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Abstract:

The present study was undertaken to evaluate the effect of methanolic stem bark extract of mangifera indica for its
hepatoprotectivity activity. It was evaluated in normal and INH, rifampsin induced hepato toxic rats. Liv.52 was used
as a standard drug at a dose of 500mg/kg body wt given in oral route. Albino wistar rats with INH’s rifampsin induced
hepato toxicity were divided in to 4 groups of 6 each in the study. Hepatoprotective effect as two different doses (200 &
400 mg/ kg body wt PO) of MEMI will be investigated for 28 days to evaluate dose dependant activity. Effect of MEMI on
SGPT, SGOT, ALP, total cholesterol, total bilirubin, were investigated for Zero day, 7%, 14", 21¢, 28" day and anti oxidant

parameters were checked on 28th day of the scarification.
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Introduction

Liver plays a major role in detoxification and
excretion of many endogenous and exogenous com-
pounds, any injury to it or impairment to its function
may leads to complications on one’s health'. Drug-in-
duced liver injury (DILI) is a major health problem
that challenges not only health care professionals but
also the pharmaceutical industries and drug regula-
tory agencies. According to the United States, DILI
accounts for more than 50% of acute liver failure,
including hepatotoxicity caused by overdose of acet-
aminophen (APAP, 39%) and idiosyncratic liver in-
jury triggered by other drugs (13%). Because of the
significant patient morbidity and mortality associat-
ed with DILI, the U.S. food and drug administration
(FDA) has removed several drugs from the market,
including bromfenac, ebrotidine, and troglitazone’.
Other hepatotoxic drugs, such as risperidone, trova-
floxacin, and nefazodone, have been assigned “black
box” warnings*. DILI is the most common cause for
the withdrawal of drugs from the pharmaceutical
market>S.

The development of new diagnostic and ther-
apeutic methods is regularly improving the manage-
ment and prognosis of most of the diseases but it is
also associated with the occurrence of new iatrogenic
diseases. Drug-induced liver injuries were one of the
major problems. Liver toxicity is developing and re-
mains the first cause of drug-induced death and with-
drawl of drugs from the pharmaceutical market. De-
spite improvement in toxicological studies and in the
safety analysis of clinical trials, the frequency of drug
hepatotoxicity has not decreased from the last decade.
The spectrum of liver damage caused by drugs is very
broad. Indeed, all cells present in the liver can be af-

fected by drugs. Almost the entire spectrum of liver
injuries can be reproduced by drugs. This explains the
concern of physicians, health authorities and pharma-
ceutical companies about drug hepatotoxicity®.

World Health Organization (WHO) estimates
that about 80% of populations living in developing
countries rely almost exclusively on traditional med-
icines for their primary health care needs. Since the
medicinal plants are the backbone of traditional med-
icine, that, 3300 million people in the under devel-
oped countries utilize medicinal plants on a regular
basis. This assumption does not include the developed
countries where there has been a great fascination for
the herbal medicines and dietary food supplements in
the last 10 years.

Due to the toxic and adverse effect of synthet-
ic medicines being observed round the globe, herb-
al medicine has made a comeback to improve the
fulfillment of our present and future health needs’.
Consumption of medicinal herbs or herbal prepara-
tions is tremendously increasing in order to identify
alternative approaches to improve the quality of life
and maintain a good health9. Developing drugs from
natural products may reduce the risk of toxicity and
maintain its therapeutic effectiveness, when the drug
is used clinically®.

Tuberculosis (TB) is one of the most common infec-
tious diseases which gradually swallows the life span
of human beings. The global prevalence of tubercu-
losis was 32% (1.86 billion people) and mortality rate
was 23%°. The number of estimated cases of tubercu-
losis was 7.96 million in 1997, with 80% of all inci-
dent tuberculosis cases being found in 22 countries
and more than 40% in five south-east Asian coun-
tries. In India, pulmonary tuberculosis is one of the
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major causes for adult deaths. Isoniazid (isonicotin-
ic acid hydrazide-INH) was the first effective bacte-
ricidal drug used to treat tuberculosis and till far, an
important part of most antitubercular drug regimens.
Rifampicin (RIF), which is another effective bacteri-
cidal drug, was added to the regimen in 1962 and has
remained the most effective antitubercular combina-
tion along with isoniazid. Although both these drugs
are very potent against the tuberculosis bacillus, both
are well-known hepatotoxic drugs.

Isoniazid can cause mild to moderate elevation
of plasma liver enzyme activity in 10-20% of patients,
and severe hepatotoxicity in approximately 0.5-2%.
The incidence of hepatotoxicity is approximately 2.6%
with isoniazid-rifampicin co-administration but only
1.6% with isoniazid treatment alone and 1.1% with
rifampicin alone; suggesting the higher incidence of
severe hepatotoxicity in patient’s co-treated with these
two drugs'"'. The base of evidence for isoniazid hep-
atotoxicity is a level of risk in the range of 5 to 20 cases
of hepatotoxicity expected per 1000 persons receiving
treatment with a 1% to 10% case®.

As hepatotoxicity is potentially a serious ad-
verse effect of these currently used anti-tubercular
chemotherapeutic regimens, a search for an alter-
native drug useful for the prophylactic treatment of
hepatotoxicity induced by anti-tubercular remains
important. Efforts to explore hepatoprotective effect
of any natural product thus carry a great clinical sig-
nificance. Therefore, the present study was undertak-
en for the hepatoprotective activity of Mangifera indi-
ca stem bark extract against antitubercular treatment
(ATT) of INH and RIF in rats.

Materials and Methods

Plant Profile

Mangifera indica is one the most important tropical
plants marketed in the world .It is a large tree that
grows in tropical and subtropical regions, whose fruits
are widely appreciated by the population. There are
many traditional medicinal uses for the bark, leaves
and roots of mangifera indica thorough globe.

Chemical constituents and properties

Mangiferin; mangin; piuri-yellow dye; benzoic acid;
citric acid; tannin, 10%.The leaves contain 43-46 per-
cent euxanthin acid and some euxanthon.Seed con-
tains a fixed oil, oleostearin. The bark exudate yields a
resin, gun, ash, and tannin. Mangostine, 29-hydroxy-
mangiferonic acid, mangiferin and flavonoids have
been isolated from the stem bark. Leaves and flowers
yield an essential oil containing humulene, elemene,

ocimene, linalool and nerol.

Properties
o Root, diuretic; bark, astringent;
astringent and mifuge; leaves, pectoral.
o Considered antiseptic, antibacterial, anti-
inflammatory;, diaphoretic, stomachic,
vermifuge, cardiotonic and laxative.

seeds,

Parts used
Leaves, kernel, bark and fruit.

Uses

o Good source of iron (deficient in calcium);
excellent source of vitamins A, B, and C. Fruit
contains citric, tartaric and mallic acids.

+ Decoction of root is considered diuretic.

+ Bark and seeds are astringent.

« Resin is used for aphthous stomatitis.

o Cough: Drink infusion of young leaves as
needed.

o Diarrhoea: Take decoction of bark or kernel
as tea.

« Hot lotion from bark used for rheumatism.

o Gum resin from bark, mixed with coconut oil,
used for scabies and other parasitic skin
diseases.

« Juice of leaves used for dysentery.

o Tea of leaves with a little honey used for
hoarseness and aphonia, 4 glasses daily.

o Powdered dried leaves, 1 tbsp to a cup of warm
water, 4 times daily, used for diabetes.

o Ashes of burned leaves used for scalds and
burns.

« Infusion of young leaves used in asthma and
cough.

o Tea of powdered dried flowers, 4 times daily
for diarrhoea, urethritis.

o Juice of peel of unripe mangoes used for skin
diseases.

« Seed is vermifuge and astringent.

o Infusion of powdered dried seeds used for
asthma, diarrhoea, dysentery, menorrhagia,
bleeding piles, round worms.

o In Indian traditional medicine, seeds used for
diarrhoea.

Plant collection

Mangifera indica was collected from sur-
rounding areas of Tirupati, authentified by  Dr.
K. Madhava chetty, Asst -Prof. of Botany, Sri Ven-
kateswara University, Tirupathi. Bark was separated,
washed in water, chopped into pieces and then shade
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dried.

Preparation of extract:

50 g of powder of Mangifera indica bark was
weighed and extracted with 300ml of various solvents
like pet ether, benzene, chloroform, ethyl acetate,
methanol and aqueous in a soxhlet apparatus for 72
hrs. Then the solvent is subjected to distillation and
concentrated the extracts. The extract is concentrat-
ed with rotary evaporator under reduced pressure
and the dried extract was weighed and the percentage
yield of the extracts was calculated. The percentage
yield of extracts was tabulated in the Table no.4.1

Table No. 01: Percentage Yield Extracts of
Mangifera indica

S.NO Extract Percentage yield

1 Petroleum ether 5.92

2 Benzene 4.13

3 Chloroform 4.05

4 Ethyl acetate 2.65

5 Methanol 6.89

6 Water 3.98
Phyto chemical tests
Test for carbohydrates:

Molisch’s test: To the 2 ml of test solution, alcoholic
napthol was added and then few drops of Conc. Sul-
phuric acid was added through sides of the test tube.
Purple to violet colour ring appeared at the junction.

Barfoed’s test: To the 1 ml of test solution, 1ml of
Barfoed’s reagent was added and heated on a water
bath, the formation of cupric acid confirmed the pres-
ence of the monosaccharide.

Fehling’s test: Fehling's A&B of equal volumes was
taken and heated on a water bath. To this 2ml of test
solution was added and again heated. Brick red pre-
cipitate was formed.

Benedict’s test: To the 2ml of sample solution, 2 ml
of Benedict’s reagent was added and heated on a water
bath. Reddish brown precipitate was formed.

Test for proteins and amino acids:

Biuret test: To the 2 ml test solution, 2 ml of Biuret
reagent was added. The formation of violet colour
confirmed the presence of proteins.

Millon’s test: To the 2 ml of test solution, 2 ml of Mil-
lon’s reagent was added. The formation of white pre-
cipitate confirmed the presence of amino acids.
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Ninhydrin test: To the 2ml test solution, 2ml of Nin-
hydrine solution was added and boiled on a water
bath. The formation of violet colour confirmed the
presence of amino acids.

Test for steroids:

Salkowski test: The extract was treated with few drops
of concentrated sulphuric acid, the formation of red
colour at lower layer indicated the presence of steroids
or the formation of yellow coloured lower layer indi-
cated presence of triterpenoids.

Libermann-Burchard test: The extract was treated
with few drops of acetic anhydride, boiled and cooled.
After adding the conc. Sulphuric acid from sides of
test tube, a brown colour ring was formed at the junc-
tion between two layers and upper layer turned into
green which confirmed the presence of steroids and
formation of deep red colour indicated presence of
triterpenoids.

Test for alkaloids:

Dragendroff’s reagent: To the 2 ml of sample solu-
tion, Dragendroff’s reagent (potassium bismuth io-
dide solution) was added. Reddish brown precipitate
was formed.

Mayer’s reagent: To the 2 ml of sample solution, May-
er’s reagent (potassium mercuric iodide solution) was
added. Cream colour precipitate was formed.

Hager’s reagent: To the 2 ml of sample solution,
Hager’s reagent (saturated solution of picric acid) was
added. Yellow colour precipitate was formed.

Wagner’s reagent: To the 2 ml of sample solution,
Wagner’s reagent (Iodine-potassium iodide solution)
was added. Reddish brown precipitate was produced.

Test for glycosides:

Cardiac glycosides:

Baljet’s test: 2 ml of test solution was treated with pi-
cric acid or sodium picrate. Orange color was formed
Keller-killani test (test for deoxy sugars): The drug
was extracted with chloroform and evaporated to dry-
ness. 0.4 ml of glacial acetic acid was added contain-
ing trace amount of FeCl3. Transfer the solution to a
small test tube-acetic acid layer shows blue colour.
Saponin glycosides:

Foam test: Place 2 ml solution of drug in water in test
tube, shake well, stable froath was formed.
Anthraquinone glycosides:
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Results

The results obtained for the effect of methan-
olic stem bark extract of Mangifera indica on SGPT,
SGOT, ALP, effect on total cholesterol, HDL, bili-
rubin(serum analytical methods) and the effect on
SOD,Catalase, reduced GSH ,lipid peroxidation (tis-
sue bio chemical methods) and histology are as fol-

lows

Table No. 03: Effect of Methonolic bark extract of Mangifera indica on SGPT

G Treatment SGPT (IU/L)
rou reatmen
P 0 day 7thday | ldthday | 2lstday | 28thday
I Normal 345435 | 347435 | 349+41 | 354#57 | 351421
II Control
+ + + + +
INH+RIF (200 mg/kg) 30.2+£5.5 112.8+£17.2 143.4+2.3 165.5+6.1 | 188.7+4.1
III Standard
INH+RIF (200 mg/kg) + liv52 (100 37.3+2.3 68.31£5.7 92.3+£3.9 101.2+7.2 | 113.1+5.4
mg.kg)
v INH+RIF (200 mg/kg) +
Mangifer indica(200 mg/kg) 32.4+3.9 88.2+4.6 102.5+4.8 122.4+8.9 | 133.3%+6.2
\Y% INH+RIF (200 mg/kg) + 38.916.2 74.7£9.2 97.9+5.1 113.8+3.3 135.7+3
a=p <0.001, when compared to normal animals
b =p < 0.001, when compared to control animals
Table No. 04: Effect of Methonolic bark extract of Mangifera indica on SGOT
G Treat ¢ SGOT (IU/L)
rou reatmen
P 0 day 7th day 14th day 21stday | 28th day
I Normal 68.3+9.4 68.8+£7.2 69.417.2 71.3+£5.2 73.4+£2.9
II Control 151.7+
INH+RIF (200 mg/kg) 133.3£11.1 | 133.3x11.1a 3.5 169+ 3.7a | 189+ 9.2a
111 Standard
INH+RIF (200 mg/kg) + liv52 (100 71.3+8.9 71.3£89b | 89.2+3.3b | 94t 6.4b | 103+ 7.1b
mg.kg)
v INH+RIF (200 mg/kg) + 103.4+
+ + + +
Mangifera indica (200 mg/kg) 95.4+6.2 95.4+ 6.2b 5 4b 113+ 5.2b | 129+ 6.1b
M INFI+RIF (200 mg/kg) + 87.0+9.8 | 87.0+9.8b [953+1.9b [ 97+32b | 109+4.8b
Mangifera indica (400 mg/kg)
a=p <0.001, when compared to normal animals
b =p < 0.001, when compared to control animals
Table No. 05: Effect of Methonolic bark extract of Mangifera indica on ALP
G Treat ¢ ALP (IU/L)
rou reatmen
P 0 day 7th day 14th day 21st day 28th day
I Normal 135.2+4.1 138.2+3.1 147.2+4.1 153.1+£5.8 158.4+6.9
II Control
INH+RIF (200 mg/kg) 134.1+£5.3 274.3+44.2 | 298.4+3.2a | 321.4+4.1a | 351.3£5.3a
III Standard
INH+RIF (200 mg/kg) + liv52 132.2+6.2 167.0+£9.9 191.3£5.3¢c | 213.7£6.9c | 223.5+7.2c
(100 mg kg)
v INFI+RIF (200 mg/kg) + 137.3£1.9 | 192.3%54 | 2147+33 | 237.5239c | 248.7%5.4
Mangifera indica (200 mg/kg)
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v INHRIF (200 mgfkg) + 135.742.3 | 179.2435 | 193.9+4.1c | 218.3+4.8c | 235.245.1c
Mangifera indica (400 mg/kg)
a=p <0.001, when compared to normal animals
b = p < 0.05, when compared to control animals
¢ =p < 0.001, when compared to control animals
Table No. 06 Effect of Methonolic bark extract of Mangifera indica on total cholesterol
Total cholesterol (mg/dl)
Group Treatment
0 day 7th day 14th day 21st day 28th day
I Normal 158.39 159.42 157.89 160.6 161.05
I Control
INH+RIF (200 mg/kg) 154.31 206.57+2.1 | 248.38+6.2a | 272.59+6.2a | 298.39+5.3a
11 Standard
INH+RIF (200 mg/kg) + liv52 (100 161.42 173.41+£9.8 | 193.21+£5.4c | 219.14+7.1c | 211.18+7.1c
mg.kg)
v INH+.RIF (.209 mg/kg) + 158.72 | 197.61+£8.1b | 213.41+3.9¢ | 229.31+8.7b | 231.17+1.9¢
Mangifera indica (200 mg/kg)
V' | INHRIF (200 mg/kg) + Mangifera | 1605y | 1835475 | 205.448.1c | 217.8+49¢ | 209.243.1c
indica (400 mg/kg)
a=p <0.001, when compared to normal animals
b =p < 0.01, when compared to control animals
¢ =p <0.001, when compared to control animals
Table No. 07: Effect of Methonolic bark extract of Mangifera indica on HDL-cholesterol
HDL- cholesterol (mg/dl)
Group Treatment
0 day 7th day 14th day 21st day 28th day
I Normal 42.40 £ 5.606 | 45.06+7.679 | 49.40 +£7.352 | 52.12+6.612 | 51.07 £6.725
Il | Control 'INHWRIE | 5g70, 6149 | 213445859 | 26.21+6.496 | 27.43+5852 | 2089 + 4335
(200 mg/kg)
III Standard INH+RIF
(200 mg/kg) +liv52 56.46 + 5251 | 36.02+7.229 | 31.53 +8.148 | 35.47 +6.728 | 51.40 £ 6.029b
(100 mg.kg)
IV | INH+RIF (200 mg/kg)
+ Mangifera indica 59.18 £ 5224 | 32.03+7.936 | 31.89 +7.322 | 33.02+6.538 | 46.98 + 5.610b
(200 mg/kg)
A% INH+RIF (200 mg/
kg) +Mangifera indica | 51.68 +5.338 | 34.19 £7.984 [ 35.19 £8.221 | 35.62+5.993 | 50.44 £ 6.871b
(400 mg/kg)
a =p < 0.05, when compared to normal animals
b = p < 0.05, when compared to control animals
Table No. 08: Effect of Methonolic bark extract of Mangifera indica on total bilirubin
Total bilirubin (mg/dl)
Group Treatment
0 day 7th day 14th day 21st day 28th day
I Normal 0.94 + 1.01 £ 0.76 = 0.89 £
0.83£0.05783 0.06560 0.03490 0.02472 0.03337
II Control 1.06 + 0.1468 324 + 344 + 298 £ 3.14
INH+RIF (200 mg/kg) 0.1049a 0.03480a 0.03347a 0.02915a
III | Standard INH+RIF (200 mg/kg) 0.98 + 0.1640 2.74 1.97 £ 1.47 £ 0.98 +
+1iv52 (100 mg.kg) R 0.05023c¢ 0.04248c¢ 0.02708c 0.04781c
IV | INH+RIF (200 mg/kg) + Mangifera | o oo | 291% 211+ 1.85 + 112 +
indica (200 mg/kg) R 0.06546b 0.04757c 0.04370c 0.03851c
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A% INH+RIF (400 mg/kg) + Mangifera 0.97 + 0.1031 237 £ 2.03 £ 1.34 + 0.87 £
indica (200 mg/kg) 0.03838c¢ 0.03748c¢ 0.02717c¢ 0.03055c¢
a=p <0.001, when compared to normal animals
b = p < 0.05, when compared to control animals
b =p < 0.001, when compared to control animals
Table No. 09: Effect of mangifera indica on various
tissue antioxidant parameters
Sl. No Group SOD(U/mg CAT(uM Reduced MDA (nM
protein) H202consumed/mg | GSH(pg of of MDA/
protein) GSH/mg mg protein)
protein) protein)
1 Normal 8+0.80 10.68+0.54 9.854+1.002 0.448+0.07
2 ICI\(I’;T}’;IF (200 mgikg) 4.39420.51b 6.136+0.45b 5.35£0.64b | 1.288+0.14f
3 Liv 52 (50 mg/kg b.w) 9.808+0.83f 10.99+0.50 10.52+0.64 0.4384+0.05
4 ﬁg;ﬁi%ﬂ?g%ﬁ);g g) 7.658+0.73 10.73+0.87d 9.516+0.41e | 0.718+0.05%
> INH+.RIF (.209 mg/kg) + 8.556+0.72d 10.79+0.63f 10.58+0.69d 0.4924+0.11e
Mangifera indica (400 mg/kg)
All values are shown as mean + SEM and n=6.
a indicate p< 0.05, b indicate p<0.01, c indicate Effect on SGOT

p<0.001 when compared to normal group.
dindicate p<0.05, e indicate p<0.01, f indicate p<0.001
when compared to INH+RIF group.

Discussion on Results

Pharmacological studies
Acute toxicity studies

The Methanolic bark extract of Mangifera in-
dica was found to be safe since no animal died even
at the maximum single dose of 4000 mg/kg when ad-
ministered orally, and the animals did not show any
gross behavioral changes. Hence, 1/20 and 1/10 of
maximum therapeutic dose (4000 mg/kg) was select-
ed for the present study.

Hepatoprotective activity
Effect on SGPT

Rats treated with INH+RIF (G-II) showed a
significant increase in SGPT levels on 7th, 14th, 21st
and 28th day, when compared to normal group (G-I).
The group (III) rats treated with standard drug liv.52
(500 mg/kg) showed a significant decrease in SGPT
levels on 7th, 14th, 21st and 28th day, when compared
to control (G-II).

The groups (IV and V) receiving methanolic
bark extract of mangifera indica (200 mg/kg and 400
mg/kg) shows a dose dependent decrease on SGPT
levels on 7th, 14th, 21st and 28th day when compared
to control group (G-II) (Table-6.1).

A significant increase in SGOT levels was ob-
served in rats treated with INH+RIF (G-II) on 7th,
14th, 21st and 28th day, when compared to normal
group (G-I). The group (G-III) rats treated with stan-
dard drug liv.52 (500 mg/kg) showed a significant de-
crease in SGOT levels on 7th, 14th, 21st and 28th day,
when compared to control (G-II).

The groups (IV and V) receiving methanolic
bark extract of Mangifera indica (200 mg/kg and 400
mg/kg) showed a dose dependent decrease in SGOT
levels on 7th, 14th, 21st and 28th day when compared
to control group (G-II) (Table-6.2).

Effect on ALP

Administration of INH + RIF induced a sig-
nificant increase in ALP levels on 7th, 14th, 21st and
28th day in control group (G-II) when compared to
normal group (G-I) .

On treatment with liv 52 induced a significant
decreases in ALP levels on 7th, 14th, 21st and 28th
day in standard group (G-III) when compared to con-
trol group (G-II).

Groups (IV and V) treated with methanolic
bark extract of Mangifera indica induces a significant
decreases in ALP levels on 7th, 14th, 21st and 28th
day both the doses has shown dose dependent when
compared to control group (G-II) (Table-6.3).

Effect on total cholesterol
A significant increases in total cholesterol lev-
els in INH + RIF treated group (G-II) on 7th, 14th,
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21st and 28th day when compared to normal group
(G-I).

Liv.52 treated group (G-III) shows significant
decreases in total cholesterol levels on 7th, 14th, 21st
and 28th day when compared to control group (G-II).
Methanolic bark extract of Mangifera indica treated
groups (IV and V) shows a significant decreases in to-
tal cholesterol levels on 7th, 14th, 21st and 28th day
in both doses has shown dose dependent when com-
pared to control group (G-II) (Table-6.4).

Effect on serum HDL-cholesterol

INH + RIF receiving groups (G-II) shows a
significant increases in HDL- cholesterol levels on
7th, 14th, 21st and 28th day when compared to nor-
mal group (G-I).

Liv.52eceiving group (G-III) shows significant
decreases in HDL- cholesterol levels on 7th, 14th, 21st
and 28th day when compared to control group (G-II).
methanolic bark extract of Msangifera indica treat-
ed groups (IV and V) shows a significant decreases
in HDL- cholesterol levels on 7th, 14th, 21st and 28th
day in both doses has shown dose dependent when
compared to control group (G-II) (Table-6.5).

Effect on total bilirubin

Administration of INH + RIF induced a sig-
nificant increase in total bilirubin levels on 7th, 14th,
21st and 28th day in control group (G-II) when com-
pared to normal group (G-I) .

On treatment with liv 52 induced a significant
decrease in total bilirubin levels on 7th, 14th, 21st and
28th day in standard group (G-III) when compared to
control group (G-II).

Groups (IV and V) treated with methanolic
bark extract of Mangifera indica induces a signifi-
cant decreases in total bilirubin levels on 7th, 14th,
21st and 28th day both the doses has shown dose de-
pendent when compared to control group (G-II) (Ta-
ble-6.6).

In vivo antioxidant parameters

In the present study, various antioxidant parameters
were assessed in the pancreas at the end of the study
on 29th day.

Administration of INH + RIF diminished the
antioxidant status in liver by decreases the catalase,
GSH, SOD levels and increases the LPO levels in con-
trol group (G-II) when compared to normal group
(G-D).

Standard group (G-II) treated with liv.52 in-
creases the antioxidant status in liver by increasing the
SOD, catalase, GSH levels and decreases the LPO lev-
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els when compared to control group (G-II).

Both doses of methanolic bark extract of
Mangifera indica shows the significant increases in
antioxidant status in liver by increasing the SOD, cat-
alase, GSH levels and decreasing the levels of LPO has
shown dose dependent when compared to control
group (G-II) (table6.7) (Graphs-6.7,6.8,6.9,6.10).

Histological examination of liver slices

Histological examination of the normal liver
slices showed normal hepatic parenchyma. There was
no sign of inflammation or necrosis in these animals
(Fig- 6.11). In INH-RIF treated group of animals
showed moderate to heavy lobular inflammation and
moderate portal triaditis with piecemeal necrosis or
focal lobular inflammation (Fig- 6.12).

Pre-treatment with liv.52, 500 mg/kg dose
showed almost normal liver lobule with no sign of ne-
crosis and portal triads. Only a few inflammatory cell
are observed in the centrizonal area (Figure- 6.13)

In the liver cells of rats treated with hydro-al-
coholic root extract of Mangifera indica at 200 mg/kg
dose showed reduction of necrosed area and inflam-
matory infiltrates in centrizonal area with disappear-
ance of inflammatory infiltrate around portal triad
(Figure- 6.14). Mangifera indica at 400 mg/kg dose
showed greater reduction of the necrosed area and
sparse inflammatory cell infiltration (Figure-6.15) as
compared to 200 mg/kg dose. Hence, Mangifera indi-
ca showed dose dependent reduction in the necrosis
and inflammatory infiltration.

Hepatotoxicity of anti-TB drugs is a seri-
ous problem because it causes significant morbidity
and mortality that requires modification of the drug
regimen 98. The incidence of anti-TB drug induced
hepatotoxicity has been reported to be higher in de-
veloping countries and some factors such as liver dis-
ease, incorrect use of drugs, malnutrition and more
advanced tuberculosis have been implicated for the
increase in hepatotoxicity 98. It is estimated that the
incidence of clinically relevant hepatotoxicity is 3% in
the US, 4% in UK and 11.5% in India.

DIH due to isoniazid prophylaxis has been
more commonly observed with advanced age. In pub-
lished reports, the relative risk of DIH due to isoniazid
(INH) prophylaxis ranged from 0/1000 in persons un-
der the age of 20 years; 2.8/1000 in persons aged <35
years, compared to 7.7-19.2/1000 observed in those
aged above 50 years. When isoniazid was used to treat
TB in combination with other drugs, DIH was found
to occur more often in older patients.

The increased risk of hepatotoxicity with INH
and rifampicin (RIF) combination has been attributed

IJARRP V01102 2014

135



Research Article

to the interaction between the metabolism of isoni-
azid and rifampicin. INH is metabolized in the liver
primarily by acetylation and hydrolysis, and it is these
acetylated metabolites that are thought to be hepato-
toxins. Acetyl-isoniazid, the principal metabolite is
converted to monoacetyl hydrazine. The microsomal
p450 enzymes convert monoacetyl hydrazine to other
compounds resulting in hepatotoxicity. RIF is thought
to enhance this effect by enzyme induction 98. RIF in-
duces cytochrome P450 enzyme causing an increased
production of toxic metabolites from acetyl hydrazine
(AcHz). RIF can also increase the metabolism of INH
to isonicotinic acid and hydrazine, both of which are
hepatotoxic. The plasma half life of AcHz (metabo-
lite of INH) is shortened by RIF and AcHz is quickly
converted to its active metabolites by increasing the
oxidative elimination rate of AcHz, which is related to
the higher incidence of liver necrosis caused by INH
and RMP in combination.

Serum transaminases, serum alkaline phos-
phatase and serum bilirubin have been reported to
be sensitive indicators of liver injury. Serum trans-
aminases are important class of enzymes linking
carbohydrate and amino acid metabolism. Aspartate
aminotransferase (AST or SGOT) and alanine amino-
transferase (ALT or SGPT) are present majority in the
liver and these are also found in the cardiac muscles,
skeletal muscles, pancreas, lungs, kidney, brain, etc.,
SGPT concentration is highest in the liver and there-
fore, it appears to a more sensitive test to hepatocellu-
lar damage than SGOT

There is no suitable drug for treating hep-
atotoxicity, in regard of these herbs are implicated
as potential hepatoprotective agents. Therefore, the
present study attempts to study the hepatoprotective
and antioxidant property of Mangifera indica against
anti-TB drug induced hepatotoxicity, in rats of wistar
strain. Biochemical parameters of hepatotoxicity and
oxidative stress were analyzed from serum and liver
homogenates to assess the hepatoprotective activity.
Further histopathological study was also carried out
to confirm the pathological changes.

The disturbance in the transport function of
the hepatocytes as a result of hepatic injury causes the
leakage of enzymes from cells due INH and RIF in-
duced peroxidative damage or altered permeability of
membrane 35. Increased protein catabolism and urea
formation that are seen in antitubercular drugs-in-
duced hepatocellular damage and necrotic lesions in
the hepatocytes may also be responsible for the in-
crease of these amino tranferases activities in liver.
Similar increase in levels of SGPT and SGOT in the
hepatic cells were also observed in the present study,

when treated with combination of INH+RIE

In the present study, co-administration of
methanolic bark extract of Mangifera indica with IN-
H+RIF significantly decreased the levels of these di-
agnostic marker enzymes (SGPT and SGOT) and the
effect was observed to be dose dependent.

Alakaline phosphatase was found to increase
in the group- II animals treated with INH+RIF. ALP
activity on endothelial cell surfaces is responsible for
the conversion of adenosine nucleotides to adenosine,
a potent vasodilator and anti-inflammatory mediator
that results from injury. So, following injury, accumu-
lation of interleukin-6 can lead to production of ade-
nosine by alkaline phosphatase and subsequent pro-
tection from ischemic injury. This may be the reason
for the increment in ALP in intoxicated rats due to
liver cell necrosis 63.

In the present study, co-administration of
methanolic bark extract of Mangifera indica with
INH+RIF decreased the levels of these ALP marker
enzymes in the serum.

Toxicity begins with the change in endoplas-
mic reticulum, which results in the loss of metabolic
enzymes located in the intracellular structures 104.
The toxic metabolite hydrazine is produced, which
further binds covalently to the macromolecule and
causes peroxidative degradation of lipid membrane of
the adipose tissue. In view of this, the reduction in lev-
els of SGOT, SGPT and ALP caused by the Mangifera
indica is an indication of stabilization of plasma mem-
brane as well as repair of hepatic tissue damage caused
by INH+RIE Similar mechanism for hepatoprotective
action were proposed for Ginkgo biloba, Strychno
spotatoru and Momordica dioica Roxb 105,104

The major disorder encountered in antitu-
bercular drugs-induced hepatitis is fatty accumula-
tion in the liver, which develops either due to exces-
sive supply of lipids to the liver or interference with
lipid deposition. The pathogenesis is multifactorial,
reflecting complex biosynthetic, enzymatic and cata-
bolic derangement in lipoprotein metabolism 106. In
the present study, the levels of total cholesterol were
higher in INH and RIF administered rats, indicating
that the antitubercular drugs-induces hypercholes-
terolemic condition. The increase in cholesterol lev-
els in the liver might be due to increased uptake of
LDL from the blood by the tissues 107. The abnormal
cholesterol deposition is favoured by the dangerous
tendency of cholesterol to undergo passive exchange
between the plasma lipoproteins and the cell mem-
branes 108. Hence, protective HDL-cholesterol levels
were reduced in the animals treated with INH+RIE
In the present study, co-administration with metha-
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nolic bark extract of Mangifera indica reduced the
elevation in the levels of total cholesterol induced by
anti-TB drugs. The levels of protective HDL-choles-
terol were also prominently increased when animals
treated with Mangifera indica,

The probable mechanism responsible may be
due to the decrease in the biosynthesis of cholesterol in
the liver or by inhibiting enzymes responsible for the
synthesis of cholesterol, by the chemical constituents
of Mangifera indica. This effect may also be respon-
sible for an improvement in the serum HDL-levels.
Tridax procumbent is also reported to have beneficial
effect on lipid profile due to similar mechanism 109

Determination of serum bilirubin represents
an index for the assessment of hepatic function and
any abnormal increase in the levels of bilirubin in the
serum indicate hepatobiliary disease and severe dis-
turbance of hepatocellular function 109. The disag-
gregation of polyribosomal profiles induced by toxins
is also associated with the inhibition of protein syn-
thesis, which may be partially responsible for the fat-
ty liver, probably not necrosis although it contributes
to disabling of the cell 63. Hence, decrease in protein
levels and increase in total bilirubin was observed in
animals when treated with INH+RIE

In the present study, co-administration of
methanolic bark extract of Mangifera indica with IN-
H+RIF increased the levels of these total proteins and
decreased the total bilirubin levels in the serum.

Cytochrome P450 is one of the liver enzymes,
considered responsible for damage of hepatic cells
32. Mangifera indica may inhibit these enzymes, thus
enhance in the level of total proteins and decrease in
the levels of total bilirubin. Thus was observed the
hepatoprotective action may be mediated through the
inhibition of UDP-sugar derivatives, enhancement
of glycoprotein biosynthesis and stabilisation of cell
membrane and inhibition of lipid accumulation by its
hypolipidemic property, which are the few common
mechanisms attributed for hepatoprotective activity
for natural drugs 110.

The results of histopathological parameters
also support the results of biochemical parameters
and explain the hepatoprotective activity of Mangifera
indica .

Free radicals alter the structural and function-
al integrity of cells by a variety of mechanisms, includ-
ing lipid peroxidation, sulthydryl oxidation and pro-
teolysis and shearing of the nuclear material. Healthy
cells can scavenge free radicals effectively by their
defensive system (antioxidant effects). In short, there
is a dynamic relationship between reactive oxygen
species and antioxidants in the human body. In some
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pathological conditions, such as cells suffering isch-
aemic insult, the sudden generation of reactive oxy-
gen species can dramatically upset this balance with
an increased demand on the antioxidant defence sys-
tem. Natural antioxidants are depleted accompanied
by accumulation of reactive oxygen species. In such a
situation, natural products can play an important role
in two aspects: enhance the activity of original natural
antioxidants and neutralize reactive oxygen species
by nonenzymatic mechanisms '". It is reported that
oxidative stress is also involved in liver damage '*.
Hence, effect of Mangifera indica on oxidative stress
induced by INH+RIF was studied.

Isoniazid and rifampicin induced hepatitis is
due to their biotransformation to reactive metabolites
that are capable of binding to cellular macromole-
cules 7'. As an alternative to inducing cellular damage
by covalent binding, there is evidence that these anti-
tubercular drugs cause cellular damage through the
induction of oxidative stress, a consequence of dys-
function of hepatic antioxidant defense system. The
role of oxidative stress in the mechanism of isoniazid
and rifampicin-induced hepatitis has been reported
by Attri et al., (2000).

Lipid peroxidation is a common event in tox-
ic phenomenon, is regulated by the availability of
substrate in the form of polyunsaturated fatty acids
(PUFA). Although it occurs to a limited extent under
normal physiological conditions, but external factors
can augment this process so that it escapes cell control
leading to degradation of lipids in the cell membrane
and eventually causing membrane damage and death
of cell.

In the present study, free radicals formed ei-
ther by the reaction of metabolites of INH+RIF with
oxygen or by the interaction of superoxide radicals
with H202, seem to initiate peroxidative degradation
of membrane lipids and endoplasmic reticulum rich
in polyunsaturated fatty acids. This leads to formation
of lipid peroxides which in turn give products like
MDA that cause loss of integrity of cell membrane and
damage to hepatic tissue 114.

Reduced glutathione is one of the most abun-
dant non-enzymatic biological antioxidant present
in the liver 114; it efficiently scavenges reactive toxic
metabolites of antitubercular drugs. As a substrate for
antioxidant enzymes glutathione peroxidase (GPX),
glutathione reductase (GR), it protects cellular con-
stituents from the damaging effects of peroxides
formed during metabolism and other ROS. Liver inju-
ry has been observed when GSH stores are markedly
depleted. In our study, similar decrease in GSH was
observed on administration of INH+RIFE.
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It is known that SOD, CAT constitutes a mutually sup-
portive team of antioxidant enzymes which provides a
defense system against ROS. Catalase is an enzymatic
antioxidant, a heamoprotein which catalyses the re-
duction of hydrogen peroxide to water and oxygen
and protects the tissue from highly reactive hydroxyl
free radicals.

In the present study, SOD and catalase de-
creased in INH+RIF treated animals may be due to an
excessive formation of superoxide anions.
Concomitant administration of methanolic bark ex-
tract of Mangifera indica and INH+RIF effectively
increased the GSH, SOD and CAT activities and also
decreased the MDA levels which may be attributed to
the scavenging of radicals by methanolic bark extract
of Mangifera indica resulting in protection of these
enzymes.

Flavonoids, present in the Mangifera indi-
ca is known to quench the free radical by maintaing
antioxidant levels 115. Thus, it can be suggested that
significant antioxidant activity shown by Mangifera
indica may be due to presence of mangostin, 29-hy-
droxymangiferoic acid.

The present study indicates that the methan-
olic bark extract of Mangifera indica may be used as
an effective hepatoprotective agent. Further studies on
isolation and structural determination of active prin-
ciples might be worthy.

References

1.  Hukkeri. VL, KusomsAkki. M, Sureban. RR,
Gopala Krishna. B, Byahatti. VV and Rajendra.
S.V “Hepatoprotective Activity of the Leaves of
Nyctanthes arbor Tristis Linn.” IJPS;(2006): 542-
543.

2. Ostapaowicz G, Fontana R], Schiodt FV “Results
of A Prospective Study of Acute Liver Failure At
17 TertiartyCarecenters” In The United States.
Ann Intern. Med 137(12), (2002) , 947-54.

3. Zimmerman HJ. “Drug-induced liver disease”
The Adverse Effects of Drugs and Other
Chemicals on the Liver. 2nd ed. Philadelphia, PA:
Lippincott Williams & Wilkins; (1999), 427-456.

4. Lasser KE, Allen PD, Woolhandler §J,
Himmelstein DU, Wolfe SM, Bor DH “Timing of
new black box warning and withdrawals for
prescription medications” JAMA 287; (2002)
215-220.

5. Temple RJ, Himmel MH “Safety of newly
approved drugs: implications for prescribing”
JAMA. 287;. (2002) 2273-2275.

6. Dominique Larrey “Drug-induced liver diseases”
Journal of Hepatology 32 (1); (2000)77-88.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Harun-ur-Rastid. Md, M.A. Gafur, Md.
GolamSadik and Md. Aziz AbdurRahman
“Biological activites of a new acrylamide
derivative from Ipomoea turpethum” Pakistan J.
Bio. Sci. 5(9); (2002),968-969.

Kannampalli Pradeep, Chandrasekaran
Victor Raj Mohan, KuppannanGobianand,
SivanesanKarthikeyan = “Effect of  Cassia

stulaLinn.]leaf extract on diethylnitrosamine
induced hepatic injury in rats’ Chemico-
Biological Interactions 167; (2007) 12-18.

Mindie, H.N, Gabriel, G “Does isoniazid cause
more serious hepatotoxicity in Hepatitis B virus
carriers’ Am. ]. Gastroenterology 97; (2002)
1092-1093.

Ravinder Pal, Kim Vaipher, ArbabSikander, Katar
Singh, Satya V. Rana “Effect of Garlic on Isoniazid
and Rifampicin Induced Hepatic Injury in Rats”
World. J. Gastro.12(4); (2006) 636-39.

Bhupinder ~ Singh  Kalra, SaritaAggarural,
Nita Khurana, UshaGupt “Effect of Cimetidine
on Hepatotoxicity Induced by Isoniazid and
Rifampicin Combination in Rabbits” Indian ]
Gastro. 26(19); 2007; 18-21.

Jiang Yue, RenxiuPeng, JieChen,Yinghui Liu,
Guicheng Dong “Effect of rifampicin on
CYP2E1 dependent hepatotoxicity of isoniazid in
rats” Pharmacological Research; 59; (2009); 112-
119.

Charles M. Nolan, Stefan V. Goldberg, Susan
E. Buskin “Hepatotoxicity Associated With
Isoniazid Preventive Therapy: A 7-Year Survey
from a Public Health Tuberculosis Clinic” JAMA;
281(11); (1999) 1014-1018.

Gerard ]. Tortora, Sundra Reynolds Grabowski
“Priniciple of Anatomy and physilogy” 7th Ed.
(1993) 790-795.

Kamal E. H. El-Tahir, Othman A, Gubara and
AbdulaRahma M. Ageel “Conventional Drugs
and Herbal Medicines Induced Hepatotoxilcity”
Saudi Pharmaceutical Journal 13 (4); (2005) 129-
38.

Sherwood and Lauralee “Human physiology:
from cells to systems” 3rd ed. Boston: Wadsworth.
(1997)

Tzanakakis “Liver assist Devices” Annual review
of Biomedical Engineering 2;(2000) 607-632.

Jafri. M. A, JalisSubhani. M, KalimJaved, Surender
Singh “Hepatoprotective activity of leaves of
Cassia occidentalisagainst paracetamol
and ethyl alcohol intoxication in rats” Journal of
Ethnopharmacology 66; (1999), 355-361.

Shanumugasundaram  and  Venkataraman
“Hepatoprotective and antioxidant effects of

138

IJARRP V01102 2014



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hygrophilaauriculata(K. Schum)
Heine Acanthaceae root extract” Journal of
Ethnopharmacology 104; (2006) 124-128.

Yong Woo Choi, Seung Oh Rew, OuKyoung Kwon
andSeUngChon “Changesof SGOTandSGPTafter
halothane, Enflurane and  Thalamonal
Anesthesia” The  Journal of  Korean
Society of Anesthesiologists 17(1); (1984) , 12-16.

Elise Andrews, Ann K. Daly “Flucloxacillin
induced liver injury” Toxicology 254; (2008)
,158-163.

Friedman, Scott E, Grendell, James H, Mc Quaid,
Kenneth R “Current Diagnosis and Treatment in
Gastroenterology” N New Yark. Lang Medical
Books, McGrw Hill; (2003) ,664-679,

Ostapaowicz G, Fontana R]J, Schiodt FV “Results
of A Prospective Study of Acute Liver Failure At
17 TertiartyCarecenters” In The United States.
Ann Intern. Med 137(12), (2002) , 947-54.

Yanhua Lu, Qin Meng, Guoliang Zhang,
XiaoshuBei “Clozapine-induced hepatotoxicity
in rat hepatocytes by gel entrapment and
monolayer culture” Toxicology in Vitro 22; (2008)
1754-1760.

Beumer .J. H, Schellens. J.H.M, Beijnen. J.H
“Hepatotoxicity and metabolism of trabectedin: a
literature review” Pharmacological Research 51;
(2005) 391-398.

Santos N.A.G, Medina W.S.G, Martins N.M,
Carvalho Rodrigues M.A, Curti C, Santos. A.C
“Involvement of oxidative stress in the
hepatotoxicity induced by aromatic antiepileptic
drugs” Toxicology in Vitro 22; (2008)1820-1824.

Rosita J. Rodriguez and Daniel Acosta ]Jr
“N-Deacetyl ketoconazole-induced
hepatotoxicity in a primary culture system of rat
hepatocytes” Toxicology 117; (1997)123-131.

Sharmilee P. Sawanta, Ankur V. Dnyanmotea,
Alan Warbrittonb, John R. Latendresseb, Harihara
M. Mehendale “Type 2 diabetic rats are sensitive
to thioacetamide hepatotoxicity” Toxicology and
Applied Pharmacology 211; (2006) 221 - 232.

Bjornsson. E, Olsson. R “Suspected drug-induced
liver fatalities reported to the WHO database”
Digestive and Liver Disease 38; (2006) 33-38.

ShahrzadTafazoli, Peter J. O’Brien “Amodiaquine-
induced oxidative stress in a hepatocyte
inflammation model” Toxicology 256; (2009)
101-109.

Yasuhiro Masubuchi, Satomi Kano, Toshiharu
Horie “Mitochondrial permeability transition
as a potential determinant of hepatotoxicity of
antidiabeticthiazolidinediones” Toxicology 222;
(2006) 233-239.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Research Article
Vishal R. Tandon, V. Khajuria, B. Kapoor, D. Kour,

S.  Gupta “Hepatoprotective activity of
Vitexnegundoo leaf extract against anti-
tubercular drugs induced heaptotoxicity”

Fitoterapia 79; (2008) 533-538.

Boelsterli. A “Diclofenac-induced liver injury:
a paradigm of idiosyncratic drug toxicity”
Toxicology and Applied Pharmacology 192;
(2003) 307-322.

Jussi J. Saukkonen, David L. Cohn, Robert M.
Jasmer, Steven Schenker, John A. Jereb, Charles
M. Nolan,Charles A. Peloquin, Fred M. Gordin,
David Nunes, Dorothy B. Strader, John
Bernardo, Raman Venkataramanan, and Timothy
R. Sterling “An Official ATS Statement:
Hepatotoxicity of Antituberculosis Therapy” Am
J RespirCrit Care Med. 174; (2006) 935-952.

Yadav. N.P and Dixit.V.K “Hepatoprotective
activity of leaves of KalanchoepinnataPers”
Journal of Ethnopharmacology 86; (2003) 197-
202.

MohammadrezaGhandforoush- Suttari,
SiminozarMashayekhi “Evaluation of taurine as
abiomarker of liver damge in paracetmol
poisoning” Euro ] Pharmacology 581; (2008)
171-176.

William M. Lee. M.D “Drug Induced
Hepatotoxicity” N. Eng. J. Med. 349; (2003) 474-
85.

NahidTabassum, SushamaChattervedi, S.S.
Aggrawal, Nissar Ahmed “Hepatoprotective
Studies on PhyllanthusNurion on Paracetamol
Induced Liver Cell Damage in Labino Mice”
Experimental Medicine 12 (4); (2005) 211-12.

Zim M.C.A, Silveira. TR, Schwartsmann. G,
Cerski. T and Motta.A “Potentiation of Carbon
Tetrachloride Hepatotoxicity by
PentosanPolysulfate in Rats”, Braz. ]. Med. Bio.
Res. 35(11); (2002) 1339-1346

Abdelmalek ME, Angulo P, Jorgensen RA,
Sylvestre PB and Lindor KD. Betaine “A
promising new agent for patients with non-
alcoholic steatohepatitis: Results of Pilot Study”
Am J Gasteroenterol 96; (2001) 2711-2714.

Slater TE “Biochemical mechanism of liver
injury” London: Academic Press. (1965)

Patrick-Iwuanyanwu K.C, Wegwu M.O and
Ayalogu E.O “The protctive nature of garlic,
ginger and vitamin E on CCl4 induced
hepatotoxicity in rats” Asian journal of
Biochemistry 2(6); (2007) 409-414.

Vishwakarma B, Koti B.C, Gadad P.C and
Kuppast 1.J “Evaluation of Heptoprotective
activity of Lactucascariola Linn” Indian Drugs

IJARRP V01102 2014

139



Research Article

43(6); (2006) 463-466. 37-40.

44. Mehmet Kanter, Omer Coskun, Mustafa 55. TakayoshNishiya, = Michiyukikato, = Takami
BudanCamanak “Hepatoprotective effect Suzuki, ChikatoMaru,HirokoKataoka Chiharu
of Nigella sativa L. and Urticadioica L on lipid Hattori, Kazuhiko Mori, ToshimasaJoindo,
peroxidation, antioxidant enzyme systems and Yorihisa Tanaka, SunaoManabe “Involvement of
liver enzymes in carbon tetrachloride treated cytochrome P450-mediated metabolism in
rats” World ] Gastroenterol. 11(42); (2005) 6684- tienilic acid hepatotoxicity in rats” Toxicology
6688. latters 183; (2008) 81-89.

45. Ning Wang, Peibo Li, Yonggang Wang, 56. Tang. ]J. Gao J. Chen. X.H, L.ZXu, Y.H.Tang,
Wei Peng, Zhong Wu, Suiyi Tan, Shaoling Liang, X.N.Zhao, L.Michael “Mitochondrial modulation
Xiao Shen, WeiWei Su “Hepatoprotective effect of is involved in the hepatoprotection of
Hypericumjaponicumextract and its fractions” Limoniumsinense extract against liver damage
Journal of Ethnopharmacology 116; (2008) 1-6. in mice” Journal of Ethanopharmacology 120;

46. Nevinlchan, DilaraSeckin “Protective Effect of (2008) 427-431.

Nigella sativa Seeds on CCl4 Induced 57. Anubha Singh, S.S. Handa
Hepatotoxicity” FEU. SaglikBil. Dergisi.13(3); “Hepatoprotective activity of
(2005) 175-79. Apiumgraveolens and

47. Xiao-Ying Guo, Gui-Fansun, Ying-Chun Sun, Hygrophilaauriculataagainst paracetamol
Shenyang “Oxidative stress from fluoride induced and thioacetamide intoxication in rats” Journal of
Hepatotoxicity in rats” Fluorde 36(1); (2003) 25- Ethnopharmacology 49; (1995) 119-126.

29. 58. YingJun Liao, Xiugiang Lu, Chunwei Lu, Gexin Li,

48. Rukhsana Anwar and MubasherAbmad “Studies Yaping .Im, Ha'o.Tan.g .Selectlon of agenj[ .fo’r’
of RaphanusSativus as hepatoprotective agents” prevention of cisplatin induced hepatotoxicity
Journal of Med. Sci. 6(4); (2006) 662-665 Pharmacological Research 57; (2008) 125-131.

49. Jadwiga Jodynis-Liebert, Irena Matlawska, >9. Olr<notuyi. LO, Nvgangwu S'C:i’ Okugbo.0.T,
WieslawaBylka, MarekMurias “Protective effect O oye.O.T,' Ojieb.G.C an Wagu.D.M
of Aquilegia vulgaris (L) on APAP-induced Hepatotoxic and hemolytic effects of acute
oxidative  stress  in  rats’ Journal of exposure of rats to artesunate over dose” African
ethanopharmacology 97; (2005) 351-358. J Biochemistry Res. 2(5); (2008) 107-110.

50. EsraKupeli DidemDeliormanOrhan 60. Karthikeyan. S “Hepatotoxicity of Isoniazid:
ErdemYesilada “Effect of CistuslaurifoliusL. leaf A s"[u.dy on the activity of@arke.r enzymes ofhyei
extracts and flavonoids on acetaminophen- toxicity in serum and liver tissues of rabbits
induced hepatotoxicity in mice” Journal of Indian J Pharmacology 36(4); (2004) 244-250.
Ethnopharmacology 103; (2006) 455-460. 61. Nassr-Allah H. Abdel-Hameid “Protective role

51. Mohamed Bastawy Ahmed, MortadaRedaKhater of dimethyl fiipbenylbicarboxylate (DDB) against
“Evaluation of the protective potential of erythrorgycm 1n'duc.ed hepatotoxicity in male
Ambrosia maritime extract on acetaminophen rats” Toxicology in Vitro 21; (2007) 618-625
induced  liver = damage”  Journal  of 62. ShahrzadTafazoli, Mariam Mashregi, Peter
Ethanopharmacology 75; (2001) 169-174. J. O’Brien “Role of hydrazine in isoniazid-

52. Mujumdar. SM, and Kulkarni, RD.M.D induced  hepatotoxicity _in a  hepatocytes
“Paracetmol induced hepatotoxicity and the inflammation model” Toxicology and Applied
protective effect of Liv.52” The indian Practitioner; Pharmacology 229; (2008) 94-101.

(1977) 479. 63. SethumadhavanSanthosh, Theruvathil K

53. Yanpallewar. S. U, Sen. S, Tapas. S, Mohan Kumar, Sini, RangsamyAnandan, Paruthapara T Mathew
Raju. S. S, Acharya. S. B “Effect of “Hepatoprotective activity of chitosin against
Azadirachtaindicaon paracetamol-induced Isoniz%zid and Rifampicin induced toxicity in
hepatic damage in albino rats” Phytomedicine 9; experimental rats” European Journal —of
(2002) 391-396 Pharmacology 572; (2007) 69-73.

54. Kumar. G, SharmilaBanu. G, VanithaPappa. P, 64. Khalid .Mahar.nood, AkhtarHussain,
Sundararajan. M RajasekaraPandian. KrishanLalJairamani, @ Abu  Talib, Badar-
“Hepatoprotective  activity of Trianthema udd.in Abbasi,.S. Salkeen “H(?patotoxicity with
portulacastrum L. against paracetmol and An‘ztub.erculosm drugs: the risk factor” Pak. ]
thioacetamide intoxication in Albino rats” Med Sci. 23(1), (2007) 33-38.

Journal of Ethanopharmacology 92(1); (2004) 65. Troy C. Sarich, Stephen P. Adams, Giorgio
140 IJARRP V01102 2014



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Petricca and James M, Wright “Inhibition
of Isoniazid induced hepatotoxicity in rabbits
by pretereatment with an amidase inhibitor”
289(2); (1999) 695-702.

Sarich TC, Adams SP, PetriccaG,Wright JM
Inhibition of isoniazid-induced hepatotoxicity
in rabbits by pretreatment with an amidase
inhibitor. ] PharmacolExpTher. 289; (1999) 695-
702.

Huang YS, Chern HD, Su W],Wu JC, Chang SC,
Chiang CH, et al. “CytochromeP4502E1 genotype
and the susceptibility to antituberculosis drug-
induced hepatitis” Hepatology 37; (2003) 924-
930.

Richard A. Weisiger “Isoniazid hepatotoxicity”
Gastroenterology. (2007)

Francis F. Fountain, Elizabeth Tolley, Cary R.
Chrisman and Timothy H. Self “Isoniazid
hepatotoxicity associated with treatment of latent
Tuberculosis infection” CHEST 128(1); (2005)
116-123.

Hussain Z, Kar P, Husain SA. “Anti Tuberculosis
Induced Hepatitis: risk factors, prevention and
management” Indian J ExpBiol 41(11); (2003)
1226-32.

Georgieva N, Gadjeva V, Tolekova A, “New
isonicotinoylhydrazones with ssa protect against
oxidative-hepatic injury of isoniazid” TJS 2;
(2004)37-43.

Lee WM “Drug-induced hepatotoxicity” N Engl |
Med 333; (1995) 1118-1127.

LaurinJ, Lindor KD, Crippin JS, Gossard A, Gores
GJ, Ludwig J, Rakela ], and McGill DB
“Ursodeoxycholic acid or clofibrate in the
treatment of non-alcoholic-induced
steatohepatitis: a pilot study” Hepatology 23;
(1996) 1464- 1467.

Toshihiro Okamoto, Kazunori Kajino and
Okio Hino “Hepatoprotective Drugs for the
Treatment of Virus-Induced Chronic Hepatitis:
From Hypercarcinogenic State to
Hypocarcinogenic State” Jpn. J. Pharmacol. 87;
(2001) 177-180.

AlokSaxenaand Garg, N.K “Effect of Liv.52 on
Hepatic Enzymes” Indian Journal of Experimental
Biology : 7, .(1979) 662-667

Rai MK “Herbal medicines in India; retrospect
and prospect” Fitoterapia 65; (1994) 483-91.

Thomas J. Flynn, Martine S. Ferguson
“Multiendpoint ~ mechanistic ~ profiling  of
hepatotoxicants in HepG2/C3A human hepatoma
cells and novel statistical approaches for
development of a prediction model for acute
hepatotoxicity” Toxicology in Vitro 22; (2008)

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Research Article
1618-1631.

Gowri Shankar. N.L, Manavalan. R, Venkappayya
D, David Raj. C “Hepatoprotective and
antioxidant effects of Commiphoraberryi (Arn)
Engl bark extract against CCl4-induced oxidative
damage in rats ” Food and Chemical Toxicology
46; (2008) 3182-3185.

Abhijit Chowdhury, AmalSantra, Koutilya
Bhattacharjee, Subhadip Ghatak, Dhira Rani
Saha, Gopal Krishna Dhali “Mitochondrial
oxidative stress and permeability transition in
Isoniazid and Rifampicin induced liver injury in
mice” Journal of Hepatology 45; (2006) 117-126.

Alma Tostmann, Martin J. Boeree, Wilbert
H.M. Peters, Hennie M.J. Roelofs, Rob E.
Aarnoutse, Andr’e JLA.M. van der Ven, PN.
Richard Dekhuijzen “Isoniazid and its toxic
metabolitehydrazineinduceinvitropyrazinamide
toxicity” International Journal of Antimicrobial
Agents 31; (2008) 577-580.

Kapoor LD “Ayurvedic Medicinal plants® 1st
Edition; (2001) 222-223.

82.Girish C, Koner B.C, Jayanthi S, Rao K. R,
Rajesh B and S.C. Pradhan “Hepatoprotective
activity of five polyherbal formulations in
paracetamol induced liver toxicity in mice”
Indian J Med Res 129; (2009) 569-578

Troy CasimirSarich, Ting Zhou, Stephen Paul
Adams, Allen Ian Bain, Richard Arthur Wall, and
James Morrison Wright “A Model of Isoniazid-
Induced Hepatotoxicity in Rabbits” Journal of
Pharmacological and Toxicological Methods
:30(1995) 109-116.

ReddipalliHemalatha “Anti-hepatotoxic and anti-
oxidant defense potential of Tridaxprocumbens”
IJPS 2;(2008) 164-169

Mayu Morita, Sho Akai, Hiroko Hosomi,
Koichi Tsuneyama, Miki Nakajima, Tsuyoshi
Yokoi ;" Drug-induced hepatotoxicity test using
glutamylcysteinesynthetase ~ knockdown  rat
Toxicology Letters 189 (2009) 159-165

K Sairam et al / Evaluation of anti-diarrhoeal
activity in seed extracts of Mangifera indica /
Journal of Ethnopharmacology « Volume 84,
Issue 1, January 2003, Pages 11-15 / doi:10.1016/
S0378-8741(02)00250-10

Amegnona Agbonon et al ., “Mangiferaindica
stem bark effect on the rat trachea contracted by
acetylcholine and histamine” Pharmaceutical
Biology, Vol. 43, No. 5, (2005) Pages 475-479

NeelamMakare et al ., “Immunomodulatory
activity of alcoholic extract of Mangiferaindica L.
in mice” / Journal of Ethnopharmacologye
Volume 78, Issues 2-3, December, 2001 Pages

IJARRP V01102 2014

141



Research Article

133-137/

2026-2030.

89. Anila and N R Vijayalakshmi / Flavonoids from 101. Wu J-W, Leev S-D, Yeh P-F “Isoniazid-
Emblicaofficinalis  and  Mangiferaindica— Rifampicin induced hepatitis in hepatitis B
effectiveness for dyslipidemia / Journal of carriers” Gastroentrology 98; (1990) 502-504.
Ethnopharmacology Volume 79, Issue 1, February 102. Lin, C.C, Shieh D.E, Yen M.H, “Hepatoprotective
2002, Pages 81-87 effectofthefractionsof Ban-zhi-lianonexperiment

90. L Anila and N R Vijayalakshmi,’Antioxidant liverinjuriesinrat” Journal of Ethnopharmacology
action of flavonoids from Mangiferaindica and 565 (1997) 193-200.

Emblicaoﬁic.inalis in hypercholesterolemic rats” 103. Amr Amin and Alaa A. Hamza “Oxidative
Food Chemistry » Volume 83, Issue 4, December stress mediates drug-induced hepatotoxicity in
2003, Pages 569-574 rats: a possible role of DNA fragmentation”

91. K Sairam et al ., Evaluation of anti-diarrhoeal Toxicology 208; (2005) 367-375.
activity in seed extracts of Mangiferaindica / 104. Avijeet Jain, Manish Soni, Lokesh Deb, Anurekha
Journal of Ethnopharmacology « Volume 84, Jain, SP. Rout, VB. Gupta, K.L. Krishna
Issue I, January 2003, Pages 11-15 “Antioxidant and hepatoprotective

92. AmritaBhowmiketal .,Studies on the antidiabetic activity of ethanolic and aqueous extracts
effects of Mangiferaindica stem-barks and leaves of MomordicadioicaRoxb. leaves” Journal of
on nondiabetic, type 1 and type 2 diabetic model Ethnopharmacology 115; (2008) 61-66.
rats / Bangladesh ] Pharmacol 2009; 4: 110-114 105. Ashok Shenoy. K, Somayaji. S.N, Bairy.K.L

93. 93. G S Bbosa et al ., Antibacterial activity of “Hepatoprotecitve Effect of Ginkgo biloba
Mangiferaindica (L.) African Journal of Ecology Against Carbon Tetracchloride Induced Hepatic
o Volume 45 Issue s1, 13 -16 DOI0.1111/j.1365- Injury in Rats” Indian J. Pharmacology 33; (2001)
2028.(2007.00731 260-66.

94. Polyphenols with Antiulcerogenic Action from 106. 106.Santhosh. S, Sini. T.K, Anandan.R and
Aqueous Decoction of Mango Leaves (Mangifera Mathew.P.T “Effect of chitosan supplementation
indica L.) / Juliana Aparecida Severi et al on antitubercular drugs-induced hepatotoxicity
/ Molecules 2009, 14, 1098-1110 / doi:10.3390/ in rats” Toxicology 219; (2006) 53-59.
molecules14031098 107. Kissler H.J, Hauffen ], Hennig R., Gepp H,

95. Ojewole JA. Anti-inflammatory, analgesic Schwille P.O “Glucose and lipid metabolism after
and hypoglycaemic effects of Mangiferaindica liver transplantation in inbred rats: consequences
Linn. (Anacardiaceae) stem-bark aqueous extract of hepatic denervation. Metabolism 54, (2005)
Methods Find  ExpClinPharmacol. 2005 881-890.

Oct;27(8):547-54. 108. Gibson J.C, Lee W.H, Stephan Z.F “The

96. Mango effective in preventing, stopping certain ansamycins: a novel class of hypolipidemic agents
colon, breast cancer cells / AgriLife News / with a high affinity for lipoproteins”
January 11, 2010 Atherosclerosis 112; (1995) 47-57.

97. Beginner guide to Soxhletextractions, CHEMO 109. VilwanathanRavikumar, Kanchi Subramanian
Administrator submitted:April, 2003 Shivashangari, ThiruvengadamDevaki

98. Sharma SK, Balamurugan A, Saha PK, Hepatoprotectwe ) activity ) of
Pandey RM, Mehra NK “Evaluation of clinical Trldaxprocumb?nsaga1nst d-galact'o'san.nne 0,1:
and immunological risk factors for the lipopolysaccharide induced hepatitis in rats
development  of  hepatotoxicity  during Journal of Ethnopharmacology 101; (2005) 55-
antituberculosis treatment” Am ] RespirCrit Care 60.

Med 166; (2002) 916-19. 110. Ravikumar. V, Shivashangari. M.S, Devaki.T

99. Sharifzadeha M, Rasoulinejadb M, Valipoura “Effect of TridaxProcumbens on liver antioxidant
E Nouraiec M, Vaziri S “Evaluation of patient- 'defence syst(?rp ) during  lip op.olysacch.a.ride
related factors associated with causality, induced hepatitis in d-galactosamine sensitized
preventability, predictability and severity of rats” Molecular and Cellular Biochemistry. (2004)
hepatotoxicity during antituberclosis treatment” 111. ZhuY.Z, Huang S.H, Tan B.K.H, Sun J, Whiteman
Pharmacological Research 51; (2005) 353-358. M, Zhu Y.C “Antioxidants in chinese herbal

100. Schaberg T, Rebhan K, Lode H, “Risk medicines: a biochemical perspective” Natural
factors for side-effects of isoniazid, rifampicin and Product Reports 21; (2004) 478-489.
pyrazinamide in patients hospitalized for 112. Wang Z.Q, Porreca F, Cuzzocrea S, Galen K,
pulmonary tuberculosis” Eur. Respir. J. 9; (1996) Lightfoot R, Masini E, Muscoli C, Mollace

142 IJARRP V01102 2014



Research Article

V, Ndengele M, Ischiropoulos H, Salvemini D “A
newly identified role for superoxide in
inflammatory pain” Journal of Pharmacology
and Experimental Therapeutics 309; (2004) 869-
878.

113. Attri S, Rana S.V, Vaiphei K, Sodhi C.P, Katyal
R, Goel R.C, Nain C.K, Singh K, “Isoniazid and
rifampicin induced oxidative hepatic injury
protection by N-acetylcysteine” Hum. Exp.
Toxicol. 19; (2000) 517-522.

114. Suresh R. Naik and Vandana §S. Panda
“Hepatoprotective effect of
GinkgoselectPhytosome in rifampicin induced
liver injurym in rats: Evidence of antioxidant
activity ” Fitoterapia79 (6); (2008) 439-445.

115. Anbuselvam. C, Vijayavel. K, Balasubramanian.
M.P “Protective effect of Operculineturpethum
against 7,12-dimethyl ben (a) anthracene
induced oxidative stress with feferance to
brest cancer in Experimental rats” Chemico
Biological Interactions 168; (2007) 229-236.

IJARRP V01102 2014 143



