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ABSTRACT: 

Pretreatment of an ethanolic extract of leaf of Piper betle finn at a dose of 200mg/ 
kg body weight, orally administered to rats for ten consecutive days, was found to possess 
a significant protective action against gastric lesions induced by indomethacin. The extract 
pretreatment resulted in significant increase in superoxide dismutase (SOD) and catalase 
(CAT) activity, increase in mucus, hexosamine and total thiol group content, but marked 
reduction in oxidatively damaged protein and peroxidised lipid levels as compared to 
untreated ulcerated control. The extract was also found to possess both superoxide and 
hydroxyl free radical scavenging action.The present observations establish the efficacy of 
the extract in prevention of experimentally induced peptic ulcer by indomethacin and 
antioxidant property appears to be predominantly responsible for such cytoprotective 
activity in the experimental model. 
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Piper betle linn as antioxidant and antiulcerogenic agent 

INTRODUCTION 

Piper betle Linn (Piperaceae), popularily 
known as pan (Bengali), pan (Hindi), tambuli 
(Sanskrit), is a widely growing plant in India and 
some tropical countries .In the traditional medicinal 
systems, the leaf of this plant has been advocated 
for the treatment of wounds, boils, bites of insects 
and for enhancing digestion (1,2). A literature 
survey also reveals its significant stimulatory 
influence on intestinal lipase and amylase 
activity(3). Triterpenes and J-~-sitosterol, isolated 
from Piper betle Linn , have been shown to 
possess antiplatelet and anti-inflammatory 
activity(4). 
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Induction of peptic ulcer is a common side 
effect of most non-steroidal anti-inflammatory 
drugs and the role of oxygen free radicals(5,6) 
in the development of pathogenesis in acute 
experimental gastric lesions by NSAID is well 
known(7,8,9,10). Moreover 75%-85% of chronic 
ulcers in human is due to Heficobacter pylori 
infection in stomach wall, which potentiates the 
polymorphic nuclear leucocyte oxidative burst, 
leading to considerable production of reactive 
oxygen metabolites (11), which degenerate the 
tissue causing ulcer (12). In view of the 
undesireable side effects and/or drug interaction, 
in conventional therapy of peptic ulcer that 
includes antibacterial agents (13), H2 receptor 
antagonist (14), proton pump inhibitors, 
prostaglandins (15), and considering the 
mentioned antioxidative effect of Piper betle Linn, 
the anti parasitic and antimicrobial efficiency of the 
leaf against human pathogenic bacteria (16), 
phytopathogenic fungi and anti -inflammatory 
effect, investigations were undertaken to ascertain 
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any possible effect of the leaf as antiulcerogenic 
and antioxidant and any plausible link between 
these two properties. 

MATERIALS AND METHODS 
Plant Materials 

Commonly edible fresh leaves of Piper 
bet/e Linn (pungent variety), collected during the 
months of October -December from the local 
market of Kolkata, and identified by Botanical 
Survey of India, as Piper betle Linn (piperaceae 
family) were cut into small pieces and pasted with 
95 % ethanol, forming a slime. The slime was 
then cold percolated with ethanol for seven days 
in an aspirator and the solvent was separated. 
The process was repeated thrice. The ethanol 
soluble fraction was evaporated under vacuum in 
a rotary evaporator and the residue (yield 1.2% 
w/w in terms of starting material -a yellowish 
brown mass) was kept in a vacuum desiccator 
until use. The material was macerated with double 
distilled water and gum acacia (final concentration 
of gum acacia in solution is 2%) for experimental 
use. This was considered as "Drug" in subsequent 
experiments. 

Experimental Animals 
Charles-Foster  rats (120-150g), 

maintained under uniform laboratory conditions, 
maintaining a light and dark cycle 12:12 hours, 
and uniformly controlled temperature of 25 _+10 C 
for at least 10 days, housed in standard metal 
cages and fed with pellet diet (Hindustan Lever, 
India) and water ad /ibitum, were used for 
experiments. The analytical grade chemicals used, 
were either from Sigma or E. Merck. 

Animal Experiments 
Rats were divided into three groups of six 

each, as follows:- 

Group A : Normal healthy rats (normal control) 

Group B: Ulcerated, with no use of "Drug" 
(Experimental control) 

Group C : Ulcerated, with pretreatment with 
"Drug"(Experimental ) 

Whilethe animals of Group A and B were 
gavaged with gum acacia solution (2%), those in 
group C were fed the "Drug" with 2% gum acacia 
as vehicle for ten consecutive days. Thereafter, 
all the groups were kept fasting for 48hrs. 
Indomethacin was given to Groups B and C 
(15 mg/kg body weight x two days = total 30mg/ 
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kg body weight) for two consecutive days during 
fasting condition, and the animals were sacrificed 
under ether anaesthesia 3 hours after the last dose 
of indomethacin. 

The stomach was examined under light 
microscope and ulcer spots counted were for 
scoring ulcer index, according to Vogel and Vogel 
(17), to evaluate the optimal dose of the "Drug". A 
graduation of doses of the extract was 
administered orally, the different doses being used 
were, 100mg/kg body weight , 150 mg/kg body 
weight, 200mg/kg body weight and 250 mg/kg 
body weight . From the highest percentage 
decrease of ulcer index, i.e. maximum protection 
(Table I), the optimal dose, found to be 200mg/kg 
body weight, was used throughout the experiment. 
The extent of protection of the "Drug "treated group 
was compared with the normal control and 
experimental control. For biochemical analysis, 
gastric tissues were taken from the antral portion 
of the stomach. After scrapping off the outer fibrous 
layer , the inner layer of the stomach was 
homogenized in 4mM phosphate saline buffer and 
the supernatant was used for comparison of 
subsequent parameters. 

Assay of Malondialdehyde (MDA) 
Lipid peroxide was est imated by 

thiobarbituric acid method using malondialdehyde 
(MDA) as described by Das et a/(18). 

Assay of Oxidatively Damaged Protein 
Oxidatively damaged protein was 

determined in terms of carbonyl content according 
to Rodney et a/(19). 

Assay of Superoxide dismutase (SOD) activity 
The method of McCord and Fridovich (20) 

was followed, involving inhibition of epinephrine 
auto-oxidation in an alkaline medium at 480rim. 
The readings were noted at 30secs interval and 
the enzyme activity was expressed in arbitrary 
units, considering 50% inhibition of autooxidation 
of epinephrine, as 1 unit of enzyme activity. 

Assay of Catalase (CAT) 
The catalase activity was determined 

according to LOck et al (21).100 (Iml of tissue 
supernatant was added to a solution containing 3 
ml of H202 -phosphate buffer mixture.The change 
in optical density (OD) at 240nm was aeasure of 
catatase activity. The concentration of the 
H202-buffer was standardized to get the OD 
against buffer at 240 nm to 0.500 _+ 0.01 (d=lcm). 
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Assay of Hexosamine 

Hexosamine content in gastric tissue was 
assayed according to the method followed by Glick 
et al (22). The tissue was hydrolysed with 6N HCI 
overnight. The hydrolysate was neutralized with 
6 N NaOH and treated with acetylacetone on a 
waterbath for 15 rains. The product coupled with 
Ehrlich's Reagent, containing p-dimethyla- 
minobenzaldehyde, to form a coloured derivative, 
which was measured spectrophotometrically at 
530nm. 

Assay of Mucus 
The mucus content in gastric tissue 

was estimated as described by Corne et al 
(23) by measur ing the amount of Alcian 
Blue(AB) (1% in 3% acetic acid) bound to 
mucous, spectrophotometrically at 61 5nm. 

Assay of tissue sulfhydryl group 
Tissue homogenate was taken up with 

10mM phosphate buffer (pH =8.0) and 0.2 ml of 
10mM DTNB (5, 5'-dithiobis -2-nitrobenzoic acid ) 
of pH 8.0, prepared in 10 mM phosphate buffer, 
pH=7.0. The reading was taken spectrophot- 
ometrically after 20 mins of incubation at 37(C, at 
412nm (24). 

Assay of in vitro hydroxyl free radical 
scavenging potential of ethanol extract of leaf 
of Piper betle Linn 

The hydroxyl scavenging action of the plant 
extractive was examined by its ability to inhibit OH. 
catalysed oxidation. The final concentration of the 
assay, in a total volume of lml, includes, 28mM 
deoxyribose , 20raM Tris-HCI, pH=7.4, 100pM 
EDTA ,100~.~M FeCI 3 and 100#M ascorbate. The 
reaction mixture was incubated at 37~ for 1 hour, 
after which 1 ml of 30% ice cold HCI and 0.75% 
thiobarbituric acid (TBA) in 0.5% sodium acetate 
were added. The reaction mixture was boiled for 
20 mins and cooled to room temperature, 
centrifuged at 1000rpm for 5 mins, and reading of 
coloured chromophore was taken spectroph- 
otometrically at 535nm (25). The relative antioxidant 
activity is expressed in terms of mM equivalent of 
thiourea. 

Assay of in vitro superoxide radical 
scavenging action of ethanol extract of leaf of 
Piper betle Linn 

Superoxide generation was measured in 
presence of the plant extract following cytochrome 
C reduction at 550 nm. The final concentration of 
the assay mixture in a total volume of 1 ml were 
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100 p.M cytochrome C , 100 I.LM hypoxanthine, 
10mM Tris-HCI. The reaction was initiated with the 
addition of 8mU of xanthine oxidase (XO). The 
relative antioxidant activity is expressed in terms 
of mM equivalent of thiourea. 

STATISTICAL ANALYSIS 
Analysis of variance test was followed 

using Students' '1" test, for determination of 
significance among the mean __. SEM values in 
different groups of animals. 

RESULTS 

Cytoprotective activity of the drug 
Indomethacin induced ulcerated group 

showed a number of perforations with blood spots. 
A thin flaccid mascular layer was also observed in 
each case. Pretreatment with ethanol extract of 
the leaf at ~loses of 100 mg/kg body weight, 150 
mg/kg body weight, 200 mg/kg body weight and 
250 mg/kg body weight inhibited the formation of 
indomethacin induced gastric ulcers, as is 
exhibited by reduction of ulcer index by 51.47 %, 
59.81%, 75.90% and 45.59%, with virtually no 
ulceration in the third case particularly(Table I). 

Effect of drug on lipid peroxidation 

Tissue peroxidised lipid levels in case of 
group, pretreated with "Drug" at the dose of 
200mg/kg body weight, showed a significant low 
value, as compared to ulcerated control 
(p< 0.001) (Table II). 

Effect of the drug on damaged protein content 
The carbonyl content (due to oxidative 

damage ) of the group, pretreated with the"Drug", 
at the dose of 200mg/kg body weight, showed a 
significant reduction (p<0.001) as compared to 
ulcerated control (Table II). 

Effect of the drug on Superoxide dismutase 
(SOD) activity of the gastric mucosa 

The SOD activity of the group, pretreated 
with the "Drug", at the dose of 200mg/kg body 
weight, was significantly high and attained normal 
value compared to untreated group (Table III). 

Effect of the drug on catalase activity and toal 
sulfhdryl (-SH) group of gastric mucosa 

The catalase activity and the total 
sulfhydryl content of the group pretreated with the 
"Drug', at the dose of 200mg/kg body weight, 
remained almost near the normal values, while the 
values of untreated ulcerated group were very low 
(p<0.001) (Table III). 
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Effect of drug on hexosamine and mucous 
content of gastric mucosa 

A significant increase in mucous and 
hexosamine contents of the gastric mucosa were 
observed in the group, pretreated with the "Drug", 
at the dose of 200mg/kg body weight, as 
compared to the untreated ulcerated group 
(p<0.001) (Table II). 

Effect of ethanol extract of leaf of Piper betle 
Linn in scavenging hydroxyl free radicals in 
in vitro system 

Figure 1 shows that, after an initial 
relaxation upto a concentration of 2.5 mg/ml, there 
is almost a linear dose dependent nature of the 
extract as hydroxyl free radical scavenger. 

Effect of ethanol extract of leaf of Piper betle 
Linn in scavenging of superoxide anion in 
invitro system 

Figure 2 shows an almost dose 
dependent antioxidant, superoxide anion 
scavenging action of the above extract with 
concentration. 

DISCUSSION 

Ulcer formation, induced by 
indomethacin, a non -steroidal anti inflammatory 
drug (NASID) is related to the inhibition of 
cyclooxygenase , that prevents prostaglandin 
biosynthesis and in turn inhibits the release of 
mucus (a defensive factor against gastrointestinal 
damage ). It is evident from the results, that the 
hexosamine and mucus contents of gastric tissue 
of rats pretreated with the "Drug" increases 
(Table III), indicating its cytoprotective action on 
indomethacin induced gastric lesions, also 
supported by a decrease of ulcer index (Table I). 
The overriding evidences strongly indicate the 
involvement of free radical scavenging action of 
the drug. The significant decrease in the level of 
peroxidised lipid, a product of reactive oxygen 
species(ROS) injury on proteins, also supports the 
above presumption. High tissue SOD 
(Table III) and catalase (CAT) activity (Table III), 
two major biological antioxidant agents (27), may 
be taken to be an interpretation, which envisages 
interplay of protective action of antioxidant 
enzymes within the system in counteracting the 
formation of ulcers in gastric mucosa. The 
observed protective action of the extract is possibly 
due to scavenging of ROS by both superoxide 
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and hydroxyl free radical pathway. This is 
supported by the in vitro, direct free radical 
scavenging action of the extract .Thus it is tempting 
to interpret, that the preventive potency of the 
extract is through antioxidative pathway. 
Glutathione, a major non -protein thiol in the 
biological systems, play a central role in 
co-ordinating the antioxidant status. The increase 
in the total -SH group content (Table III) could be 
due to decreased consumption of glutathione, via 
decreased level of lipid peroxidation and thereby 
protecting the gastric mucosa. Superoxide is 
inactivated by SOD, the activity is effective only 
when it is followed up bythe increase in the activity 
of catalase(CAT) or glutathione peroxidase, since 
SOD generates hydrogen peroxide as a 
metabolite, which is more tissue -toxic than oxygen 
radical and has to be scavenged by catalase or 
reduced glutathione. Thus a concomitant increase 
in catalase or glutathione peroxidase activity is 
essential, if the beneficial effect from increased 
SOD activity is to be expected. 

Though it is not possible to altogether 
exclude the cytoprotective effect, exerted by the 
drug itself, development of ulcer 48 hours after 
administration of the last dose under fasting 
condition as also increase in mucin and 
hexosamine contents and consequent increase in 
gastric barrier of the stomach wall could involve 
the inductive effect of the drug in triggering other 
gastric mechanism in action including antioxidant 
activity (28), which might as well scavenge the 
hydroxyl free radical. From the above study it is 
not illogical to project that the ethanol extract of 
leaf of Piperbetle Linn at a dose of 200mg/kg body 
weight possesses cytoprotective action against 
experimental ly induced peptic ulcer by 
indomethacin and the underlying cause may be 
due to its potent antioxidant action. 

Altough, the infection of Helicobater 
pylori, that has been detected as one of the prime 
causes in human gastric and duodenal ulcers, is 
related to the oxidative burst and producti9n of free 
radicals, the efficiency of the above leaf extract 
indirectly inhibiting and / or eradicating the growth 
of H. pylori has not yet been known and is still to 
be evaluated and explored. Further studies, 
concerning any co-relation with the mechanism 
of inhibition of growth of H. pylori by the extract of 
the leaf are currently in progress in our laboratory. 
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Table I 

Effect of Piper betle Linn extract on gastric lesions of mucosa 

Status Mean Ulcer Index (mm 2) 

Ulcerated Untreated 

Ethanol extract pretreated (100mg/kg body weight) 

Ethanol extract pretreated (150mg/kg body weight) 

Ethanol extract pretreated (200mg/kg bady weight) 

Ethanol extract pretreated (250mg/kg body weight) 

Normal healthy control 

10.55 4- 0.36 

5.12 4- 0.94 * 

4.24 4- O.88* 

2.55 4- 1.15" 

5.74 4- 2.02** 

0.00 4- 0.00 

Values represent mean 4- SEM 

*Significant (p<0.001) compared to ulcerated control 

**Significant (p<0.01) compared to ulcerated control 

N/group =6, number of animals in each group. 

Table I I  

Effect of Piper betle Linn extract on peroxidised l ipid,  oxidatively damaged 
protein(Carbonyl content ), hexosamine and mucus content of gastric tissue 

Status Malondialdehyde (MDA) 
concentration of gastric 
tissue (#M x 10/mg protein) 

Carbonyl Hexosamine Mucus 
content (#g x 10) (mg AB* 
(~M/mg protein) binding) 

Untreated ulcerated 

Ethanol extract pretreated 

(200mg/kg body weight ) 

Normal healthy control 

13.20 + 0.80 

4.70 + 0.35 * 

2.47 + 0.78 

22.70 + 1.50 

4.46 + 1.65" 

5.38 4- 0.15 3.90+ 0.25 

26.42 + 2.85* 6.22+0.11" 

2.83 + 0.35 36.45 + 3.24 7.54~:0.05 

Values represent mean+SEM 

*Significant (p<0.001) compared to ulcerated control 

**Significant (p<0.01) compared to ulcerated control 

N/group =6, number of animals in each group. 

AB* alcian blue 

Indian Journal of Clinical Biochemistry, 2002 53 



Indian Journal of Clinical Biochemistry, 2002, 17 (1) 49-57 

Table I I I  

Effect of Piper betle Linn extract on Superoxide Dismutase (SOD) activity, catalase (CAT) 
activity and total sulfhydryl (-SH) group content 

Status Superoxide Dismutase 
of gastric tissue 
[specific activity] (U) 

Catalase of gastric. 
tissue [specific activity] 

Total sulfhydryl (-SH) 
group (mM/rag protein) 

Untreated ulcerated 

Ethanol extract pretreated 

(200 mg/kg body weight) 

Normal healthy control 

2.65 -t- 0.33 

6.26 -t- 0.65* 

6.91 -t- 0.45 

8.11 -{-- 0.96 

12.61 -t- 1.36"* 

14.11 -t- 0.09 

25.00 + 0.72 

52.00 -t- 0.98* 

61.20 -4- 1.05 

Values represent mean -t- SEM 

*Significant (p<0.001) compared to ulcerated control 

**Significant (p<0.01) compared to ulcerated control 

N/group=6, number of animals in each group. 
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Figure 1 

Superoxide Radical scavenging profile of leaf of Piper betle Linn 
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Figure 2 

Hydroxyl Free Radical scavenging Profile of leaf Piper Betle Linn 

i _,+:......4. ~iiiii-~ ~ ~ ~i~iii~iiii~iiiiiiì iiiiiiiiiii~ii~ii~iii~iiii~i~i~iiiiiiiiiiiii~i!i!i~ii~ki ~ ~ iiii ~i~ ~iiiiiiiiii ~ ~i~iiiiiiii 

:: : :  :,": : ::~ : : : : :  : : :- ' : : : : :  :ii."iiiiii:~ i ~.".. i. ~: i,~i~i~;~,~iiii;:~";~:~i~'~:: i:i.':s :~:::;:-;:," -,'::::::..:.:~.:.:.:.:.:.:.:.-:. ......... :..... : : . - .  ~:..;.:.:...-..: :: :.: ::: :: 
:: :: }:::::::;::::::::: :!:::::::::::::::::::::::: :i:::i~::::~:::;~:::~:~::~::::~::::~-~::::~::~:::;~:~':~':'::::~:~:~:~::::::~:::::~:~:::~:::::::::::~:::::~::~::::;::::::::::::::::::;::~:~:~:;:::;:;:::;:::::::::::::::~:~::;:; ;:;;;::::::: 

~ , .  :::::~E:~::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  . . . . . .  

:~i`~!~i~iiii~iiiiii~ii~i~i~i~iiii~i~iii~i~i~i~k~;~i~i~ii~i~ii~`~ ~:i 
~ I~i i l  iiiiii i~iii ii iii~iiiiil ii iiii~l'iili',ii~iiiiiii+iiiil!~..;.i~ii- l-"..~iii~.iii~iii-ii~iiiiiii iii ii+i ii ii i i i ~ !  : : : :  : :H : : : : : : : : : : : : :  .,,:: :: : : : : :H  :: :::: ::::::::::::::::::::::::::: : : : :  ~:.:: ~:: ~..:.: :::::::::.::: ::.-:,~: ~ : :  ~:: :-.: : : : : : : : : : :  ~: : : : : :  : : : : : :  :~ :;:: : : : ~  

~i~iiiiiiiii~iiiiii~iiii~i~iiiiiiiiiiiiiiiiiiii~1iiii!iii!i!iii!~2~N~i~!~!i!!!~:!i~i!~iNi~iiiii~(~iiii 
i::! ~!," :::::::::::::::::::::::: ::i:i.'.':i:i:i:i~:is .'-': ."-: .".s :~: .s ,::. ~ :  ,"~.~s .~ ~::.'..k~.e;..~.:::::::::s 

~!i!ii~.~.i.i.i.i.i.i.i.i.i.i.i! ili ii i.i.!.i.',i== ii == ii == ===,ii i!!i!i !~==~>~.~.~.!~.~.!;!.i.iill!!!l.~!iiilii.~ii!i i.i.i:".-i~.ii ! . i . i . ~  =~ 

~; 0'1 ' 2 ' 3 ' 4  '5 6 ' 7 ' 8 '  s 
Concentration of ethanol extact of Piper betle Linn (mg/ml) 

Indian Journal of Clinical Biochemistry, 2002 5 5  



Indian Journal of Clinical Biochemistry, 2002, 17 (1) 

REFERENCES 

1, 

2. 

49-57 

Chaterjee, A and Pakrashi, S.C.; Tratatise of Indian Medicinal Plants. Vol 1,26. 

Reviews of Research in Pharmacology in India (1988 -1993 ). Edited by Dr. C. K.Chauhan. 
Publisher:- C. K. Chauhan, Department of Pharmacology and Cilnical Pharmacology. Medical College 
Unit L.Y.M, Sion, Mumbai 400 020. 

3. Prabhu, M. S., Patel, K., Saraswati, G. and Srinivasan, K. (1995) Effect of orally administered betle 
leaf (P. betle) on digestive enzymes of pancreas and intestinal mucosa and on bile production in rats. 
Indian. J. Exp. Biol. 10, 752-756. 

4. Saeed, S.A., Farnaz, S., Simjee, R.U. and Malik, A. (1993) Triterpenes and beta Sitosterol from piper 
betle; isolation, antiplatelet and anti-inflammatory effects .Biochem. Soc. Trans. 21 (4). 

5. Das. D. K.(1992) Free radical scavenging activities of gangliosides, asialic acid containing 
glycoshingolipid. Excerpta Medica Amsterdam.765-768. 

6. Itoh, M. and Guth, P. H.(1985) Role of oxygen derived free radicals in hemorrhagic shock induced 
gastric lesions in the rat.Gastroenterology. 88, 1162-1167. 

7. Das, D and Banerjee, R.K.(1993) Effect of stress on antioxidant enzymes and gastric ulceration. 
Molecular and Cellular Biochemistry. 125,115-125. 

8. Hetil, O. Mechanism of free radicals in gastrointestinal and liver diseases. J. Clin. Prof.,134, 606-614. 

9. Whittle , B.J.R.(1981) Temporal relationship between cyclooxygenase inhibition, as measured by 
prostacyclin biosynthesis and the gastrointestinal damage induced by indomethacin in the 
rat.Gastroenterology.80, 94-101. 

10. Hudson, N., Hawthorne, A.B. and Cole, A.T. (1992) Mechanism of gastric and duodenal damage and 
protection. Hepatogastroenterology .39(Suppl), 31-36. 

11. Banerjee, S., Hawksby, C., Dahill, S., Bettle ,A.D. and McColl, K.E.I.(1994) Effect of Hpylor iand its 
eradication on gastric juice ascorbic acid. Gut. 35, 317-322. 

12. Zhang ,Q.B., Nakashabendi,I.M., Mokhashi, M.S., Dawodu, J.B., Gemmel, C.S. and Russeli, R.1.(1995) 
Association of Cytokin production and neutrophil activation by stains of H pylori from patients with 
peptic ulceration and gastritis. Gut.38. 841-845. 

13. Isenberg, J.l., McQuaid, K.R., Laine, L.and Walsh, J.H.(1995)Acid-Peptic disorders In :Text Book of 
gastroenterology .Yamada, T, Alpers, D.H., Powell, D.W., Owyang, C.,Silverstein, EE., (eds)2nd edition 
.J.B.Lippincott Company, Philadelphia P P. 1347-1430. 

14. Freston ,J. W.(1990) Overview of Medical therapy in peptic ulcer diseases.Gastroenterol. 
Clin. N. Am.19,121-130. 

15. Lam, S.K.(1986) Prostaglandins for duodenal ulcer and gastric ulcer. J. Gastroenterol. Hepatol. 
471-481. 

16. Shitut., S., Pandit, V. and Mehta, B.K.(1990) The antimicrobial efficiency of piper betle Linn against 
human pathogenic bacteria and phytopathogenic fungi. Cent. Eur .J.Public. Health. Aug 7, 137-139. 

17. Vogel, H.G. and Vogel, H.(1997)ln : Drug Discovery and Evaluation. Springe verlag, Germany, 
486-487. 

18. Esterbaner, H. and Cheesemen, K(1990) Determination of aldehydic lipid peroxidation 
products: Malondialdehyde and 4 hydroxynonenal.Methods in Enzymology.186,407-421. 

hldian Journal of Clinical Biochemistry, 2002 56 



Indian Journal of Clinical Biochemistry, 2002, 17 (1) 

19. 
49-57 

Rodney, L., Lavin, Garland, D., Cynthia ,N., Oliver, Amici., Climent, I., Lenz, A.G., Ahn, B., W., Shaltiel, 
S. and Stadman,E.R.(1990) Determination of Carbonyl Content in oxidatively modified proteins .Methods 
in Enzymology. 186, 464-468. 

20. McCord, J.M.and Fridovich.I. (1969) Superoxide dismutase, an enzymatic function for erythrocuprein 
(hemocuprein) J.BioI.Chem. 244, 6649-6655. 

21. LLick,H.(1963) Catalase: In: Methods in Enzymatic analysis. Bergmeyer H.U. (ed)Verlay Chemical, 
Academic press, New York. 885-888. 

22. Glick, D.(1967) In :Methods of Biochemical Analysis .Interscience Publication USA, vol 2,279-335. 

23. Corne, S. J., Morresscy, S.M.and Woods, R.J.(1974). A method for the quantitative estimation of 
gastric barrier mucus. J. Physiology (London).242,116-117. 

24. EIImann, G.L.(1959) Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82, 70-77. 

25. Maulik, G., Maulik, N., Bhandari, V., Kagan,V.E., Pakrashi,S .and Das ,D.K.(1997)Evaluation of antioxidant 
effectiveness of a few herbal plants. Free radical Research. 27,221-228. 

26. Maulik, G., Kagan, V.E., Pakrashi, S., Maulik, N. and Das, D.K.(1996) Extracts of some Indian plants 
with potent antioxidant properties. In :Proceedings of International Symposium on Natural 
Antioxidants: Mechanisms and Health Effects. Beijing, AOCS Press,Chicago, Ch.10,92-98. 

27. Srivastava, S.P.(1996)Padiatrics Today. Nov-Dec Vol 1,No 3. 

28. Mathew.B., Grisham, C.R., Von Ritter, T., Bernard, E, Smith, J., Lamont, T., Neil Granger, D.(1987) 
Interaction between oxygen radicals and gastric mucin. American Physiology. 253,93-96. 

Indian Journal of Clinical Biochemistry, 2002 57 


