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ABSTRACT
Objective: The objective of the study to standardize the model of hepatotoxicity induced by ATT drugs in Wistar Albino rats. Isoniazid (INH),
rifampicin (RMP), pyrazinamide (PZA), the first line drugs used in the treatment of tuberculosis (TB) associated with the potential adverse effect.
Numerous animal studies were reported endeavoring induction and cure of anti-TB (ATT) drug-induced hepatotoxicity using herbal and chemical
drugs. However, the previous reported study failed to replicate where Wistar albino rats were treated with INH, RMP, and PZA and had shown the
significant development of liver injury. Hence in present paper, aimed to develop a standardize model of induction of hepatotoxicity with ATT drugs.
Methods: Wistar rats were treated with ATT drugs in combination in various doses up to 4-8 weeks. Total nine experiments were conducted to
achieve successful hepatotoxicity. The aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) were the
biochemical parameters of assessment. Histopathological changes in the liver were also examined.

Results: No evidence of any liver injury or an inflammatory infiltrate has been observed as had been reported in the previous studies. Rather
decrease in serum ALT levels has been observed by researcher. In short, hepatic injury cannot be developed with the doses used in previous
reported papers. The successful attempt to induce hepatotoxicity can be achieved with the doses of INH - 100, RMP - 300, PZA - 700 mg/kg.
The findings were confirmed by the raised ALT, AST, and ALP levels compared with baseline. The histopathological changes also support the
findings.
Conclusion: The dose of INH - 100, RMP – 300 and PZM - 700 mg/kg. Succeeds to induce hepatotoxicity in Wistar albino rats and Swiss albino mice
as well.
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INTRODUCTION
Tuberculosis (TB) caused due to tubercle bacillus has been recognized as
a clinical entity since the ages of Hippocrates (460-370 BC). About onethird of the world’s population has latent TB and roughly 9 million cases
of active TB emerge annually resulting in about 2-3 million deaths [1]
exhibits the magnitude and importance of the problem. Moreover, the
most populated nations like India and China [2] are on alarming bomb.
WHO report 2013 stated that India had largest number of cases 26% of
whole globe [3]. Furthermore, higher risk of hepatotoxicity due to ATT
has been reported in Indians (up to 11.5%) than Western population
(up to 4.3%) [3]. In current scenario, the world’s TB problem is bigger
than before because of HIV infection as well as multiple drug resistant
TB due to inefficient management of TB.
The recommended treatment regimen for TB is the combination
chemotherapy containing isoniazid (INH), rifampicin (RMP) and
pyrazinamide (PZA) with or without ethambutol [4]. However, potential
hepatotoxicity of the first-line antitubercular agents is an associated
problem, especially during the initial period of treatment [5]. The
malnutrition and alcohol consumption reported to enhance the
incidence of hepatotoxicity [6]. It has been reported the prevalence
of adverse drug reaction of anti-TB (ATT) drugs are more in females
(55%) than in males (45%). The adverse drug reactions reported other
than hepatotoxicity are symptoms affecting to skin and appendages
(23.56%) gastrointestinal system (19.28%) and the musculoskeletal
system (15.7%) [7].

Animal models mimicking liver disease and related toxicity are
being used for several decades to study the hepatotoxicity induced
by ATT drugs. In addition, many attempts were reported to find
hepatoprotective drug against the ATT induced hepatotoxicity. It has
been reported that INH, RMP, PZA in combination in the doses of 7.5,
10 and 35 mg/kg/day, respectively, induced hepatotoxicity [8-10].
In another study, antitubercular drugs were used in dose of
INH – 27, RMP – 54, PZA – 135 mg/kg/day claimed the induction of
hepatotoxicity [11]. Researcher endeavored to replicate the studies to
induce hepatotoxicity using the same dose in same species but failed
to develop hepatotoxicity.
Hence, further attempts have been taken to achieve successful induction
of hepatotoxicity with higher doses using animal model.
Aim
The aim of the study is to develop an animal model of antitubercular
drug-induced hepatotoxicity in Wistar rats.
METHODS
•
•
•

Animals: Wistar albino rats and Swiss albino mice
Chemical agents: INH, RMP, PZA in combination was used to
induce hepatotoxicity, supplied in pure powder form by Macleodos
Pharmaceuticals, Mumbai, India as a gift sample
Bioassay kits: Liver enzyme activities were measured using the
Bioassay kits, procured by Coral Clinical System of Tulip group.
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Study protocol
The study protocol was duly approved by the Institutional Animal
Ethics Committee. Studies were performed in accordance with the
CPCSEA guidelines. Healthy adult albino Wistar rats of either sex
weighing between 150 and 200 g were used in experiment. For one
experiment, Swiss Albino mice of 6-8 weeks were also used. Animals
were fed with standard diet and water under strict hygienic conditions.
After acclimatized for 7 days, under laboratory conditions animals
were randomized into groups (n=4) and administered with ATT drug
in combination to induce hepatotoxicity. Sterile water was given to
control group. INH was dissolved in distilled water whereas RMP was
first dissolved in 0.5 ml of 0.1 N HC1 and then made up to the required
volume by adding sterile distilled water. The pH of the solution was
tried to maintain approximately 6.5 and PZA was suspended in distilled
water. Total nine attempts have been conducted in accordance of
different reported papers to induce hepatotoxicity wherein different
dose level, route of administration, types of rodents has been tested for
toxicity. The details of conducted nine experiments to establish a model
of hepatotoxicity induced by ATT drugs have been showed in Table 1.

At endpoint, animals were sacrificed and blood was collected by cardiac
puncture under light ether anesthesia. The first abdomen was opened
by taking a midline incision. Then, diaphragm was cut with precaution
to expose beating heart. By using 24 gauge needles, blood was collected
slowly from the left ventricle in plain bulb for biochemical analysis.
The liver was dissected by cutting surrounding attachments preserved
in 10% formalin in plastic jars and was sent for histopathological
investigation.
Parameters of evaluation to confirm the evidence of hepatotoxicity:
A. Biochemical parameters:
• Serum alanine aminotransferase (ALT) (Reitman & Frankels
method)
• Serum aspartate aminotransferase (AST) (Reitman & Frankels
method)
• Alkaline phosphatase (ALP) (Mod. Kind & King’s method).
B. Histopathological parameters - Histopathological assessment of liver
damage was done by using hematoxylin and eosin staining, paraffin
block method [12].
Statistical analysis
As the number of animals in each group was few (n=4) and the data
does not follow normal distribution non-parametric tests the Mann–
Whitney (for two groups comparison) was applied.
RESULTS

In first experiment where the albino Wistar rats were treated with
the dose of 7.5 mg/kg/day of isoniazid, 10 mg/kg/day of RMP, and
35 mg/kg/day of PZA for 21 days as per the reported study [8-10]
showed no evidence of induction of hepatotoxicity on the biochemical
parameters. Furthermore, no histological changes have been observed
as well. In the second experiment in which the same dose was used for
30 days no raise in liver enzymes have been observed. Then, in the third
experiment, no signs of induction of hepatotoxicity on biochemical and
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histological have been recorded. In this experiment, higher dose was
selected for hepatotoxicity induction which was INH 27 mg/kg/day,
RMP 54 mg/kg/day, and PZA 135 mg/kg/day for 35 days by oral route
as a reported study [11]. Thus, no significant elevation of liver enzyme
has been observed. The effect of ATT drugs on serum AST, ALT and ALP
has been tabulated in Table 2.

The fourth experiment wherein double dose of the previous study,
i.e., 54, 108, and 270 mg/kg/day INH, RMP and PZA, respectively,
was used by oral route but still no elevation of AST, ALT and ALP was
observed. The AST was 258±103.33 at baseline versus 192.66±16.16,
ALT was 78.66±22.89 at baseline versus 41±17.43 and ALP was
481±9.53 at baseline versus 184±29.59 at day 60. To rule out the
sensitivity of the animals of the source in fifth experiment animals of
another authorized animal house was obtained. For this experiment,
the animals were treated with the previous reported study as INH - 27,
RMP - 54 and PZA - 135 mg/kg/day for 35 days by oral route [11].
However, the animals did not show evidence of hepatotoxicity (data
not shown). To understand failure of induction of hepatotoxicity a
critical review of available literature was done again. Some studies
revealed intra peritoneal administration of INH and RMP to induce
hepatotoxicity. Hence, next sixth experiment was carried out with the
doses of 50 and 100 mg/kg/day of INH and RMP, respectively, by IP
route and PZA by oral route in the doses of 350 mg/kg/day for 60 days.
In this experiment, also no evidence of toxicity was observed. The assay
was repeated on day 21, 30, 45 and 60 The AST was 312.5±159.28, ALT
was 100.25±22.23 and ALP was 367.75±117.64 as a baseline values
whereas AST was 193.75±34.64, ALT was 49.25±15.06 and ALP was
156.75±40.45 as a day 60 values. Thus, no induction of hepatotoxicity
can be recorded rather significant reduction in the liver enzyme activity
was observed at endpoint when compared with baseline levels.
In the seventh experiment where double dose of the previously used
doses in Wistar rats, i.e., 100 mg/kg/day of INH, 300 mg/kg/day of
RMP and 700 mg/kg/day of PZA was used, the liver enzymes showed
approximately three-fold elevation when compared with base line
enzymes (Fig. 1). In eighth experiment similar doses used in Swiss
albino mice by intra gastric route for 21 days also showed raised AST,
ALT and ALP. The bioassays ALT and AST were done at baseline, day
15 and 21 whereas ALP was done on baseline and day 21 (Fig. 2). But
when the same dose was tried to administer by intra peritoneal route
in albino mice, the animals showed mortality on day 2,3,4 one animal
each and could not be completed. Thus, successful hepatotoxicity can
be induced by the ATT drugs in the doses of 100 mg/kg/day of INH,
300 mg/kg/day of RMP and 700 mg/kg/day of PZA for 21 days in
Wistar rats as well as Swiss mice.
The body weight of the animals in control and treated animals has
no difference in the previous experiments, but in past two successful
experiments, the treated animals showed marked loss in body weight
in first 15 days but in next 7 days they continued to gain body weight
throughout the treatment. The average increase in the weight of animals
in the groups where no induction is seen was 80.11 g, whereas average
increase in weight in successful hepatotoxicity induction experiment

Table 1: List of experiments executed to standardize the model of ATT induced hepatotoxicity

Experimental No.

INH (mg/kg/day)

RMP (mg/kg/day)

PZA (mg/kg/day)

Route of
administration

Strain of animals

Duration of
administration

1
2
3
4
5
6
7
8
9

7.5
7.5
27
54
27
50 (IP)
100
100
100

10
10
54
108
54
100 (IP)
300
300
300

35
35
135
270
135
350 (Oral)
700
700
700

Oral
Oral
Oral
Oral
Oral
IP and OP
Oral
Oral
IP and OP

Wistar Albino rats
Wistar Albino rats
Wistar Albino rats
Wistar Albino rats
Wistar Albino rats
Wistar Albino rats
Wistar Albino rats
Swiss Albino mice
Swiss Albino mice

21 days
30 days
35 days
60 days
35 days
60 days
21 days
21 days
21 days

ATT: Antituberculosis, INH: Isoniazid, RMP: Rifampicin, PZA: Pyrazinamide
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Table 2: Effect of ATT drugs on liver markers serum AST, ALT
and ALP
Experimental No.

Bioassay

Control
group

Treatment
group

1

AST IU/L
ALT IU/L
ALP U/L
AST IU/L
ALT IU/L
ALP U/L
AST IU/L
ALT IU/L
ALP U/L

119±23.9
183.5±15.45
287.75±55.56
166.66±11.54
58±27.05
171.25±26.53
268.25±62.66
100.55±44.77
287.75±92.43

97±12.98
175.75±28.61
261.25±33.62
133.5±19.43
52.75±11.87
154.66±22.23
200±60.94
65±10.73
210.25±92.4

2
3

The number of animals used in each experiment was n=04. AST: Aspartate
aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase

Fig. 1: Results of liver enzyme activity in Wistar rats (n=04)

Fig. 2: Results of liver enzyme activity in Swiss mice (n=04)
was seen 7 g in Wistar rats and loss of 0.2 g was seen in mice. In the
liver cell of animals where successful hepatotoxicity induction was
noted, it was observed that hepatocytes are swollen. Some of them
are necrotic without nuclei, prominent Kupffer cells, intracellular bile
pigment is seen focally, sinusoids appear congested and compressed.
Some slides showed focal collection of lymphocytes and microphages
near the central veins.
DISCUSSION

Therapeutic drug-induced toxicity is a major concern in treatment of
many diseases. As liver plays a major role in drug metabolism is usually
exposed to drug induced hepatoxicity. Numerous therapeutic chemical
drugs are associated with hepatotoxicity as a potential adverse effect
and main hinder in the treatment. Several mechanisms initiate liver
cell damage and aggravate ongoing injury processes. Mitochondria are
prominent targets for the hepatotoxicity of many drugs. Dysfunction of
these vital cell organelles results in impairment of energy metabolism
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and oxidative stress with excessive formation of reactive oxygen species
and peroxynitrite. In addition to mitochondria, induction of cytochrome
P450 isoenzymes such as CYP2E1 also promotes oxidative stress and
cell injury. Once hepatocellular function is impaired, accumulation of
bile acids causes additional stress and cytotoxicity. Cell injury, gutderived endotoxin or a combination of both activate Kupffer cells too
and recruit neutrophils into the liver. Although responsible for removal
of cell debris and part of the host-defense system, under certain
circumstances these inflammatory cells initiate additional liver injury.
Thus because of the many direct and indirect mechanisms of druginduced cell injury in the liver, hepatotoxicity is a major reason for drug
withdrawal from pharmaceutical development and clinical use [13].
INH, RMP, and PZA remain a mainstay in the treatment of TB; however,
associated hepatotoxicity is serious concern and needs evaluation of
some adjuvant hepatoprotective agent. Because of the ethical concern
and experimental difficulties in studying drug induced toxicity in
human, a substantial portion of research related to drug induced
hepatotoxicity has used animals as experimental model. A robust and
valid experimental model is essential to derive a conclusive and reliable
solution. To establish such model attempts have been taken using
different doses, route of administration, duration and rodents.

The incidence of ATT drug induced hepatotoxicity varies worldwide
and reported to be higher in developing countries. Factors such as
malnutrition, acute or chronic liver disease, dominance of diseases such
as HIV and diabetes, alcoholic liver disease, indiscriminate use of drugs,
and more advanced TB may be the contributed to higher incidence in
developing nations [14,15]. Overall, hepatotoxicity attributed to anti-TB
drugs has been reported in 5%-28% of patients treated with anti-TB
drugs [16]. Considering the high incidence of anti-TB drugs-induced
hepatotoxicity in humans, the development of hepatic injury with
combination of anti-TB drugs is a challenging task. This may be due to
the absence of diseased condition, TB in the animals.

The exact mechanism of ATT drugs is not explored clearly but metabolic
idiosyncratic reactions [17] and oxidative stress [18] appear to be
responsible for hepatic injury in humans. However, recently immune
mediated mechanism is claimed as a cause of isoniazid induced
hepatotoxicity [19]. Studies have reported high hepatotoxic levels
of the INH metabolites reach much earlier when INH plus RMP is
administered together than INH alone for treatment and has been
shown to be synergistic rather than additive [20]. RMP increases the
metabolism of INH to isonicotinic acid, which is a hepatotoxic product.
Furthermore, RMP shortened the plasma half-life of acetyl hydrazine,
an INH metabolite and acetyl hydrazine is quickly converted to its
active metabolites by increasing the oxidative elimination rate of
acetyl hydrazine, which leads to occurrence of liver necrosis [21].
Besides RMP is a potent inducer of CYP2E1 isoenzymes and plays a
key role to increase formation of its toxic metabolite hydrazine and
thereby enhance INH induced toxicity [22]. Thus RMP contributes
to increase toxicity of INH. Addition of PZA to INH and RMP further
enhances the hepatotoxicity. PZA first metabolized to pyrazinoic acid
(PA) by the enzyme liver microsomal amidase and further oxidized by
enzyme xanthine oxidase to 5-hydroxy PA [23,24]. These two reactive
metabolites of PZA are considered to have hepatotoxic potential.

The previous reported studies [8-11] wherein a successful induction of
hepatotoxicity was claimed were tried to replicate in six experiments
but no evidence of toxicity was seen. Instead of raise in ALT level
decrease of ALT has been observed in these experiments. This may be
contributed to the INH. It is now accepted that ALT is inhibited by INH,
mainly because INH forms a Schiff base with pyridoxal 5`-phosphate,
which is required co-factor in the ALT assay [25-27].
ALT, AST and ALP level showed noteworthy raise when the dose of ATT
drug has been increased to higher levels of PZA. Studies have shown
that TB patients treated with PZA, 16% had increased liver enzymes,
7.9% had 5 times more liver enzymes than normal, and 5.3% had
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hepatitis symptoms [28,29]. Furthermore, Yee et al. also concluded on
the basis of survey findings conducted on 430 patients of TB, the drug
most likely responsible for the occurrence of hepatitis is PZA [30].

These data support the claim that role of PZA is likely more to raise
levels of liver enzymes.

It has been also noted that animals of the control and treated group
gained comparable body weight in the experiments where the
previous reported dose were tried to reproduce. However in the past
two successful experiments, the treated animals showed marked loss
in body weight in first 15 days but in next 7 days they continued to
gain body weight throughout the treatment. This pattern may be due
to the tendency of the animals to adapt the drug toxicity. During the
experiment, it was also noted that the animals of the same group may
show different response with respect to changes in biochemical assay
or body weight contributed to the idiosyncratic reaction of the drug.
CONCLUSION

Although we fail to replicate the previous studies, the successful
hepatotoxicity has been induced with the dose INH - 100, RMP - 300,
and PZA 700 mg/kg at day 21.
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