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AbStRACt

A study to evaluate the gastroprotective activity of hot water extract (HWE) of Alpinia calcarata Roscoe (Zingiberaceae) rhizomes 
was carried out. Three doses (500, 750, 1000 mg/kg) of HWE was evaluated for gastroprotective activity against ethanol induced 
gastric ulcers in rats. Oral administration of HWE provided dose dependent (r2 = 0.98) and significant (P< 0.05) protection 
against gastric damage caused by ethanol. The gastroprotective effect of HWE was superior to that of cimetidine, the reference 
drug. The HWE significantly (P< 0.05) inhibited gastric volume, acidity (total and free) and significantly (P< 0.05) increased the 
gastric pH. On the other hand, gastric mucosal secretion remained unaltered. Further, HWE possessed significant (P< 0.05) 
antihistamine activity. The HWE was well tolerated: no overt signs of toxicity, hepatotoxicity (in terms of aspartate transaminase, 
alanine transaminase) or renotoxicity (as judged by serum urea and creatinie). It is concluded that HWE of A. calcarata rhizome 
has strong and safe gastroprotective activity.
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INtRODUCtION

Alpinia calcarata Roscoe (Zingiberaceae), is a rhizomatous 
perennial herb with a tuberous root stock. The mature 
rhizomes are branched and dense with a light to dark 
brown color. The leaf  of  the plant is simple, alternative, 
25 – 32 cm long and 2.5 – 5 cm broad, lanceolate, 
acuminate, long pointed, glabrous on both surfaces and 
shining on the upper surface. Leaf  stem is slender and 
approximately 75 – 100 cm tall. Flowers are irregular 
and bisexual (1 – 2). A. calcarata is distributed among 
the tropical countries including Sri Lanka, India and 
Malaysia. It is a common medicinal plant found in Sri 
Lanka and usually cultivated for medicinal purposes in 
village gardens in the country (1).

In our studies, 18 volatile constituents were identified 
in essential oils of  Sri Lankan grown A. calcarata rhizomes, 

roots and leaves (3). 1, 8 – cineol was found to be the 
major constituent in the oils of  rhizomes and leaves while 
in the roots, it was α fenchyl acetate (3). Kong and co 
– workers (4 – 5) have isolated some diterpenes such as 
calcaratarins A – E, γ - bicyclohomofarnesal, zerumin A, 
sesquiterpenes such as shyobunone and coumarins such 
as herniarin from the rhizomes of  A. calcarata grown in 
China. Further, benzenoids such as protocatechuic acid, 
vanillic acid and syringic acid, flavonoids such as quercetin 
4 - o –methyl and alkaloids were isolated from the leaves 
of  A. calcarata grown in India (6).

Experimentally, rhizomes of  A. calcarata are shown to 
possess antibacterial (7), antifungal (8), anthelmintic (9) 
antinociceptive (10) and antioxidant (11) activities. The 
rhizomes of  A. calcarata is known to possess a broad 
spectrum of  medicinal properties and considered to be as 
aphrodisiac (1,12). It is used in the treatment of  arthritis 
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(13 – 14), bronchitis, cough, respiratory ailments, asthma 
and diabetes (1,12). According to available literature, A. 
calcarata is not recommended as a gastroprotective agent 
in traditional medicinal systems. However, it is possible 
that A. calcarata rhizomes to possess gastroprotective 
properties as rhizomes of  A. galanga (15) a close relative of  
the plant, is reported to have gastroprotective properties. 
Therefore, this study was undertaken to investigate the 
gastroprotective activity of  A. calcarata rhizomes using a 
hot water extract.

MAtERIALS AND MEtHODS

Plant material

Fresh A. calcarata rhizomes were collected from home 
gardens in Western Province of  Sri Lanka. The plant 
material was identified and authenticated by the Curator 
of  National Herbarium, Royal Botanical Gardens, 
Peradeniya, Sri Lanka. A voucher specimen (AS 01) was 
deposited in the Industrial Technology Institute, Colombo 
7, Sri Lanka.

Preparation of  hot water extract (HWE)

Fresh A. calcarata rhizomes were cut into small pieces and 
air dried for 5–6 days in the shade. Five hundred grams 
of  dried rhizomes were boiled with 2.5 L (to cover the 
raw material) of  distilled water (DW) for 4 h. The hot 
water extract was concentrated under vacuum, freeze 
dried (yield 15.6 % w/w dry weight basis) and stored at 
4 °C until use.

Administration of  extracts

Doses of  500, 750 and 1000 mg/kg of  HWE were 
administered orally by gastric gavage (each dose in a 
volume of  1 mL DW) to separate groups of  rats. These 
doses were identical to those used in the investigation of  
antinociceptive activity of  rhizomes of  A. calcarata (10).

Animals

Healthy adult cross- bred male albino rats (weighing 
200g–250g) were used throughout the experiment. 
They were housed individually in raised mesh bottom 
cages (to prevent coprohagy) under standardized animal 
house conditions with free access to pelleted food (Vet 
House Ltd., Colombo, Sri Lanka) and tap water. All 
animal experiments were conducted in accordance with 
the internationally accepted laboratory animal use and 
care and guide lines and rules of  the ethical Committee 
University of  Colombo, for animal experimentations.

Evaluation of  gastroprotective activity

The food was withdrawn 36 h and water for 12 h in 45 
rats before the commencement of  the experiment. These 
rats were randomly divided into 5 equal groups (n = 9 / 
group) and treated orally in the following manner: each 
rat in group1 received (1 mL of  DW), 2, 3, 4 (500, 750 and 
1000 mg/kg of  HWE) and 5 (100 mg/kg of  cimetidine, 
the reference drug). After 1 h of  oral treatment, each rat 
was given 1 mL of  absolute ethanol orally and kept for 
another 1 h. Then the rats were sacrificed with an over 
dose of  ether, stomachs were removed and inflated with 
1% formalin solution and immersed in the same solution 
to fix the outer layer of  the stomach. Each stomach was 
opened along the greater curvature, rinsed with tap water 
to remove gastric contents and blood clots. The number 
of  haemorrhagic lesions were counted and the lengths of  
the linear lesions were measured with a vernier caliper. 
The number and the length of  the lesions per rat were 
calculated (16).

Evaluation of  the mode of  gastroprotective activity

This was investigated using 1000 mg/kg dose of  HWE 
since the gastroprotective activity of  this dose was 
maximum compared to other tested doses.

Evaluation of  the effects on acidity and volume of  
the gastric juice

Twelve male rats were starved for 36 h as described 
previously. They were randomly divided into 2 equal 
groups. Rats in two groups were orally treated with either 
1000 mg/kg of  HWE or 1 mL of  DW per rat respectively. 
One hour later, these rats were laparotomised under ether 
anesthesia and at the pyloric end of  the stomach were 
ligated with a cotton thread. The stomachs were then 
carefully placed back in the abdominal cavities and the rats 
were sutured and allowed to regain consciousness. Four 
hours later stomach was excised, gastric juice collected 
and centrifuged at 3500 rpm for 15 min. The volume of  
gastric juice from each rat was measured and acidity (total 
and free) was determined by titration with 0.01 M NaOH 
according to the method described by Reitman (17).

Determination of  mucus content of  stomach

Alcian blue binding to gastric wall mucus was determined 
by a modified method of  Corne (18). In this experiment, 
twelve male rats were starved for 36 h as described 
previously. They were randomly divided into 2 equal 
groups. Rats in two groups were orally treated with either 
1000 mg/kg of  HWE or 1 ml of  DW per rat respectively. 
One hour later, these rats were laparotomised under 
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ether anesthesia and at the pyloric end of  the stomach 
was ligated with a cotton thread. The stomach was then 
carefully placed back in the abdominal cavities and the 
rats were sutured and allowed to regain consciousness. 
After 4 h, the rats were sacrificed with over dose of  ether, 
each stomach was opened along the greater curvature, 
rinsed with 0.25 M sucrose solution. These stomachs 
were incubated in 10 mL aliquots of  0.1 % alcian blue 
solution for 2 h at room temperature (30 °C). After 2 
h stomachs were removed, washed with 0.25 M sucrose 
solution and separately incubated in 10 mL aliquots of  
0.5 M magnesium chloride solution for 2 h at room 
temperature while shaking at 30 min. intervals to elute the 
alcian blue bound to the mucosa of  the stomachs. Two 
hours later, the stomachs were removed and 5 mL of  
each aliquot of  magnesium chloride solution containing 
the alcian blue eluted from each stomach was shaken 
with 5 mL of  diethyl ether. The aqueous phase was 
separated out, centrifuged at 3200 rpm for 5 min. and 
the absorbance of  the supernatant was measured at λ 605 
nm. The amount of  alcian blue bound per stomach in 
micrograms was determined using a standard calibration 
curve.

Antihistamine activity

Twenty one male albino rats were selected and their 
fur on posterior left lateral side was shaved under ether 
anesthesia. Twenty four hours later, these rats were 
randomly divided into 3 equal groups (n = 7) and treated 
orally in the following manner. Group1 received (1000 
mg/kg of  HWE in 1 mL of  DW), 2 (chlorpheniramine, 
antihistamine receptor antagonist., 0.67 mg/kg) and 3 (1 
mL of  DW ). After 1 hour 0.05 mL of  200 μg/mL of  
histamine dihydrochloride was subcutaneously injected 
under mild ether anesthesia in the area of  the skin where 
the fur was removed previously (19). The radius of  the 
wheal formed was determined after 2.5 min. and the areas 
were computed.

Toxicological studies

The healthy male rats were randomly divided into two 
groups (n =9/ group) and treated orally in the following 
manner. Group 1(1500 mg/kg of  HWE in 1 mL of  DW) 
and 2 (1 mL of  DW) per day for 7 consecutive days between 
10.00 h – 11.00 h. Rats were checked twice daily (9.00 h and 
16.00 h) for overt signs of  toxicity (salivation, diarrhoea, 
lacrymation, tremors, ataxia, yellowing of  hair, loss of  hair, 
postural abnormalities or behavioral changes), stress (fur 
erection or exopthalmia) and aversive behaviors (biting 
paw and penis, intense grooming behavior, scratching 
behavior, licking at tail or vocalization), morbidity and 

mortality. Percentage weight gain, food and water intake 
were determined weekly during the period of  treatment 
for each group. The consistency of  faeces and color of  
urine were noted daily.

On day 1 post treatment, approximately 1 mL of  
blood was collected from the tail of  the treated rats under 
mild ether anesthesia and divided into two equal parts. 
To one part EDTA was added and red blood cell (RBC) 
counts, white blood cell (WBC) counts and hemoglobin 
(Hb) concentration were determined using standard 
procedures (20). Other part was allowed to clot (25–30 
min.) at room temperature (28–30 °C) and subjected to 
15 min. centrifugation at 3200 rpm for the collection of  
serum. Serum samples were analyzed for concentrations 
of  serum aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), urea and creatinine using 
Randox enzyme kits (Randox Laboratories Ltd., 
Antrium, UK) and a spectrophotometer (JascoV500, 
Jasco Corporation, Tokyo, Japan). After drawing blood 
rats were sacrificed with chloroform and weighed. The 
liver, kidneys, testes, adrenal glands, heart, spleen, vasa 
deferentia, prostate glands, seminal vesicles together with 
coagulating glands, cauda epididymides and caput plus 
corpus epididymides were examined for gross external 
pathological abnormalities. These organs were removed, 
blotted free of  blood and wet weights were recorded. 
Weights of  the organs were expressed as a percentage 
of  the body weight. The stomachs were also removed, 
opened along the greater curvature and observed for any 
gastric lesions.

Statistical analysis

Data are given as means ± S.E.M. Statistical comparisons 
were made using one way ANOVA followed by Tukey’s 
family error test. A P value ≤ 0.05 was considered as 
significant. Dose dependencies were determined by 
regression coefficients (r2).

RESULtS

Experimentally induced gastric lesions

A. calcarata HWE caused a significant (P< 0.01) inhibition 
of  the length (Figure 1) and the number (Figure 2) of  
gastric lesions induced by absolute ethanol in a dose 
dependent (r2 = 0.98) manner. Among the tested doses, 
high dose showed the maximum inhibition of  the length 
(by 90 %) and number of  gastric lesions (by 91 %) 
followed by mid (length: by 62 % ; number: by 65 %) and 
low (length: by 23 %; number: by 27 %) doses. The ID50 
value of  the HWE was 705 mg/kg. The gastroprotective 
activity of  HWE was significantly (P< 0.01) higher than 
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that of  cimetidine, the reference drug which only inhibited 
the length and number of  gastric lesions up to 14 % and 
18 % respectively.

Acid secretion studies

In 4 h pylorus ligated rats, HWE caused a significant (P< 
0.01) reduction in volume of  gastric juice (by 41 %), free 
acidity (by 49 %) and total acidity (by 21 %) and significant 
(P< 0.01) increase in pH value (by 45 %) (Table 1).
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Figure 1: Effects of hot water extract of Alpinia calcarata rhizome on the length 
of gastric lesions induced by absolute ethanol (means ± SEM, n = 9) ; * Signifi-
cant at P < 0.05 as compared with control.
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Figure 2.Effects of hot water extract of Alpinia calcarata rhizome on number of 
the gastric lesions induced by absolute ethanol (means ± SEM, n = 9) ; * Signifi-
cant at P < 0.05 as compared with control.

Gastric mucus studies

There was no significant (P > 0.05) effect of  HWE on 
changes in the amounts of  mucus content that adhered 
to gastric mucosa in 4 h pylorus ligated rats (control vs 
treatment: 151.0 ± 9.1 vs 161.8 ± 10.9 μg/stomach).

Antihistamine effect

Compared to the control, there was a significant (P< 0.01) 
reduction in the wheal area of  the HWE treated rats (by 
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Table 1. Effect of hot water extract of Alpinia calcarata rhizome on gastric juice 
volume, pH, free acidity and total acidity from pylorous ligated rats (means SEM, n = 6)
treatment Volume of gastric pH Free Acid total Acid

juice (ml) (molL-1) (molL-1)

Control (1 mL of DW) 4.5 ± 0.31 3.5 ± 0.19 0.043 ± 4.7 × 10-3 0.076 ± 3.9 × 10-3

Hot water extract 2.5 ± 0.30* 6.0 ± 0.17* 0.022 ± 2.0 10-3* 0.060 ± 3.5 × 10-3*

*Significant at P < 0.05 as compared with control

Table 2: Antihistamine activity of hot water extract of 
Alpinia calcarata rhizomes as indicated by the area of 
the wheal (means SEM, n = 7)
treatment Area of the wheal (mm2)
Control (1 mL DW) 69.0 ± 4.3
Hot water extract (1000 mg/kg)  51.3 ± 2.7 *

Chlorpheniramine (0.67 mg/kg) 40.3 ± 2.8 *

*Significant at P < 0.05 as compared with control

26 %). However, this effect was inferior to that of  the 
antihistamine drug, chlorpheniramine by 15 % (Table 2).

Toxicological studies

There were no treatments – related deaths or morbidity 
or any overt signs of  toxicity, stress or aversive behaviors 
with HWE. Further, HWE treated rats showed normal 
food intake, water intake, and their % weight gains were 
not significantly (P > 0.05) reduced (data not shown). The 
consistency of  faeces and color of  urine of  HWE treated 
rats were essentially similar to that of  control. There was 
no significant (P > 0.05) change in any of  the serum or 
haematological parameters investigated and all the organs 
examined appeared normal in treated rats. There was no 
significant difference (P > 0.05) in the wet organ weights 
between the treated and control groups (data not shown).

DISCUSSION

The results of  this study demonstrate that the HWE of  
A. calcarata rhizomes possesses marked gastroprotective 
properties as evidenced by its significant inhibition in 
the formation of  gastric lesions (in terms of  length and 
number) induced by absolute ethanol. Gastroprotective 
activity of  HWE was superior to that of  reference drug, 
cimetidine. The dose response curve was linear and 
ID50 value was 705 mg/kg. It is generally believed that 
enhanced acid secretion is the most important factor 
for the induction of  gastric lesions. In this study, HWE 
caused significant inhibition in the volume of  gastric fluid, 
acidity (both total and free) with an elevation in gastric 
pH. Similar mode of  action has been reported with some 
plant extracts. For example, gastroprotective activity of  

Mammea americana (21), Anisomeles indica (22) and Jasminum 
grandiflorum (23). As compared with the control, treatment 
with HWE also significantly reduced the area of  the 
wheal formed on the rat skin by the injection of  histamine 
indicating an antihistamine activity. These suggest that 
inhibition of  total and free acidity by HWE mediated 
via histamine receptors; histamine receptor blockers are 
therapeutically used to inhibit acid secretion in the gastric 
mucosa (24).

Mucus layer is considered to play a key role in 
gastroprotection as well as in facilitation of  gastric mucosal 
repair (25). Further, drugs that enhance mucosal layer 
are known to exert gastroprotection, for example, plant 
extracts such as oleoresin of  Copaifera langsdorffii (26) and 
hot water extract of  Ruellia tuberosa root (27). However, 
the highest dose of  HWE failed to significantly increase 
the mucus content adhered to gastric mucosa. This 
suggests that HWE does not mediate gastroprotection by 
this mechanism.

Active oxygen species are involved in the pathogenesis 
of  gastric mucosal injuries. Antioxidants are known to 
induce gastroprotection (28). HWE also has antioxidant 
activity (11). Flavonoids (29 – 30) and alkaloids (31 – 
32) are known to possess potent antioxidant activity in 
plants. A. calcarata rhizomes are reported to possess 
flavonoids and alkaloids (10). Therefore, it is possible that 
antioxidant mechanisms also play a role in mediation of  
gastroprotective effect of  A.calcarata rhizome. HWE was 
devoid of  unacceptable side-effects following sub chronic 
administration; there were no overt signs of  toxicity, 
hepatotoxicity (in terms of  AST, ALT) or renotoxicity (as 
judged by serum urea and creatinie).

In conclusion, our results demonstrate the gastropro-
tective activity of  A.calcarata rhizomes for the first time 
and indicate its therapeutic potential to be used as a cost 
effective safe herbal gastroprotective agent.

ACKNOWLEDGEMENt

The authors express their gratitude to Mr. J.R.A.C. Jayakody, 
University of  Colombo, Department of  Zoology, for 
assisting in this study and National Science Foundation 
for the Research grant (SIDA (1L) 2000 / BT / 03).



Phcog Mag Vol 4 / No 19 | Available Online : www.phcogmag.com 231

L.S.R. Arambewela et al., Phcog Mag. 2009; 4:19: 226–231

REFERENCES

 1. Dassanayake M.D. and Fosberg F.R. A Revised Hand Book to the flora of  
Ceylon. (Amreind, New Delhi. 1981) 517 – 518.

 2. Jayaweera D.M.A. Medicinal Plants Used in Ceylon. (vol. V. National Science 
Council of  Sri Lanka, Colombo, 1982) 213.

 3. Arambewela L.S.R., Kumarathunga A., Arawwawala, M, Owen N.L and 
Du L. Volatile oils of  Alpinia calcarata grown in Sri Lanka. J Essent Oil Res. 
17:124 – 125 (2005).

 4. Kong L.Y., Qin M.J. and Niwa M. Diterpenoids from the rhizomes of  
Alpinia calcarata. J Nat Prod. 63: 939 – 942 (2000).

 5. Kong L.Y., Qin M.J. and Niwa M. New cytotoxic bis – labdanic diterpe-
noids from Alpinia calcarata. Planta Medica. 68: 813 – 817 (2000)

 6. Merh P.S., Daniel M. and Sabnis S.D. Chemistry and taxonomy of  some 
members of  the Zingiberaceae. Curr Sci. 55: 835 – 839 (1986).

 7. George M. and Pandalai K.M. Investigations on plant antibiotics. Indian 
J Med Res. 37: 169 – 181 (1949).

 8. Pushpangadan P. and Atal C.K. Ethno – medico – botanical investigations 
in Kerala; J Ethnopharmacol. 111: 59 – 77 (1984).

 9. Kaleysa R.R. Screening of  indigenous plants for anthelmintic action 
against human Ascaris lumbricoides. Indian J Physiol Pharmacol. 19: 47 – 49 
(1975).

10. Arambewela L.S.R., Arawwawala L.D.A.M. and Ratnasooriya W.D. Anti-
nociceptive effects of  aqueous and ethanolic extracts of  Alpinia calcarata 
rhizomes in rats. J Ethnopharmacol. 95: 311 – 316 (2004).

11. Arambewela L.S.R. and Arawwawala L.D.A.M. Antioxidant activities of  
ethanolic and hot aqueous extracts of  Alpinia calcarata rhizomes. Aust J Med 
Herbalism. 17: 91 – 94 (2005).

12. Ramanayake L. Osu Visithuru, (vol. 1. Publication of  Department of  
Ayurveda, Colombo, 1994) 68 – 71.

13. Arambewela L.S.R., Basnayake C.S., Serasinghe P., Tissera M.S.A., Dias S., 
and Weerasekara D.R. Traditional treatment in Sri Lanka for chronic Arthritis. 
(NARESA Printing Unit, Colombo, Sri Lanka,1995) 1–10.

14. Ranasingha S.G., Clinical and experimental studies on antiarthritic proper-
ties of  Alpinia calcarata Rosc. M.D. (Ay) Thesis. Institute of  Medicinal 
Science, India.1979.

15. Matsuda H., Pongpiriyadacha Y., Morikawa T., Ochi M. and Yoshikawa 
M. Gastroprotective effects of  phenylpropanoids from the rhizomes of  
Alpinia galanga in rats: structural requirements and mode of  action. Eur 
J Pharmacol. 471: 59 – 67 (2003).

16. Robert A. Cytoprotection by prostaglandin. Gastroenterology 77: 761 – 767 
(1979).

17. Reitman S. Gastric secretion. In: Frankel, S., Reitman S., Sonnenwirth, A.C. 
(Edn.), Gradwohl’s Clinical Laboratory Methods and Diagnosis. (C.V. Mosby, 
London, 1979) 1949 – 1958.

18. Corne S.J., Morrisey S.M. and Woods K.J. A method for the quantitative 
estimation of  gastric barrier mucus. J Physiol. 2452: 116 – 117 (1974).

19. Spector W.G. The mediation of  altered capillary permeability in acute in-
flammation. J Pathol Bacteriol. 72: 367 – 373 (1956).

20. Ghai C.L. A Textbook of  Practical Physiology. (Jaypee Brothers Medical Pub-
lishers Ltd. New Delhi, 1993) 119 – 202.

21. Toma W., Hiruma – Lima C.A., Guerrero R.O. and Brito A.R.M.S. Prelimi-
nary studies of  Mammea americana L. (Guttiferae) bark/latex extract point 
to an effective antiulcer effect on gastric ulcermodels in mice. Phytomedicine. 
12: 345 – 350 (2005).

22. Dharmasiri M.G., Ratnasooriya W.D. and Thabrew M.I. Gastroprotective 
effects of  Anisomeles indica Kuntze. Phcog Mag. 3: 246 – 250 (2007).

23. Umamaheshwari M., Asokkumar K., Rathidevi R., Sivashanmugam A.T., 
Subhadradevi V. and Ravi T.K. Antiulcer and in vitro antioxidant activities 
of  Jasminum grandiflorum L. J Ethanopharmacol. 110: 464 – 470 (2007).

24. Rang H.P., Dale M.M. and Pharmacology J.M. Churchill Livingstone, Lon-
don.1995.

25. Wallace J.L. and Whittle B.J.R. Role of  mucus in the repair of  gastric epi-
thelial damage in the rat: inhibition of  epithelial recovery by mucolytic 
agents. Gastroenterology. 91: 603 – 611 (1986).

26. Paiva L.A.F., Rao V.S.N., Gramosa N.V. and Silveira E.R. Gastroprotec-
tive effect of  Copaifera langsdorffii oleo – resin on experimental gastric ulcer 
models in rats. J Ethnopharmacol. 62: 73 – 78 (1998).

27. Arambewela L.S.R., Thambugala R. and Ratnasooriya W.D. Gastroprotec-
tive activity of  Ruellia tuberosa root extract in rats. J Trop Med Plants. 4: 191 
– 194 (2003).

28. Oka S., Ogino K., Hobara T., Yoshimura S., Okazaki Y., Takemoto T. 
and Iida Y. Effects of  various mucosal protective drugs on diethyldithio-
carbamate – induced antral ulcer in arts. Eur J Pharmacol. 197: 99 – 102 
(1991).

29. Siddhuraju P. and Becker K. Antioxidant properties of  various solvent 
extracts of  total phenolic constituents from three different agroclimatic 
origins of  drumstick tree (Moringa oleifera Lam.) leaves. J Agric Food Chem. 
51: 2144 – 2155 (2003).

30. De Sousa E., Zanatta L., Seifriz I., Creczynski – Pasa T.B., Pizzolatti M.G., 
Szpoganicz B., and Silva F.R. Hypoglycaemic effect and antioxidant po-
tential of  Kaempferol – 3, 7 – O- (alpha) – dirhamnoside from Bauhinia 
forficata leaves. J Nat Prod. 67: 829 – 832 (2004).

31. Azam S., Hadi N., Khan N.U. and Hadi S.M. Antioxidant and prooxidant 
properties of  caffeine, theobromine and xanthine. Med Sci Monit. 9: 325 – 
330 (2003).

32. Tachibana Y., Kikuzaki H., Lajis N.H. and Nakatani N. Comparison of  anti 
oxidative properties of  carbazole alkaloids from Murraya koenigii leaves. 
J Agric Food Chem. 51: 6461 – 6467 (2003).


