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ABSTRACT 
The methanol extract of Caesalpinia bonducella leaves were investigated for anti-inflammatory, analgesic 
and antipyretic activity at the doses of 50, 100 and 200 mg/kg, body weight. The experimental paradigms 
used were carrageenan, dextran, histamine induced pedal edema and cotton pellet induced granuloma 
for anti-inflammatory activity, while hot plate and acetic acid induced writhing methods were used to as-
sess analgesic activity. Yeast-induced hyperpyrexia was used to evaluate the antipyretic activity. In acute 
phase inflammation, a maximum inhibition 50.6% (P < 0.05), 51.1% (P < 0.05) and 52.3% (P < 0.05) was 
noted at the dose of 200 mg/kg after 3 h of treatment with methanol extract of Caesalpinia bonducella 
(MECB) in carrageenan, dextran and histamine induced pedal edema respectively. In the chronic model 
(cotton pellet induced granuloma) the MECB (200 mg/kg) and standard drug (Indomethacin 10 mg/kg) 
showed decreased formation of granuloma tissue by 51.8% (P < 0.05) and 56.6% (P < 0.05) respectively. 
The extract also produced significant (P < 0.01) analgesic activity in both paradigms. In addition, MECB 
potentiated the morphine and aspirin induced analgesia. A significant (P < 0.01) reduction in hyperpyrexia 
in rat was also produced by the extract. This study exhibits that the methanol extracts of leaves of C. 
bonducella possess anti-inflammatory, analgesic and antipyretic activities. 
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Inflammation or phlogosis is a pathophysiological 
response of living tissue to injuries that leads to the lo-
cal accumulation of plasmatic fluid and blood cells. 
Although it is a defense mechanism, the complex events 
and mediators involved in the inflammatory reaction 
can be induced, maintain or aggravate many diseases 
[1]. However, studies have been continuing on inflam-
matory diseases and the side effects of the currently 
available anti-inflammatory drugs pose a major problem 
during their clinical use [2]. Therefore, development of 
newer and more powerful anti-inflammatory drugs with 
lesser side effects is necessary.  

Caesalpinia bonducella (L.) Roxb. Fever nut; bon-
duc nut (Family: Caesalpiniaceae) commonly known as 
Nata Karanja (Hindi), is a prickly shrub found through-
out the hotter regions of India, Myanmar and Sri Lanka 
[3]. The leaves of C. bonducella are traditionally used 

for the treatment of inflammation and toothache [4]. 
The topical anti-inflammatory activity of C. bonducella 
leaves has been reported [5, 6]. It has also been found to 
posses multiple therapeutic properties like antipyretic, 
antidiuretic, anthelmintic and antibacterial [7], anticon-
vulsant [8], anti-anaphylactic and antidiarrheal [9], anti-
viral [10], antiasthmatic [11], antiamebic and antiestro-
genic [12]. Currently we have reported the hepatopro-
tective and antioxidant properties of this plant [13].  

However, no work has been reported on the anti-
inflammatory effects on acute and chronic phases of 
inflammation, analgesic and antipyretic activity of C. 
bonducella. Keeping this in view, the present study has 
been undertaken to investigate the anti-inflammatory, 
analgesic, and antipyretic potential of methanol extract 
of Caesalpinia bonducella (MECB) in experimental 
animal models. 
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MATERIALS AND METHODS 

Plant material and extraction 

The plant grows in all textures of mildly acid to al-
kaline soil. Annual rainfall in the areas where C. bon-
ducella grows in Puerto Rico ranges from 750 mm to 
1800 mm. The plants grow from sea level to 850 m in 
elevation in India. The plant Caesalpinia bonducella 
was collected from Kolli Hills of Tamilnadu, India. The 
plant material was taxonomically identified by the Bo-
tanical Survey of India, Kolkata, India. A Voucher 
specimen (No.GMS-2) has been preserved in our labo-
ratory. The leaves were dried under shade and then 
powdered with a mechanical grinder and stored in an 
airtight container. The dried powder material of the 
leaves was extracted with methanol (Yield 8.78%), in a 
soxhlet apparatus. Phytochemical screening of the ex-
tracts revealed the presence of alkaloids, saponins, fla-
vonoids, triterpenes, tannins and steroids. MECB was 
dissolved in 10% propylene glycol prior to administra-
tion. 

Animals 

Swiss albino mice of both sex weighing between 
(18-22 g) and Albino Wistar rats of the either sex (180-
200 g) were used for the present study. They were main-
tained under standard environmental conditions and 
were fed with standard pellet diet supplied by Hindustan 
lever Ltd. Kolkata, India, and water ad libitum. 

Chemicals and Drugs used 

Carrageenan (S. D. Fine Chemicals Limited, Bom-
bay), histamine (Sigma, USA), dextran (Sigma, USA) 
were used in the present study and indomethacin (Re-
con, Bangalore), aspirin (USV, Bombay), paracetamol 
(IPCA, Bombay), and morphine (M.M. Pharma, New 
Delhi) were used as the standard drugs. 

Anti-inflammatory models 

Carrageenan-induced paw oedema in rats. The 
rats were divided into 5 groups (n = 6). The different 
groups were treated with MECB (50, 100 and 200 
mg/kg , p.o.), indomethacin (10 mg/kg , p.o.) and con-
trol vehicle per oral and the paw volume was measured 
at 0 h and 3 h after carrageenan injection using a 
plethysmometer [14].  The animals were pretreated with 
the extract 1 h before the administration of carrageenan. 
Acute inflammation was produced by the subplanter 
administration of 0.1 ml of (1%, w/v) carrageenan in 
normal saline in the right paw of the rats. The ratio of 
the anti-inflammatory effect of MECB was calculated 
by the following equation: anti-inflammatory activity 
(%) = (1 - D / C) x 100, where D represents the percent-
age difference in paw volume after MECB was adminis-
tered to the rats, and C represents the percentage differ-
ence of volume in the control groups [15]. 

Dextran-induced paw oedema in rats. The animals 
were treated in a manner similar to that of carrageenan 
induced paw oedema model; dextran (0.1 ml, 1% w/v in 
normal saline) was used in place of carrageenan [14]. 

Histamine-induced paw oedema in rats. The anti-
inflammatory activity of the MECB was measured with 
histamine (phlogistic agents) which acts as mediator of 
inflammation. The paw oedema was induced in rats by 
subplanter injection of 0.1 ml (1% w/v) of freshly pre-
pared histamine solution, and the paw oedema was 
measured [16]. 

Cotton pellets-induced granuloma. The rats were 
divided into five groups (n = 6). After shaving the fur, 
the rats were anaesthetized and 10 mg of sterile cotton 
pellets were inserted, one in each axilla. The MECB 
(50, 100 and 200 mg/kg, p.o.,), indomethacin (10 
mg/kg, p.o.) and control vehicle were administered 
orally for 7 consecutive days from the day of cotton 
pellet implantation. The animals were anaesthetized on 
the eighth day and cotton pellets were removed surgi-
cally and made free from extraneous tissues. The pellets 
were incubated at 37°C for 24 h and dried at 60°C to 
constant weight. Increment in the dry weight of the pel-
lets was taken as measure of granuloma formation [16]. 

Analgesic activity 

MECB at the dose of 50, 100 and 200 mg/kg and 
combination of above doses of extract with the standard 
drug aspirin 100 mg/kg (Acetic acid induced writhing 
response in mice) and morphine 5 mg/kg (Hot plate 
reaction time in mice) were administered to eight groups 
of six mice in each paradigm. 

Acetic acid-induced writhing test. Acetic acid so-
lution (15 mg/ml) at the dose of 300 mg/kg body weight 
was injected (i.p.) and the number of writhes during the 
following 30 min period was observed [17]. A signifi-
cant reduction in the number of writhes by drug treat-
ment as compared to vehicle treated animals was con-
sidered as a positive analgesic response. The percentage 
inhibition of writhing was then calculated. Aspirin (100 
mg/kg, i.p.) was used as standard. 

Hot plate reaction time in mice. Mice were 
screened by placing them on a hot plate maintained at 
55 ± 1°C and the reaction time in seconds for hind paw 
licking or jumping were recorded [17]. Only mice 
which reacted within 15 sec and which did not show 
large variation when tested on four separated occasions, 
each 15 min apart, were used in this study. Morphine (5 
mg/kg, i.p.) was used as standard. The time for hind 
paw licking or jumping on the heated plate of analge-
siometer was taken as the reaction time. 

Induction of Yeast-induced pyrexia 

Rats were divided into five groups of six rats in each 
and were trained to remain quiet in a restraint cage. A 
thermister probe was inserted 3-4 cm deep into the rec-
tum and fastened to the tail by an adhesive tape and the 
temperature was measured on a thermometer. The nor-
mal body temperature of each rat was measured rectally 
at predetermined intervals and recorded. Fever was in-
duced by a subcutaneous injection of 20 ml/kg body wt. 
of 20% w/v yeast suspended in methyl cellulose solu-
tion [18]. Rats were then returned to their housing cage. 
After 24 h of yeast injection, the animals were again 
restrained in individual cages for the recording of their 
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rectal temperatures as described previously. Then 
MECB was administered orally at doses of 50, 100 and 
200 mg/kg body wt. to three groups of animals respec-
tively. 10% Propylene glycol (5ml/kg, body wt.) was 
administered orally to the control group of animals. The 
fifth group of animals received the standard drug 
paracetamol (150 mg/kg, body wt.) orally. Rats were 
restrained for recording of their rectal temperatures at 
intervals of one hour, after the drug administration. 

Toxicity study 

For toxicity studies the test compounds in the range 
of doses 100-1600 mg/kg were administered in five 
groups of 10 mice respectively. The mortality rates were 
observed after 72 hours. The LD50 was determined using 
the graphical methods of Litchfield and Wilcoxon [19]. 

Statistical analysis 

The experimental results were expressed as the mean 
± S.E.M. Data were assessed by the method of analysis 
of ANOVA followed by student's t-test. P value of < 
0.05 was considered as statistically significant. 

RESULTS 

Anti-inflammatory studies 

The anti-inflammatory potential of MECB (50, 100 
and 200 mg/kg) against various experimental animal 
models exhibited significant (P < 0.05) anti-
inflammatory activity. The effects of MECB and indo-
methacin on the inflammation induced by carrageenan, 
dextran, histamine and cotton pellet induced granuloma 
are summarized in Fig 1 and Fig 2. 

As shown in Fig 1, MECB showed maximum inhibi-
tion of 50.6% at the dose of 200 mg/kg after 3 h of treat-
ment in carrageenan induced paw oedema, whereas the 
standard drug (Indomethacin 10 mg/kg) showed 72.4% 
of inhibition (P < 0.05). In case of dextran induced paw 
oedema, the MECB showed significant inhibition 
(33.0%, 43.2% and 51.1%) in a dose dependent manner 
as compared with control. The MECB showed 52.3% of 
inhibition at the dose of 200 mg/kg whereas indometha-
cin showed 72.1% of inhibition in histamine induced 

paw oedema. In the chronic model (cotton pellet in-
duced granuloma), the MECB (50, 100 and 200 mg/kg) 
and indomethacin showed decreased formation of 
granuloma tissue at 29.6%, 41.3%, 51.8% and 56.6% 
respectively (Fig 2). 

The effect of MECB on acute (carrageenan, dextran 
and histamine) and chronic (cotton pellet induced
granuloma) phase of inflammation, a maximum inhibi-
tion 69.9%, 74.9%, 72.5 and 91.5% respectively was 
noted at the dose of 200 mg/kg when compared with 
standard drug. 

Acetic acid-induced writhing in mice 

The results presented in Table 1, shows th
at the doses of 50,100 and 200 mg/kg a

/kg) exhibited significant (P < 0.01) inhibition of the 
control writhes at the rate of 16.5%, 27.8%, 48.8% and 
66.0% respectively when compared to that of control. In 
addition, MECB at the above mentioned doses, potenti-
ated the analgesic activity of aspirin shown by further 
decreasing the writhing response when given in combi-
nation. 

Hot pla

As shown in Table 2, the ME
cant (P < 0.01) analgesic activity 

en compared to the that of control. Additionally, 
MECB at different doses potentiated the analgesic activ-
ity of the standard drug (Morphine 5 mg/kg). 

Yeast-induced hyperpyrexia 

The subcutaneous injection o
markedly elevated the rectal te

inistration. Treatment with the MECB at the dose of 
50,100 and 200 mg/ kg., body weight decreased the rec-
tal temperature of the rat in a dose dependent manner. 
The antipyretic effect started from the first hour and was 
maintained for 4 h, after administration of the extract. 
The result obtained from both the standard and MECB 
treated rats were compared with the control group and a 
significant reduction in the yeast induced elevated rectal 
temperature was observed (Table 3). 
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Fig 1. Effect of MECB and Indomethacin on Carrageenan, Dextran and 
Histamine induced rat paw oedema. Difference of means of edema 
volume (ml) between control and treatment values at different 
doses±S.E.M.Variation compared to the control animals. ANOVA 
followed by Student's t- test * P < 0.05. 

Fig 2. Effect of MECB and Indomethacin on the proliferative phase of 
inflammation in rats Difference of means of dried cotton pellet weight 
(mg) between control and treatment values at different doses 
S.E.M±Variation compared to the control animals. ANOVA followed 
by Student's t- test * P < 0.05. 
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evaluated for i
ivity in acute and chronic models. A significant (P < 

0.05) anti-inflammatory activity was observed for 
MECB in carrageenan, dextran, histamine induced oe-
dema and cotton pellet-induced granuloma models. 

Carrageenan-induced rat paw oedema has been u
an inflammation model in order to investigate the 

anti-inflammatory effect of drug [20]. There are two 
phases of carrageenan-induced inflammatory reaction: 
early or first phase and later or second phase. It has been 
proposed that early phase results from histamine, sero-
tonin and bradykinin liberation while late phase is asso-
ciated with the release of prostaglandin [21]. In carra-
geenan induced paw oedema the MECB showed maxi-
mum inhibition of 50.6% at the dose of 200 mg/kg after 

3 h of drug treatment. Dextran induced paw oedema is 
known to be mediated both by histamine and serotonin. 
Dextran induces fluid accumulation, which contains 
little protein few neutrophils, where as carrageenan in-
duces protein rich exudation containing large number of 
neutrophil [22]. The MECB also exhibited significant 
anti-inflammatory activity in dextran induced paw oe-
dema. Histamine is one of the important inflammation 
mediators and it is a potent vasodilator substance and 
increases the vascular permeability [23, 24]. This study 
showed that all the doses of MECB effectively sup-
pressed the oedema produced by the histamine, which 
indicates that the extract exhibit its anti-inflammatory 
action by means of either inhibiting the synthesis, re-
lease or action of inflammatory mediators viz. hista-
mine, serotonin and prostaglandin might be involved in 
inflammation.  

From these

Table 1. Effects of MECB and aspirin on writhing induced by acetic
acid in mice. 

Treatment Dose 
(mg/kg) 

Number of 
writhes 

(per 30 min) a
Inhibition 

(%) 

Control - 32.33±2.71 - 
MECB 50 27.00±2.27 b 16.5 
MECB 100 23.33±1.14 b 27.8 
MECB 200 16.54±1.53 48.8 
Aspirin 100 11.00±1.40 b 66.0 
MECB+Aspirin 50+100 10.52±1.53 67.5 
MECB+Aspirin 100+100 9.14±0.72 b 71.7 
MECB+Aspirin 200+100 6.66±0.46 b 79.4 

a The results given are mean±S.E.M.; number of animal used (n=6) 
b P < 0.01 Experimental groups were compared with control 

ematogenic effects of the MECB on carrageenan, 
dextran and histamine induced oedema may be related 
to inhibition of inflammation mediator formation.  

Chronic inflammation is a reaction arising when
te response is insufficient to eliminate proinflamma-

tory agents. Chronic inflammation includes a prolifera-
tion of fibroblasts and the infiltration of neutrophils and 
exudation [25, 26]. Chronic inflammation occurs by 
means of the development of proliferative cells. These 
cells can be either spread or granuloma form [26]. Effi-
cacy of anti-inflammatory agents in chronic inflamma-
tory states is indicated by their ability to inhibit the in-
crease in the number of fibroblasts and synthesis of col-
lagen and mucopolysaccharides during granuloma tissue 
formation [27]. The MECB showed significant (P < 
0.05) anti-inflammatory activity in cotton pellet induced 
granuloma and thus found to be a effective in chronic 
inflammatory condition.  

In order to distinguish

Table 2. Effects of MECB and morphine on hot plate reaction time in
mice. 

Treatment Dose 
(mg/kg) Mean latent time a

  Initial After 30 min 
Control - 8.74±0.72 8.14±0.56 
MECB 50 9.23±0.53 b 13.34±0.93 
MECB 100 9.57±0.89 b 14.25±1.22 
MECB 200 9.12±0.63 15.74±1.26 
Morphine 5 9.74±0.87 b 19.17±1.33 
MECB+Morphine 50+5 9.37±0.51 b 21.37±1.57 
MECB+Morphine 100+5 8.83±0.32 b 23.68±1.32 
MECB+Morphine 200+5 8.93±0.62 27.53±1.21 

a The results given are mean±S.E.M.; number of animal used (n=6) 
b P < 0.01 Experimental groups were compared with control 

eral analgesic action of MECB, acetic acid induced 
writhing responses in mice were used to examine the 
effect. This method is not only simple and reliable but 
also affords rapid evaluation of peripheral type of anal-
gesic action. In this test, the animals react with charac-
teristic stretching behavior, which is called writhing. It 
was found that MECB significantly (P < 0.01) inhibited 
the acetic acid induced writhing response and potenti-
ated the analgesic activity of aspirin as well. The ab-
dominal constriction is related to the sensitization of 
nociceptive receptors to prostaglandins.  It is therefore 
possible that MECB produced analgesic effect may be 
probably due to the inhibition of synthesis or action of 
prostaglandins.  

Table 3. The effect of MECB and paracetamol on yeast-induced pyrexia in rats. 

Rectal temperature (°C) a

After yeast injection at After drug administration Treatment 
0 h 24 h 1 h 2 h 3 h 4 h 

Control Vehicle 5ml/kg 37.9±0.02 39.9±0.03 39.8±0.02 39.9±0.05 39.9±0.05 39.9±0.04 
Paracetamol 150mg/kg 37.9±0.02 b 39.9±0.03 b 38.9±0.02 38.3±0.02 b 37.8±0.04 b 37.7±0.03 
MECB 50mg/kg 37.7±0.04 b 39.8±0.03 b 39.5±0.02 38.7±0.02 b 38.4±0.04 b 38.1±0.06 b

MECB 100 mg/kg 37.6±0.02 b 39.7±0.04 39.3±0.05 b 38.5±0.05 38.1±0.03 b 37.8±0.06 b

MECB 200 mg/kg 37.7±0.07 39.8±0.06 39.7±0.02 b 38.2±0.03 b 37.7±0.05 37.6±0.04 b

a The results given are mean±S.E.M.; number of animal used (n=6) 
b P < 0.01 Experimental groups were compared with control 

www.SID.ir



Arc
hi

ve
 o

f S
ID

 

34 |  IJPT  |  Autumn 2003  |  vol. 2  |  no. 2  Gupta et al. 
 

method was originally described by 
Wo

 be a result of infection or one of the se-
que

n be 
con

ACKNOWLEDGEMENT 
One of the a ar is grateful to 

AI

REFERENCES 
k MJ, Arvigo R, Esposito RG, Pizza C, Altinier G, 

2.  Medical pharmacology, in terms of rational treat-

3. Materia Medica. Popular Prakashan. 

4.  medicinal plants. Vol II, 2  ed. 

5. 

6. harma LK, Prakash A. Indigenos drug treat-

7.  of Caesalpinia 

8. iconvulsants in 

9. se GS. Antidiarrheal activity of the nut of 
Caesalpinia bonducella F. Ind J Pharmacol 1965;27:307-308. 

 
J 

11. 
aves. Ind J Pharmacol 1978;10:86-

12. 
acognosy of Indogenous Drugs. Part-1, Central 

13. 
 role of C. bonducella on Paracetamol-

14. 
 and liver glycogen activities in hydrocartisone 

15. 
the aqueous ex-

16. 
at as assay for Anti-inflammatory drugs. Exp 

17. 
ademic Press, New York: 1965.p. 

18. 
 Toxicol Appl Pharmacol 1972;22:672-675. 

:99-135. 

21. 
nflammatory and analgesic activity of an in-

22. 

 and sensory neurons in the plasma exudation 

24. 
 rat. Inflamm Res 

25. 
utors", In : Porth C.M., Lippincott eds. Phila-

26. 
ew York; 1988. p. 119-120. 

 Planta 

28. 
ydrochloride. J Pharmacol Exp Ther 

29. 
 antinocipetive drug effects in the presence of im-

30. 

men acol-
ogy, Jadavpur University, Calcutta 700032, India.
E-mail: sambathju2002@yahoo.co.in 

The hot plate 
olfe and Mac Donald [28]. This test has been found 

to be suitable for the evaluation of centrally but not of 
peripherally acting analgesics. The validity of this test 
has been shown even in the presence of substantial im-
pairment of motor performance [29]. The present find-
ings of the study indicate that the MECB may be cen-
trally acting. 

Fever may
lae of tissue damage, inflammation, graft rejection, 

or other disease states. Antipyretic are drugs, which 
reduce elevated body temperature. Regulation of body 
temperature requires a delicate balance between produc-
tion and loss of heat, and the hypothalamus regulates the 
set point at which body temperature is maintained. In 
fever this set point is elevated and a drug like paraceta-
mol do not influence body temperature when it is ele-
vated by factors such as exercise or increases in ambient 
temperature [30]. The present result show that the 
MECB possesses a significant antipyretic effect in 
yeast-provoked elevation of body temperature in rats 
and its effect is comparable to that of paracetamol. 

Based on the results of the present study it ca
cluded that MECB has potential activity against both 

acute and chronic phases at a dose range of 50-200 
mg/kg. b.w. Of the three doses the dose of 200 mg/kg is 
found to be more potent and efficacious towards the 
anti-inflammatory, analgesic and antipyretic activity, 
when compared with control and the activity is in dose 
dependent manner. More detailed phytochemical studies 
are, however, necessary to identify the active princi-
ple(s) and exact mechanism(s) of action. 

uthors R. Sambath Kum
CTE, New Delhi, India, for providing financial sup-

port to this work. 

1. Sosa S, Balic
et al. A Screening of the topical Anti-inflammatory activity of 
some Central American plants. J Ethanopharmacol 2002;8:211-
215. 
Kayaalp SO.
ment (Rasyonel tedavi yonunden tibbi farmakoloji), Ankara: Ha-
cettepe-Tas Ltd.Sti; 1998. 
Nadkarni AK. In: Indian 
Bombay, India, 1954. p. 229. 
Kirtikar KR, Basu BD. Indian nd

Dehradum, India Bishen Mahendra Pal Singh. 1975. p. 842-844. 
Agrawal RC, Kapadia LA. Treatment of piles with indigenous 
drug-Pilex tablets and ointment alone with styplon. Probe 
1982;21:201-204. 
Vijayasarathy V, S
ment for hemorrhoids. Probe 1982;20:285-287. 
Neogi NC, Nayak KA. Biological investigation
bonducella F. Ind J Pharmacol 1958;20:95-100. 
Adesina SK. Studies on some plants used as ant
ameridian and african traditional medicine. Fitoterapia 
1982;53:147-162. 
Iyengar MA, Pend

10. Dhar ML, Dhar MM, Dhawan BN, Mehrotra BN, Roy C. 
Screening of Indian medicinal plant for biological activity. Ind 
Expt Biol 1968;6:232-247. 
Gayaraja S, Shinde S, Agarwal SL. Antiasthmatic properties of 
Caesalpinia bonducella Le
88. 
Raghunathan K, Mitra R, Karanja. In. Raghunathan K, Mitra. R., 
eds, Pharm
Councial for Research in Ayurveda and Siddha. New Delhi, In-
dia, 1982. p. 484-510. 
Gupta M, Mazumder U K, Sambath Kumar R. Hepatoprotective 
effect and antioxidant
induced hepatic damage in rats. Natural product Sciences 
2003;9:186-191. 
Winter CA, Poster CC. Effect of alteration in side chain up on 
anti-inflammatory
ester. J Amer Pharmacol Soc 1957;46:515-519. 
Suleyman H, Demirezer LO, Kuruuzum A, Banoglu ZN, Gocer 
F, Ozbakir G, et al. Anti-inflammatory effect of 
tract from Rumex patientia L, roots. J Ethanopharmacol 
1999;65:141-148. 
Winter CA, Risely EA, Nuss GW. Carregeenin induced oedema 
in hind paw of the r
Biol Med 1962;111:544-547. 
Turner RA. In analgesics: Screening Methods in Pharmacology. 
Turner R, Ebborn P, eds. Ac
100. 
 Loux JJ, De Palma PD, Yankell SL. Antipyretic testing of aspi-
rin in rats.

19. Litchfield JT, Wilcoxon F. A simplified method of evaluating 
dose-effect experiments. J Pharmacol Ex Ther 1949;96

20. El-Shenawy SM, Abdel-Salam OM, Baiuomy AR, El-Batran S, 
Arbid MS. Studies on the Anti-inflammatory and anti-
nociceptive effects of melatonin in the rat. Pharmacol Res 
2002;46:235-243. 
Ogonowski AA, May WS, Moor AB, Barret LT, Bryant CL, 
Pollock SH. Anti-i
hibitor of neuropeptide amidation. J Pharm Exp Ther 
1997;280:846-853. 
Kumar V, Robbin SL. Basic Pathology, Translated ed. by Ugur 
Cevikbas, 1995. 

23. Linardi A, Costa SKP, da Silva GR, Antunes E. Involvement of 
kinins, mast cells
and paw oedema induced by Staphylococcal entrotoxin B in the 
mouse. Eur J Pharmacol 2002;399:235-242. 
Cuman RKN, Bersani-Amadio CA, Fortes ZB. Influence of type 
2 diabetes on the inflammatory response in
2001;50:460-465. 
Dunne MW. Pathophysiology: "Concepts of altered Health 
States with Contrib
delphia; 1990. p. 165-176. 
Arrigoni-Maratellie E. Inflammation and Anti-inflammatory, 
Spectrum Publication Inc, N

27. Recio MC, Giner RM, Manez S, Ros JL. Structural requirements 
for the anti-inflammatory activity of natural triterpenoids.
Med 1995;6:182-185.  
Woolfe G, MacDonald AD. The evaluation of the analgesic 
action of pethidine h
1994;80:300. 
Plummer JL, Cmielewski PL, Gourly GK, Owen H, Cousins M. 
Assessment of
paired motor performance. J Pharmacol Meth 1996;26:79. 
Goodman and Gilman, The pharmacological Basis of Therapeu-
tics. 19th ed. New York: Mc Graw-Hill; 1996. p. 959-975. 

Address correspondence to: Prof. Malaya Gupta, Depart-
t of Pharmaceutical Technology, Division of Pharm

www.SID.ir


