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ABSTRACT

Administration of ethanol extract of Aristolochia bracteata whole plant and standard drug silymarin in rats showed significant
hepatoprotective action against CCl, induced hepatoxicity. Elevated serum marker enzymes of SGOT, SGPT, ALP and serum bilirubin
were significantly reduced to near normal level in whole plant ethanol extract of A. bracteata treated rats. Lipid peroxidation level
was found to be decreased significantly in whole plant ethanol extract of A. bracteata at 250 and 500 mg/kg doses; similarly it
increased the antioxidant enzyme levels of GPx, GRD, SOD, CAT and GSH. Thus, the results suggest that A. bracteata extract acts as a
potent hepatoprotective agent against CCl, induced hepatotoxicity in rats.
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INTRODUCTION

iver diseases remain as one of the serious health

problems. It is the key organ of metabolism and

excretion. It is often exposed to variety of
xenobiotics and therapeutic agentsl. Conventional drugs
used in the treatment of liver diseases are often
inadequate. It is therefore necessary to search for
alternative drugs for the treatment of liver diseases to
replace the currently used drugs of doubtful efficacy and
safety. More than 900 drugs have been implicated in
causing liver injury2 and it is the most common reason for
a drug to be withdrawn from the market. Drug induced
liver injury is responsible for 5% of all hospital admissions
and 50% of all acute liver failures.>*

Herbal drugs play a role in the management of various
liver disorders most of which speed up the natural healing
processes of the liver. Numerous medicinal plants and
their formulations are used for liver disorders in
ethnomedicinal practice as well as traditional system of
medicine in India. However, the readily available
hepatoprotective herbal drugs are not sufficiently active
to effectively combat severe liver disorders. In view of
lack of synthetic agents for the treatment of hepatic
disorder, there is a growing focus to evaluate traditional
herbal medicines for hepatoprotective activity.’
Therefore, there is a need to develop satisfactory
hepatoprotective drugs.

Aristolochia bracteata Retz is a shrub distributed
throughout India, belonging to the family
Aristolochiaceae. A.bracteata is used in traditional
medicine as gastric stimulant and in the treatment of
cancer, lung inflammation, dysentery and snake bites.® In
Indigenous system of medicine, it is reported that the
leaves were used for skin diseases, rheumatism and
analgesic.”

The whole plant was used as purgative and antihelmintic,

antipyretic and antiinflammatory agents.8 Along with its
use against health disorders, it was felt worthwhile to
screen the hepatoprotective activity of A.bracteata so
that its further role in natural hepatoprotective agent is
explored.

However, no scientific information is available regarding
the hepatoprotective effect of A.bracteata.

Therefore in the present study an attempt has been made
to evaluate the hepatoprotective activity as well as
antioxidant profile of A.bracteata whole plant extract
with a view towards elucidating the probable mechanism
of action by employing in vivo methods.

MATERIALS AND METHODS
Collection of Plant Sample

The whole plant of Aristolochia bracteata Retz was
collected from Vadavalli, Coimbatore, Tamil Nadu.

The plant was identified and authenticated in Botanical
Survey of India, Southern Circle, Coimbatore, Tamil Nadu,
India. A voucher specimen was deposited in
Ethnopharmacology Unit, Research Department of
Botany, V.0. Chidambaram College, Tuticorin, Tamil
Nadu.

Preparation of Plant Extract for Phytochemical Screening
and Hepatoprotective Studies

The whole plant of A.bracteata was shade dried at room
temperature and the dried whole plant was powdered in
a Wiley mill.

Hundred grams of powdered A.bracteata whole plant was
packed in a Soxhlet apparatus and extracted with
ethanol.

The extract was subjected to qualitative test for the

identification of various phytochemical constituents as
9-11

per the standard procedures.
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The ethanol extract was concentrated in a rotary
evaporator. The concentrated ethanol extract was used
for hepatoprotective studies.

Animals

Normal healthy male Wistar albino rats (180-240g) were
used for the present investigation. Animals were housed
under standard environmental conditions at room
temperature (25+2°C) and light and dark (12:12h). Rats
were fed with standard pellet diet (Goldmohur brand, MS
Hindustan lever Ltd., Mumbai, India) and water ad
libitum.

Acute Toxicity Studies

Acute oral toxicity study was performed as per OECD-423
guidelines (acute toxic class method), albino rats (n=6) of
either sex selected by random sampling were used for
acute toxicity study.'? The animals were kept fasting for
overnight and provided only with water, after which the
extracts were administered orally at 5mg/kg body weight
by gastric intubations and observed for 14 days. If
mortality was observed in two out of three animals, then
the dose administered was assigned as toxic dose. If
mortality was observed in one animal, then the same
dose was repeated again to confirm the toxic dose. If
mortality was not observed, the procedure was repeated
for higher doses such as 50, 100 upto 2000 mg/kg body
weight.

Experimental Design

In this investigation, a total of 25 rats (20 CCl, hepatic
toxicity induced rats and 5 normal rats) were taken and
divided into five groups of 5 rats each. Group I: Rats
received normal saline was served as a normal control.
Group II: CCl; hepatic toxicity induced control: Rats
received 2.5ml/kg body weight of CCl, for 14 days. Group
lll: Liver injured rats received ethanol extract of whole
plant of A.bracteata at the dose of 250mg/kg body weight
for 14 days. Group IV: Liver injured rats received ethanol
extract of whole plant of A.bracteata at the dose of
500mg/kg body weight for 14 days. Group V: Liver injured
rats received standard drug silymarin at the dose of
100mg/kg body weight for 14 days.

Biochemical Analysis

The animals were sacrificed at the end of experimental
period of 14 days by decapitation. Blood was collected,
sera separated by centrifugation at 3000 g for 10
minutes. Serum protein13 and serum albumins were
determined quantitatively by colorimetric method using
bromocresol green. The total protein minus the albumin
gives the globulin. Serum glutamate pyruvate
transaminase (SGPT) and serum glutamate oxaloacetate
transaminase (SGOT) were measured
spectrophotometrically by following the method of
Reitman and Frankel'. Serum alkaline phosphatase (ALP)
was measured by the method of King and Armstrong®.
Total bilirubin and conjugated bilirubin were determined
as described by Balistrei and Shaw'®. The unconjugated
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bilirubin concentrations were calculated as the difference
between total and conjugated bilirubin concentrations.
Gamma glutamyl transferase (GGT) was estimated by the
method of Szasz"’.

Quantitative estimation of MDA formation was done by
determining the concentration of thiobarbituric acid
reactive substances (TBARS) in plasma by the method of
Satoh™. Enzymatic antioxidants, superoxide dismutase
(SOD)*, catalase (CAT)*, glutathione reductase (GRD)*,
reduced glutathione (GSH)** and glutathione peroxidase
(GPx)”® were also assayed in erythrocytes.

Statistical Analysis

The data were expressed as the mean + S.E.M. The
difference among the means has been analyzed by one-
way ANOVA. p<0.01 and p<0.05 were considered as
statistical significance using SPSS Software.

RESULTS
Phytochemical Screening

Phytochemical screening of A.bracteata whole plant
reveals the presence of alkaloids, coumarins, flavonoids,
quinones, phenols, saponins, steroids, tannins,
terpenoids, sugars, glycosides and xanthoproteins.

Acute Oral Toxicity Study

Ethanol extract of A.bracteata whole plant did not cause
any mortality upto 2000 mg/kg dose level. Hence 2t
and *3™ of the maximum dose (i.e. 250 and 500 mg/kg
p.o) were selected for the present study.

Effect on Body Weight

The effect of ethanol extract of A.bracteata whole plant
on body weight of the normal control, CCl,; intoxicated
control and plant extract treated rat groups are shown in
Table 1.

An increase in body weight was noticed in all groups
except group Il liver damaged control rats when
compared with normal control. The body weight loss was
higher in liver damaged control rats.

Effects on Serum Protein and Serum Enzymes

Table 2 shows the effect of ethanol extract of whole plant
of A.bracteata on serum total protein, albumin, globulin,
A/G ratio, serum transaminases and alkaline
phosphatases in CCl, intoxicated rats. There was a
significant (p<0.01) increase in serum GOT, GPT and ALP
levels in CCl, intoxicated control group (Group Il) when
compared to the normal control group (Group 1). The
total protein level was significantly (p<0.05) decreased
from 8.14 mg/dl in normal control to 6.74 mg/dl in CCl,
intoxicated control.

The whole plant ethanol extract of A.bracteata, at a dose
of 500 mg/kg, decreased the elevated serum marker
enzymes significantly. Treatments with silymarin, the
standard drug and plant extract reversed the altered total
protein and albumin to almost near normal level.
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Effects on Bilirubin and Gamma-Glutamyl Transferase

The effect of whole plant ethanol extract of A.bracteata
on total, conjugated, unconjugated bilirubin and y-
glutamyl transferase are shown in Table 3.

There was a significant (p<0.01) elevation of total,
conjugated, unconjugated billirubin and y-glutamyl
transferase in the serum of CCl, intoxicated group (Group
I1) when compared to normal control (Group I).

Whole plant ethanol extract of A.bracteata, at a dose of
500mg/kg body weight, reduced the levels of total,
conjugated and unconjugated bilirubin (Group V).

Effects on Lipid peroxidation and Antioxidant Enzymes

The hepatoprotective effect of whole plant ethanol
extract of A.bracteata on lipid peroxidation (LPO),
glutathione peroxidase (GPx), glutathione reductase
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(GRD), superoxide dismutase (SOD) catalase (CAT) and
reduced glutathione (GSH) activities are shown in Table 4.
When compared to the normal control rats (Group ),
there was a significant (p<0.01) increase in the level of
lipid peroxidation and a significant decrease in the levels
of glutathione peroxidase, glutathione reductase,
superoxide dismutase and catalase in CCl; intoxicated
control rats (Group Il).

Treatment with the whole plant of ethanol extract of
A.bracteata at the dose of 500 mg/kg body weight,
decreased the elevated lipid peroxidation level
significantly and restored the altered glutathione
peroxidase, glutathione reductase, superoxide dismutase,
catalase and reduced glutathione levels towards normal
in a dose dependent manner. The results were well
comparable with that of silymarin, the standard drug
treated rats.

Table 1: Effect of the whole plant ethanol extract of A.bracteata on the body weight of the normal, liver damaged and

drug treated rats

Treatment Groups Dose Initial Body weight (g)
Group | 0.9% Saline 206.31+4.94
Group Il 0.9% Saline 201.54+6.84
Group Il 250 (mg/kg) 194.38+4.13
Group IV 500 (mg/kg) 197.8446.83
Group V 100 (mg/kg) 192.3445.16

Mean weight p : ¢
. . . ercentage o
Final Body weight (g) Gain (1")/ Difference
Loss ({) (g)
218.33£3.14 12.021 5.83
192.16%4.31** 9.38¢ 4.65
201.8315.68 7.451 3.83
212.83%5.68% 14.991 7.58
208.27+8.36° 15.931 8.28

Values are mean * SD of 5 animals in each group. Statistical analysis ANOVA followed by Dunnett t-test * p < 0.05; ** p<0.01 Compared
normal control vs liver injured rats ® p < 0.05; *® p<0.01 Compared liver injured rats vs drug treated.

Table 2: Effect of the whole plant ethanol extract of A. bracteata on the serum protein, albumin, Globulin concentration
and serum GOT, GPT and ALP enzyme activity in the normal, liver damaged and drug treated rats

Parameters
Treatment

Dose . . .

Groups T. Protein Albumin Globulin
(me/kg AG  ccoT(U/)  SGPT(U/L) ALP (U/L)

BW) (mg/dl) (g/dl) (g/dl) Ratio

0.9%
Group | S 8.14+0.74  4.85+0.27  3.29+0.38 1.5:1 18.36+0.8 21.31+0.67 138.36+1.22
Group Il S 6.74+0.13 3.91+0.23  2.83%0.12* 1.4:1 92.16+7.84 104.16%2.19 198.2446.29
Group Il (ng‘r’/?(g) 7.86£0.31™  4.23t0.23  3.63:0.56 1.2:1 43.84%3.46*°  48.16%2.16 ° 152.4042.24"°
Group IV (msg(}?(g) 8.24#0.34° 4.88#0.35° 3.36%0.27 1.5:1 28.36x1.14*  26.13+1.24* 129.25+2.16™
Group V (mlg(}?(g) 8.09+0.13 4.31+0.73  3.78+0.32 1.1:1  20.16+0.93* 23.16+0.83* 126.22+4.86™

Values are mean = SD of 5 animals in each group. Statistical analysis ANOVA followed by Dunnett t-test * p < 0.05; ** p < 0.01
Compared normal control vs liver injured rats ® p < 0.05; ** p<0.01 Compared liver injured rats vs drug treated; ns — not significant
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Table 3: Effect of the whole plant ethanol extract of A. bracteata on the serum total bilirubin, conjugated and
unconjugated bilirubin and GGTP levels in the normal control, liver injured control and drug treated rats

Treatment
Dose Total Bilirubin
Groups
(mg/kg BW) (umol/L)

Group | 0.9% Saline 0.93+0.041
Group Il 0.9% Saline 4.08+0.36**
Group Il 250 (mg/kg) 1.04+0.05°
Group IV 500 (mg/kg) 0.83+0.07%
Group V 100 (mg/kg) 0.88+0.04™

Parameters

Conjugated Unconjugated

Bilirubin Bilirubin GGTP (U/L)

(umol/L) (umol/L)
0.23+0.068 0.70+0.026 7.34%0.64
1.97+0.05** 2.1140.36** 19.28+1.13%*
0.32+0.04% 0.72+0.02™ 13.46+0.83*
0.260.03* 0.57+0.07* 8.13+0.21°
0.260.02* 0.62+0.07* 8.13+0.31*

Values are mean * SD of 5 animals in each group. Statistical analysis ANOVA followed by Dunnett t-test * p < 0.05; ** p<0.01 Compared
normal control vs liver injured rats a p < 0.05; aa p<0.01 Compared liver injured rats vs drug treated; ns — not significant

Table 4: Effect of the whole plant ethanol extract of A. bracteata on the serum LPO, GPX, GRD, SOD, CAT and GSH activity
in the normal control, liver injured control and drug treated rats

Treatment LPO
GPx
Groups Dose (n mole of (u/mgProtien)
MDA/mg protien) sk
0,
Group | 0'9/) 1.8431£0.013 4.318+0.164
Saline
0,
Group Il 0'9/) 6.34+0.124%* 2.841+0.013**
Saline
250 a ns
Group llI 2.93+0.161 3.784+0.056
(mg/kg)
500 aa a
Group IV 1.78+0.026 4.054+0.018
(mg/kg)
100 aa a
Group V 1.69+0.039 4.268+0.028
(mg/kg)

0.21620.074**
0.324+0.015
0.398+0.023*

0.426%0.16™

Parameters
GRD SoD CAT GSH
(u/mg) (u/mg) (u/mg) (u/mg)
0.402+0.054 0.273%0.034 3.743+0.051 33.16+0.14

0.114+0.083**  1.241+0.046**  14.84+0.36**

0.204+0.056°  2.316+0.052™ 26.13+0.18°

0.264+0.076™ 3.684+0.018° 29.84+0.24°

0.263+0.059%  3.691+0.084™  30.830.21*

Values are mean * SD of 5 animals in each group. Statistical analysis ANOVA followed by Dunnett t-test * p < 0.05; ** p<0.01 Compared
normal control vs liver injured rats a p < 0.05; aa p<0.01 Compared liver injured rats vs drug treated; ns — not significant

DISCUSSION

The present study demonstrates the hepatoprotective
and antioxidant effects of ethanol extract of A.bracteata
whole plant against CCl, induced liver injury in rats. The
liver is one of the vital organs in our body responsible for
detoxification of toxic chemicals and drugs. Thus it is the
target organ for all toxic chemicals. Numerous studies
noted that CCl, is widely used to induce liver damage
because it is metabolized in hepatocytes by chytochrome
Psso, generating a highly reactive carbon centered
trichloromethyl radical, leading to initiating a chain of
lipid peroxidation and thereby causing liver fibrosis™**®.

Hepatic damage induced by CCl, causes instability of liver
cell metabolism, inducing triacylglycerol accumulation,
changes in serum transaminases activities, increased lipid
peroxidation, membrane damage and depression of
protein synthesis, these are the indicators of liver
damage””*.

The present study demonstrates a significant increase in

the activities of SGOT, SGPT and ALP levels that indicates
increased permeability, severe damage to tissue
membrane and necrosis of hepatocytes after exposing
the CCl,;. Administration of whole plant ethanol extract of
A.bracteata at different dose levels (250 and 500 mg/kg)
prevented the rise in levels of above serum enzymes. It
indicates a possible stabilization of plasma membranes as
well as repair of hepatic tissue damages caused by CCl,
exposure.

Diminution of total protein and albumin induced by CCl,
is a further indication of liver damagezg.

Administration of whole plant ethanol extract of
A.bracteata has increased the levels of serum total
protein towards the respective normal value, which
indicates hepatoprotective activity.

Stimulation of protein synthesis has been advanced as a
contributory  hepatoprotective  mechanism  which
accelerates the regeneration process and the production
of liver cells™.
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As a breakdown product of haeme in red blood cells,
bilirubin is regarded as a clinical and pathophysiological
indicator of necrosis of liver tissues. Pretreatment with
A.bracteata whole plant extract in different groups
(Group Il & IV) resulted a significant decrease in total,
conjugated and unconjugated bilirubin levels as
compared to CCl, treated group (Group II).

y-glutamyl transferase (GGT) is a microsomal enzyme,
which is widely distributed in tissue including liver. The
activity of serum y-glutamyl transferase is generally
elevated as a result of liver disease, since y-glutamyl
transferase is a hepatic microsomal enzyme. Serum y-
glutamyl transferase is most useful in the diagnosis of
liver diseases. Change in y-glytamyl tranferase is parallel
to those of amino transferase. The acute damage caused
by CCl, increased the y-glutamyl transferase level but the
same attains the normal after the treatment with
A.bracteata whole plant extract due to their antioxidant
activity.

Hepatoprotective activity is associated with antioxidant
activity, since it is a free radical mediated damageal.
Elevated level of MDA reflects an enhanced lipid
peroxidation leading to tissue damage and failure of
antioxidant defense mechanisms to prevent formation of
excessive free radical®’. The elevation of MDA level,
which is one of the end products of lipid peroxidation in
the liver tissue, and the reduction in hepatic GSH levels
are important indicators in CCl, intoxicated rats. It was
ascertained from this study that MDA levels have been
suppressed and depletion of GSH by CCl, was prevented
in the plant drug treated rat groups when compared to
CCl, intoxicated group.

SOD, CAT enzymes are important scavengers of
superoxide ion and hydrogen peroxide. These enzymes
protect the cellular constituents from oxidative damageaa.
In the present study, it was observed that the whole plant
ethanol extract of A.bracteata significantly increased the
SOD and CAT activity in CCl; intoxicated rats thereby
diminished CCl, induced oxidative damage.

Glutathione peroxidase (GPx) is a seleno-enzyme, two
third of which (in Iiver)34 is present in the cytosol and one
third in the mitochondria. It catalyses the reaction of
hydroperoxide with reduced glutathione to form
glutathione disulphide (GSSG) and the reduction product
of the hydroperoxidesas. In the present study, treatment
with whole plant ethanol extract of A.bracteata increased
the activity of GPx in CCl, induced liver damaged rats.

This study finally confirms A.bracteata whole plant having
hepatoprotective effect on hepatic damage induced by
CCly. Thus it can be concluded that mechanism of
hepatoprotective activity of A.bracteata whole plant may
be due to its free radical scavenging activity and
synergistic effect of phenolics and flavonoids present in
the whole plant. The GC-MS analysis of the whole plant of
A.bracteata confirmed the presence of 9, 12, 15 —
Octadecatrienoic acid, methylester (Z, Z, Z) and Vitamin
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E*. The presence of these compounds might be
responsible for the hepatoprotective activity.

REFERENCES

1. Huo HZ, Wang B, Liang YK, Bao YY Gu Y. Hepatoprotective
and antioxidant effects of Licorice extract against CCl,
induced oxidative damage in rats. International Journal of
Molecular Sciences. 12, 2011, 6529-6543.

2. Friedman, SE, James GH, Kenneth MR. Current diagnosis &
treatment in gastroenterology, Lang medical
Books/McGraw Hill, New York, 2003, 664-679.

3. Friedman P.F. Gl/Liver secrets; with student consult access,
Sanit Lonis, C.V. Mosby.

4. Ostapowicz G, Fontana RJ, Schiodt FV. Results of a
prospective study of acute liver failure at 17 tertiary care
centers in the United States. Annals of Internal Medicine,
137, 2002, 947-954.

5. De S, Ravishankar B, Bhavsar GC. Plants with
hepatoprotective activity — A review, Indian Drugs, 30,
1993, 355-363.

6. Negi P S, Anantharamakrishnan C and Jayaprakasha G K.
Antibacterial activity of Aristolochia bracteata root
extracts. Journal of Medicinal Food, 6, 2003, 401—-403.

7. Manikandan RV, Selvamani P Latha S. Antibacterial activity
of leaf extracts of Aristolochia bracteata Retz. Indian
Journal of Pharmaceutical Science, 68, 2006, 509-510.

8. Kadam M B, Deokule S S, Chavan S J, Murumkar C V.
Antimicrobial activity reported in a weed Aristolochia
bracteata Retz. Journal of Natural Product and Plant
Resources, 2, 2012, 589-592.

9. Saraf A. Phytochemical and antibacterial studies of
medicinal plant Costus specious Koer, European Journal of
Chemistry, 7, 2010, S405-413.

10. Shajeela PS, Kalpanadevi V, Mohan VR. Potential
antidiabetic, hyperlipidaemic and antioxidant effects of
Nymphaea pubescens extract in alloxan induced diabetic
rats, Journal of Applied Pharmaceutical Sciences, 2, 2012,
83-88.

11. Murugan M, Mohan VR. Evaluation of phytochemical
analysis and antibacterial activity of Bauhinia purpurea L.
and Hiptage bengalensis (L.) Kurz, Journal of Applied
Pharmaceutical Sciences, 1, 2011, 157-60.

12. OECD, (Organisation for Economic Co-operation and
Development). OECD guidelines for the testing of
chemicals/section 4, Health Effects Test No: 423, Acute
Oral Toxicity — Acute Toxic Class Method, OECD, Paris,
2002.

13. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. Journal of
Biological Chemistry, 193, 1951, 265-275.

14. Reitman S, Frankel SA. Colorimetric method for the
determination of serum glutamic oxaloacetic and glutamic
pyruvic transaminases. American Journal of Clinical
Pathology, 28, 1957, 56-63.

15. King EJ, Armstrong AR. Determination of serum and bile
phosphatase activity, Canadian Medical Association
Journal, 31, 1934, 56-63.

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

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

168



Int. J. Pharm. Sci. Rev. Res., 40(1), September — October 2016; Article No. 32, Pages: 164-169

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Balistrei WR, Shaw LM. Liver function In: Fundamental of
Clinical Chemistry, (Ed) Tietz NW, 3rd edition, W.B.
Saunders Company, Philadelphia, 1987, 729-761.

Szasz G. A kinetic photometric method for serum vy-
glutamyl transpeptidase. Clinical Chemistry, 15, 1969, 124-
136.

Satoh K. Serum Lipid Peroxide in cerebrovascular disorders
determined by a new colorimetric method, Clinical
Chemistry Acta, 90, 1978, 37-43.

Sun Y, Oberley LW, Ying L. A simple method for clinical
assay of superoxide dismutase. Clinical Chemistry. 34,
1988, 497-500.

Aebi H. Catalase, in Methods of enzymatic analysis.
Bergmayer H U (Ed) chemie., 2nd edn, Weinheim F.R.G,
1974, 673-684.

Goldberg DM, Spooner RJ. Glutathione Reductase., In:
Methods in Enzymatic Analysis, VCH Weinhem, Germany,
1983, 258-265.

Prins HK and Loos JA. Glutathione In: Biochemical methods
in red cell genetics, J.J.Yunis(Ed), Academic press New York,
1969, 127-129.

Pagila DE, Valentine WN. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione
peroxidase. Journal of Laboratory and Clinical Medicine, 70,
1967, 158-169.

Fang HL, Lai JT, Lin WC. Inhibitory effect of olive oil on
fibrosis induced by carbon tetrachloride in rat liver. Clinical
Nutrition, 27, 2008, 900-907.

Weber LW, Boll M, Stampfl A. Hepatotoxicity and
mechanism of action of haloalkanes carbon tetrachlorides
as a toxicological model, Critical Reviews in Toxicology, 33,
2003, 105-136.

Eidi A, Mortazavi P, Bazargan M, Zaringhalam J.
Hepatoprotective activity of Cinnamon ethanolic extract
against CCl, induced liver injury in rats, EXCLI, Journal, 11,
2012, 495-507.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

ISSN 0976 — 044X

Ahmed B, Alam T, Varshney M, Khan SA. Hepatoprotective
activity of two plants belongings to the Apiaceae and the
Euphorbiaceae family. Journal of Ethnopharmacology, 79,
2003, 313-316.

Yadav V, Dixit K. Hepatoprotective activity of leaves of
Kalanchoe pinnata. Journal of Ethnopharmacology, 86,
2003, 197-202.

Navarro VJ, Senior JR. Drug related hepatoxicity. New
England Journal of Medicine, 354, 2006, 731-739.

Tadausz J, Teresa J, Krzysztof N. The role of polyphenol in
modulation of physical properties of model membranes,
Current Topics in Biophysics, 25, 2001, 33-38.

Murthy KNC, Jayaprakash GK, Singh RP. Studies on
antioxidant activity of pomegranate (Punica granatum)
peel extracts using in vivo models, Journal of Agricultural
and Food Chemistry, 50, 2002, 4791-4795.

Souza MF, Rao VSN, Silveira ER. Inhibition of lipid
peroxidation by ternatin, a tetramethoxyflavone from
Egletes viscosa L. Phytomedicine, 4, 1997, 27-31.

Scott MD, Lubin BH, Zuo L, Kuypers FA. Erythrocyte defense
against hydrogen peroxide: preeminent importance of
catalase, Journal of Laboratory and Clinical Medicine, 118,
1991, 7-16.

Zaltzber H, Kanter Y, Aviram M, Levy Y. Increased plasma
oxidizability and decreased erythrocyte and plasma
antioxidative capacity in patients with NIDDM The Israel
Medical Association Journal, 1, 1999, 228-231.

Bishayee A, Sankar, Chatterjee M. The hepatoprotective
activity of carrot (Daucas carota L.) against carbon
tetrachloride intoxication in mouse liver. Journal of
Ethnopharmacology, 47, 1995, 69-74.

Jegadeeswari P, Nishanthini A, Muthukumarasamy S,
Mohan VR. GC-MS analysis of bioactive components of
Aristolochia bracteata Retz. (Aristolochiaceae).
International  Journal of Applied Biology and

Pharmaceutical Technology, 3, 2012, 112-117.

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

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

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

169



