[ =

ISSN: 0975-8585

Research Journal of Pharmaceutical, Biological and Chemical

Sciences

Modulatory effect of Zingiber offinale on chemical-induced gastric mucosal
damage and hepatotoxicity in rats

*Chioma A Anosike, * Emmanuel C Ossai *, Onyechi Obidoa ? and Lawrence US Ezeanyika *

! Department of Biochemistry, University of Nigeria, Nsukka. Enugu State, Nigeria.
2 Department of Biochemistry, Kogi State University, Aiymgba , Kogi State.

ABSTRACT

Evaluation of the hepatoprotective and anti-ulcerogenic properties of methanol extract of Zingiber
officinale (MEZO) in rats was done. Twenty five adult male rats divided into five groups of five rats each were used
for each of the studies. Groups, 2, 3 and 4 received varied dose levels of the extract (100, 200 and 400mg/kg),
while groups 1 and 5 received normal saline and CCl, (5 ml/kg)/ranitidine (100 mg/kg) respectively. Gastric
ulceration was induced in the rats by the administration of indomethacin 50 mg/kg and aspirin 200 mg/kg thirty
minutes after extract treatments, and the animals sacrificed 8 h later. Hepatotoxicity was induced by a single dose
administration of CCl, (5 ml/kg) after pre-treatment with MEZO for 8 days. Significant ulcer inhibition was
produced in all the groups treated with MEZO. There was significant decreases (p<0.05) in the CCl,-induced
elevations of liver enzymes, low density lipoprotein, total cholesterol and lipid peroxidation products in the serum
of extract-treated rats when compared with the group treated with only CCl,. This study showed that methanol
extract of Zingiber officinale (MEZO) possesses potent anti-ulcerogenic and hepatoprotective properties and can
be used as herbal remedy for the treatment of gatro-intestinal ulcers and liver damage.
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INTRODUCTION

Ginger is a slender perennial plant that reaches a height of 2 feet and has greenish-
yellow flowers resembling orchids. The underground rhizomes are the medicinally and culinary
useful part of the plant. The rhizomes are irregular in shape and size with multiple lobes that
are pale yellow and aromatic. Ginger has been thought to have originated in the tropical jungles
of Asia and was among the first vegetative cultivated plants. It has been grown in India for
thousands of years and today is widely cultivated in many tropical countries around the world
[1]. Ginger (Zingiber officinale) has many reported pharmacological and antioxidant properties
[2, 3]. Gingerols (the active phytonutrients in ginger) kills ovarian cancer cells by inducing
apoptosis (programmed cell death) and autophagocytosis (self-digestion) [4]. Reports have
shown that gingerols have the ability to inhibit the formation of pro- inflammatory compounds
and exhibit direct anti -inflammatory effects. This explains why patients with osteoarthritis or
rheumatoid arthritis experience reductions in their pain levels and immobility when they
consume ginger regularly [5]. Other reported health benefits of ginger include alleviation of
motion sickness, dizziness, nausea, vomiting during pregnancy and gastrointestinal disorders [6,
7]. Previous study reported the anti inflammatory effect of ginger on egg albumin-induced
oedema in rats [8]. This study sought to evaluate the protective effect of ginger on
experimentally induced gastric mucosal damage and CCl;- induced hepatotoxicity in Wistar
albino rats.

MATERIALS AND METHODS
Chemicals

All chemicals used in this study were of analytical grade. They were products of Sigma
Aldrich, Germany.

Plant material

The fresh ginger rhizomes (Zingiber offinale) were purchased from Nsukka local market
and were identified by Mr. Ugwuozor, a taxonomist of Botany Department, University of
Nigeria, Nsukka. A voucher specimen was deposited in the herbarium unit of the Department of
Botany, University of Nigeria, Nsukka. The ginger rhizomes were chopped into tiny bits, air-
dried for two weeks and milled with a mechanical grinder. The ground plant (600 g) was
macerated in methanol for 24 h, filtered with a white cloth and the filtrate concentrated using a
rotary evaporator (IKA, Germany) at an optimum temperature of 40°-50°C. The yield of the
dried extract was 25.4 g.

Animals

Swiss albino mice (22-28 g) and adult Wistar rats (120-200 g) obtained from the animal
house of the Faculty of Biological Sciences, University of Nigeria, Nsukka were used. They were
housed in metal steel cages and acclimatized in the laboratory for seven days before the
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experiments. They were given free access to water and fed with growers mash (Niger Feeds,
Nigeria) bought from the local market. The research was conducted in accordance with the
ethical rules and recommendations of the University of Nigeria committee on the care and use
of laboratory animals and the revised National Institute of Health Guide for Care and Use of
Laboratory Animal (Pub No.85-23, revised 1985).

Acute toxicity study

The acute toxicity test of the plant extract was carried out by the method of Lorke [9] to
define the range of lethal dose and safe dose for the extract. Eighteen Swiss albino mice starved
of food for 18 h but allowed access to water were used for the study. There were grouped into
six groups (three mice per group) and treated intraperitoneally (i.p.) with the plant extract at
varied dose levels (10, 100, 1000, 1600, 2900 and 5000 mg/kg). The animals were then
observed for nervousness, dullness, in-coordination and or mortality for 24 h.

Anti-ulcer activity

Two experimental models of inducing experimental gastric ulcers were used to assess
the anti-ulcer activity of Zingiber officinale. Twenty five adult male rats randomly divided into
five groups of five rats each were used for each model. They were deprived of food for 18 hr
(but allowed free access to water) and treated orally with normal saline and varying doses of
MEZO. The extract and drugs used were freshly prepared as a suspension in normal saline and
administered per oral (p. 0.) to the animals in 5 ml/kg doses. Group 1 (control group) was
administered per oral with normal saline (5 ml/kg). Groups 2, 3 and 4 received the plant extract
at varied dose levels: 100, 200 and 400 mg/kg MEZO respectively. Group 5 (reference group)
received the standard drug treatment of 100 mg/kg of ranitidine (Zantac®).

Indomethacin-induced ulcer

This assay was carried out using the method of Urushidani et al. [10]. The animals were
deprived of food for 18 hr and treated orally with normal saline and varying doses of the plant
extract. The extracts and drugs used were administered orally (p.o) to the animals as stated
above. Thirty minutes later, 50 mg/kg of indomethacin was administered (p.o) to the rats. After
8 h, each animal in the groups was sacrificed by chloroform anaesthesia and the stomach
removed and opened along the greater curvature, rinsed with copious volume of normal saline
and pinned flat on a board. Erosions formed on the glandular portions of the stomach were
counted and the ulcer index calculated as described in a study by Aguwa and Ukwe [11]. The
ulcer was counted and scored as 0 = no ulcer; 1 = superficial ulcer; 2 = deep ulcer and 3 =
perforations. The sum of all the lesions/ulcers in all the animals for each group (total ulcer
score) was used to calculate the ulcer index. The percentage ulcer inhibition was calculated
relative to control as follows:
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% ulcer inhibition (% U.l) = (ZL—U%JC)X 100

Where Ut and Uc represents the ulcer index of the treated and control groups respectively.
Aspirin induced ulcer

Ulcer was induced according to the method of Willamson et al. [12] and also used in an
earlier study [13]. The extracts, drug and vehicle were administered orally as stated above and
one hour later, agueous suspension of aspirin (generic, Nigeria) was given orally to the rats at a
dose of 200 mg/kg. After 4 h, the animals were killed and the stomach removed and opened
along the greater curvature. The stomach was rinsed in water, pinned flat on a board, examined
with a hand lens (x10) and scored for ulcer. Erosions formed on the glandular portions of the
stomach were counted and the ulcer index calculated as above.

Hepatotoxicity study

Hepatoprotective role of MEZO was evaluated in the serum of rats administered with
and without carbontetrachloride (CCls). Twenty five adult rats divided into five groups of five
rats each were used. Normal saline and olive oil served as the vehicle for the extract and CCl,
respectively. The experiment was carried out for 10 days. Group 1 (vehicle control) received
normal saline (p.o) for ten days and were administered with olive oil (i.p) on the 8th day.
Groups 2, 3 and 4 were pretreated orally with varied doses of MEZO (100, 200 and 400 mg/kg)
for 8 days and then challenged with CCl4 (5 ml/kg). The administration of the extract continued
for two more days. Group 5 (CCl4 group) received normal saline for 10 days and was challenged
with CCl4 on the 8th day. All the animals were sacrificed on the 10th day.

Preparation of serum

Blood was collected from the rats by carotid bleeding into centrifuge tubes. The blood
samples were centrifuged and the clear serum supernatant was used freshly for the assessment
of some biochemical and liver function tests.

Assessment of liver marker enzymes and biochemical parameters

Serum alanine amino transferase (ALT) and aspartate amino transferase (AST) were
assayed by the Reitman-Frankel [14] colorimetric method using Quimica Clinica Applicada
(QCA) test kits. Alkaline phosphatase (ALP) was measured by the method of Klein et al., [15]
and total bilirubin was by the Jendrassik — Grof method [16] using Quimica Clinica Applicada
(QCA) test kits. Serum cholesterol was measured by the method of Allain et al., [17] and low
density lipoprotein (LDL) was by the method of Assmann et al. [18]. Lipid peroxidation was
assayed as thiobarbituric acid reacting substances (TBARS) [19] while Vitamin C (ascorbic acid)
was measured by the method of Goodhart and Shils, [20].
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Statistical analysis

Data obtained were analyzed by one-way ANOVA using SPSS version 15.0 (SPSS Inc.
Chicago, IL. USA). All values were expressed as mean * SD. Difference between means was
assessed by Duncan’s new multiple range. P<0.05 was considered statistically significant
between the groups.

RESULTS
Acute toxicity test

In the acute toxicity (LD50) test for the plant, no mortality or any significant change in
the behaviour of the animals was recorded up to the dose of 5000mg/kg of the extract.

Effect of methanol extract of Zingiber officinale on indomethacin induced ulcer

Indomethacin induced gastric ulcer in nearly (23 of 25) all the rats in the groups. Ulcer
produced in this model was seen as large black sores (Fig 1a). Treatment with the methanol
extract of Zingiber officinale (MEZO) significantly reduced the ulcer lesions as seen with the
reduced black spots on the gastric mucosa of the treated rats (Fig 1b). There was significantly
reduced ulcer lesion indices (ULI) of 1.16 + 0.36, 2.1 + 0.25 and 1.9 + 0.13 for the 100, 200 and
400 mg/kg b.w. respectively, as compared to the 4.08 * 0.61 ulcer index obtained for the
control. The percentage ulcer inhibitions obtained for the extract treated groups was non-dose
dependent and lower than that obtained for the reference drug, ranitidine (Table 1).

Table 1: Effect of methanol extract of Zingiber officinale (MEZO) on indomethacin induced gastric ulcer in rats

Treatment Dose (mg/kg) Mean ulcer index (%)Ul
Normal saline 1 mL/kg 4.08 £0.61 -
100 1.16 £ 0.36*** 71.56
MEZO
200 2.1+0.25** 48.53
MEZO 400 1.9+0.13 ** 53.4
Ranitidine 100 0.88 £ 0.12*** 78.4

Values shown are mean * SD (n=5). Level of Significance ***=p<0.001, ** = p<0.01, * = p<0.05

Effect of the methanol extract of Zingiber officinale (MEZO) on aspirin induced gastric ulcer in
rats

Aspirin produced ulcer seen as dark red sores in all the animals used in this study (Fig.
2a). Treatment with the methanol extract of Zingiber officinale produced a reduction in the
dark spots (Fig 2b) and a significant non-dose-dependent reduction (p<0.001) in the ulcer lesion
indices of all the treated groups when compared to the control (Table 2). The ulcer reductions
of 64, 51 and 69 % obtained for 100, 200 and 400 mg/kg b.w. of the extract respectively, were
not as high as that obtained for ranitidine (76 %).
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Table 2: Effect of the methanol extract of Zingiber officinale (MEZO) on aspirin induced gastric ulcer in rats
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Treatment Dose (mg/kg) Mean index + SEM (%)Ul
Normal saline 1mL/kg 2.70+0.35A -
MEZO 100 0.95 £ 0.21*** A 64.8
MEZO 200 1.32£0.31*** A 51.11
MEZO 400 0.82 £ 0.19%** A 69.62
Ranitidine 100 0.64 £ 0.17*** A 76.30

Level of Significance ***=p<0.001, ** = p<0.01, * = p<0.05

Fig 2a: Reddish ulcerative sores on the gastric epithelial walls induced by aspirin (Control group)

Fig 2b: Reduced ulcerative sores on the gastric epithelial walls (100mg/kg MEZO)
Effect of the methanol extract of Zingiber officinale (MEZO) on liver marker enzymes

Table 3 show that of CCl; administration significantly increased (p<0.01) the serum
alanine amino transferase activities of rats when compared to that of the control rats that
received only normal saline (23.83 + 2.75). Treatment of the animals with methanol extract of
Zingiber officinale (MEZO) produced significant non-dose dependent decreases (p<0.05) in the
serum alanine amino transferase (ALT) activities, with values of 37.00 + 3.35, 37.33 + 3.73 and
34.83 * 3.37 for the 100, 200 and 400 mg/kg b.w of the extract respectively, when compared
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with that of the rats treated with only CCl; (52.00 + 4.00). Serum AST activities of the CCl,
treated rats (54.33 + 4.23) were significantly increased (p<0.01) when compared to that of the
control rats that received only normal saline (25.67 + 3.62). The AST activities of all the groups
treated with MEZO (100, 200 and 400mg/kg) after CCl4 administration showed significant dose-
dependent reductions (39.67 + 4.32, 37.67 + 2.89 and 28.67 * 2.27 respectively) when
compared to that of the CCl,; treated group (54.33 + 4.23). Compared to control group, CCly
treated group showed significant increases (p<0.05) in their serum alkaline phosphatase (ALP)
activities (106.66 + 1.06). Treatment with MEZO after CCl, administration produced a significant
decrease (p<0.05) in the serum alkaline phosphatase (ALP) activities, with values of 87.63 +
4.10, 93.69 + 1.64 and 90.0 * 4.81 for the 100, 200 and 400 mg/kg b.w of the extract
respectively, when compared with the CCl, treated group (106.66 + 1.06).

Effect of the methanol extract of Zingiber officinale on some biochemical parameters

Table 4 show that serum conjugated and total bilirubin concentrations of the CCly
treated group were significantly higher (p<0.05) than that of the control that received only
normal saline. Treatment of the animals with both CCl, and different doses of the MEZO
produced significant non-dose dependent decreases (p<0.05) in their conjugated and total
bilirubin concentrations when compared to that of the CCl, treated group.

The concentration of vitamin C in the serum of rats treated with CCl, were decreased
(0.77 £ 0.06) when compared with that of control (1.12 + 0.03), Treatment of the animals with
MEZO (100, 200 and 400 mg/kg b.w) after CCl; administration produced a dose dependent
significant increase (p<0.05) in vitamin C concentration with values of 1.20 + 0.07, 1.23 + 0.08
and 1.30 £ 0.1 respectively, when compared with that of the CCl, treated group.

There was significant increase (p<0.05) in total cholesterol, low density lipoprotein (LDL)
and MDA concentrations of the CCl, treated group when compared with that of the control.
Treatment of the groups with MEZO significantly decreased the total cholesterol, low density
lipoprotein (LDL) and MDA concentrations when compared to that of the CCl, treated group
(table 4).

Table 3: Effect of the methanol extract of Zingiber officinale liver marker enzymes

Treatment groups Control CCl, + 100 CCl, + 200 CCl, + 400 CCl4
Parameters mg/kg mg/kg mg/kg
Alanine amino 23.83+2.75a | 37.00£3.35b | 37.33+3.73b 34.83+3.37b 52.00+4.00c

transferase (U/L)

Aspartate amino 25.67£3.62a | 39.67+4.32b | 37.67+2.89b | 28.67+2.27a,b | 54.33+4.23c
transferase (U/L)

Alkaline phosphatase | 87.63+4.10a | 87.63+4.10a | 93.69+1.64a 90.00+4.81a 106.66 +1.06 b
(U/L)

Means with different lower case letters (a, b, c) across the row, between groups i.e. between control and test
groups are significantly different (p<0.05).
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Table 4: Effect of the methanol extract of Zingiber officinale (MEZO) on some biochemical parameters

Treatment groups Control CCl, + 100 CCl, + 200 CCl, + 400 CCl,
Parameters mg/kg mg/kg mg/kg
Conjugated bilirubin 0.11+£0.00a 0.18+0.024a,b 0.15+£0.02a 0.18+0.034a,b 0.29+0.04b
(mg/dI)
Total bilirubin 0.24+£0.05a 0.38£0.08 a 0.34+£0.08a 0.38£0.06 a 0.67+0.07b
(mg/dI)
Vitamin C 1.12+0.03b 1.20+£0.07 b 1.23+0.08b 1.30+£0.1b 0.77 £0.06 a
(mg/100ml)
Total cholesterol 137.78 £3.85a 151.11+10.18 157.78 £ 3.85 144.22 +3.67 a, 179.67 £5.86d
(mg/dl) b, c c b
Low Density 55.37+8.77 a 67.72+4.37 a 66.90+1.88a 66.49+2.13a 94.28+4.17 b
Lipoprotein (mg/dl)
Malondialdehyde 0.40+0.02a 0.49+0.08 a 0.45+0.08 a 0.50+0.16a 0.89+0.03b
conc (pg/dl)

Means with different lower case letters (a, b, c) across the row, between groups i.e. between control and test
groups are significantly different (p<0.05).

DISCUSSION

The methanol extracts of ginger (Zingiber officinale) exhibited strong anti-ulcerogenic
effect against both indomethacin and aspirin induced gastric ulcers with percentage ulcer
inhibition that were slightly lower than that obtained for ranitidine, the reference anti-ulcer
drug used. Prolonged use of aspirin and other non-steroidal anti-inflammatory drugs are
associated with gastrointestinal bleeding and ulcer. The ulcer formation can occur either by
direct mucosal injury which involves the breaking of the mucosal barrier and exposure of the
underlying tissue to the corrosive action of excess acid and pepsin or by a decrease in
endogenous gastric prostaglandin production and release through COX-1 and COX- 2 inhibition
[21]. These naturally occurring prostaglandins are important for the production of gastric
bicarbonate and mucous which are the key components of the stomach protective barrier and
in the maintenance of submucosal blood flow. Previous reports on ginger showed that it exerts
its anti-ulcerogenic activity through a mechanism of acid and pepsin inhibition, augumentaion
of mucin secretion and decrease in cell shedding [7, 22].

Most non-steroidal anti-inflammatory drugs including indomethacin and aspirin, used in
the control of inflammatory pain and disorders are known to cause gastric erosions and
abdominal ulcers after prolonged use [23]. Reduction of the indomethacin and aspirin induced
ulcers shown by MEZO could also be attributed to the high flavonoid content of ginger plant.
Phytochemical analysis of ginger showed that the plant contain flavonoids in abundance [8],
this could be the active constituent exerting the anti-ulcerogenic effect. Halliwell et al. [24]
proposed that the antioxidant and other protective effects of plant flavonoids could occur
before absorption, within the gastrointestinal tract and could account for the ability of
flavonoid-rich foods to protect against gastric and colonic ulcers.
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Carbon tetracloride (CCls) challenge caused a marked rise in the serum levels of the liver
enzymes; alanine amino transferase (ALT), aspartate amino transferase (AST) and alkaline
phosphatase (ALP), of the rats used in this study, demonstrating severe hepatic damage. It also
caused elevated levels of total and conjugated bilirubin, serum low density lipoprotein (LDL),
total cholesterol and lipid peroxidation products (MDA), and decreased levels of vitamin C,
demonstrating oxidative stress and reduced antioxidant levels in the CCl; treated groups.
Alanine amino transferase (ALT) and aspartate amino transferase (AST) are important in the
diagnosis of heart and liver diseases. Damage to the liver typically results in a leakage of ALT
and AST into the blood stream. Elevations of the plasma levels of both enzymes are indicative
of inflammation or injury to the liver cells. Drug induced liver damage has been reported to
correlate with an increase in the activity of these enzymes [25, 26]. In this work, treatment of
the animals with methanol extract of Zingiber officinale (MEZO) decreased the CCl; induced
elevated levels of the liver enzymes, total and conjugated bilirubin in the serum, suggesting that
ginger possesses anti-hepatotoxic and liver protective activities. Bilirubin, a major breakdown
product of haemoglobin rises when there is liver injury or damage leading to the discolouration
of the skin known as jaundice. Reduction of the CCl, induced elevations of total and conjugated
bilirubin by MEZO further shows its protective effect against CCl; induced liver toxicity. Ginger
perhaps, protects the liver by enhancing bilirubin uptake and conjugation by the liver and
subsequent secretion into the bile ducts. MEZO also attenuated the CCly- induced elevated
levels of low density lipoprotein, total cholesterol and lipid peroxidation products (MDA) and
ameliorated the induced depletion of vitamin C. CCl4 induced liver inflammation and damage
can result in locally increased production of free radicals by inflammatory enzymes, as well as
the release of inflammatory mediators. Studies have shown that certain natural extracts
containing antioxidants protect against the CCl; induced inflammation and impairment in
hepatic function [27, 28] and that the efficacy of any hepatoprotective drug is essentially
dependent on its capability of either reducing the harmful effects of a hepatotoxin or of
maintaining the normal physiological mechanism that are unbalanced by a hepatotoxin [29].

The protective effect of ginger extracts on CCl, induced liver damage can be correlated
to its direct antioxidant effect. In normal tissues, there is a balance between the production of
reactive oxygen metabolites (ROMS) and their scavenging by cellular antioxidants. Oxidative
stress occurs when the rate of free radical production exceeds its rate of removal by
antioxidants or when the rate of depletion of cellular antioxidants exceeds its rate of
replacement [30]. Antioxidants in plants scavenge these free radicals and thus reduce oxidative
damage. Ginger is a source of a large number of antioxidants that reduce lipid oxidation by
enhancing the activities of internally produced antioxidants. It contains active constituents such
as zingerone which function as an effective scavenger of free radical ions [31].

The reduction in MDA concentration and increase in vitamin C concentration in the
ginger extract treated groups observed in this study could also be attributed to the antioxidant
and free radical scavenging properties of the plant constituents. MDA is a metabolic product of
lipid peroxidation, the level of which is increased in oxidative stress. Therefore, the reduction of
CCl, induced oxidative stress by anti-lipid peroxidative activity might be a mechanism of anti-
oxidative action of ginger. The ability of MEZO to mitigate the CCl,; induced depletion of vitamin
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C concentration suggests that some of the constituents of ginger have the capacity to boost
antioxidant status and immune system levels in the body. Report by Ray [32] showed that
ginger increased glutathione level and reduced lipid peroxidation by scavenging free radicals in
rat blood and maintaining the activities of the antioxidant enzymes- SOD, catalase and
glutathione peroxidase in the rats.

In this study, MEZO attenuated the CCls- induced elevated levels of low density
lipoprotein and total cholesterol. Tanabe et al. [33] reported that ginger lowered plasma
cholesterol in experimentally induced hypercholesterolemia in mice. Reduction of low density
lipoprotein concentration by the extract decreases the risk of DNA oxidative damage through
lipid peroxidation. LDL oxidation causes accumulation of fat within the artery walls, thereby
clogging up the arteries and increasing the risk of atherosclerosis and cardiovascular diseases
[34]. Balanced cholesterol level reduces the incidence of LDL oxidation and the associated risk
of atherosclerosis and other related heart diseases.

This investigation supports the report of other studies on the anti-oxidative activity of
ginger and suggests that it also possesses and anti-ulcerogenic and anti-hepatotoxic properties.

REFERENCES

[1] Mowrey D, Clayson D. Lancet 1982; 22: 655 — 657.

[2] Grzanna R, Linmark L, Frondoza CG. Journal of Medicinal Food. 2005; 8(2): 125-132.

[3] Anosike CA, Ossai EC, Joshua PE. Journal of Pharmacy Research 2010; 3(8): 1817-1822.

[4] Rhode JM, Huang J, Fogoros S, Tan L, Zick S, Liu JR. 97th AACR Annual meeting
Washington 2006; pp 4510.

[5] Bliddal H, Rosetzsky A, Sohlichting P. Osteoarthritis Cartilage 2000; 8 (1): 9-12.

[6] Borrelli F, Capasso R, Aviello G, Pittler MH, Izzo AA. Obstetrics and Gynecology 2005;
105: 849-56.

[7] Moshen M, Alireza G, Alireza K. DARU 2006); 14: 97-101.

(8] Anosike CA, Onyechi O, Ezeanyika LUS, Nwuba MM. African Journal of Biochemistry
Research 2009; 3(12):379-384.

[9] Lorke D. Archives of Toxicity 1983; 54:275 -287.

[10]  Urushidani T, Kashuya Y, Okabe S. J Pharmacol 1979; 29:715-80.

[11] Aguwa CN, Ukwe CV. Fitoterapia. 1997; 68(2): 127-31.

[12] Willamson E, Okpako D, Evans F. Chichester: John Wiley and Sons Ltd; 1986; 25-45.

[13] Anosike C, Abonyi O, Ubaka C. Asian Pacific Journal of Trop. Med 2011; 3(2): 163-166.

[14] ReitmanS, Frankel S. American Journal of Clinical Pathology 1957; 28:56-62.

[15] Klein B, Read PA, Babson AL. Clinical Chemistry 1960; 6:269-275.

[16] Jendrassil, Grof P. Biochem J. 1938; 297: 81

[17] Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Clinical Chemistry1976; 20(4); 470-475.

[18] Assmann G, Jabs HU, Kohnert U, Nolte W, Schriewer H. Clinica Chimica Acta 1984; 140:
77-83.

[19] Wallin B, Rosengren B, Shetzer HG, Camejo G. Annals of Biochemistry 1993; 208:10-15.

July-September 2013 RJPBCS Volume 4 Issue 3 Page No. 422



[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]
[32]
[33]

[34]

[ =

ISSN: 0975-8585

Goodhart RS, Shils ME. Modern Nutrition in health and disease dictotherapy. Lea and
Febiger. 1973; 245-253.

Kaunitz JD, Akiba Y. Curr Opin Gastroenterol, 2004; 20: 526-532.

Agrawal AK, Rao CV, Sairam K, Joshi VK, Goel RK Indian Journal of Experimental Biololgy
2000; 38(10): 994-998.

Vane JR, Botting RM. Thrombosis Research. 2003; 110(5-6) 255-258.

Halliwell B, Zhao K Whiteman ML. Free Radical Research 2000; 33: 819-30.
Szymonik-Lesiuk S, Czechowska G, Stryjecka-Zimmer M, Slomka M, Madro A, Celinski K,
Wielosz M. Journal of Hepatobiliary Pancreatic Surgery 2003; 10: 309-315.

Tirkey N, Pilkhwal S, Kuhad A, Chopra K. BMC Pharmacology 2005; 5: 2 doi:
10.1186/1471-2210-5-2.

Ko KM, Ip S, Poon MK, Wu SS, Che CT, Ng KH, Kong YC. Planta Medicus 1995; 61: 134-
137.

Fadhel ZA, Amran S. Phytotherapy Research. 2002; 16(1): S28-32.

Hsiao G, Shen MY, Lin KH, Lan MH, Wu LY, Chou DS et al. Journal of Agric and Food
Chemistry. 2003; 51: 3302-3308.

Halliwell B, Whiteman M. British Journal of Pharmacology 2004; 142(2): 231-25.

Wendel L. Indian Journal of Experimental Biology. 2007; 35(3): 841-843.

Ray S. Wei Sheng Yan Jiu. 2003; 32: 22-23.

Tanabe M, Chem YD, Satio KlI, Kano Y. Chemical and Pharmaceutical Bulletin. 1993;
41(4): 710-713.

Steinberg D, Lewis A. Circulation 1997; 95: 1062-71.

July-September 2013 RJPBCS Volume 4 Issue 3 Page No. 423



