotoxicity was produced by
RMP at a dose of 50 mg/kg body weight/day for three

weeks. The dose is very high compared to that in the

Group Lipid peroxidation Catalase superoxide Glutathione-S-
(nmol MDA/g tissue (umol/min/mg dismutase (IU) transferase

/10min) protein) using EA
Control 120.4749.3 310.32431.2 17.92+2.25 13.9442.27
RMP 163.52+22.6° 204.92+28.6° 11.71+£1.39°  18.58+1.52W°
RMP + NAC 138.71+13.2W* 269.48+19.5W*  14.38+2.47W* 15.92+1.38*
NAC 103.59+12.9 317.51438.7° 16.47+2.80 14.5942.18

2P <0.05 vs control, ° P <0.001 vs control.

Figure 1 Normal morphology of rat liver (H&E, X 55).

treatment of tuberculosis in human subjects, because
higher doses are required for animals like rats as they
metabolize the drugs at a faster rate”™”

In the present study, the drugs used had no effect on
body weight and relative liver weight of the animals. This
is consistent with what has been reported eatlier™".

Cytochrome Pss0 mediates generation of reactive
metabolites of drugs and their covalent binding to
hepatic macromolecules is the most accepted mechanism
of RMP-induced hepatic injury®. RMP is a potent
inducer of cytochrome P4s0 and enhances the covalent
binding of reactive metabolites of acetyl hydrazine to the
macromolecules of hepatocytes®”.

In the present study, free radicals formed either by
the reaction of drug’s radicals with oxygen or by the
interaction of superoxide radicals with hydrogen peroxide
seemed to initiate lipid peroxidation in RMP-treated rats,
suggesting that increased lipid peroxidation might be
associated with cellular damage. NAC combined with RMP
prevented significantly the peroxidation of lipids in animals
exposed to RMP ecither directly or through non-protein
thiols (GSH) by scavenging the radicals. The scavenging
ability of NAC has also been reported during cancer
chemotherapy “**. From these studies and results of the
present study, it can be concluded that the protective effect
of NAC may be due to the radicals scavenged by NAC.

SOD, catalase and glutathione peroxidase constitute a
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Figure 2 Portal triaditis (A) and spotty necrosis (B) in rats treated with RMP
(H&E, X55)

mutually supportive team of antioxidative enzymes which
provide a defense against reactive oxygen species. In
the present study, SOD decreased significantly in RMP-
exposed animals. The activities of H202 scavengers,
catalase and glutathione peroxidase, decreased significantly
after RMP treatment. Similar results have been reported by
Sodhi ef a/ *'. The decline in these enzymes in the present
study could be explained by the fact that excess superoxide
radicals may inactivate H2O2 scavengers, thus resulting in
inactivation of SOD™.

In the present study, co-administration of NAC
and RMP partially prevented decrease in catalase and
glutathione peroxidase activities, which might be due to
incomplete scavenging of radicals by NAC, resulting in
partial protection of these enzymes. As NAC reacts with
scavenging radicals slowly, residual superoxide radicals
might interact with H202 resulting in the formation of OH
radicals. This is supported by the fact that lower increase in
lipid peroxidation was observed in NAC+RMP co-exposed
animals as compared to RMP-treated animals. Jaya ez a/ &l
have also reported that anti-peroxidative enzymes can be
partially restored with NAC in rats exposed to alcohol and
paracetamol.

It was reported that thiols increase significantly after
RMP treatment, which might be due to the increased
protein content™,

GSH constitutes approximately 90% of total hepatic
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thiols, which could explain the maintained GSH
levels in RMP-exposed animals in the present study.
Supplementation of NAC also failed to increase the
threshold levels of GSH. These results are inconsistent
with Yao ez al ¥" who failed to demonstrate a significant
rise of GSH in livers of rats treated with NAC.

In the present study, glutathione used in scavenging
hydroxyl radicals stimulated glutathione reductase activity,
thereby maintaining nearly normal GSH. NAC failed to
decrease glutathione reductase activity in RMP-exposed
animals. These results might be due to stimulation
of glutathione reductase activity by the low level of
glutathione and or a negative feedback inhibition by the
normalization of GSH levels in NAC treated animals.

GST activity against EA was stimulated in animals
treated with RMP and RMP+NAC. GST is specific for
removal of peroxidation products and induction of this
enzyme might be in response to lipid peroxidation so as
to remove the highly toxic materials from cellular milieu.
Adachi ez al ™ reported that RMP can induce GST activity
in rats.

The histopathological patterns of liver injury in the
present study are similar to the earlier findings”™ *”. Sodhi
et al ™ also showed that patchy necrosis occurs in RMP-
treated animals. In the present study, NAC failed to protect
completely against RMP-induced hepatic injuries but it
protects completely against hepatic injuries in rats after
treatment with INH+RMP™.

In conclusion, RMP exposure to animals does alter
the profile of antioxidant enzymes while non-protein
thiol status can be well preserved. The protective effect
of NAC on RMP-induced hepatic injury might be due
to prevention of lipid peroxidation as well as decline in
superoxide dismutase in animals exposed to RMP and
NAC. However, partial hepatotoxicity due to RMP might
be due to some other mechanisms of injury.
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