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Abstract
Background and Objectives: Different studies indicated association of isoniazid (INH) treatment with different adverse reactions. Green
tea catechins (GTC) showed antioxidative activities in different reports.  The aim of this study was to assess the antioxidative activity of
GTC against the INH-induced alterations in certain serum lipids and liver function biomarkers in addition to certain endogenous
antioxidants. Materials and Methods: One hundred male albino rats were randomly divided into four groups: control, INH-treated,
(INH+GTC)-treated and GTC-treated groups. The INH and GTC were orally administered at dose levels of 27 and 50 mg kgG1 b.wt.,
respectively, daily for 5 weeks. Statistical analysis was performed using t-test and one-way analysis of variance (ANOVA). Results: In the
INH-treated animals, the lipid profile showed high levels of most serum lipids. Liver function biomarkers were elevated indicating hepatic
affection. Oxidative stress was reflected in the increased liver malondialdehyde (MDA) content and decreased hepatic glutathione (GSH)
level and superoxide dismutase (SOD) and catalase (CAT) activities, in addition to the reduced activity of erythrocyte G6PD. Yet, the
administration of GTC 1 h prior to the INH resulted in the alleviation of these alterations. Conclusion: The co-administration of GTC with
the INH ameliorated the INH-induced alterations in serum lipids, liver function biomarkers and antioxidant systems.
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INTRODUCTION

Tuberculosis  (TB)  is  an  infectious  disease  caused  by
the  bacillus  Mycobacterium  tuberculosis.  It  typically  affects
the lungs (pulmonary TB), but can also affect other sites
(extrapulmonary TB)1. It is one of the top 10 causes of death
and  the  leading  cause  from  a  single  infectious  agent
(above HIV/AIDS)2. Both streptomycin and para-aminosalicylic
acid  showed  activity  against  Mycobacterium  tuberculosis
and were followed in rapid succession by isoniazid (INH),
rifampicin (RIF), pyrazinamide (PZA), ethambutol, cycloserine
and ethionamide among others3,4. Due to these advances, TB
was transformed from a predictably fatal disease to a curable
disease5.

The  currently  recommended  treatment  for  cases  of
drug-susceptible TB is a 6-month regimen of four first-line
drugs: INH, RIF, PZA and ethambutol2. This includes the
administration of INH, RIF, PZA and ethambutol for 2 months
followed by INH and RIF for 4 months6. Since 2000, more than
60 million people have been documented as treated and
cured and case and death rates have fallen steadily2. However,
anti-TB drugs have unfortunately been reported to be
associated with a significant number of adverse reactions7-9.
Among these adverse reactions was hepatotoxicity10-12. Yet,
most studies of anti-TB drugs did not attribute the adverse
reactions to a specific drug.

Although INH is considered one of the most important
first-line  anti-TB  drugs,  used  in  combinations  with  other
anti-TB drugs13,14 or alone as a prophylactic drug15,16, it was
associated with different adverse reactions including bilateral
optic   neuritis17,   lupus   erythematosus18,   gynecomastia19,
eosinophilic pneumonia20, motor-dominant neuropathy21 and
rhabdomyolysis22. Yet, the most serious adverse reaction of
isoniazid  was  hepatotoxicity23-25.  The  INH  metabolism  is
thought to be associated with INH-induced liver injury26.
Acetylhydrazine (AcHz), hydrazine (Hz) and acetylisoniazid
(AcINH) are the major metabolites of INH24. In certain studies,
the INH-induced hepatotoxicity has been attributed to Hz27,28.
Cytochrome P450 isoenzymes were proposed to be involved
in the oxidization of INH metabolites, Hz and AcHz, to reactive
metabolites which are thought to be involved in INH
hepatotoxicity24. Moreover, it has been reported that INH itself
is oxidized to a reactive metabolite that can bind to liver
proteins  of  mice  in  vivo  and  to  human  liver  microsomes
in   vitro   causing   immune-mediated   hepatotoxicity26.
Application   of   gas   chromatography-mass   spectrometry
(GC-MS)-based metabolomics revealed that oxidative stress
and  GSH  consumption  play  important  roles  in  the  etiology

of Hz-induced hepatotoxicity27. Hence, as the INH-induced
hepatotoxicity was attributed to oxidative stress, it seemed
necessary to suggest an antioxidative agent to prevent or at
least alleviate this effect.

Tea (Camellia sinensis) is one of the most popular
beverages in the world29,30. Flavonoids are the most important
polyphenols in tea leaves and catechins are the main
flavonoids found in green tea beverage31. The polyphenols of
the green tea leaves determined by high performance liquid
chromatography (HPLC) are composed of (+) catechin (C), (!)
epicatechin (EC), (+) gallocatechin (GC), (!) epigallocatechin
(EGC), (+) catechin gallate (CG), (!) epicatechin gallate (ECG),
(+) gallocatechin gallate (GCG) and (!) epigallocatechin gallate
(EGCG)31,32. Many biological functions of green tea catechins
(GTC)  have  been  studied  including  anti-obesity33,
antidiabetic34 and anticarcinogenic activities35. In an in vitro
study    the    EGCG    showed    antioxidative    effect    against
D-galactosamine-induced injury in primary culture of rat
hepatocytes36.  Moreover,  it  has  been  reported  that  GTC
have the ability to prevent atherosclerosis, hypertension,
endothelial   dysfunction,   ischemic   heart   diseases,
cardiomyopathy, cardiac hypertrophy and congestive heart
failure by decreasing oxidative stress37.

In the light of the afore-cited reports about the adverse
reactions of INH and the antioxidative activity of GTC, the
present  study  was  suggested.  The  objective  of  this  study
was  to  evaluate  the  possible  protective  role   of   GTC 
against  the  adverse  reactions  and  oxidative  stress  of  INH
at a therapeutic dose level throughout 5 weeks of daily
administration to rats.

MATERIALS AND METHODS

This study was carried out in 2014-2016, in the labs of
Department of Zoology, Faculty of Science, Cairo University,
Giza, Egypt.

Chemicals: The INH was obtained from Memphis Co. for
Pharmaceutical and Chemical Industries (8 Sawah St., Amyria,
Cairo, Egypt), as a highly purified white crystalline powder and
it was suspended in 1% carboxymethyl cellulose (CMC). Leaves
of green tea (Camellia sinensis) were subjected to extraction
procedures using hot water (95EC) followed by ethyl acetate
in   order   to   obtain   their   catechins   according   to
Ninomiya et al.38. The biochemical assays were carried out by
using commercial reagent kits purchased from Stanbio Co.
(San Antonio, Texas, USA), Spectrum Co. (Hannover, Germany)
and Biodiagnostics Co. (Dokki, Giza, Egypt), using Perkin-Elmer
Lambda UV/VIS spectrophotometer for measurements.
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Animal model: Adult healthy male Sprague Dawley rats,
Rattus norvegicus  weighting 140-180 g were obtained from
the animal house of National Organization for Drug Control
and Research (NODCAR), Agouza, Giza, Egypt. Animals were
housed in clean polyacrylic cages and maintained under
standard   animal   house   conditions:   Room   temperature
(22-25EC), free air circulation and 12 h alternate light/dark
cycle, in the animal house of Zoology Department, Faculty of
Science, Cairo University. Animals were allowed free access to
standard rodent pellet diet and drinking water. All the animals
were acclimatized under standard conditions for 7 days before
the start of the experiment.

Experimental design: Randomly, 100 rats were divided into
four equal groups (control, INH-treated, (INH+GTC)-treated
and GTC-treated with 25 individuals per group. Rats of the
control group received 1% CMC. The INH-administered group
was orally administered a daily dose of 27 mg kgG1 b.wt., of
INH (in 1% CMC), which is equivalent to the therapeutic dose
of human (300 mg/day, WHO13) and measured according to
the body surface area ratio between man and rat39 for 5 weeks.
This dose was also used in other studies40,41. The animals of the
third group were orally administered a dose of 50 mg kgG1

b.wt.   of   GTC,   1   h   prior   to   the   administration   of   INH
(27 mg kgG1 b.wt.) for 5 weeks. The fourth group orally
received   a   daily   dose   of   50   mg   kgG1    b.wt.,    of    GTC
(in 1% of CMC) for 5 weeks. The dose of GTC were assigned
according to certain studies42,43.

Blood and liver sampling:  After each week of experiment,
five rats from each group were taken out and sacrificed. Blood
samples were divided into two parts. The first part was
collected on EDTA for red cell enzyme assay. The second part
was  collected  into  dry  test  tubes  and  then  centrifuged  at
3000  rpm  in  order  to  separate  serum.  The  sera  were  kept
at -80EC for further biochemical analysis. In order to collect
liver samples, rats were immediately dissected. The liver was
homogenized with 10% (w/v) ratio in ice-cold 50 mM
phosphate   buffer  at  pH  7.4  and  then  centrifuged  at
10,000 rpm for 20 min at 4EC. The supernatant was collected
and kept at -80EC for further analyses.

Estimation of serum biochemical parameters: In the serum
of all the experimental groups, the levels of serum total
cholesterol (TC), triglycerides (TG), low density lipoprotein
cholesterol  (LDL-C),  high  density  lipoprotein  cholesterol
(HDL-C),  aspartate  aminotransferase  (ASAT),  alanine
aminotransferase   (ALAT)   and   alkaline   phosphatase   (ALP),

were  measured  colorimetrically  using  the  reagent  kits
purchased from Spectrum (Hannover, Germany) and Stanbio
(San Antonio, Texas, USA). Both atherosclerotic indices, namely
TC/HDL-C and LDL/HDL-C were calculated.

Estimation of liver biochemical parameters
Lipid  peroxide  assay:  Using  the  reagent  kit  of  the
Biodiagnostics  Co.  (Dokki,  Giza,  Egypt),  the  level of
malondialdehyde  (MDA)  in  the  liver  homogenate  was
estimated by following its instruction pamphlet. The principle
of this method depends on the reaction of the liberated MDA
after lipid peroxidation with thiobarbituric acid (TBA) in acidic
medium at temperature of 95EC for 30 min to form pink TBA
reactive product, the absorbance of which can be measured
at 534 nm.

Non-enzymatic and enzymatic antioxidant assay: The
concentration of non-enzymatic (glutathione, GSH) as well as
the activities of enzymatic (catalase, CAT, superoxide
dismutase, SOD) antioxidants were estimated in the
homogenate   of   the   liver   of   experimental   animals   by
using  the  commercial  reagent  kits  of  Biodiagnostics  Co.
(Dokki, Giza, Egypt). The method, by which GSH content was
measured,   was   based   on   the   reduction   of   5,5'dithiobis
(2-nitrobenzoic acid) (DTNB) with GSH to produce a yellow
compound which is directly proportional to the concentration
of GSH and its absorbance can be measured at 405 nm. The
SOD activity determination was based on the ability of SOD to
inhibit the reduction reaction of nitroblue tetrazolium dye
mediated by phenazine methosulphate. The assay of CAT
depends on its reaction with a known quantity of H2O2 then
the reaction is stopped by a CAT-inhibitor after exactly 1 min.
The   remaining   H2O2   reacts   with   3,5-dichloro-2-
hydroxybenzene sulfonic acid (DHBS) and 4-aminophenazone
(AAP) in the presence of peroxidase to form a chromophore
with a color intensity inversely proportional to the amount of
CAT in the original sample.

Estimation   of   erythrocyte   glucose-6-phosphate
dehydrogenase (G6PD): The reagent kit of the Biodiagnostics
Co.   (Dokki,   Giza,   Egypt)   was   used   to   determine   the
activity of the erythrocyte G6PD following its instruction
manual.  A  volume  of  0.2  mL  of  blood  was  washed   with
2  mL  aliquots  of  0.9%  NaCl  solution  followed  by
centrifugation at 3000 rpm for 10 min and this step was
repeated  3  times.  The  washed  centrifuged  erythrocytes
were  suspended  in  0.5  mL  of  digitonin  and  let   stand   for
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15  min  at  +4EC  and  then  centrifuged  again.  The
supernatant was used in the assay within 2 h. The enzyme
activity   was   estimated   by   measuring   the   rate
absorbance  change  at  340  nm  due  to  the  reduction of
NADP+  into NADPH in the presence of G6P which converts
into gluconate-6-P.

Statistical analysis: To reveal the effect of INH treatment, the
data of INH-treated group were compared with those of
vehicle-treated control group. To clarify the ameliorative effect
of GTC, the data of the animal group treated with GTC prior to
INH administration were compared with those of INH-treated
group.   To   show   the   side   effects   of   GTC,   the   data  of
GTC-treated  group   were   compared   with   those   of
vehicle-treated control group. Data are presented as
mean±standard error of mean (M±SEM) of five animals. The
levels of statistical significance (p<0.05, p<0.01 and p<0.001)
of results were determined by using t-test and one-way
ANOVA according the data analysis software of Microsoft Excel
(version 14.0).

RESULTS

The results of the biochemical parameters investigated in
the present study are graphically presented in the  Fig.  1-6.
The significance levels according to the t-test are shown in the
figures revealing the differences between animal groups at
different weeks of administration period. The main key
findings in the results are described according to the ANOVA
test as follows:

Effect of INH and GTC on serum TC and TG concentrations:
Regarding the concentrations of serum TC (Fig. 1a) and TG
(Fig. 1b), data showed that the administration of INH caused
significant increase (p<0.001) in their mean values. However,
by the administration of GTC prior to the INH treatment, the
levels of both TC and TG were reduced significantly (p<0.001)
as compared with those of animal group treated with INH
alone. No significant alteration was observed in any of the TC
and TG levels of the animal group treated with GTC alone as
compared to the controls (p>0.05).

Fig. 1(a-b): Effect   of   daily   oral   administration   of   isoniazid   (INH)   (27   mg   kgG1   b.wt.)   and   green   tea   catechins   (GTC)
(50 mg kgG1 b.wt.), 1 h prior to INH administration and alone on the concentrations of (a) Serum total cholesterol (TC)
and (b) Triglyceride (TG) of male albino rats. Both TC and TG concentrations were significantly increased in INH-treated
group as compared with those of controls. Yet, they were significantly reduced in INH+GTC-treated group when
compared with those of rats treated with INH alone. In GTC-treated group, no significant change was observed in TC
or TG as compared with controls
Data are illustrated as mean±standard error of mean (M±SEM) of five animals in each group. According to t-test: *Significant (p<0.05), **Highly
significant (p<0.01), ***Very highly significant (p<0.001)
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Fig. 2(a-b): Effect   of   daily   oral   administration   of   isoniazid   (INH)   (27   mg   kgG1   b.wt.)   and   green   tea   catechins   (GTC)
(50 mg kgG1 b.wt.), 1 h prior to INH administration and alone, on the concentrations of (a) Serum low density
lipoprotein cholesterol (LDL-C) and (b) High density lipoprotein cholesterol (HDL-C) of male albino rats. While LDL-C
concentration was significantly increased, HDL-C concentration was significantly reduced in INH-treated group as
compared with those of controls. Yet, the changes of both parameters were reversed in INH+GTC-treated group when
compared with those of rats treated with INH alone. In GTC-treated group, neither LDL-C nor HDL-C concentration
was changed as compared with those of controls
Data are illustrated as mean±standard error of mean (M±SEM) of five animals in each group. According to t-test: *Significant (p<0.05), **Highly
significant (p<0.01), ***Very highly significant (p<0.001)

Effect  of  INH  and  GTC  on  serum  LDL-C  and  HDL-C
concentrations: While the concentration of LDL-C was
significantly elevated in INH-treated group as compared with
control group (Fig. 2a), the level of HDL-C was remarkably
decreased  (p<0.001)  at  most  time  intervals  of  treatment
(Fig. 2b). These alterations in both LDL-C and HDL-C
concentrations  were  significantly  (p<0.001)  reversed  in
animal  group  administered  INH+GTC  as  compared  with
INH-treated animals. No significant change (p>0.05) was
observed  in  both  lipoproteins  of  animal  group
administered GTC alone.

Effect of INH and GTC on atherosclerotic indices: Both
TC/HDL-C ratio (Fig. 3a) and LDL-C/HDL-C ratio (Fig. 3b)
showed significant (p<0.001) increase in their mean values
recorded for INH-treated rats as compared with those of
controls.  Yet,  this  increase  was  significantly  reduced 
(p<0.001) in animal group administered GTC before INH.
Neither     TC/HDL-C     ratio     nor     LDL-C/HDL-C     ratio    was

significantly altered in GTC-treated group as compared with
controls.

Effect of INH and GTC on liver function biomarkers: The
administration of INH resulted in significant elevation
(p<0.001) in the activity of each of the serum ASAT (Fig. 4a),
ALAT (Fig. 4b) and ALP (Fig. 4c). Still, in the animal group
treated with GTC before INH, the activities of serum ASAT,
ALAT and ALP were significantly (p<0.001) lower than those of
animal group treated with INH alone. On the other hand, the
administration of GTC alone did not significantly alter the
activity of any of the liver function biomarkers (p>0.05).

Effect of INH and GTC on MDA and GSH: Significant increase
(p<0.001)  was  recorded  in  the  concentration  of  liver  MDA
(Fig. 5a) and decrease (p<0.001) in the level of hepatic GSH
(Fig. 5b) of INH-treated rats as compared with those of
controls. In the animal group treated with both INH and GTC,
the level of hepatic MDA was significantly decreased (p<0.01),
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Fig. 3(a-b): Effect   of   daily   oral     administration   of   isoniazid   (INH)   (27   mg   kgG1   b.wt.)   and   green   tea   catechins   (GTC)
(50  mg  kgG1  b.wt.),  1  h  prior  to  INH  administration and alone, on the concentrations of (a) Serum TC/HDL-C and
(b) LDL-C/HDL-C ratios of male albino rats. Both TC/HDL-C and  LDL-C/HDL-C  ratios  were  significantly  increased  in
INH-treated group as compared with those of controls. Yet, they were significantly reduced in INH+GTC-treated group
when compared with those of animal group treated with INH alone. Neither TC/HDL-C ratio nor LDL-C/HDL-C ratio
was altered in GTC-treated group as compared with controls
Data are illustrated as mean±standard error of mean (M±SEM) of five animals in each group. According to t-test: *Significant (p<0.05), **Highly
significant (p<0.01), ***Very highly significant (p<0.001)

while the hepatic GSH content was significantly increased
(p<0.001)  as  compared  with  the  corresponding  levels  of
INH-treated   rats.   Yet,   the   administration   of   GTC   alone
did  not  significantly  alter  MDA  or  GSH  concentrations
(p>0.05).

Effect of INH and GTC on enzymatic antioxidants: The
administration of INH resulted in significant decrease
(p<0.001) in the activity of each of the liver SOD (Fig. 6a) and
CAT (Fig. 6b) and erythrocyte G6PD (Fig. 6c). Nonetheless, in
the animal group administered GTC before INH, significant rise
was observed in the activities of SOD (p<0.01), CAT (p<0.001)
and G6PD (p<0.01) as compared with those of INH-treated
group. The administration of GTC alone did not significantly
alter the activity of SOD, CAT or G6PD (p>0.05).

DISCUSSION

In general, the majority of the biochemical parameters
herein   studied   were   found   to   be  significantly  altered   in
INH-treated rats. Regarding serum lipids, the administration of 

INH at its chosen dose significantly caused an increase in the
concentrations of serum TC, TG and LDL-C concurrent with
decreased level of HDL-C. Consequently, the atherosclerotic
indices (vis. TC/HDL-C and LDL-C/HDL-C ratios) markedly
increased. In agreement with these findings, it was found that
the administration of INH to the wild-type mice resulted in
increased serum TC and TG44.  Also, Usmani et al.45 recorded
the elevated cholesterol level in rats administered INH plus RIF
(50 mg kgG1/day p.o., for each) for 28 days.

The alterations herewith observed in serum lipids could
be attributed to the INH-induced oxidative stress and lipid
peroxidation (LPO) in rat tissues particularly liver. The LPO
indicated  by  elevated  MDA  level  was recorded in
association with the INH treatment in the present study (Fig.
5a) and in combination with other anti-TB drugs46-48.
Dyslipidemia was found to be associated with increased
oxidative stress, diminished overall antioxidative protection
and increased risk for atherosclerosis49. The enhanced lipid
production may be due to the ability of INH to alter the gene
expression of some enzymes that were involved in the lipid
synthesis50.
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Fig. 4(a-c): Effect   of   daily   oral   administration   of   isoniazid   (INH)   (27   mg   kgG1   b.wt.)   and   green   tea   catechins   (GTC)
(50 mg kgG1 b.wt.), 1 h prior to INH administration and alone, on the activities of (a) Serum aspartate aminotransferase
(ASAT), (b) Alanine aminotransferase (ALAT) and (c) Alkaline phosphatase (ALP) of male albino rats. The activities of
serum ASAT, ALAT and ALP were significantly elevated in INH-treated group as compared with those of controls. Yet,
they were significantly reduced in INH+GTC-treated group as compared with those of rats treated with INH alone. In
GTC-treated group, no significant change was observed in ASAT, ALAT or ALP as compared with controls
Data are illustrated as mean±standard error of mean (M±SEM) of five animals in each group. According to t-test: *Significant (p<0.05), **Highly
significant (p<0.01), ***Very highly significant (p<0.001)

The present data showed a marked alleviation in all the
studied  lipid  profile  parameters  in  the  serum  of  rats
administered GTC before the treatment with INH. This
beneficial effect of GTC on INH-induced dyslipidemia seems a
consequence  of   the   antioxidative   effect   of   GTC   through
scavenging of free radicals, reducing LPO and improving of
the endogenous antioxidants. In this regard, it has been
reported that the streptozotocin (STZ)-induced diabetes
complications, reflected by elevation in TG, TC, LDL-C and
reduction in HDL-C were ameliorated in the catechin-treated
diabetic rats51. The latter authors indicated that catechin

adjusted  oxygen  radical  generation,  which  may  be
responsible at least in part for the improved hyperglycemia,
hyperlipidemia and oxidative stress in STZ-diabetic rats.
Regarding the direct beneficial hypolipidemic effect of GTC, it
has been reported that (-)-epicatechin significantly reduced
TC, LDL-C and TG and alleviated liver fat accumulation, while
it increased HDL-C, in hyperlipidemic rats52.

As regards the biomarkers of the hepatic function, the
results obtained in the present study revealed that the
activities of each of the serum ASAT, ALAT and ALP were
remarkably    elevated    in    INH-treated    rats.    In    the    light 

783



Int. J. Pharmacol., 15 (7): 777-789, 2019

16

14

12

10

8

6

4

2

0M
D

A 
co

nc
en

tra
tio

n 
(n

m
ol

 g
 ti

ss
ue

)
G1

(a)

Control
INH-treated
INH+GTC-trated
GTC-treated

*

*

***

**

***

**

80

70

60

50

40

30

20

10

0G
SH

 c
on

ce
nt

ra
tio

n 
(m

g 
g

 ti
ss

ue
)

G1

(b)

1 2 3 4 5

Weeks

**
*

***

***

**

**

**

***

Fig. 5(a-b): Effect   of   daily   oral   administration   of   isoniazid   (INH)   (27   mg   kgG1   b.wt.)   and   green   tea   catechins   (GTC)
(50 mg kgG1 b.wt.), 1 h prior to INH administration and alone, on the concentrations of (a) Liver malondialdehyde
(MDA) and (b) Reduced glutathione (GSH) of male albino rats. While hepatic MDA concentration was significantly
increased, liver GSH content was decreased in INH-treated group as compared with controls. In rats administered GTC
before INH, the MDA level was decreased while GTC content was increased as compared with INH-treated group. Both
parameters were not altered in rats treated with GTC alone
Data are illustrated as mean±standard error of mean (M±SEM) of five animals in each group. According to t-test: *Significant (p<0.05), **Highly
significant (p<0.01), ***Very highly significant (p<0.001)

of  this  elevation  in  liver  function  markers,  the  hepatic
tissue  seemed  to  be  affected  to  a  certain  extent.  In
accordance  with these results,  different  reports  have
indicated   the   increased  activities   of   serum   ASAT,   ALAT
and   ALP  in   association   with   the   INH   treatment,   either
alone  or  in  combination  with  other  anti-TB  drugs,  in
patients53,   rats54,55   and   mice56,57.   Yet,   other   studies
indicated  that  INH  in  particular  stands  behind
hepatotoxicity58-60.

It seemed evident that INH-induced liver injury or
hepatotoxicity is due to oxidative stress56,61,62 supported by the
result of INH-induced lipid LPO in this study (Fig. 5a) and in
other  studies63,64.  An  in  vitro  study  reported  that  when
human hepatoma HepG2 cells were exposed to different
concentrations of INH, cytotoxicity, oxidative stress and
apoptosis were evidenced65. The same study indicated that
INH exposure causes increased ROS generation along with the
alteration in the levels of enzymatic antioxidants65. There is
evidence that Hz, the metabolite formed by amidase-catalyzed

hydrolysis of INH, plays an important role in the mechanism of
INH-induced hepatotoxicity66. So, Lee and Boelsterli67 stated
that the acylamidase inhibitor bis-p-nitrophenyl phosphate
prevented cell injury, suggesting that Hz greatly contributed
to the toxicity. In addition, it was also indicated that the INH
hepatotoxicity occurred alongside the down-regulation of the
bile salt export pump (BSEP) and multidrug resistance protein
2  (MRP2)  in  vivo  and  in  vitro,  leading  to  the  accumulation
of toxic substrates in the hepatocytes60.

In the animal group herein treated with GTC prior to INH
administration, all the increments in serum ASAT, ALAT and
ALP were reduced. These results could indicate the
hepatoprotective role of GTC against the INH toxic effect. In
addition, the administration of GTC alone did not significantly
change any  of  the aforementioned criteria  of  liver function.
As the hepatoprotective role of GTC was reviewed in the
literature, it has been found that the administration of a
polyphenols-enriched  extract  from  green  tea  in  mice  prior
to   CCl4   injury   significantly    decreased   the   CCl4-induced
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Fig. 6(a-c): Effect of daily oral administration of isoniazid (INH) (27 mg kgG1 b.wt.) and green tea catechin (GTC) (50 mg kgG1 b. wt.),
1 h prior to INH administration and alone, on the activities of (a) Liver superoxide dismutase (SOD) and (b) Catalase
(CAT) and (c) Erythrocyte glucose-6-phosphate dehydrogenase (G6PD) of male albino rats. In INH-treated rats, the
activities of hepatic SOD and CAT and erythrocyte G6PD were significantly reduced as compared with those of
controls. Yet, in GTC+INH-treated rats, the activities of these enzymes were significantly higher than those of
INH-treated group. No change was observed in the activity of these enzymes in case of GTC-treated group
Data are illustrated as mean±standard error of mean (M±SEM) of five animals in each group. According to t-test: *Significant (p<0.05), **Highly
significant (p<0.01), ***Very highly significant (p<0.001)

elevation of serum ALAT, ASAT and ALP activities68. In addition,
the  administration  of  green  tea  polyphenols  (GTP)  to
Zucker fatty (ZF) rats could attenuate the increase in serum
ASAT and ALAT activities induced by feeding high-fat diet
(HFD) for 2 weeks69. More specifically, it has been reported that
EGCG  effectively  improved  hepatic  pathological  damage
and    decreased   serum   levels   of   ALAT   in   concanavalin
A-challenged  mice70.  To  evaluate  safety  of  GTC,  some
investigators found that the daily intake of a standardized,
decaffeinated, catechin mixture containing 200 mg EGCG
(twice daily) for 1 year was well tolerated and did not produce

adverse effects in men with baseline high-grade prostatic
intraepithelial neoplasia71.

As  previously  mentioned  in  the  present  study,  the
INH-induced hepatotoxicity seemed a consequence of the
oxidative stress caused by INH or its metabolites. This
oxidative stress was obvious through the increased level of
hepatic MDA, indicating LPO, concurrent with decreased level
of liver GSH and the activities of hepatic SOD and CAT. In
addition,    erythrocyte    G6PD    activity    was    reduced    in
INH-treated rats. In the same sense, INH (alone or in
combination with other anti-TB drugs) was reported to induce
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oxidative stress and hepatotoxicity via the increase in the
hepatic MDA content and the decrease in the level of GSH and
the  activities  of  SOD  and  CAT  in  rats41,59,72,73.  Regarding  the
in vitro  studies, it has been found that the exposure of  human 
hepatoma HepG2 cells to INH caused increased ROS
generation along with alteration in levels of enzymatic
antioxidants such as SOD, CAT and G6PD65. Also, by the
exposure of isolated rat hepatocytes to INH and its metabolite
Hz, Heidari et al.28 found that INH caused considerable ROS
formation in GSH-depleted cells while Hz caused ROS
formation and LPO in both intact and GSH-depleted cells. They
added that Hz lowered cellular GSH reserve and increased
GSSG.

In the animal group pretreated with GTC before INH, the
hepatic level of MDA was lower than that of INH-treated rats
while the GSH content and SOD, CAT and G6PD activities were
higher than the corresponding ones of rats administered INH
alone. This could indicate the effective antioxidative role of
GTC against oxidative stress induced by INH and/or its
metabolites. In this regard, different studies indicated that the
increase in the levels of tissue MDA and the decrease in GSH
content in response to oxidative stress induced by cisplatin74,
concanavalin A70 and homocysteine75 were markedly reversed
by the co-treatment with GTC. In addition, the reduction in the
activities of tissue SOD and CAT due to the oxidative effect of
doxorubicin76, cyclosporine77 and ammonium metavanadate78

were alleviated in association with GTC administration79.

CONCLUSION

The  administration  of  INH  to  rats  at  a  dose  level
equivalent to a human therapeutic dose, resulted in
remarkable alterations in certain serum lipid parameters, liver
function biomarkers and endogenous antioxidant systems.
However, the pre-treatment of GTC before INH administration
markedly alleviated the INH-induced alterations. In addition,
the administration of GTC alone did not alter any of the
parameters studied.

This  study  suggested  further  studies  to  evaluate  the
co-administration  of  GTC  with  other  medications  known
with  oxidative  stress-induced  side  effects.  In  addition,  to
make   a   clear   vision   of   the   exact   mechanisms   of   the
oxidant-antioxidant interaction, different recent assays and
sophisticated techniques are required.

SIGNIFICANCE STATEMENT

This study will help the researchers to uncover the
mechanisms accounting for GTC ameliorating effect against

drugs-induced metabolic alterations. It may pave the way for
incorporating the GTC with the anti-TB drugs during the
treatment regimens, in the future. In addition, a new trend on
the drug-flavonoid combination may be followed and
developed using various recent techniques in different
scientific scopes.

ACKNOWLEDGMENT

The authors would like to thank the colleagues in the
Faculty of Science in Cairo University and NODCAR in Agouza,
Giza, for their efforts and facilitations to complete this study.

REFERENCES

1. WHO., 2017. Global Tuberculosis Report. World Health
Organization, Geneva, Switzerland, ISBN: 978-92-4-156551-6,
Pages: 249.

2. WHO., 2018. Global Tuberculosis Report. World Health
Organization, Geneva, Switzerland, ISBN: 978-92-4-156564-6,
Pages: 265.

3. Barry,  C.E.,  2011.  Lessons  from  seven  decades  of
antituberculosis  drug  discovery.   Curr.  Top.  Med.  Chem.,
11: 1216-1225.

4. Zumla, A., P. Nahid and S.T. Cole, 2013. Advances in the
development of new tuberculosis drugs and treatment
regimens. Nat. Rev. Drug Discov., 12: 388-404.

5. Chakraborty, S. and K.Y. Rhee, 2015. Tuberculosis drug
development: History and evolution of the mechanism-based
paradigm.  Cold  Spring  Harb.  Perspect.  Med.,  Vol.  5.
10.1101/cshperspect.a021147.

6. Kolloli, A. and S. Subbian, 2017. Host-directed therapeutic
strategies for tuberculosis. Front. Med. (Lausanne), Vol. 4.
10.3389/fmed.2017.00171.

7. Vilarica, A.S., N. Diogo, M. Andre and J. Pina, 2010. Adverse
reactions to antituberculosis drugs in in-hospital patients:
Severity and risk factors. Rev. Port. Pneumol., 16: 431-451.

8. Damasceno, G.S., L. Guaraldo, E.M. Engstrom, M.M. Theme
Filha and R. Souza-Santos et al., 2013. Adverse reactions to
antituberculosis drugs in Manguinhos, Rio de Janeiro, Brazil.
Clinics, 68: 329-337.

9. Li, Y., Y. Zhu, Q. Zhong, X. Zhang, M. Shu and C. Wan, 2017.
Serious adverse reactions from anti-tuberculosis drugs
among 599 children hospitalized for tuberculosis. Pediatr.
Infect. Dis. J., 36: 720-725.

10. Jeong, I., J.S. Park, Y.J. Cho, H.I. Yoon and J. Song et al., 2015.
Drug-induced hepatotoxicity of anti-tuberculosis drugs and
their serum levels. J. Korean Med. Sci., 30: 167-172.

11. Abera, W., W. Cheneke and G. Abebe, 2016. Incidence of
antituberculosis-drug-induced hepatotoxicity and associated
risk factors among tuberculosis patients in Dawro Zone,
South Ethiopia: A cohort study. Int. J. Mycobacteriol., 5: 14-20.

786



Int. J. Pharmacol., 15 (7): 777-789, 2019

12. Isa,     S.E.,     A.O.     Ebonyi,    N.Y.    Shehu,    P.    Idoko    and
J.A. Anejo-Okopi et al., 2016. Antituberculosis drugs and
hepatotoxicity among hospitalized patients in Jos, Nigeria.
Int. J. Mycobacteriol., 5: 21-26.

13. WHO., 2010. Treatment of Tuberculosis: Guidelines. 4th Edn.,
WHO Press, Geneva, Switzerland, ISBN-13: 9789241547833,
Pages: 147.

14. Da Silva, P.B., E.S. de Freitas, J. Bernegossi, M.L. Goncalez and
M.R. Sato et al., 2016. Nanotechnology-based drug delivery
systems for treatment of tuberculosis--A review. J. Biomed.
Nanotechnol., 12: 241-260.

15. Briggs, M.A., C. Emerson, S. Modi, N.K. Taylor and A. Date,
2015. Use of isoniazid preventive therapy for tuberculosis
prophylaxis among people living with HIV/AIDS: A review of
the literature. J. Acquir. Immune Defic. Syndr., Vol. 68.
10.1097/QAI.0000000000000497.

16. Unissa, A.N., S. Subbian, L.E. Hanna and N. Selvakumar, 2016.
Overview on mechanisms of isoniazid action and resistance
in    Mycobacterium    tuberculosis.    Infect.    Genet.    Evol.,
45: 474-492.

17. Kulkarni, H.S., V.S. Keskar, S.B. Bavdekar and Y. Gabhale, 2010.
Bilateral optic neuritis due to isoniazid (INH). Indian Pediatr.,
47: 533-535.

18. Khattri, S., A. Kushawaha, K. Dahal, M. Lee and N. Mobarakai,
2011. Isoniazid (INH)-induced eosinophilic exudative pleural
effusion and lupus erythematosus: A clinical reminder of drug
side effects. Bull. NYU Hosp. Joint Dis., 69: 181-184.

19. Kumar,  L.,  R.  Gupta,  M.M.  Puri,  A. Jaiswal, M.A. Srinath and
D. Behera, 2011. Unilateral and painless development of
isoniazid induced gynecomastia during re-treatment of
pulmonary     tuberculosis.     J.     Assoc.     Physicians    
India,59: 733-735.

20. Umeda, N., Y. Inada and T. Mamoto, 2014. Development of
eosinophilic pneumonia in a patient with latent tuberculosis
infection  resulting  from  isoniazid.  Kekkaku,   89:   777-780,
(In Japanese).

21. Arsalan,  R.  and  S.  Sabzwari,  2015.  Isoniazid  induced
motor-dominant     neuropathy.     J.     Pak.     Med.     Assoc.,
65: 1131-1133.

22. Komai, T., S. Sumitomo, S. Teruya and K. Fujio, 2018.
Rhabdomyolysis induced by isoniazid in a patient with
rheumatoid arthritis and end-stage renal disease: A case
report    and    review    of    the    literature.    Internal    Med.,
57: 2413-2416.

23. Metushi, I., J. Uetrecht and E. Phillips, 2016. Mechanism of
isoniazid-induced hepatotoxicity: Then and now. Br. J. Clin.
Pharmacol., 81: 1030-1036.

24. Wang, P., K. Pradhan, X.B. Zhong and X. Ma, 2016. Isoniazid
metabolism    and    hepatotoxicity.    Acta    Pharm.    Sin.    B,
6: 384-392.

25. Russom, M., M. Debesai, M. Zeregabr, A. Berhane, T. Tekeste
and T. Teklesenbet, 2018. Serious hepatotoxicity following
use of isoniazid preventive therapy in HIV patients in Eritrea.
Pharmacol. Res. Perspect., Vol. 6. 10.1002/prp2.423 

26. Metushi, I.G., T. Nakagawa and J. Uetrecht, 2012. Direct
oxidation and covalent binding of isoniazid to rodent liver
and human hepatic microsomes: Humans are more like mice
than rats. Chem. Res. Toxicol., 25: 2567-2576.

27. Bando,     K.,     T.    Kunimatsu,    J.    Sakai,    J.    Kimura    and
H. Funabashi et al., 2011. GC-MS-based metabolomics reveals
mechanism of action for hydrazine induced hepatotoxicity in
rats. J. Applied Toxicol., 31: 524-535.

28. Heidari, R., H. Babaei and M.A. Eghbal, 2013. Cytoprotective
effects of taurine against toxicity induced by isoniazid and
hydrazine in isolated rat hepatocytes. Arh. Hig. Rada.
Toksikol., 64: 15-24.

29. Hu, G., L. Zhang, Y. Rong, X. Ni and Y. Sun, 2014. Downstream
carcinogenesis signaling pathways by green tea polyphenols:
A translational perspective of chemoprevention and
treatment for cancers. Curr. Drug Metab., 15: 14-22.

30. Lee,   M.S.,   S.   Lee,   M.   Doo   and   Y.   Kim,   2016.   Green
tea (-)-epigallotocatechin-3-gallate induces PGC-1" gene
expression in HepG2 Cells and 3T3-L1 adipocytes. Prev. Nutr.
Food Sci., 21: 62-67.

31. Legeay, S., M. Rodier, L. Fillon, S. Faure and N. Clere, 2015.
Epigallocatechin gallate: A review of its beneficial properties
to prevent metabolic syndrome. Nutrients, 7: 5443-5468.

32. Komes, D., A. Belscak Cvitanovic, D. Horzic, G. Rusak, S. Likic
and M. Berendika, 2011. Phenolic composition and
antioxidant properties of some traditionally used medicinal
plants affected by the extraction time and hydrolysis.
Phytochem. Anal., 22: 172-180.

33. Rains,  T.M.,  S.  Agarwal  and  K.C.  Maki,  2011.  Antiobesity
effects   of   green   tea   catechins:   A   mechanistic   review.
J. Nutr. Biochem., 22: 1-7.

34. Takahashi,   M.,   M.   Miyashita,   K.   Suzuki,   S.R.   Bae   and
H.K. Kim et al., 2014. Acute ingestion of catechin-rich green
tea improves postprandial glucose status and increases
serum thioredoxin concentrations in postmenopausal
women. Br. J Nutr., 112: 1542-1550.

35. Shimizu,    M.,    Y.    Shirakami,    H.    Sakai,    M.    Kubota    and
T. Kochi et al., 2015. Chemopreventive potential of green tea
catechins  in  hepatocellular  carcinoma.   Int.   J.   Mol.   Sci.,
16: 6124-6139.

36. Moravcova,   A.,   Z.   Cervinkova,  O.  Kucera,  V.  Mezera  and
H. Lotkova, 2014. Antioxidative effect of epigallocatechin
gallate against D-galactosamine-induced injury in primary
culture of rat hepatocytes. Acta Medica, 57: 3-8.

37. Bhardwaj, P. and D. Khanna, 2013. Green tea catechins:
Defensive role in cardiovascular disorders. Chinese J. Natural
Med., 11: 345-353.

787



Int. J. Pharmacol., 15 (7): 777-789, 2019

38. Ninomiya, M., L. Unten and M. Kim, 1997. Chemical and
Physicochemical Properties of Green Tea Polyphenols. In:
Chemistry  and  Applications  of  Green  Tea,  Yamamoto,  T.,
L.R. Juneja, D.C. Chu and M. Kim (Eds.). CRC Press, Boca Raton,
New York, ISBN-10: 0849340063, pp: 25-35.

39. Abdel-Ghaffar,  O.,  S.T.  Mahmoud, A.A. Said and F.A.Y. Sanad,
2017.  Hepatoprotective  effect  of  rutin  against  oxidative
stress  of  isoniazid  in  albino  rats.  Int.  J .  Pharmacol., 13:
516-528.

40. Bharathi, K.N., T.S. Natesh and A.A. Reddy, 2012. Prenatal
exposure to anti-tubercular drugs and postnatal effect on
growth, development and cognitive ability in rats. Prog.
Neuro-psychopharmacol. Biol. Psychiatry, 37: 203-209.

41. Jaydeokar, A.V., D.D. Bandawane, K.H. Bibave and T.V. Patil,
2014. Hepatoprotective potential of Cassia auriculata  roots
on ethanol and antitubercular drug-induced hepatotoxicity
in experimental models. Pharm. Biol., 52: 344-355.

42. Bharrhan,  S.,  A.  Koul,  K.  Chopra  a nd  P. Rishi, 2011.
Catechin suppresses an array of signalling molecules and
modulates  alcohol-induced  endotoxin  mediated  liver 
injury in a rat model. PLoS One, Vol. 6. 10.1371/journal.pone.
0020635.

43. Bhardwaj, P., D. Khanna and P. Balakumar, 2014. Catechin
averts experimental diabetes mellitus-induced vascular
endothelial structural and functional abnormalities.
Cardiovasc. Toxicol., 14: 41-51.

44. Cheng, J., K.W. Krausz, F. Li, X. Ma and F.J. Gonzalez, 2013.
CYP2E1-dependent elevation of serum cholesterol,
triglycerides and hepatic bile acids by isoniazid. Toxicol.
Applied Pharmacol., 266: 245-253.

45. Usmani,  A.,  M.  Mujahid,  M.  Khushtar,  H.H.  Siddiqui  and
M.A. Rahman, 2016. Hepatoprotective effect of Anacyclus
pyrethrum Linn. against antitubercular drug-induced
hepatotoxicity   in   SD  rats.  J.  Complement.  Integr.  Med.,
13: 295-300.

46. Mujahid, M., T. Hussain, H.H. Siddiqui and A. Hussain, 2017.
Evaluation of hepatoprotective potential of Erythrina indica
leaves against antitubercular drugs induced hepatotoxicity in
experimental rats. J. Ayurveda Integr. Med., 8: 7-12.

47. Hussain, T., G.M. Subaiea and H. Firdous, 2018.
Hepatoprotective   evaluation   of   Trapa   natans   against
drug-induced hepatotoxicity of antitubercular agents in rats.
Pharmacogn. Mag., 14: 180-185.

48. Sharma, R., R. Kaur, M. Mukesh and V.L. Sharma, 2018.
Assessment of hepatotoxicity of first-line anti-tuberculosis
drugs  on  Wistar  rats.  Naunyn  Schmiedebergs  Arch.
Pharmacol., 391: 83-93.

49. Bargagli,  E.,  E.  Rosi,  M. Pistolesi, F. Lavorini, L. Voltolini and
P. Rottoli, 2017. Increased risk of atherosclerosis in patients
with sarcoidosis. Pathobiology, 84: 258-263.

50. Arundhathi, S., A.A. Kumar, Y.R. Kumar and B.A. Kumar, 2015.
Haematological and histopathological alterations due to
combined toxicity of isoniazid and rifampicin; amelioration
with   Withania   somnifera   and   vitamin-E   in   Wistar   rats.
Int. J. Pharma Bio. Sci., 6: 222-229.

51. Samarghandian, S., M. Azimi-Nezhad and T. Farkhondeh,
2017. Catechin treatment ameliorates diabetes and its
complications in streptozotocin-induced diabetic rats. Dose
Response, Vol. 15. 10.1177/1559325817691158.

52. Cheng,  H.,  N.  Xu,  W.  Zhao,  J.  Su  and M. Liang et al., 2017.
(-)-Epicatechin regulates blood lipids and attenuates hepatic
steatosis in rats fed high-fat diet. Mol. Nutr. Food Res., Vol. 61.
10.1002/mnfr.201700303.

53. Gray,  E.L.  and  H.F.  Goldberg,  2016.  Baseline  abnormal 
liver  function  tests  are  more  important  than  age  in  the 
development  of  isoniazid-induced  hepatoxicity  f or
patients receiving preventive therapy for latent tuberculosis
infection. Internal Med. J., 46: 281-287.

54. Wu, Z.R., Z.T. Bai, Y. Sun, P. Chen and Z.G. Yang et al., 2015.
Protective    effects    of    the    bioactive    natural    product
N-trans-caffeoyldopamine on hepatotoxicity induced by
isoniazid    and    rifampicin.    Bioorg.    Med.    Chem.    Lett.,
25: 5424-5426.

55. Urfi, M.K., M. Mujahid, M.A. Rahman and M.A. Rahman, 2018.
The role of Tamarix gallica leaves extract in liver injury
induced by rifampicin plus isoniazid in Sprague Dawley rats.
J. Diet Suppl., 15: 24-33.

56. Khan, S.W., M. Tahir, K.P. Lone, B. Munir and W. Latif, 2015.
Protective effect of Saccharum officinarum  L. (sugar cane)
juice on isoniazid induced hepatotoxicity in male albino mice.
J. Ayub. Med. Coll. Abbottabad., 27: 346-350.

57. Gutierrez-Rebolledo,           G.A.,           A.G.           Siordia-Reyes,
M.   Meckes-Fischer   and   A.   Jimenez-Arellanes,   2016.
Hepatoprotective properties of oleanolic and ursolic acids in
antitubercular drug-induced liver damage. Asian Pac. J. Trop.
Med., 9: 644-651.

58. Palanisamy, N. and S. Manian, 2012. Protective effects of
Asparagus    racemosus    on    oxidative    damage    in
isoniazid-induced  hepatotoxic  rats:  An  in  vivo  study.
Toxicol. Ind. Health, 28: 238-244.

59. Mach,  J.,  A.  Huizer-Pajkos,  S.J.  Mitchell,  C.  McKenzie  and
L. Phillips et al., 2016. The effect of ageing on isoniazid
pharmacokinetics and hepatotoxicity in Fischer 344 rats.
Fundam. Clin. Pharmacol., 30: 23-34.

60. Qu, X., Y. Zhang, S. Zhang, J. Zhai, H. Gao, L.Tao and Y. Song,
2018. Dysregulation of BSEP and MRP2 may play an
important role in isoniazid-induced liver injury via the
SIRT1/FXR pathway in rats and HepG2 cells. Biol. Pharm. Bull.,
41: 1211-1218.

61. Yue, J., G. Dong, C. He, J. Chen, Y. Liu and R. Peng, 2009.
Protective effects of thiopronin against isoniazid-induced
hepatotoxicity in rats. Toxicology, 264: 185-191.

788



Int. J. Pharmacol., 15 (7): 777-789, 2019

62. Ergul, Y., T. Erkan, H. Uzun, H. Genc, T. Altug and E. Erginoz,
2010. Effect of vitamin C on oxidative liver injury due to
isoniazid in rats. Pediatr. Int., 52: 69-74.

63. Viswanatha         Swamy,         A.H.M.,         R.V.         Kulkarni,
A.H.M. Thippeswamy, B.C. Koti and A. Gore, 2010. Evaluation
of hepatoprotective activity of Cissus quadrangularis  stem
extract against isoniazid-induced liver damage in rats. Indian
J. Pharmacol., 42: 397-400.

64. Sankar, M., J. Rajkumar and J. Devi, 2015. Hepatoprotective
activity of hepatoplus on isoniazid and rifampicin induced
hepatotoxicity in rats. Pak. J. Pharm. Sci., 28: 983-990.

65. Bhadauria, S., R. Mishra, R. Kanchan, C. Tripathi, A. Srivastava,
A. Tiwari and S. Sharma, 2010. Isoniazid-induced apoptosis in
HepG2  cells:  generation  of  oxidative  stress  and  Bcl-2
down-regulation. Toxicol. Mech. Methods, 20: 242-251.

66. Hassan,    H.M.,    H.L.    Guo,    B.A.   Yousef,   Z.   Luyong   and
J. Zhenzhou, 2015. Hepatotoxicity mechanisms of isoniazid:
A mini-review. J. Applied Toxicol., 35: 1427-1432.

67. Lee,  K.K.  and  U.A.  Boelsterli,  2014.  Bypassing  the
compromised  mitochondrial  electron  transport  with
methylene blue alleviates efavirenz/isoniazid-induced
oxidant stress and mitochondria-mediated cell death in
mouse hepatocytes. Redox Biol., 2: 599-609.

68. Cui, Y., X. Yang, X. Lu, J. Chen and Y. Zhao, 2014. Protective
effects of polyphenols-enriched extract from Huangshan
Maofeng green tea against CCl4-induced liver injury in mice.
Chem.-Biol. Interact., 220: 75-83.

69. Tan, Y., J. Kim, J. Cheng, M. Ong and W.G. Lao et al., 2017.
Green tea   polyphenols   ameliorate   non-alcoholic   fatty
liver  disease  through  upregulating  AMPK  activation  in
high   fat   fed   Zucker   fatty   rats.   World   J.   Gastroenterol.,
23: 3805-3814.

70. Liu, D., X. Zhang, L. Jiang, Y. Guo and C. Zheng, 2014.
Epigallocatechin-3-gallate  (EGCG)  attenuates  concanavalin
A-induced   hepatic   injury   in   mice.    Acta    Histochem.,
116: 654-662.

71. Kumar, N.B., J. Pow-Sang, P.E. Spiess, J. Park and R. Salup et al.,
2016. Randomized, placebo-controlled trial evaluating the
safety of one-year administration of green tea catechins.
Oncotarget, 7: 70794-70802.

72. Obogwu, M.B., A.J. Akindele and O.O. Adeyemi, 2014.
Hepatoprotective and in vivo antioxidant activities of the
hydroethanolic leaf extract of Mucuna pruriens  (Fabaceae) in
antitubercular drugs and alcohol models. Chin. J. Nat. Med.,
12: 273-283.

73. Amir, M., M.A. Khan, S. Ahmad, M. Akhtar and M. Mujeeb et al.,
2016. Ameliorating effects of Tamarindus indica  fruit extract
on anti-tubercular drugs induced liver toxicity in rats. Nat.
Prod. Res., 30: 715-719.

74. El-Mowafy, A.M., H.A. Salem, M.M. Al-Gayyar, M.E. El-Mesery
and M.F. El-Azab, 2011. Evaluation of renal protective effects
of the green-tea (EGCG) and red grape resveratrol: role of
oxidative stress and inflammatory cytokines.. Nat. Prod. Res.,
25: 850-856.

75. Wang, L. and X. Tian, 2018. Epigallocatechin-3-gallate
protects against homocysteine-induced brain damage in rats.
Planta Med., 84: 34-41.

76. Li, W., S. Nie, M. Xie, Y. Chen, C. Li and H. Zhang, 2010.  A
major green tea component, (-)-epigallocatechin-3-gallate,
ameliorates  doxorubicin-mediated  cardiotoxicity  in
cardiomyocytes   of   neonatal   rats.   J.   Agric.   Food   Chem.,
58: 8977-8982.

77. Al-Malki, A.L. and S.S. Moselhy, 2011. The protective effect of
epicatchin against oxidative stress and nephrotoxicity in rats
induced by cyclosporine. Hum. Exp. Toxicol., 30: 145-151.

78. Soussi, A., R. Abdennabi, F. Ghorbel, J.C. Murat and A.F. El Feki,
2017. Ameliorated effects of (!)-epigallocatechin gallate
against  toxicity  induced  by  vanadium  in  the  kidneys  of
Wistar rats. Biol. Trace Element Res., 180: 239-245.

79. He, J., L. Xu, L. Yang and X. Wang, 2018. Epigallocatechin
gallate is the most effective catechin against antioxidant
stress via hydrogen peroxide and radical scavenging activity.
Med. Sci. Monit., 24: 8198-8206.

789


	IJP.pdf
	Page 1


