
International Journal of Green Pharmacy| July-September 2009 | 206

Address for correspondence: Dr.Vedasiromoni Joseph R, Drug Development Department, Indian Institute of Chemical Biology, 4, Raja S.C. Mullick 
Road, Kolkata – 700032, India. E-mail: vedasiromoni@gmail.com
Received: 09-04-2009; Accepted: 10-06-2009; DOI: 10.4103/0973-8258.56275

of India, Sibpur, Howrah, India, where a voucher specimen 
is kept (SG 001). The fresh seeds were supplied on the day 
of collection in polybags.

Extraction and Preparation of Test Samples
One kg of S. mahagoni seeds was sun dried, ground in a 
laboratory grinder, and soxhleted for 72 hours in petroleum 
ether at 20–30°C. Petroleum ether was evaporated by a 
rotary evaporator to get 69 g of pale yellow liquid with 
precipitate of a white colored amorphous compound. 
The residue was dried and again soxhleted for 48 hours 
in methanol at 70°C. Methanol was evaporated to obtain 
a dark brown powder (10 g) that was kept in a dessicator 
at 4°C. This material was designated as SMSE (S. mahagoni 
seed extract) and was dissolved in distilled water to make 
a stock solution that was prepared fresh before the animal 
experiments were carried out.

Animals
Experiments were carried out on albino rats (Sprague–
Dawley strain) weighing 125–150 g and Balb-C mice 
weighing 20–25g bred in the Institute’s animal house. The 
animals were housed under conditions of 24 ± 2°C, 50 ± 
5% humidity and 12 hours light and 12 hours dark cycle. 
During maintenance, the animals received a diet of food 
pellets (fortified with minerals and vitamins) prepared in 

INTRODUCTION

Seeds of medicinal plants are common ingredients of 
many folk and herbal medicines,[1-3] and seed extracts 
have been reported to possess pharmacological activity 
including anti-inflammatory activity.[4-7] Swietenia 
mahagoni Jacq (Meliaceae) is a large evergreen tree of 
immense oriental value. Not much work has been 
done with the seeds of this plant. The work carried 
out with the seed extract so far has revealed that 
it contains triterpenoids possessing anti-platelet 
activity and limonoids possessing anti-microbial 
activity.[8,9] Since the plant belongs to the same 
meliaceae family as neem (azadirachta indica), it is 
expected that it might also be a storehouse of many 
chemicals of medicinal and pharmacological interest. 
In the present investigation, the methanolic extract of 
the dried ground seeds has been evaluated for anti-
inflammatory, analgesic, and antipyretic activities.

MATERIALS AND METHODS

Plant Materials
The seeds of S. mahagoni were collected by a local 
supplier from in and around Kolkata, India, in 
2003. The plant was identified by Botanical survey 
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the animal house and water ad libitum. All animal studies 
were carried out after getting clearance from Institute 
Animal Ethics Committee (IAEC).

Chemicals
Acetyl salicylic acid, arachidonic acid, carrageenan, croton oil, 
ibuprofen, indomethacin, and Freund’s complete adjuvant 
were purchased from Sigma; acetic acid from M/S E. Merck 
and BW 755C was a gift from Burrows Welcome and all other 
chemicals were of analytical grade purchased locally.

Acute Toxicity Studies 
Mice were divided into groups of 10 and SMSE was injected 
i.p in increasing doses. The LD50 (24 hours) was calculated 
according to Ghosh.[10]

Anti-inflammatory Studies
Carrageenan-induced edema
The rats were divided into four groups (n = 6) and the first 
group served as the control and received normal saline (0.1 
ml/100 g i.p.) The second group was administered with 
ibuprofen (100 mg/kg i.p.) as the standard reference drug. 
Groups 3 and 4 received 50 mg and 100 mg/kg i.p. SMSE, 
respectively. Edema was produced by the method described 
by Winter et al.[11] Carrageenan (0.1 ml/100 g from a 10 mg/
ml solution) was injected into the plantar aponeurosis of 
right hind paw of the rats of all the groups 30 minutes later. 
The left hind paw served as the control. The paw volume 
was measured after 4 hours using a plethysmometer (UGO 
BASILE).

Cotton pellet-induced granuloma 
Two autoclaved cotton pellets weighing 10 ± 1 mg were 
implanted subcutaneously into both sides of the groin 
region of each rat.[12] The animals were divided into four 
groups containing six animals in each group. Group I served 
as control and received normal saline daily at a dose of 
0.1 ml/100 g i.p. body weight, group II received ibuprofen 
(standard drug) daily at a dose of 100 mg/kg i.p. and groups 
III and IV received SMSE at doses of 50 mg and 100 mg/kg 
i.p., respectively, for seven consecutive days. After 7 days 
the animals were sacrificed by cervical dislocation and the 
pellets together with the granuloma tissues were carefully 
dissected, dried in an oven at 60°C weighed and compared 
with control.[12]

Croton oil-induced ear inflammation 
Croton oil irritant solution (0.1 ml) prepared according to 
Brooks et al.[13] was applied to the inner surface of the right 
ear of mice. The mice were divided into four groups of 
six animals in each group. While mice of group I (control) 
received 0.1 ml/10 g of normal saline i.p, those of group 
II received 100 mg/kg i.p. ibuprofen (standard drug) and 
mice of groups III and IV were administered with 50 mg 

and 100 mg/kg i.p of SMSE, respectively, 30 minutes before 
croton oil application. The mice were sacrificed by cervical 
dislocation after 4 hours, and 7 mm punches were made 
in the ear by a cork borer. Each ear disc was weighed and 
compared with control.

Freund’s adjuvant-induced polyarthritis
The method of Newbould[14] was followed. Twenty-
four male albino rats were divided into four groups of 
six animals in each group. On day 1, 0.1 ml of Freund’s 
complete adjuvant was injected into the plantar pad of each 
rat. While rats of group I (control) received 0.1ml/100g of 
normal saline i.p, those of group II received 100 mg/kg i.p. 
ibuprofen and groups III and IV received 50 mg and 100 
mg/kg SMSE i.p., respectively, for twenty-one consecutive 
days. The paw volume for each group was measured 
using plethysmometer (UGO BASILE) on day 0 before 
administration of adjuvant and on day 21 after treatment 
and the percentage inhibition was calculated. Severity and 
development of secondary lesions were also compared.

Arachidonic acid-induced paw edema
The rats were divided into five groups of six animals in each 
group. Group I served as control and received 0.1 ml/100 
g i.p of normal saline and groups II and III received 50 mg 
and 100 mg/kg SMSE i.p., respectively. Animals of group IV 
received indomethacin (10 mg/kg i.p.) and group V received 
the dual blocker BW-755C (100 mg/kg i.p.) Paw edema was 
induced by a single injection of 0.1 ml of 0.5% arachidonic 
acid in 0.2 M carbonate buffer (pH 8.4) into the right hind 
paw (subplantar) of rats 30 minutes after drug treatment. 
Hind paw volume was measured 1 hour after arachidonic 
acid injection.[15]

Analgesic Activity 
Writhing in mice 
The mice were randomly divided into four groups (6 mice/ 
group). Mice of the first group (control) received normal 
saline (0.1 ml/10 g) i.p., the second group received 100 mg/
kg i.p. ibuprofen and the third and fourth groups received 
50 mg and 100 mg/kg i.p. SMSE, respectively. Thirty minutes 
later, each mouse was administered 0.1 ml/ 10 g i.p. of 1% 
acetic acid. Writhing response was observed by the method 
of Turner.[16] The time of onset of writhing and the number 
of writhing in 15 minutes were noted.

Tail clip method
It was done in mice by applying a metal artery clip at the base 
of the tail with its jaw sheathed with thin rubber tubing.[17] 
Those mice that did not show any effort to dislodge the clip 
within 15 seconds were rejected. The tail clip was applied 
30, 60 and 90 minutes after i.p. administration of 50 mg/kg 
SMSE and 100 mg/kg SMSE i.p. Normal saline (0.1 ml/g i.p.) 
was used as control and 100 mg/kg i.p. of ibuprofen was 
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used as a reference analgesic agent. It was considered as a 
response if there was no attempt by the mouse to dislodge 
the clip within 15 seconds.

Tail- flick method
The antinociceptive effect of the test substance was 
determined by the tail-flick method described by Sewell and 
Spencer.[18] One to 2 cm of the tail of mice was immersed 
in warm water kept constant at 55 ± 1°C (Swan scientific 
instruments). The reaction time was the time taken by the 
mice to deflect their tails. The first reading is discarded 
and the reaction time was taken as a mean of the next two 
readings. Balb-C mice were randomly divided into four 
groups (six in each). Mice of group I (control) received 
normal saline (0.1 ml/10 g) i.p. and those of group II 
ibuprofen (100 mg/kg i.p.) and groups III and IV received 
50 and 100 mg/kg i.p. of SMSE, respectively. Thirty minutes 
later, the tail was immersed in the water bath and tail flick 
response was recorded. The same experiments were carried 
out after 60 minutes and 120 minutes again.

Antipyretic Studies 
Brewer’s yeast-induced pyrexia
All experiments were conducted at a room temperature of 
28 ± 1°C. Pyrexia was induced in rats by injecting Brewer’s 
yeast (2 mg/kg i.p) following the method of Bruguerolle 
and Roucoules.[19] After 18 hours, those rats whose rectal 
temperature rose to a minimum of 101.3° F were selected 
and divided into three groups (n = 6). Group I (control) 
received normal saline (0.1 ml/100g i.p.) and groups II and 
III received 50 and 100 mg/kg i.p. of SMSE, respectively. 
Rectal temperature was recorded using a telethermometer 
(Aplab) first after 30 minutes and then after 60 minutes for 
the next 4 hours. 

Effect on normal peritoneal cell
Seventy-two mice were divided into three groups of 24 
mice in each group. While group I received 0.1 ml/10g i.p. 
normal saline, groups II and III received 50 and 100 mg/
kg i.p. of SMSE, respectively. Total peritoneal exudate cells 
were counted from each group (six mice at a time) at 6, 12, 
24 and 48 hours of treatment and compared.[20] The number 
of phagocytes was also determined by staining with 1% 
neutral red solution using a hemocytometer.

Statistical analysis
Data are presented as arithmetic mean ± S.E.M. of least six 
experiments. Statistical analysis was performed by one-way 
analysis of variance (ANOVA) followed by Dunnett’s test or 
by Student’s paired ‘t’ test. “P” value <0.05 was considered 
statistically significant. 

RESULTS

Acute Toxicity Studies
It was found that SMSE was non-toxic up to 1.2 g/kg, i.p. 
body weight up to 24 hours. The two doses of SMSE used 
in the study were 50 and 100 mg/kg i.p.

Anti-inflammatory Studies
Carrageenan-induced edema
SMSE inhibited carrageenan-induced paw edema by 56.8% 
at a dose of 50 mg/kg and 68% at the dose of 100 mg/kg 
i.p. that were more than the 50% inhibition produced by 
ibuprofen, the standard drug [Table 1].

Croton oil-induced ear inflammation
SMSE inhibited croton oil-induced ear inflammation in mice. 
While it inhibited the inflammation by 7.35% at a dose of 
50 mg/kg, the higher dose of 100 mg/kg SMSE produced 
an inhibition of 47.06% that was comparable to the 54.4% 
inhibition produced by the standard drug ibuprofen [Table 1].

Cotton pellet-induced granuloma
The increase in the dry weight of cotton pellet granuloma 
was compared with the control. It was found that 50 mg/
kg i.p. of SMSE produced 28.29% inhibition of the increase 
in dry weight and 100 mg/kg i.p. SMSE produced 42.86% 
inhibition. However, ibuprofen, the standard drug, could 
produce only 14.29% inhibition in this model [Table 1].

Freund’s adjuvant induced polyarthritis
SMSE inhibited polyarthritis in rat and this effect did 
not increase with the increase in dose. In fact, the effect 
produced by the lower dose of SMSE i.e. 50 mg/kg i.p. i.e. 
53.79% inhibition was more than the 38.62% inhibition 
produced by the higher dose of 100 mg/kg i.p. and the effect 
produced by 50 mg/kg SMSE was a little more than the 
50.69% inhibition produced by ibuprofen [Table 1]. 

Table 1: Effect of Swietenia mahagoni seed extract on four different models of inflammation
Drug Dose (i.p.) Carrageenan-induced 

paw edema (volume 
in ml)

Croton oil-induced 
ear inflammation 

(mg)

Increase in cotton 
pellet wt. (mg)

Freund’s adjuvant-
induced arthritis 
(volume in ml)

N. Saline 0.1 ml/100 g 0.44 ± 0.22 68 ± 2.137 70 ± 1.832 0.29 ± 0.034
Ibuprofen 100 mg/kg 0.22 ± 0.036* 31 ± 1.719* 60 ± 1.832* 0.143 ± 0.029*
SMSE 50 mg/kg 0.19 ± 0.048* 63 ± 1.511 50 ± 3.419* 0.134 ± 0.011*
SMSE 100 mg/kg 0.14 ± 0.016* 36 ± 1.719* 40 ± 1.814* 0.178 ± 0.02*
Data are expressed as mean ± SEM. Statistical analysis was done by one-way analysis of variance (ANOVA) followed by Dunnett’s test or by Student’s t-test. *Significant inhibition 
as compared to control (P <0.05).
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Arachidonic acid-induced paw edema
Arachidonic acid injection (subplantar) in right hand paw 
produced significant edema after 1 hour. Indomethacin, the 
cyclo-oxygenase blocker, inhibited it by 16.09%, whereas 
BW755C, the dual blocker, inhibited it by 83.90 %. SMSE at 
doses of 50 and 100 mg/kg inhibited the edema by 53.64% 
and 71.45 %, respectively, which suggested that the extract 
behaved like BW755C [Table 2].

Analgesic Effects
Writhing in mice
SMSE (100 mg/kg i.p.) significantly reduced acetic acid-
induced writhing in mice in a time-dependent manner 
[Table 3]. SMSE was more effective than ibuprofen in this 
activity [Table 3].

Tail clip test
Significant analgesic activity was shown by SMSE in a time-
dependent manner and the effect of both the doses of SMSE 
tested was more than that produced by the standard drug, 
ibuprofen (data not shown).

Tail flick test
SMSE showed significant analgesic activity in this model 
also and the effect was time dependent. On a weight-to-

weight basis, the analgesic activity of SMSE was more than 
that produced by ibuprofen, the standard agent (data not 
shown). 

Antipyretic study
Brewer’s yeast at a dose of 2 mg/kg i.p. increased the rectal 
temperature by ~1°F. SMSE up to 100 mg/kg i.p. did not 
show any significant antipyretic activity.

Effect on normal peritoneal cell
It was observed that the average number of macrophages 
was increased after SMSE treatment in a dose-depedent 
manner as compared to the control [Table 4].The linear 
increase was effective up to 24 hours and then on the 48th 
hour the count came down [Table 4].

DISCUSSION

The present study revealed that SMSE possesses significant 
anti-inflammatory and analgesic activity in experimental 
animals at doses of 50 and 100 mg/kg i.p. The anti-
inflammatory effect of SMSE could be observed in acute 
(carrageenan and arachidonic acid-induced paw edema 
in rat and croton oil-induced ear inflammation in mice), 
sub-chronic (cotton pellet-induced granuloma in rat) and 
chronic (Freund’s complete adjuvant-induced polyarthritis 
in rat) models of inflammation. Since SMSE inhibited edema 
similar to that of the dual-blocker BW755C in arachidonic 
acid induced-paw edema in rat and since indomethacin 
failed to show any significant inhibitory effect in this 
model, it is plausible that SMSE reduced inflammation 
by blocking both the lipo-oxygenase and cyclo-oxygenase 
pathways of arachidonic acid metabolism. The observation 
that SMSE significantly reduced inflammation in the 
Freund’s adjuvant-induced polyarthritis in rat reveals 
that SMSE possesses anti-arthritic activity as well. It is 
interesting to note that in all models of inflammation, the 
effect produced by 100 mg/kg i.p. of SMSE was either more 
than or comparable to that produced by 100 mg/kg i.p. of 
ibuprofen, the standard NSAID.

While SMSE reduced acetic acid-induced writhing 
significantly it also showed analgesic activity in tail clip and 
tail flick models of analgesia in a time- and dose-dependent 
manner in comparison to ibuprofen, the reference anti-
inflammatory agent. The extract did not possess significant 
antipyretic activity. 

Table 2: Effect of Swietenia mahagoni seed extract on 
arachidonic acid induced paw oedema in rats
Drug Dose (i.p.) Difference in paw volume in ml 

(% Inhibition as compared to 
saline control)

N. Saline 0.1 ml/100g 4.66 ± 0.423
Indomethacin 10 mg/kg 3.91 ± 0.714 (16.09)
BW755C 100 mg/kg 0.75 ± 0.112 *(83.90)
SMSE 50 mg/kg 2.16 ± 0.248 *(53.64)
SMSE 100 mg/kg 1.33 ± 0.211 *(71.45)
Statistical analysis was done by one-way analysis of variance (ANOVA) followed by 
Dunnett’s test or by Student’s t-test. *Significant inhibition as compared to control (P 
<0.05).

Table 3: Effect of Swietenia mahagoni seed extract on 
acetic acid induced writhing in mice
Drug Dose (i.p.)  Number of writhing (mean ± SEM)

N. Saline 0.1 ml/10g 33.33 ± 2.11
Ibuprofen 100 mg/kg 9.2 ± 0.78*
SMSE 50 mg/kg 13.66 ± 2.11*
SMSE 100 mg/kg 8.1 ± 1.40*
Statistical analysis was done by one-way analysis of variance (ANOVA) followed by 
Dunnett’s test or by Student’s t-test. *Significant inhibition as compared to control  
(P <0.05).

Table 4: Effect of Swietenia mahagoni seed extract on macrophage cell count in mice
Drug Dose (i.p.) Number of macrophages × 104

6 hours 12 hours 24 hours 48 hours

N. Saline 0.1 ml/10g 122 ± 10.51 120 ± 9.87 123 ± 10.23 119 ± 9.26
SMSE 50 mg/kg 151 ± 9.98 201 ± 23.42* 345 ± 12.32* 304 ± 15.33*
SMSE 100 mg/kg 180 ± 7.1 240 ± 11.5* 458 ± 13.24* 417 ± 7.0*
Statistical analysis was done by one-way analysis of variance (ANOVA) followed by Dunnett’s test or by Student’s t-test. *Significant inhibition as compared to control (P <0.05).
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To evaluate whether SMSE treatment has any effect on 
cell growth, the effect of SMSE was evaluated on the 
peritoneal exudate cells of normal mice. Normally each 
mouse contains about 5 × 106 intraperitoneal cells (similar 
to the observation in the present study), 50% of which are 
macrophages. SMSE treatment enhanced the peritoneal cell 
count and also the number of macrophages. Nonspecific 
accumulation of macrophages occurs in the peritoneal 
cavity after injection of certain materials such as casein, 
Freund’s complete adjuvant, and thioglycolate. Mature 
macrophages in the untreated peritoneal cavity are mostly 
residential. Intraperitoneal injection of different agents 
leads to exudation and intraperitoneal accumulation of new 
macrophages, which differ from mature macrophages. It has 
been reported that generally the exudate macrophages are 
more active than the residential mature ones in their ability 
to spread on the surface to which the cells are attached, 
receptor size of the cell coat, response to chemotactic 
stimuli, and composition of cell wall.[21] Though the actual 
role of SMSE in the enhancement of peritoneal cell count 
and macrophage count cannot be explained at the present 
juncture, it is possible that SMSE may also alter the immune 
response along with the anti-inflammatory effect. However, 
the cellular inflammatory ratio (neutrophil–macrophage–
lymphocyte) needs to be assessed in the presence of SMSE 
to substantiate such a possibility. In this connection, it is 
worth mentioning that enhancement of peritoneal cell 
count and the number of macrophages in normal mice has 
been reported to occur with compounds possessing anti-
inflammatory properties.[22,23]

It is well known that there is a close relationship between 
inflammation and cancer.[24,25] It has been reported that 
tumor promoters recruit inflammatory cells to the 
application site and cancer development may also act by 
aggravating inflammation in the tissue and vice versa and 
that inflammatory cells are capable of inducing genotoxic 
effects.[26] So it is likely SMSE may possess anti-tumor 
activity as well.
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