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ABSTRACT

Barleria Montana Nees traditionally used for treating wounds, diabetes, cuts, inflammation and hepatoprotective activity. The study
was designed to evaluate the hepatoprotective activity of ethanolic extract of Barleria Montana Nees (BMEE) leaves against anti-
tubercular drugs induced hepatotoxicity in BRL3A cell lines using MTT assay. The cytotoxicity (CTC50) of anti-tubercular drugs on
BRL3A cell lines was evaluated by MTT assay. The CTC50 of BMEE was tested and the percentage viability of the cell lines was carried
out over the toxicant control on BRL3A cell Lines using MTT assay. All the tests were done in triplicates. Silymarin was used as a
standard drug to compare with anti-tubercular drugs and BMEE. Finally, the estimation of liver biomarker and antioxidant enzymes
like AST, ALT, LDH, GSH and MDA in BRL3A cell lines homogenate. The CTC50 for anti-tubercular drugs was obtained approximately
3800pg/ml. This concentration of 3800ug/ml was used to induce hepatotoxicity and to determine the hepatoprotective effect of the
BMEE on BRL3A cell lines using MTT assay. The CTC50 of BMEE was found to be 739.33ug/ml. Elevated levels of AST, ALT, LDH, GSH
and decreased MDA in BRL3A cell lines homogenate after anti-TB drugs administration. The pre-treatment of BMEE with anti-TB
drugs were significantly reversed these enzymes in BRL3A cell lines homogenate. The present study was explored that the ethanolic
extract of Barleria Montana Nees leaves have protective effect on hepatotoxicity induced by anti-TB drugs in BRL3A cell lines.
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INTRODUCTION

epatotoxicity is a liver disorder caused by a wide
variety of pharmaceutical agents, natural
products, chemicals or environmental pollutants
and dietary constituents. Some of the commonly
used drugs leading to hepatotoxicity are non-steroidal
anti-inflammatory agents,1 first line anti-tubercular
drugs,z"?"4 anti-viral drugs,5 anti-epileptic drugs,6 anti-
malarial drugs,7 anti-hyperlipidaemics8 and commonly
abused alcoholic beverages. In patients using the anti-
tubercular drugs, oxidative stress is the important
mechanism in causing the hepatotoxicity. Isoniazid causes
increase in the liver aminotransferases and clinical
hepatitis leading to the nausea, vomiting and loss of
apetite. Rifampicin may cause hepatitis and jaundice and
Pyrazinamide known to cause the hepatotoxicity.9

Conventional drugs used in the treatment of liver
diseases are sometimes inadequate and can have serious
adverse drug reactions further damaging the liver. In
modern medicine, there are not much drugs available for
the treatment of liver diseases. Management of liver
diseases is still a challenge to modern medicine. Hence, it
is mandatory to search for alternative
treatment/supplementation for the treatment of liver
disease in order to replace currently used conventional
drugs.

Barleria montana Nees commonly known as Mountain
Barleria, is an erect herb found in the mountains of
Western Ghats. It is native to a wide area ranging from
southern China to India and Myanmar. It is traditionally
used for treating wounds, diabetes, cuts, inflammation
and  hepatoprotective activity.10 The  chemical
constituents of Barleriac montana Nees are coumarin,
sterol, quinine, flavonoids, alkaloids, terpenoids and
tannins. Twenty-six phytoconstituents were found by GC-
MS analysis of this pIant.11

The aim of the present study was supplementation of
plant drug ethanolic extract of Barleria Montana Nees
(BMEE) along with anti-tubercular drugs used to reduce
the risk of drug induced hepatotoxicity.

MATERIALS AND METHODS
Preparation of Plant material

The leaves of Barleria Montana Nees were collected from
tirumala hills, A.P. Plant was identified, authenticated and
certified (Voucher no: 32) by Dr.K.Madhavachetty,
Asst.Professor, Dept. of Botany, S.V.University, Tirupati,
A.P, India. The air-dried leaves powder was extracted in
soxhlet apparatus using ethanol as solvent. Appearance
of colorless solvent in the siphon tube was taken as the
end point of extraction. The extract was concentrated to
3/4th of the original volume by distillation.
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Chemicals

3-(4, 5-dimethyl thiazol-2—yl)-5—diphenyl tetrazolium
bromide (MTT), Fetal Bovine Serum (FBS), Phosphate
Buffered Saline (PBS), Dulbecco’s Modified Eagle’s
Medium (DMEM) and trypsin were purchased from Sigma
Aldrich Co, St Louis, USA. Tris base and antibiotics from
Hi-Media Laboratories Ltd., Mumbai; Dimethyl Sulfoxide
(DMSO), ethanol and Propanol from E. Merck Ltd.,
Mumbai, India.

Cell Lines and Culture Medium

BRL3A (a rat, liver derived cell line) cell culture was
procured from National Centre for Cell Sciences (NCCS),
Pune, India. Stock cells of BRL3A were cultured in DMEM
supplemented with 10% inactivated FBS, penicillin (100
IU/ml), streptomycin (100 pg/ml) and amphotericin B
(5ug/ml) in a humidified atmosphere of 35% CO2 at 370C
until confluent. The cells were dispersed with TPVG
solution (0.2% trypsin, 0.02% EDTA, 0.05% glucose in
PBS). The stock cultures were grown in 25 cm2 culture
flasks and all experiments were carried out in 96
microtitre plates (Tarsons India Pvt. Ltd., Kolkata, India).

Reagents Preparation

BRL3A cell lines —A rat liver derived cell lines originally
isolated by primary clone.

Anti-Tubercular Drugs

Ethambutol, Cap R Cinex (Isoniazid and rifampicin) and
Pyrazinamide were mixed in 2:1:5 proportions to
make hepatotoxicant solution 2 (HTS2) and tested in
different concentrations.

Preparation of Test Solutions

The test drugs were separately weighed and dissolved in
distiled DMSO and volume was made to 1mg/ml
concentration of stock solution by DMEM supplemented
with 2% inactivated FBS and sterilized by filtration. Two
Serial fold dilutions were prepared from the above stock
solution and this is used for carrying out cytotoxic studies.

Determination Cytotoxicity (CTC50) for Anti-Tubercular
Drugs and BMEE in BRL3A Cell Line by MTT Assay*’

The monolayer cell culture was trypsinized and cell
suspension was prepared from which the cell count was
adjusted to 1.0x105 cells/ml using DMEM medium
containing 10% FBS. To each well of the 96 well microtitre
plate, 0.1ml of the diluted cell suspension (approximately
10,000 cells) was added. After 24h, when a partial
monolayer was formed, the supernatant was flicked off,
washed the monolayer once with medium. The test drugs
in different concentrations (Anti-TB drugs- 4000ug/ml,
2000pg/ml, 1000pg/ml, 500upg/ml, 250pg/ml and
125ug/ml and BMEE- 1000ug/ml, 500ug/ml, 250ug/mi,
125ug/ml and 62.5ug/ml) of 100ul were added on to the
partial monolayer in microtitre plates.

Then, the plates were incubated at 370C for 3 days in 5%
CO2 atmosphere, and microscopic examination was
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carried and recorded for every 24h interval. After 72h, the
drug solutions in the wells were discarded and 50ul of
MTT in PBS was added to each well. The plates were
gently shaken and incubated for 3h at 370C in 5% CO2
atmosphere. The supernatant was removed and 100ul of
propanol was added and the plates were gently shaken to
solubilize the formed formazan. The absorbance was
measured using a microplate reader at a wavelength of
540 nm.

Calculations: The percentage growth inhibition was
calculated using the following formula and concentration
of test drugs needed to inhibit cell growth by 50% (CTC50)
values is generated from the dose-response curves for
each cell line.

% of Growth inhibition =100- [ Mean OD of individual testgroup xlOO}

Mean OD of controlgroup

Determination of Hepatoprotective Activity of Plant
Extracts and Silymarin 13,14

The monolayer cell culture was trypsinized and the cell
suspension was prepared form which the cell count was
adjusted to 1.0 x 105 cells/ml using DMEM medium
containing 10% FBS. To each well of the 96 well microtitre
plate, 0.1ml of the diluted cell suspension (approximately
10,000 cells) was added. After 24h, when a partial
monolayer was formed, the supernatant was flicked off,
washed the monolayer once with medium. 50ul of DMEM
with nontoxic concentration (3800ug/ml final volume) of
toxicant and 50ul of different non-toxic test
concentrations of plant extracts and silymarin were
added separately to the cell suspension.

Then, the plates were incubated at 370C for 24h in 5%
CO2 atmosphere. After 24h, the cell supernatants were
discarded and 50ul of MTT in PBS was added to each well.
The plates were gently shaken and incubated for 3h at
370C in 5% CO2 atmosphere. The supernatant was
removed and 100ul of propanol was added and the plates
were gently shaken to solubilize the formed formazan.
The absorbance was measured using a microplate reader
at a wavelength of 540nm.

The percentage cell viability was determined, based on
which the percentage protection offered by plant extracts
and silymarin was calculated over the toxicant control. All
the testes were done in triplicates. The treatment
schedule as follows Group 1: Normal treated with media
(50 pl/ml) as vehicle control, Group 2: Positive control
treated with HTS2 (3800ug/ml), Group 3: Standard
control treated with silymarin (200pg/ml) and HTS2,
Group 4: Test 1 treated with BMEE (25pg/ml) and HTS2;
and Group 5: Test 2 treated with BMEE (50ug/ml) and
HTS2. Finally, the BRL3A cell lines were processed to
homogenization used to estimate the liver biomarker
enzymes and antioxidant enzymes.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

133



Int. J. Pharm. Sci. Rev. Res., 42(2), January - February 2017; Article No. 25, Pages: 132-138

Determination of Biochemical and Antioxidant

Parameters in BRL3A Cell Lines Homogenate
Aspartate Aminotransferase (AST)™
Procedure

1ml of buffered substrate was incubated at 372C for 10
minutes. Then added 0.2ml of cell culture medium to the
test tubes and again incubated at 37°C for 1h. The
reaction was arrested by adding 1.0ml of DNPH reagent
and tubes were kept at room temperature for 20
minutes. Then 10ml of 0.4N sodium hydroxide solution
was added. A set of pyruvic acid was also treated in a
similar manner for the standard. The colour developed
was read at 520nm.The activity was expressed as |U/L.

Alanine aminotransferase (ALT)15
Procedure

1ml of buffered substrate was incubated at 37°C for 10
minutes. Then added 0.2ml of cell culture to the test
tubes and again incubated at 370C for 30 minutes. The
reaction was arrested by adding 1.0ml of DNPH reagent
and the tubes were kept at room temperature for 20
minutes. Then 10ml of 0.4N sodium hydroxide solution
was added. A set of pyruvic acid was also treated in a
similar manner for the standard. The colour developed
was read at 520nm. The activity was expressed as IU/L.

Lactate dehyrogenase (LDH)"®
Procedure

To 0.1ml of the buffered substrate, 0.1ml of cell culture
medium was added and the tubes were incubated at
37.80C for 15 minutes. The incubation was continued for
another 15 minutes after adding 0.2ml of NAD+ solution.
The reaction was arrested by adding 0.1ml of 2,4-DNPH,
and the tubes were incubated for a further period of
15min at 37.80C after which 7.0ml of 0.4N sodium
hydroxide was added and the colour developed was
measured at 420nm. The activity was expressed as IU/L.

Reduced Glutathione Level (GSH)"
Procedure

Take 0.1ml of BRL3A cell lines homogenate and
precipitated with 5% TCA (Trichloroacetic Acid). The
contents were mixed well for complete precipitation of
protein and centrifuged. To 0.1ml of supernatant, added
2ml of 0.6Mm DTNB [5, 5 dithiobis

(2-nitrobenzoic acid)] reagent and this volume made up
to 4ml by added 0.2M phosphate buffer (pH 8). Then the
absorbance was read 412nm. The amount of glutathione
was expressed as n moles / mg of protein.

Lipid peroxidation (MDA Level)18
Procedure

To 0.2ml of BRL3A cell lines homogenate, 0.2ml of 8.1%
SDS, 1.5ml of 20% acetic acid (pH 3.5) and 1.5ml of 0.8%
TBA were added. The above solution was made to 4ml
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with water and then heated in a water bath at 95.80C for
60min using glass ball as a condenser. After cooling, 1ml
of water and 5ml of n-butanol: pyridine (15:1 v/v) mixture
were added and shaken vigorously. Then the solution was
centrifuged at 4000rpm for 10min, in which the organic
layer was taken and measured their absorbance at
532nm. The level of lipid peroxides was expressed as ‘n’
moles of MDA/ mg of protein.

Statistical analysis

The results were presented as Mean + SEM. Statistical
significance between the normal and control, control and
treatment groups were observed using One-way ANOVA
followed by Tukey Post Hoc method.

RESULTS
Cytotoxicity (CTC50)

CTC50 was determined for the anti-tubercular drugs by
MTT assay. Dose response curve was drawn for the
different concentrations of anti-tubercular drugs and
CTC50 was obtained approximately 3800ug/ml was
shown in Figure 1. This concentration (3800ug/ml) was
used to induce hepatotoxicity and to determine the
hepatoprotective effect of the plant extract on BRL3A cell
lines using MTT assay. The CTC50 of BMEE was also found
to be 739.33pug/ml which can be observed from figure 2.
Silymarin at a dose of 200ug/ml was showed highest
protection (60.09%) in BRL3A cell lines over positive
control. The selected plant extract for the study BMEE
was showed protection 36.41% at a dose of 50ug/ml and
14.27% at a dose of 25ug/ml in BRL3A cell lines shown in
Figure 3.

Effect of BMEE on AST, ALT and LDH in BRL3A cell lines
homogenate

In the present study, biochemical parameters like AST,
ALT and LDH were assessed in the BRL3A cell lines
suspension. Administration of HTS2 to the BRL3A cell lines
had shown significantly (P<0.001) increased AST, ALT and
LDH levels when compared with normal group. Silymarin
200pg/ml treated group was showed significantly
(P<0.001) decreased AST, ALT and LDH levels in BRL3A cell
suspension when compared with the positive control
which was given in Table 1.

Co-treatment BMEE 25ug/ml along with HTS2 had shown
significantly (P<0.001) decreased AST, ALT and LDH levels
in BRL3A cell suspension when compared with positive
control. BMEE 50ug/ml treated group along with anti-
tubercular drugs has showed significantly (P<0.001)
decreased AST, ALT and LDH levels in BRL3A cell
suspension when compared with HTS2 alone treated
groups.

Effect of BMEE on Malondialdehyde and Reduced
Glutathione in BRL3A Cell Lines Homogenate

Administration of HTS2 to the BRL3A cell lines had
significantly (P<0.001) increased malondialdehyde and
reduced glutathione levels when compared with control
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group. Silymarin 200ug/ml treated cell lines was showed
significantly (P<0.001) decreased malondialdehyde and
increased glutathione levels when compared with positive
control group reported in Table 2.

Treatment of BMEE 25ug/ml with HTS2 had shown
significantly (P<0.001) decreased in malondialdehyde and
increased in glutathione levels in BRL3A cell suspension

ISSN 0976 — 044X

when compared with the positive control group. BMEE
50ug/ml treated with HTS2 (anti-tubercular drugs) was
showed significantly (P<0.001) decreased
malondialdehyde and increased glutathione levels in
hepatocytes homogenate when compared with the
positive control group.
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Figure 1: Cytotoxicity for Anti-Tubercular Drugs in BRL3A cell lines by MTT assay

20 -
80 -
70 -
60 -
50 -
40 -

30 -1

% of Cytotoxicity

20 -

78.13

24.65

" g

10 ~ 14.36

—
13.2

17.35

62.5 125

Test Concentration mcg/ml

250 500 1000

Figure 2: CTCso of BMEE in BRL3A cell lines by MTT Assay
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Figure 3: Hepatoprotective Activity of Plant Extract (BMEE) & Silymarin
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Table 1: In Vitro Hepatoprotective Activity of BMEE on Biochemical Parameters in BRL3A Cell Lines

Group Treatment

Group | Normal
Group Il Positive control (HTS,)
Group I Silymarin (200ug/ml) + HTS,
Group IV BMEE (25ug/ml) + HTS,
Group V BMEE (50ug/ml) + HTS,

AST (1U/L)
18.37 £ 0.2691
63.177 £ 1.276
24.413 + 0.6454***

35.55 £ 1.126***

29.09 # 0.132%***

ALT (IU/L) LDH (IU/L)

21.68 + 0.3051 126.27 £ 0.6871

HH#H# Hi# Hi#

73.227 + 2.836 261.47 +4.102

29.09 + 0.335%** 132.22 + 1.728***

45.077 £1.192%** 148.78 + 3.364***

34.743 £ 0.4286***  133.67 + 3.949***

Data are expressed as Mean = S.E.M (n=6), One-way ANOVA Tukey Post Hoc; #p<0.0001 vs. Normal (Group I); ***p<0.001

vs. Positive control (Group ).

Table 2: In Vitro Hepatoprotective Activity of BMEE on Antioxidant Parameters in BRL3A Cell Lines Suspension

Group Treatment

Group | Control
Group I Positive control (HTS;)
Group lli Silymarin (200ug/ml) + HTS,
Group IV BMEE (25ug/ml) + HTS,
Group V BMEE (50ug/ml) + HTS,

(n mol/mg protein)

20.793 £ 0.3206***

15.530 £ 0.2524***

MDA GSH

(n mol/mg protein)

9.647 +0.179 35.953 + 0.2206

HiHH HiH

35.390 + 1.284 11.830 + 1.997

12.330 + 0.225*** 27.783 £ 1.312***
20.76 + 0.338%**

25.817 £ 0.1855***

Data are expressed as Mean + S.E.M (n=6), One-way ANOVA Tukey post Hoc; #p<0.0001 vs. Normal (Group I); ***p<0.001

vs. Positive control (Group ).

DISCUSSION

Liver is considered as the most important vital organ in
performing the xenobiotic metabolism, detoxifying the
drugs and eliminating them from the body providing
protection against foreign substances. Liver cell injury is
caused by the various toxic substances like antibiotics,
chemotherapeutic agents, CCl4, Excessive alcohol
consumption and Microbes etc. Inspite of tremendous
advances made in the pharmaceutical field no significant
hepatoprotective agents are effective against hepatic
disorders. Therefore, due importance was given to
develop plant based hepatoprotective agents.

The present study was aimed at compiling data based
report on plant based phytochemicals tested on anti-
tubercular drugs induced hepatotoxicity models using cell
lines.

The in vitro hepatoprotective activity was assessed in
BRL3A cell lines (a rat liver-derived cell lines) against anti-
tubercular drugs induced hepatotoxicity. The anti-
tubercular drugs (Ethambutol, Cap R Cinex (Isoniazid and
Rifampicin) and Pyrazinamide) were mixed in 2:1:5
proportions to make HTS2 solution used to induce
hepatotoxicity. In this, first determined CTC50
(cytotoxicity) for anti-tubercular by MTT assay and then

estimated liver biomarker enzymes in BRL3A cell
suspension for the protective effect of BMEE on
hepatocytes.

The principle involved in MTT assay was involves
tetrazolium salt (3-(4, 5 dimethylthiazole -2 yl)-2, 5
diphenyl tetrazolium bromide) is taken up into the cells
and reduced to a blue coloured formazan product in a
mitochondria dependent reaction. The formazan product
accumulates within the cell, due to the fact that it cannot
pass through plasma membrane. On solubilization of the
cells, the product is liberated and can be readily detected
and quantified by a simple colorimetric method.

The ability of the cells to reduce MTT provides an
indication of mitochondrial integrity and activity which in
turn may be interpreted as a measure of viability and/or
cell number. The assay has been adopted for use with
cultures of exponentially growing cells. Determination of
their ability to reduce MTT to the formazan derivative
after exposure to test compounds compared to control,
enables the relative protection of test chemicals to be
assessed.™

The present study involves, determined CTC50 of the anti-
tubercular drugs by MTT assay. Dose response curve was
drawn for the anti-tubercular drugs in different
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concentrations like 4000ug/ml (56.44+0.3), 2000pg/ml
(25.61+0.4),  1000pg/ml  (19.37+0.3),  500ug/ml
(17.104£0.5), 250pg/ml (10.38+0.1) and 125pug/ml
(8.780.3).

From this dose response curve, the CTC50 of anti-
tubercular drugs was calculated i.e. concentrations of
hepatotoxicant required to reduce cell viability. The
concentration of hepatotoxicant was used to induce
toxicity in BRL3A cell lines and evaluated the protective
effect of BMEE. Since approximately 50% of the inhibition
on BRL3A cell lines was achieved with 3800ug/ml. So,
CTC50 of anti-tubercular drugs was taken as 3800ug/ml
to induce hepatotoxicity. The CTC50 concentration for
BMEE was also calculated by MTT assay i.e. 739.33ug/ml.
From these two graded concentrations of 25ug/ml and
50ug/ml were chosen to investigate the hepatoprotective
activity of BMEE.

From results of the in vitro hepatoprotective study in
BRL3A cell lines, anti-tubercular drugs (HTS2) were
showed significant reduction in the protection of
hepatocytes and also reduction in the percentage viability
of cells. In BMEE treatment along with HTS2 showed
protection on BRL3A cell lines i.e. 25ug/ml (14.27+3.36)
and 50pg/ml  (36.41%5.94). Silymarin  200ug/ml
(60.09+4.06) has also showed protection on BRL3A cell
lines over HTS2 (anti-tubercular drugs) induced toxicity.

The AST and ALT are well known diagnostic markers of
liver diseases. Lactate dehydrogenase (LDH) is an enzyme
present in the cytoplasm of hepatocytes, catalyzes the
interconversion of lactate and pyruvate. Exposure of anti-
tubercular drugs (HTS2) to BRL3A cell lines an abnormal
raise in the levels of AST, ALT and LDH. In case of liver
damage with hepatocellular lesions and parenchymal cell
necrosis, these liver marker enzymes are released from
the damaged tissues into the blood stream in conformity
with the extent of liver damage.19 Treatment with BMEE
25ug/ml and 50ug/ml significantly reduced the elevation
in liver enzymes. Hence, BMEE showed protection and it
may be involved in the stabilization of hepatocytes
plasma membrane, from the leakage of cytoplasmic
enzymes AST, ALT and LDH.

Anti-tubercular drugs produced a significant depletion of
protective peptide GSH which is an important non-
enzymatic antioxidant that plays a crucial role in
scavenging ROS and maintaining enzymatic antioxidants.
Administration of anti-tubercular drugs (HTS2) elevates
the formation of lipid peroxides and ROS, leading to the
inactivation of enzymatic and non-enzymatic antioxidants
in the liver.20 Depletion of GSH obtained by anti-
tubercular drugs exposure may be attributed to its rapid
utilization by the overproduction of ROS and subsequent
oxidative stress. From the results of the study, hepatic
GSH levels were increased by the treatment of BMEE
25ug/ml and 50pg/ml. Hence, it indicates that
detoxification of ROS leads to the prevention of
hepatotoxicity.
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The hepatic MDA, a major reactive aldehyde resulting
from the peroxidation of polyunsaturated fatty acids in
the cell membrane, reflects a causal role of lipid
peroxidation.21 In anti-tubercular drugs (HTS2) treatment
elevated the levels of hepatic MDA causes liver damage.
By the treatment of BMEE 25ug/ml and 50ug/ml showed
a significant inhibitory effect on lipid peroxidation and
thereby reduced the anti-tubercular drugs induced
hepatic membrane destruction and hepatic damage.

Treatment with BMEE significantly reversed all these
abnormal changes in hepatocytes and thus offered
hepatoprotection against anti-tubercular drugs induced
hepatotoxicity in BRL3A cell suspension.

CONCLUSION

Drug induced liver injury is a major issue for the
pharmaceutical companies for the failure of the drug to
get approved or for withdrawal of already marketed
product. Anti-TB drug induced hepatotoxicity causes
substantial morbidity and mortality diminishing the
treatment effectiveness. Many phytochemical
constituents were detected in the plant parts that have
beneficial importance in medical sciences. In the current
study, the CTC50 value for anti-tubercular drugs was
calculated by MTT assay using BRL3A cell lines. CTC50 of
anti-tubercular drugs 3800ug/ml was used for the in vitro
hepatoprotective activity of ethanolic extract of Barleria
Montana Nees. From the results of the present study, it
was confirmed that ethanolic extract of Barleria Montana
Nees exhibited in vitro hepatoprotection in BRL3A cell
lines. Thereby the plant extract can be used as
supplementation/ adjuvant with anti-tubercular drugs to
reduce the ADR of hepatotoxicity caused by anti-
tubercular drugs.

REFERENCES

1. Manov I, Motanis H, Frumin |, Lancu TC, Hepatotoxicty of
anti-inflammatory and analgesic drugs: ultrastructural
aspects, Acta Pharmacol Sin, 27, 2006, 259-272.

2. Khalili H, Dashti-Khavidaki S, Rasoolinejad M, Rezaie L,
Etminana M, Anti-tuberculosis drugs related
hepatotoxicity: incidence, risk factors, pattern of changes in
liver enzymes and outcome, DARU, 17, 2009, 163-167.

3. Upadhyay G, Kumar A, Singh MP, Effect of silymarin on
pyrogallol and rifampicin induced hepatotoxicity in mouse,
Eur J Pharmacol, 565, 2007, 190-201.

4. Rana SV, Attri S, Vaiphei K, Pal R, Attri A, Singh K, Role of N-
acetylcysteine in rifampicin-induced hepatic injury of young
rats, World Gastro enterol, 12, 2006, 287-291.

5. Brind AM, Drugs that damage the liver. Medicine, 35, 2007,
26-30.

6. Green SH, Sodium valproate and routine liver function
tests, Arch Dis Child, 59, 1984, 813-814.

7. Shimizu S, Atsami R, Itokawa K, lwasaki M, Aki T,
Metabolism dependent hepatotoxicity of amodiaquine in
glutathione-depleted mice, Arch Toxicol, 83, 2009, 701-
701.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

137



Int. J. Pharm. Sci. Rev. Res., 42(2), January - February 2017; Article No. 25, Pages: 132-138

8.

10.

11.

12.

13.

14.

Parra JL, Reddy KR, Hepatotoxicity of hypolipidemic drugs,
Clinics in Liver Disease, 7, 2003, 415-433.

Chandrasekhar VM, Abdul Haseen TS, Habbu PV, Nagappa
AN, Indian drugs, 41(6), 2004, 366.

Madhava Chetty K, Sivaji K, Tulasi Rao K, Flowering plants
of Chittoor District, Andhra Pradesh, India, 2008: 330-333.

Sriram Sridharan, Sasikumar China Gounder, Evaluation of
antimicrobial activity and GC-MS profiling of Barleria
Montana, Journal of pharmacy research, 5(5), 2012, 2921-
2925.

Francis D, Rita L, Rapid colorometric assay for cell growth
and survival modifications to the tetrazolium dye
procedure giving improved sensitivity and reliability,
Journal of Immunological Methods, 89, 1986, 271-277.

Sadhana Sathaye, Yogita Bagul, Sanjay Gupta, Harpreet
Kaur, Roopali Redkar, Hepatoprotective effects of aqueous
leaf extract and crude isolates of Murraya koenigii against
in vitro ethanol-induced  hepatotoxicity = model,
Experimental and toxicologic pathology official journal of
the Gesellschaft fur Toxikologische Pathologie, 63 (6), 2011,
587-591.

Purnima S, Beena P, Kokilavani R, In vitro hepatoprotective
activity of ethanolic extract of Coldenia procumbens Linn, )
Chem Pharm Res, 3 (2), 2011, 144-149.

15.

16.

17.

18.

19.

20.

21.

ISSN 0976 — 044X

King J, The transferases - alanine and aspartate
transaminases, In: King J (Edn.), Practical Clinical
Enzymology, Van Nostrand Company Ltd, London, 1956b,
121-138.

King J, The dehydrogenases or oxidoreductases, Lactate
dehydrogenase, In: Van Nostrand D (Edn), Practical clinical
enzymology, London, 1956a, 83-93.

Ellman GL, Determination of sulfhydryl group, Arch.
Biochem, Biophys, 82, 1959, 70-74.

Ohkawa H, Ohishi N, Yagi K, Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction, Anal
Biochem, 95,1979, 351-358.

Kasdallah-Grissa A, Mornagui B, Aouani E, Hammami M,
May ME, Gharbi N, Kamoun A, El-Fazaa S, Resveratrol, a red
wine polyphenols, attenuates ethanol induced oxidative
stress in rat liver, Life Sci, 80, 2007, 1033-1039.

Georgiewa N, Gadjeva V, Tolekova A, New isonicotinyl
hydrazones with SSA protect against oxidative hepatic
injury of Isoniazid, Trakia J Sci, 2, 2004, 37-43.

Galal Reem M, Hala F Zaki, Mona M Seif El-Nasr, Azza M
Agha, Potential Protective Effect of Honey Against
Paracetamol-induced Hepatotoxicity, Archives of Iranian
Medicine, 15(11), 2012, 674-680.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

138



