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Abstract
The objective of the present study is to assess the hepatoprotective activity of Oroxylum
indicum Linn. (OI) whole stem extract on antitubercular drug induced liver toxicity in
rats. Hepatotoxicity was induced by oral dosing of the combination of antitubercular
drugs viz. AKT-4 for 90 days to Wistar rats. After assessing the hepatotoxicity in the
animals, treatment with both aqueous and ethanolic whole stem extracts of Oroxylum
indicum Linn. (OI) as well as standard marketed drug was done for 30 days. At the end
of 30 days the hepatoprotective activity of OI was assessed using serum markers for liver
dysfunction and expression of antioxidant enzymes in the liver tissue. Histopathological assessment and mRNA expression proﬁles for TNFα, IL6, NFkB, P38 MAPK was
carried out to evaluate the protection of liver against antitubercular drugs by the extracts. Both the aqueous and ethanolic extracts of OI signiﬁcantly (p<0.05) restored the
serum enzyme levels. Also the various tissue antioxidant enzymes were also restored
compared to normal group. Histopathological evaluations showed absence of any remarkable pathological and metabolic changes in the liver sections of treated groups.
mRNA expression was signiﬁcantly increased in disease induced group as compared to
normal control. Treatment with extract signiﬁcantly reduced cytokines and P38 MAPK
mRNA expressions.
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Drug induced liver injury is responsible for 5% of all hospital admission and 50% of
acute liver failure [1]. About 2.3 million new tuberculosis patients were identiﬁed in
India in the year 2012 which was one 4th of the worldwide tuberculosis population [2].
Introduction of Isoniazid (INH) was considered safe in 1963, The American Thoracic
Society recommended INH for a year to tuberculin-positive persons as a chemoprophylaxis treatment regardless of age or duration [3]. A study conducted by United States
Public Health Service revealed 1% incidence of hepatitis and 0.06% deaths from hepatitis
are due to INH [4]. After introduction of Rifampicin (RMP), several studies inferred that
hepatitis was more frequent and severe in patients receiving combination of INH and
RMP than in those receiving INH alone [5]. The current treatment of tuberculosis is to
start with a combination chemotherapy containing INH, RMP, and Pyrazinamide (PZA)
with or without ethambutol for the initial 2 months followed by a continuation phase
of 4–6 months of combination of INH and RMP [6]. It is known that anti tuberculosis
treatment with INH, RMP and PZA induces hepatotoxicity and has intense adverse drug
reactions [7]. Preventive therapy of latent tuberculosis with 2 months course of RMP
and PZA has shown fatal and severe hepatotoxicity, than 6 month of INH therapy [8].
To reduce the incidence of hepatotoxicity due to exposure of these oﬀending drugs in
latent TB patients, recommendations for patient selection criteria, line of treatment and
duration have been revised several times, but to the best of our knowledge no drug has
been developed for prevention of hepatotoxicity [9]. Oroxylum indicum Linn. (OI) belongs to the family Bignoniaceae is widely used in Indian Traditional System of medicine
for various purposes. The plant is distributed in Indian subcontinents. Diﬀerent parts
of the plant are used for asthma, cough, viral hepatitis, antianorexic, antirheumatic, antibronchitic, anthelmintic and anti-inﬂammatory [10]. Protection oﬀered by Oroxylum
indicum was reported in acetaminophen induced hepatic injury and modulation of liver
function in rats at 500 mg/kg [11]. Hence 500 mg/kg dose was selected for the present
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study. The present study was designed to evaluate the hepatoprotective eﬀect of Oroxylumindicum whole stem, aqueous and ethanolic extracts against combination of INH,
RMP, PZA and Ethambutol induced hepatotoxicity in experimental rat model.

Objective
The objective of the present study is to assess the hepatoprotective activity of Oroxylum
indicum Linn. (OI) whole stem extract on antitubercular drug induced liver toxicity in
rats.
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a

Figure Legend
Figure 1.
(A) Eﬀect of extracts of OI on serum biochemical parameters.
(B) Eﬀect of Extracts of OI on Tissue Antioxidant Enzymes.
(C) Histopathological Observations I) Normal Control group shows normal histoarchitecture, II) Disease Control group showed moderate to severe pathological
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changes, III) Standard drug treated group showed absence of any remarkable pathological and metabolic changes, IV) & V) There was absence of any remarkable pathological
and metabolic changes.
(D) mRNA expression levels. Values are expressed as mean ± SEM (n=6), Data was
analysed using one way ANOVA followed by Tukey’s multiple comparison post hoc test.
Normal Control vs Disease Control: (#p<0.05, ##p<0.01, ###p<0.001). Disease Control
vs Treated Groups: (*p<0.05, **p<0.01, ***p<0.001).

Results & Discussion
Eﬀect of OI on biochemical parameters
As shown in ﬁgure 1A, After treatment for 30 days, disease control group showed signiﬁcant elevated (p<0.001) levels of the biochemical parameters viz. ALT, AST, LDH
and T Bil. when compared to normal control group. On the other hand, the animals
treated with aqueous and ethanolic extracts of OI (500 mg/kg) as well as standard drug
Silymarin (100 mg/kg) showed signiﬁcant decrease (p<0.01, p<0.001) in the levels of the
serum enzyme activity when compared with the disease control group. The TP level
was signiﬁcantly decreased (p<0.001) in the disease control group which is increased
signiﬁcantly (p<0.001) in the groups treated with extracts of OI and standard. Disease
control group showed signiﬁcant increased (p<0.001) value of GDH when compared to
the normal control group. Treatment with standard drug and both the extracts of OI
showed signiﬁcant decrease (p<0.001) in the value of GDH.
Eﬀect of OI on Tissue antioxidant enzymes
Eﬀect on Catalase and SOD levels
As shown in ﬁgure 1B, there was signiﬁcant decrease (p<0.001) in Catalase and SOD values in disease control group as compared to normal control group, The Group III treated
with standard drug and Group IV and Group V treated with aqueous and ethanolic extracts of OI showed signiﬁcant (p<0.01, p<0.001) increase in the Catalase and SOD values
when compared with the disease control.
Eﬀect on MDA level
The group III treated with standard drug and Group IV and Group V treated with extracts
of OI showed signiﬁcantly decreased (p<0.01, p<0.001) levels of MDA in liver tissue
when compared to disease control.
Eﬀect on Reduced Glutathione level
Disease control group showed signiﬁcant decrease (p<0.001) in GSH level as compare
to normal control group. Standard and test drugs treated groups showed signiﬁcantly
increased (p<0.001) values of GSH when compared with disease control after treatment.
Histopathology Evaluations
As shown in ﬁgure 1C, The microscopic examination of liver section from Normal Control group showed normal histo-architecture of hepatic parenchyma with normal cellular features (I). Whereas, Disease Control group showed moderate to severe pathological
changes of hepatocytes with distorted hepatic cords along with the marked degenerative and necrobiotic changes with accumulation of fat globules inside the cytoplasm of
hepatocytes along with haemorrhages and cellular swelling of hepatocytes (II). Standard
drug treated group showed an absence of any remarkable pathological and metabolic
change in all the sections of liver. Only minimal changes with focal cellular swelling
of hepatocytes and focal congestion were evident in this group (III). Aqueous extract
as well as ethanolic extract treated group showed focal cellular swelling of hepatocytes
along with the slight congestion of hepatic artery and central vein. There was absence
of any remarkable pathological and metabolic changes in all the sections of livers from
this group when compared with the disease control group (IV, V).
Eﬀect of OI on mRNA proﬁles
TNFα mRNA expression
As shown in ﬁgure 1D, as compared to normal control, TNFα mRNA level was signiﬁcantly upregulated (p<0.01) in disease control group, indicating secretion of cytokines
due to prolonged intervention of combinational anti-tubercular treatment. In treatment
groups, ethanol extract showed signiﬁcant down-regulation in TNFα mRNA expression
(p<0.01), followed by standard and aqueous extract treatment group (p<0.05).
IL6 mRNA expression
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As compared to normal control, in disease control group IL6 mRNA expression levels
was signiﬁcantly upregulated (p<0.01), indicating secretion of cytokines. In treatment
groups, standard and ethanol extract showed signiﬁcant reduction in TNFα mRNA expression (p<0.05). Aqueous extract suppressed IL6 mRNA expression levels but was not
statistically signiﬁcant.
NFkB mRNA expression
As compared to normal control, in disease control group NFkB gene was signiﬁcantly
upregulated (p<0.05), indicating appearance of inﬂammation. There was no signiﬁcant
reduction in NFkB mRNA expression in all the three treatment groups as compared to
disease control. Ethanolic and aqueous extract showed relatively suppressed levels of
NFkB mRNA expression as compared to standard treatment.
P38 MAPK mRNA expression
As compared to normal control, in disease control group P38 MAPK mRNA was highly
upregulated (p<0.001), indicating appearance of cellular stress due to intervention of
combinational anti-tubercular treatment. Both ethanolic and aqueous extract suppressed the P38 MAPK mRNA expression signiﬁcantly (p<0.01) followed by standard
treatment (p<0.05) when compared with disease control group.
World Health Organisation has revised its TB control programme and recommended
and adapted Directly Observed Treatment Short Course (DOTS) strategy, as the most
systematic and cost eﬀective approach in developing and under developed countries
(WHO). In the present study, hepatotoxicity induced in animals by combinational antitubercular drugs produced liver toxicity of diﬀerent degrees of degenerative and necrobiotic changes along with alteration in the serum enzyme levels and antioxidant enzymes [12]. Hepatotoxicity increases when taken in the combination [13]. Increased
lipid peroxidation and reduced SOD, Catalase and GSH suggested oxidative damage in
hepatocytes. This caused damaged to the structural and functional integrity of the liver
cells, signiﬁcantly increased hepatocellular enzymes, as previously described [14]. In
the present investigation the total recovery of liver injury was observed after treatment
with aqueous and ethanolic extract of OI whole stem. Marked reduction in elevated circulating levels of hepatocellular enzymes, restored total protein levels may be due to the
membrane stabilizing eﬀect of the OI extracts. The results obtained for the serum biochemical parameters and tissue antioxidant enzymes are comparable with the standard
marketed drug silymarin [15]. Glutamate dehydrogenase (GDH) is also another speciﬁc
enzyme indicative of liver necrosis. Due to delayed release of GDH in liver toxicity,
makes it more speciﬁc marker to study the liver necrosis [16]. After administration of
both the extracts of OI, circulating levels of GDH reduced signiﬁcantly in extract intervened groups as compared to disease control group. Depletion of the catalase, SOD
and GSH suggests the damage to hepatic parenchymal cells due to depletion in the free
radical scavenging capacity of the liver cells caused by oxidative stress [17]. We have
observed the signiﬁcant reduction in the catalase, SOD and GSH levels and signiﬁcant
increase in the LPO level in antitubercular drug treated group. Standard marketed drug
silymarin signiﬁcantly increased the levels of the antioxidant enzymes and results are in
line with earlier ﬁndings [18]. The animals treated with standard drug and with aqueous and ethanolic extracts of the OI showed minimal pathological changes as compared
to disease control and the results are in line with previous ﬁndings [15], these results
clearly shows that OI extracts have protective eﬀects towards toxic action of anitubercular drugs. P38 MAPK appears to play a major role in apoptosis, cytokine production and
cytoskeletal reorganization. Previous studies suggested the role of P38 MAPK and NFkB
transition factor as a key regulators of genes that involved in inﬂammation, immunity,
wound healing, acute phase response and apoptosis [19] [20]. In the present study, role
of P38 MAPK and NFkB in liver tissues from normal, disease control and OI extract
treated animals were assessed. P38 MAPK signalling plays important role in regulating
TNF-α in diseased liver tissue [21], and was signiﬁcantly down regulated in OI extract
treated animals. NFkB promotes liver regeneration by up-regulating IL-6 and other
molecules like hepatocyte growth factors [22]. Though NFkB and IL-6 expressions were
upregulated in liver tissue of disease control they were signiﬁcantly down-regulated in
OI extract treated liver tissue. It has been reported that inhibition of P38 MAPK and
NFkB may be a useful target to treat pathophysiologic inﬂammation in liver injury [23]
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[24]. Hepatocyte death is the major feature of liver injury. In response to hepatic injury
certain intracellular processes are initiated to conserve the liver integrity. Inﬂammatory cytokines including TNFα and IL-6 are key mediators of these processes as they
are involved in diﬀerent cellular response such as activation of proliferation, survival
and death. TNFα induces speciﬁc signalling pathways in hepatocytes leading to the activation of either pro-survival mediators or eﬀectors of cell death [25]. Our study ﬁrst
time demonstrated that administration of OI stem extracts supressed P38 MAPK activity, NF-KB transcription factor and cytokine mRNA levels in tubercular drug induced
hepatotoxicity and preventing further liver damage.

Conclusions
Given these promising ﬁndings, we suggest that OI, which is potentially safe and inexpensive for clinical use and may be considered as an eﬀective supplement for the
patients taking antitubercular medicaments.

Additional Information
Methods and Supplementary Material
Please see https://sciencematters.io/articles/201704000014.
Funding Statement
The study was funded by APT Research Foundation, Pune, India.
Acknowledgements
The authors would like to thank Dr. Sunil Jalapure from Dr. Prabhakar Kore Basic
Science Research Centre, KLE University, Belagavi for providing the research facilities
to carry out the research work. The authors are also, very thankful to all the staﬀ of
National Toxicology Centre, APT Testing and Research Pvt. Ltd. and APT Research
Foundation for their encouragement and providing facilities to carry out this work.
Ethics Statement
The experiment was conducted as per Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) guidelines, with prior permission from
the Institutional Animal Ethics Committee (IAEC).

Citations
[1]

Jiwon and K. “An overview of drug-induced liver disease”. In: US
Pharm 30.11 (2005), p. 11.

[2]

India and TB. “Revised National TB Control Programme Annual
Status Report”. In: Government of India and New Delhi (2012).

[3]

E H Runyon. “Preventive Treatment in Tuberculosis: A Statement
by the Committee on Therapy”. In: American Review of
Respiratory Disease 91 (1965), pp. 297–298.

[4]

Donald E. Kopanoﬀ, Dixie E. Snider Jr., and Gus J. Caras.
“Isoniazid-Related Hepatitis: A US Public Health Service
Cooperative Surveillance Study 1–3”. In: American Review of
Respiratory Disease 117.6 (1978), pp. 991–1001.

[5]

Malcolm A. Steele, Raymond F. Burk, and Roger M. DesPrez.
“Toxic Hepatitis with Isoniazid and Rifampin: A Meta-analysis”.
In: CHEST Journal 99.2 (1991), pp. 465–471.

[6]

Edward D Chan and Michael D Iseman. “Current medical
treatment for tuberculosis”. In: BMJ: British Medical Journal
325.7375 (2002), pp. 1282–1286.

[7]

Centers for Disease Control and Prevention (CDC). “Fatal and
Severe Hepatitis Associated With Rifampin and Pyrazinamide for
the Treatment of Latent Tuberculosis Infection — New York and

Georgia, 2000”. In: MMWR. Morbidity and Mortality Weekly
Report 50.15 (2001), pp. 289–291.
[8]

Meghna R Adhvaryu, Narsimha M Reddy, and
Bhasker C Vakharia. “Prevention of hepatotoxicity due to anti
tuberculosis treatment: A novel integrative approach”. In: World
Journal of Gastroenterology 14.30 (2008), pp. 4753–4762.

[9]

Teleman M. et al. “Hepatotoxicity of tuberculosis chemotherapy
under general programme conditions in Singapore”. In: The
International Journal of Tuberculosis and Lung Disease 6.8 (2002),
pp. 699–705.

[10]

Dinda et al. “Oroxylum indicum (L.) Kurz, an important Asian
traditional medicine: From traditional uses to scientiﬁc data for
its commercial exploitation”. In: Journal of Ethnopharmacology
161 (2015), pp. 255–278.

[11]

More et al. “Evaluation of activity of whole stem extracts of
Oroxylum indicum on Paracetamol induced hepatotoxicity”. In:
International Journal of Pharma and Bio Sciences 4 (2013),
pp. 255–265.

[12]

Mohd. Mujahid et al. “Hepatoprotective eﬀects of Adenanthera
pavonina (Linn.) against anti-tubercular drugs-induced

hepatotoxicity in rats”. In: Pharmacognosy Journal 5.6 (2013),
pp. 286–290.

[21]

John C. Lee et al. “A protein kinase involved in the regulation of
inﬂammatory cytokine biosynthesis”. In: Nature 372.6508 (1994),
pp. 739–746.

[13]

Aashish Pandit, Tarun Sachdeva, and Pallavi Bafna.
“Drug-Induced Hepatotoxicity: A Review”. In: Journal of Applied
Pharmaceutical Science 2 (2012), pp. 233–243.

[22]

[14]

Samuel et al. “Hibiscus vitifolius (Linn.) root extracts shows
potent protective action against anti-tubercular drug induced
hepatotoxicity”. In: Journal of Ethnopharmacology 141.1 (2012),
pp. 396–402.

Robert F. Schwabe and David A. Brenner. “Mechanisms of Liver
Injury. I. TNF-α-induced liver injury: role of IKK, JNK, and ROS
pathways”. In: American Journal of Physiology-Gastrointestinal
and Liver Physiology 290.4 (2006), G583–G589.

[23]

David C. Underwood et al. “SB 239063, a Potent p38 MAP Kinase
Inhibitor, Reduces Inﬂammatory Cytokine Production, Airways
Eosinophil Inﬁltration, and Persistence”. In: Journal of
Pharmacology and Experimental Therapeutics 293.1 (2000),
pp. 281–288.

[15]

Sude Eminzade, Fikriye Uras, and Fikret V Izzettin. “Silymarin
protects liver against toxic eﬀects of anti-tuberculosis drugs in
experimental animals”. In: Nutrition and Metabolism 5.1 (2008),
p. 18.

[24]

[16]

O’brien et al. “Advantages of glutamate dehydrogenase as a
blood biomarker of acute hepatic injury in rats”. In: Laboratory
Animals 36.3 (2002), pp. 313–321.

Tom Luedde and Robert F. Schwabe. “NF-κB in the liver—linking
injury, ﬁbrosis and hepatocellular carcinoma”. In: Nature Reviews
Gastroenterology and Hepatology 8.2 (2011), pp. 108–118.

[25]

Salvatore Papa et al. “Mechanisms of liver disease: cross-talk
between the NF-κB and JNK pathways”. In: Biological Chemistry
390.10 (2009), pp. 965–976.

[26]

Woods et al. “Methods of enzymatic analysis,” in: Published by
academic press and inc. New York and London second edition, vol.
2, (1964), pp. 656–659.

[27]

Aebi and Hugo. “[13] Catalase in vitro”. In: Methods in
enzymology 105 (1984), pp. 121–126.

[28]

Charles Beauchamp and Irwin Fridovich. “Superoxide dismutase:
Improved assays and an assay applicable to acrylamide gels”. In:
Analytical Biochemistry 44.1 (1971), pp. 276–287.

[29]

Maria S. Moron, Joseph W. Depierre, and Bengt Mannervik.
“Levels of glutathione, glutathione reductase and glutathione
S-transferase activities in rat lung and liver”. In: Biochimica et
Biophysica Acta (BBA) - General Subjects 582.1 (1979), pp. 67–78.

[30]

Hiroshi Ohkawa, Nobuko Ohishi, and Kunio Yagi. “Assay for
lipid peroxides in animal tissues by thiobarbituric acid reaction”.
In: Analytical Biochemistry 95.2 (1979), pp. 351–358.

[17]

Sumanth and Meera. “Screening Models For Hepatoprotective
Agents”. In: Pharmaceutical Reviews 5 (2007), p. 2.

[18]

Mercy B. Obogwu, Abidemi J. Akindele, and
Olufunmilayo O. Adeyemi. “Hepatoprotective and in vivo
antioxidant activities of the hydroethanolic leaf extract of
Mucuna pruriens (Fabaceae) in antitubercular drugs and alcohol
models”. In: Chinese Journal of Natural Medicines 12.4 (2014),
pp. 273–283.

[19]

[20]

Klintman Daniel et al. “p38 Mitogen-Activated Protein
Kinase-Dependent Chemokine Production, Leukocyte
Recruitment, and Hepatocellular Apoptosis in Endotoxemic Liver
Injury”. In: Annals of Surgery 242.6 (2005), pp. 830–839. doi:
10.1097/01.sla.0000189132.86878.f7. url:
https://doi.org/10.1097/01.sla.
0000189132.86878.f7.
Muriel and Pablo. “NF-κB in liver diseases: a target for drug
therapy”. In: Journal of Applied Toxicology 29.2 (2009), pp. 91–100.

7

