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Abstract This study comparatively investigated the
toxicological effects of treatment with efavirenz, isoniazid
and efavirenz-isoniazid (EFV- INH) combination on liver
function parameters and histology of adult male albino rats.
Animals used in this study were divided into five (5) groups
A-E of sixteen (16) animals each. Animals in group A
(placebo control) were treated with water while animals in
group B (solvent control) were treated with arachis oil orally.
Animals in groups C-E were treated orally with 15mg/kg of
INH, 10mg/kg of EFV and a combination of INH- EFV for
2-8 weeks respectively. At the end of drug therapy, serum
was extracted from centrifuged blood sample and evaluated
for alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, total and conjugated bilirubin.
Animals were sacrificed and liver was harvested, weighed
and evaluated for histopathological changes. Effects
produced by co-treatment with EFV-INH on absolute liver
weight, alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, conjugated and total bilirubin were
insignificant (p>0.05) when compared to effects produced by
treatment with individual doses of EFV and INH.
Histopathological evaluation of the liver of animals treated
with EFV-INH combination showed vascular congestion,
inflammation of parenchyma and hepatocytes degeneration.
These results show that co- therapy with EFV-INH in
patients with human immunodeficiency virus /tuberculosis
co-infection may not be associated with synergistic
hepatotoxicity.
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1. Introduction

Human immunodeficiency virus (HIV) pandemic poses
major threat to the socio-economic and psychological
welfare of HIV infected people with decrease life expectancy.
But the life expectancy of HIV-positive subjects has

dramatically improved with the use of triple antiretroviral
drug combinations [1]. Despite increase in life expectancy of
HIV infected patients, toxicological effects of antiretroviral
therapy have become a limiting cause of benefit in a
substantial proportion of patients. Hepatotoxicity is one of
the limiting toxicological effects that has been reported by
many centers’ in developed world and is now recognized as a
major cause of morbidity and mortality in patients receiving
antiretroviral treatment [2]. Among antiretroviral drugs, the
use of Non- Nucleoside Reverse Transcriptase Inhibitors
(NNRTIs), as common component of antiretroviral therapy,
has been associated with the development of hepatotoxicity
in a large number of studies [3, 4]. Efavirenz is one of the
NNRTIs that have been implicated in hepatotoxicity in
HIV-positive patients, especially where co-infection with
hepatitis viruses is present [5-7]. Several clinical trials have
provided information on the frequency of severe
hepatotoxicity of grade 3 or above due to efavirenz [8].
Treatment with efavirenz containing antiretroviral regimens
could be associated with fulminant liver failure which may
lead to death [9].

Tuberculosis (TB) remains one of the most important
communicable diseases in the world. The world health
organization estimates that one-third of the world’s
population is infected with mycobacterium tuberculosis.
Anti-tuberculosis drugs commonly used for drug-susceptible
tuberculosis include isoniazid, rifampicin and pyrazinamide.
The use of anti-tuberculosis drugs has been characterized by
incidence of hepatotoxicity [10, 11]. Higher incidence of
hepatotoxicity has been commonly reported with the use of
isoniazid (INH) containing anti-tuberculosis regimens [12,
13]. Isoniazid could be associated with progressive hepatic
failure characterized by alteration in liver histology that may
require liver transplantation [14]. Histopathological changes
induced by isoniazid therapy were reported to be
characterized by ballooning degeneration, and focal
hepatocytes necrosis with minimal cholestasis [15]. Also
elevations in transaminases have been reported with
isoniazid therapy [16]

There are well established epidemiological and biological



76 Hepatotoxic Assessment of Co-treatment with Isoniazid and Efavirenz in Albino Rats

synergies between HIV and TB, influencing the distribution,
progression and outcomes of both infections [17, 18]. The
established relationship between HIV and TB infections has
necessitates co-therapy with antiretroviral drugs and
anti-tuberculosis drugs. These include cases of co-therapy
with isoniazid containing anti-tuberculosis regimens and
efavirenz containing antiretroviral regimens [19]. Efavirenz
and isoniazid have been individually implicated in
hepatotoxicity [20, 21] so; co-therapy with these drugs may
cause substantial disruption in the anatomy of the liver which
may results in severe alteration in its metabolic roles and
physiological functions. This study therefore, comparatively
evaluated the toxicological effects of treatment with
isoniazid, efavirenz and isoniazid- efavirenz combination on
liver function parameters and histology of male albino rats.

2. Materials and Methods

Animals

Eighty (80) adult male albino rats of average weight
320+5 g were used in this study. The rats were obtained from
the animal house of the Department of Pharmacology and
Toxicology, Madonna University, Elele, Rivers State. The
rats were allowed to acclimatize for 14 days with free access
to food and water ad libitum
Ethical Considerations

All animals used in this study were handled in accordance
with the international, national and institutional guidelines
for care and use of laboratory animals in biomedical
research as promulgated by the Canadian Council of
Animal Care. [22]

Drugs

Isoniazid used in this study was manufactured by Mancare
Pharmaceuticals, India while efavirenz was manufactured by
Mylan Laboratory India. Isoniazid 15mg/kg and efavirenz 10
mg/kg were used in this study [22-25]. Efavirenz and
isoniazid tablets were crushed and suspended in arachis oil.
All other chemicals used in this study were of analytical
grade.

Drug Administration

Group A: This served as the placebo control and contained
sixteen (16) rats which were treated orally with water.

Group B: This served as the solvent control and contained
sixteen (16) rats which were treated with arachis oil orally.

Group C: This group contained sixteen (16) rats which
were further divided into four subgroups of four animals
each and were treated with 15mg/kg of isoniazid orally for
2-8 weeks respectively.

Group D: This group contained sixteen (16) rats which
were further divided into four subgroups of four animals
each and were treated with 10mg/kg of efavirenz orally for
2-8 weeks respectively.

Group E: This group contained sixteen (16) rats which

were further divided into four subgroups of four animals
each and were treated with combined doses of 15mg/kg of
isoniazid and 10 mg/kg of efavirenz orally for 2-8 weeks
respectively.

Collection of Sample for Analysis

At the end of 2, 4, 6 and 8 weeks of treatment respectively,
under diethyl ether anesthesia, 2ml of blood was collected
directly via cardiac puncture into sterile sample containers.
The sample was allowed to clot and centrifuged at 1000 rpm
for Smins and serum separated for biochemical analysis.
Liver was collected through dissection, weighed and
evaluated for histopathological changes.

Evaluation of Serum Liver Function Parameters

Estimation of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) was done using
Reitman-Frankel method 1975 [26]. Estimation of alkaline
phosphatase (ALP) was performed using King and Kind
Method, 1954 [27]. Total bilirubin (TB) and conjugated
Bilirubin (CB) were evaluated as reported by Ogbuehi et al.,
2014. [28]

Histopathological Analysis

For histopathological examinations, pieces of the liver
were fixed in 10% neutral buffered formalin, dehydrated in
ascending series of ethanol, cleared in methyl benzoate and
embedded in paraffin wax. Paraffin sections of 5 microns in
thickness were prepared and stained with hematoxylin and
eosin (H and E) and examined with the aid of a microscope
for histopathological changes.

Statistical Analysis

This was done using graph pad prism 5 statistical package
and ANOVA for comparison of the means of the various
groups. Results are expressed as Mean+ standard error of
mean (S.E.M). Statistical significance was set at p<0.05

3. Results

Effects on Absolute Liver Weight and Serum Alanine
Aminotransferase (ALT)

Absolute liver weight of animals treated with INH, EFV
and INH-EFV combination did not differ significantly
(»>0.05) from that of the control. In this study, treatment
with INH for 2- 8weeks time-dependently increased serum
ALT levels with significant (p<0.05) increases to 41.2+0.48
and 49.5+0.22 u/l observed at weeks 6 and 8 respectively
when compared to the control. Also, treatment with EFV
produced time- dependent increases in serum ALT levels
with significant (p<0.05) increase observed at week 8 when
compared to the control. It was also noted that co-treatment
with INH-EFV for 2- 8 weeks produced time-dependent
increases in serum ALT levels. These increases were
insignificant (»p>0.05) when compared to increases produced
by individual doses of IHN and EFV [Table 1 and 2].
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Tablel. Effects of treatment with isoniazid and efavirenz on absolute liver
weight (g) of male albino rats
Dose WK2 WK4 WK6 WK
Control 3.22+0.04 3.294+0.03 3.30+0.04 3.214+0.03
INH 3.30+0.05 3.27+0.01 3.244+0.06 3.26+0.04
15mg/kg
EFV
3.22+0.30 3.30+0.05 3.37+0.02 3.39+0.09
10mg/kg
INH/EFV 3.35+3.12 3.47+0.03 3.31+0.08 3.21+0.05

INH: Isoniazid. EFV: Efavirenz. Results are expressed as mean + SEM.
n=4

Table 2. Effects of treatment with isoniazid and efavirenz on serum
aspartate aminotransferase (U/L) of male albino rats

Dose WK2 WK4 WK6 WK8
Control 27.6£2.21 28.2+3.13 28.9+2.14 27.6+0.14

INH 29.5+1.15 33.1+2.43 41.2+0.48*  49.5+0.22%*
15mg/kg

EFV

28.6+0.65  30.75+1.14 33.54+2.51 40.7+2.23*

10mg/kg
INH/EFV ~ 31.2+0.61  33.95+1.48  43.1+£2.38*  50.3£0.31*

INH: Isoniazid. EFV: Efavirenz. Results are expressed as mean = SEM.
n=4. The superscript (*) means significant difference with respect to the
control at p<0.05(ANOVA).

Effects on Serum Aspartate Aminotransferase (AST)

Furthermore, observations in this study show
time-dependent increases in serum AST levels in INH
treated animals with significant (p<0.05) increases which
represent 42% and 61% observed at weeks 6 and 8
respectively when compared to the control. Treatment with
EFV also produced time-dependent increases in serum AST
levels with significant (p<0.05) increase to 59.7+£1.21 u/l
observed only at week 8 when compared to the control.
Time-dependent increases in serum AST levels were noted
in animals treated with a combination of EFV-IHN. These
time-dependent increases were insignificant (p>0.05) when
compared to increases produced by individual doses of EFV
and INH [Table 3].

Table 3. Effects of treatment with isoniazid and efavirenz on serum
aspartate aminotransferase (U/L) of albino rats

Dose WK2 WK4 WK6 WK8
Control 43.0+£3.12 42.9£1.26 43.1£2.13 42.7+1.15

INH 45.5+2.30 50.1£2.12 61.2+1.34*  68.5+1.13*
15mg/kg

EFV 42.3£1.23  46.75+2.15 50.5+0.31 59.7+1.21%*
10mg/kg
INH/EFV  49.2+2.00 51.0+1.22 63.1£0.18*  69.3+3.42*

INH: Isoniazid. EFV: Efavirenz. Results are expressed as mean + SEM. The
superscript (*) means significant difference with respect to the control at
p<0.05 (ANOVA). n=4

Effects on Serum Alkaline Phosphatase (ALP)

Time-dependent increases in serum ALP levels were
observed in INH treated animals with significant (p<0.05)
increases to 84.9+2.10 and 92.5+2.24 u/l observed at weeks 6
and 8 respectively when compared to the control. EFV
treated animals also showed time-dependent increases in
serum ALP levels with observed significance (p<0.05) at
week 8 when compared to control. Furthermore, treatment

with a combination of INH -EFV produced insignificant
(»<0.05) time-dependent increases in serum ALP levels
when compared to treatment using individual doses of INH
and EFV [Table4].

Table 4. Effects of treatment with isoniazid and efavirenz on serum
alkaline phosphatase (U/L) of male albino rats

Dose WK2 WK4 WK6 WK8
Control 60.9+1.22  61.5+2.12 60.7+0.23 61.9+2.14

INH 65.5£1.20  72.3+1.20  84.9+2.10%  92.542.24%*
15mg/kg

EFV

62.4+2.10  67.5+0.32 72.3+1.20 87.2+2.13*

10mg/kg
INH/EFV  67.3+3.10  72.9£1.31  86.1£2.16*  94.5+1.22*

INH: Isoniazid. EFV: Efavirenz. Results are expressed as mean + SEM. n=4.
The superscript (*) means significant difference with respect to the control
at p<0.05(ANOVA).

Effects on conjugated bilirubin and total bilirubin
Observations in this study show that treatment with
individual doses of INH and EFV did not produce significant
(p>0.05) effects on serum conjugated and total bilirubin
when compared to the control. Also, treatment with a
combination of INH- EFV did not produce significant
(»p>0.05) effects on serum conjugated and total bilirubin
levels when compared to effects produced by individual
doses of INH and EFV [Table 5 and 6].

Table 5. Effects of treatment with isoniazid and efavirenz on serum
conjugated bilirubin (mg/dl) of male albino rats

Dose WK2 WK4 WK6 WK8
Control 0.46+0.07 0.48+0.02 0.44+0.03 0.47+0.08
INH 0.47+0.01 0.48+0.06 0.46+0.01 0.50+0.04
15mg/kg
EFV
0.45+0.03 0.44+0.08 0.47+0.04 0.43.+£0.09
10mg/kg
INH/EFV 0.47+0.06 0.49+0.07 0.45+0.06 0.46+0.01

INH: Isoniazid. EFV: Efavirenz. Results are expressed as mean + SEM. n=4

Table 6. Effects of treatment with isoniazid and efavirenz on serum total
bilirubin (mg/dl) of male albino rats

Dose WK2 WK4 WK6 WK8
Control 0.83+0.09 0.85+0.05 0.80+0.02 0.85+0.01
INH
0.84+0.07 0.86+0.02 0.82+0.01 0.84+0.08
15mg/kg
EFV
0.82+0.08 0.84+0.01 0.81+0.05 0.80+0.04
10mg/kg
INH/EFV 0.85+0.06 0.86+0.07 0.84+0.04 0.85+0.01

INH: Isoniazid. EFV: Efavirenz. Results are expressed as mean + SEM. n=4

Effects on Liver Histology

Histological examination of liver of animals treated with
individual doses INH and EFV and a combination of INH-
EFV showed vascular congestion, inflammation of the
parenchyma and degeneration of hepatocytes [Figure 2- 4].
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Figure 2: Photomicrograph of H &E stained section of the liver of rats
treated with15mg/kg of isoniazid for 8 weeks showing vascular congestion
and inflammation of the parenchyma. (x400)

L =

Figure 3: Photomicrograph of H &E stained section of the liver of rats
treated with 10mg/kg of efavirenz for 8 weeks showing vascular congestion,
and degeneration of hepatocytes. (x400)

Figure 4: Photomicrograph of H &E stained section of the liver of rats
treated with combined doses of 15mg/kg of isoniazid and 10mg/kg of
efavirenz for 8 weeks showing vascular congestion, inflammation of the
parenchyma and degeneration of hepatocytes. (x400)

4. Discussion

This study, comparatively evaluated the toxicological
effects of treatment with efavirenz, isoniazid and
efavirenz-isoniazid (EFV-INH) combination on absolute
liver weight, serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), conjugated and total bilirubin levels in male albino
rats. Effects on the histology of the liver were also evaluated.
Toxicological and risk assessment of drugs, chemicals and
other biologicals involve organ weight evaluation [29]. In
this study, treatment of animals with efavirenz, isoniazid and
efavirenz -isoniazid combination had no effects on absolute
liver weight. Also, treatment with a combination of efavirenz
-isoniazid didn’t produce synergistic toxicological effects on
serum ALT, ALP, AST, conjugated and total bilirubin levels
when compared to effects produced by individual doses of
EFV and INH. Histopathological damage characterized by
vascular congestion, inflammation of the parenchyma and
hepatocytes degeneration were observed in the liver of
animals treated with efavirenz, isoniazid and a combination
of efavirenz -isoniazid. Observations in this study show that
co-therapy with INH-EFV in HIV/TB co-infection may not
be associated with synergistic hepatotoxicity. This present
study, observed time-dependent increases in serum ALT,
AST, ALP levels with no effects on conjugated and total
bilirubin levels in EFV treated animals. Observed increases
in serum ALT, AST and ALP levels in EFV treated animals
suggest signs of liver damage which is consistent with the
work of Kayode and others [30-33].
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In addition to observations in this study, elevations in
transaminases due to therapy with EFV have been also
reported in humans. One of these reports is the GS 903 study
which evaluated 602 naive patients, who were randomized to
receive efavirenz containing regimens for 144 weeks and
reported grade 3 to 4 increase in ALT and/or AST levels [34].
Bruck et al, also evaluated 296 patients in total, of which 151
received EFV and 145 received NVP, severe hepatotoxicity
of grade 3 to 4 elevation in ALT and/or AST was observed in
EFV treated patients [35]. This current study also noticed
time-dependent increases in AST, AST and ALP levels
without any effects on conjugated and total bilirubin in
animals treated with INH. These increases in serum levels of
ALT, AST and ALP suggest signs of liver damage which is
in agreement with the work of Issabeagloo and Taghizadieh,
who reported significant increase in liver enzymes in rats
treated with INH containing anti-TB regimens for 28 days
[36]. Finding in this study is also consistent with the work of
Ergul and colleagues who reported increases in liver
enzymes in rats treated orally with 50mg/kg of INH for 21
days [37]. Swamy and others also reported increases in liver
enzymes in rats treated orally with 54mg/kg of INH for 30
days which validates our current finding [38, 39]

Furthermore, observed vascular congestion and
degeneration of hepatocytes in EFV treated animals is a sign
of hepatotoxicity and is consistent with some reported
observations [40]. Also, some studies reported EFV
associated liver damage characterized by portal and lobular
inflammation particularly in zone 2 or 3 with cholestasis in
zone 1 [41]. Observed vascular congestion and inflammation
of the parenchyma in the liver of IHN treated animal is a sign
of hepatotoxicity and is in agreement with reports from
previous studies [42, 43]. Observed increases in serum ALT,
AST and ALP levels in this study suggest signs of hepatic
damage by these agents which might have led to increase in
the permeability of cell membrane or liver systol resulting in
the release of these enzymes in to the blood stream [44].
Observed elevation in liver enzymes in INH treated animals
may be due to the toxic effects of INH and its metabolites [45,
46]. The metabolism of INH through acetylation and
hydrolysis can lead to the production of isonicotinic acid and
monoacetylhydrazine (MAH). Monoacetylhydrazine as
reported can be converted to hepatotoxic species through
interaction with hepatic cytochrome P450 which may be
detrimental to the liver. Studies have shown that metabolic
oxidation of acetylhydrazine and hydrazine can lead to the
production of reactive acetylating species which can bind to
hepatic microsomal proteins and induced hepatic damage [47,
48]. Furthermore, available literature implicated INH in the
induction of hepatic oxidative stress characterized by
increased malondialdehyde level and decreased antioxidants
[49, 50]. The involvement of oxidative stress in INH
induced hepatotoxicity is supported by the fact that studies
have reported the beneficial effects of treatment with
antioxidants in INH induced hepatotoxicity [51-53].
Efavirenz associated hepatotoxicity has been attributed to the
actions of EFV and its synthetic 8-hydroxy efavirenz

(8-OHEFV) metabolite. EFV and its metabolite have been
implicated in hepatic cell death, via oxidative stress and the
activation of caspase-3 [54]. The involvement of hepatic
oxidative stress as one of the mechanisms of EFV induced
hepatotoxicity is also supported by the work of Alegre and
others. They reported EFV up-regulation of hepatic
endoplasmic reticulum (ER), oxidative stress markers and
induction of morphological changes in ER [55]. Also,
Adjene and colleagues have implicated EFV in oxidative
stress induction through increased malondialdehyde level
and down- regulation of antioxidants [56]. In this present
study, elevated levels of transaminases can be correlated
with histopathological damage observed in the liver of
animals treated with these agents.

5. Conclusion

Observations in this study show that treatment with a
combination of isoniazid—efavirenz did not produce
synergistic toxicological effects on absolute liver weight,
liver function parameters and liver histology. This study,
therefore conclude that co-therapy with isoniazid and
efavirenz in HIV and TB co- infection may not be associated
with synergistic hepatotoxicity at the dose level used in this
study.
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