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ABSTRACT

Barringtonia acutangula (L.) Gaertn. (Family: Lecythidaceae) has been used in different formulations in Ayurveda for the treatment
of various ailments. Among many, it has been indicated for joint pain. The objective of the present study therefore was to assess the
anti-nociceptive and anti-inflammatory activity of the crude ethanolic root extract of the plant. Two doses of 250 mg/kg and 500
mg/kg body weight were orally administered to mice and rats to evaluate the anti-nociceptive activity using the Hot Plate and Acetic
Acid Writhing tests. In both the tests the experimental animals exhibited analgesia in a dose dependent fashion. Maximum
percentage inhibitions of analgesia induced by the root extract were 91.33% and 13.80% for the Hot Plate and Acetic Acid Writhing
test, respectively. Carrageenan Induced Rat Paw Edema (acute model) and Cotton Pellet Induced Granuloma (chronic model) tests
were used to evaluate the anti-inflammatory properties of the root extract using the same two doses. Maximum percentage
inhibitions of inflammation of 26.82% and 24.56% were recorded for the acute and chronic models, respectively. In both the tests
inhibitions were induced dose-dependently. Our findings thereby confirm that Barringtonia acutangula roots possess significant
central and peripheral anti-nociceptive as well as anti-inflammatory activity.

Keywords: Barringtonia acutangula, Anti-nociceptive, Anti-inflammatory, Root extract.

INTRODUCTION

he practice of the medical application of herbs can

be traced back to the earliest chronicled times in

the history of Man as plants had been used for
treating and preventing diseases in almost all ancient
civilizations until the advent of iatrochemistry in the 16"
century. Even in the passage of the recent ‘synthetic’ age,
people have tried to revive the traditional practice of
usage of natural drugs on account of the decreasing
efficacy and increasing side effects of such synthetic
drugs. At present, plant drugs with substantiated
medicinal value are prescribed in almost all
pharmacopoeias in the world. Separate herbal
pharmacopoeias are maintained by countries such as the
United Kingdom, Russia and Germany. The basis of their
usage is grounded on the knowledge of the experiences
of popular medicine (traditional or popular medicine) or
on the results of new evidential experimental data
(conventional medicine). The medical usage of only few
plant species have been scientifically evaluated and even
more limited are the safety and efficacy data for such
plants. More vigorous and extended research is needed
to substantiate the traditional practice of these medicinal
plants.*®

Barringtonia  acutangula (L)  Gaertn.  (Family-
Lecythidaceae) is an evergreen tree which ranges from 5
to 8 metres. Structurally it consists of leaves which have
an obovate shape, a grey bark which is full of rough
fissures, red flowers housed in pendulous racemes and
four-sided fruits which are usually 20 cm long. Known
locally as Hijjol in Bangladesh, it thrives in the tropics
especially in the regions of Southeast Asia, Australia and

Africa. Its abundance is particularly noticeable on river
banks, ponds, lakes and other low lying areas.**°

Barringtonia asiatica and Barringtonia racemosa are
other species of Barringtonia. B. asiatica is used to treat
rheumatism and B. racemosa has been prescribed in the
Ayurvedic literature in the treatment of pain,
inflammation and rheumatism. B. acutangula has been
used in Ayurvedic medicine formulations like Nichuladi
lepa, Apachihara lepa, Lakshmivilasa rasa, Taptaraja taila
based on folklore in the remedy of joint pain, intermittent
fever, eye diseases, stomach disorders, diarrhoea, cough,
dyspnoea, anthelmintic, leprosy, hemiplegia, spleenic
disorders and poisoning. Traditional Ayurvedic uses of the
plant also include inflammation, diseases of the skin,
leprosy, dysmenorrhea, hemorrhoids, flatulence, and as
anthelmintic."*™

Properties of B. acutangula such as antibacterial activity
of stem bark and twigs have been documented.
Anticancer, antidiarrheal, antioxidant and
hepatoprotective activities of the leaves, hypoglycemic
activities in fruits, anti-diabetic, hypolipidemic and
antioxidant activities of the root, and anti-scorpion
venom activity of the plant have also been reported. Anti-
nociceptive activity has been experimentally evaluated of
the leaves although no experimental studies on the anti-
nociceptive and anti-inflammatory properties of the root
of the plant have been recorded. The objective of the
present study therefore is to ascertain the anti-
nociceptive and anti-inflammatory properties employing
in-vivo studies of the crude ethanolic root extract of B.
acutangula and justify the medical usage of this plant in
traditional folklore medicine.">*®
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MATERIALS AND METHODS
Plant Collection and Identification

The root of B. acutangula was obtained from
Jahangirnagar  University campus, Savar, Dhaka,
Bangladesh. The identification of the plant was done by
Shah Md. Ahsan Habib, Senior Herbarium Technician at
the Bangladesh National Herbarium, Dhaka, Bangladesh.
A voucher specimen (Accession no. DACB 38202) was
deposited in the Herbarium for future reference.

Plant material Preparation and Extraction

After collection, the root of B. acutangula was cleaned,
cut into smaller pieces and dried in shade. The dried root
was powdered using mixer grinder and a weighed amount
of 1000g of the powder was passed through the sieve
number 20 to collect the fine uniform powder. Cold
solvent extraction was employed to extract the powder
with ethanol (95% v/v, 3L) for two times in seven days.
After collection, the filtrate was concentrated in a rotary
vacuum evaporator (Bibby RE-200, Sterilin Ltd., UK) under
reduced pressure at a temperature of 50°C to give a
blackish brown dried extract (68.8 g, yield ratio 6.9%
w/w) which was refrigerated for experimental use.”’

Animals

Anti-nociceptive and anti-inflammatory activities were
evaluated using Swiss albino mice (Mus musculus) of
either sex weighing between 20g and 25g and aged
between 4 to 5 weeks, and male Wistar albino rats
(Rattus norvegicus) weighing between 150g and 180g,
respectively. The animals were procured from the Animal
House of the Pharmacy Department of Jahangirnagar
University. They were kept in a cross ventilated
laboratory and were acclimatized to standard laboratory
conditions maintained at temperature of 25+2°C, relative
humidity of 55 +5%, and light and dark cycles of 12:12
hours for one week before the experiment. They were
housed in standard cages which were cleaned on a
routine basis and had free access to standard nutritional
diet of rodent pellets and water ad libitum. The
experiments were conducted in accordance with the UK
Home Office regulations (UK Animals Scientific
Procedures Act 1986) and the ‘Principles of Laboratory
Animal Care’ (National Institutes of Health publication no.
86-23, revised 1985) and were approved by the Ethics
Committee on Animal Research, North South University.

Phytochemical Screening

Crude ethanolic extract of B. acutangula root was
subjected to phytochemical screening to qualitatively
detect the presence of tannins, flavonoids, saponins,
gums, steroids, alkaloids, reducing sugars, and terpenoids
following the phytochemical procedures as described.”?

Chemicals

Acetic acid was the product of Merck (Germany), and
Carrageenan was of Sigma Aldrich (USA). Diclofenac
sodium and Tramadol were purchased from Novartis
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(Bangladesh) Ltd. Sterile normal saline was the control. All
the other chemicals used in the experiments were of
analytical grade.

Evaluation of In Vivo Anti-nociceptive activity

Acetic acid induced writhing test***

Acetic acid induced writhing test was conducted on mice
fasted with free access to water for 12 hours prior to the
experiment. The four groups of mice (n=6) were divided
as follows:**

Group I- Control group received 0.9% saline solution (0.25
ml, p.o.)

Group II- Standard group received Diclofenac sodium
(positive control, 20 mg/kg, p.o.)

Group llI-Test group received the root extract (250 mg/kg,
p.o.)

Group IV- Test group received the root extract (500
mg/kg, p.o.)

An hour after administration, the mice were injected
intraperitoneally(i.p.)with 0.1mL 0f0.6% (v/v solution)
acetic acid. The mice were placed in different boxes and
two to three minutes after the injection they started
experiencing writhing. The number of writhes were
counted for the next ten minutes. The experiment was
repeated twice. Comparison of the values obtained from
the positive control group and the test groups were
compared with those of the control group. Percent
writhing response was calculated as:

PWR = (We-Wy)/We x 100

Where, W; and W, represent the mean number of
writhes of treatment and control groups, respectively

Hot plate method ***

The assessment of analgesia was conducted by a slight
modification of the hot plate test on mice (n=6) in four
groups as described below:

Group |- Control group received 0.9% saline solution (0.25 ml,
p.o.)

Group lI- Standard group received Tramadol (positive control, 10
mg/kg, p.o.)

Group llI-Test group received the root extract (250 mg/kg, p.o.)
Group IV- Test group received the root extract (500 mg/kg, p.o.)

The mice had free access to only water for 12 hours
before the experiment. They were subjected to a
screening test, to ensure behavioral consistency, prior to
the experiment on the hot plate apparatus (UGO- BASIL,
Model-35100-001, Italy) set at a temperature of 55
+0.1°C. Nociceptive response was elicited by the mice
during sensation of thermal pain (licking the fore or hind
paws, or jumping).Mice with reaction time (the time the
mouse stayed on the hot plate without licking or jumping)
beyond a maximum cut-off time of 20 seconds were
rejected to prevent possible tissue damage or blister
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formation. Record of the reaction time (i.e. latency time)
was carried out before as well as after receiving
treatment. The reading times were scheduled as Oh, %h,
1h, 2h, 3h and 4h after the treatment. Percent analgesia
was calculated using the following formula:

PA = (La-Lo)/La x 100

Where, Ly and Lc represent mean latency time of
treatment and control groups, respectively

Evaluation of In Vivo Anti-inflammatory activity
Carrageenan induced rat paw edema method

In carrageenan induced rat paw edema experiment the
rats (n=5) were grouped as follows:*®

Group |- Control group received 0.9% saline solution (0.5 ml,
p.o.)

Group II- Standard group received Diclofenac sodium (positive
control, 20 mg/kg, p.o.)

Group llI-Test group received the root extract (250 mg/kg, p.o.)
Group IV- Test group received the root extract (500 mg/kg, p.o.)

The animals were fasted overnight with water given ad
libitum. Half an hour after receiving treatment, edema
was induced by subcutaneous injection of carrageenan
(1%, 0.05ml) in the sub plantar tissue of the right hind
paw of each experimental animal. Using plethysmometer
(Model 7141, UGO Basile, Italy)the paw volume (i.e.
inflammation) was measured before (Oh) and at
1h,2h,3h,4h,9h after carrageenan injection. The left paw
served as the reference paw which did not undergo
inflammation. The average paw volumes of the treatment
groups were compared to the control group. The
percentage inhibition of the paw edema was calculated
using the formula:*

PPE = (V¢ - V4/Ve) x 100

Where, Vc and V7 represent mean paw volume of control
and treatment groups, respectively.

Cotton pellet induced granuloma method*

The groups of mice (n=5) for the cotton pellet induced
granuloma experiment were as follows:

Group |- Control group received 0.9% saline solution (0.5 ml,
p.o.)

Group II- Standard group received Ibuprofen (positive control,
20 mg/kg, p.o.)

Group llI-Test group received the root extract (250 mg/kg, p.o.)
Group IV- Test group received the root extract (500 mg/kg, p.o.)

Sterile cotton pellets of 40mg weight were used to induce
granuloma in the Wistar albino rats. After anesthetization
of the rats with ketamine (60mg/kg body weight), the fur
was shaved and one cotton pellet in each axilla was
inserted. The incisions were then stitched. The control
vehicle, extract and standard drug were administered to
the rats orally every day for seven days. During this time,
standard pellet diet was continued and the rats had free
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access to water ad libitum. On the eight day, the animals
were anaesthetized and the cotton pellets, after being
removed surgically, were cleaned to separate extraneous
tissues. The moist cotton pellets were weighed and dried
at 60°C for 18 hours after which they were reweighed.
Granuloma formation was measured by the increment in
the weight of the dried pellets. Percentage inhibition of
granuloma formation was calculated using the
formula:**!

PGF=(DW, — DW;/DW,) x 100

Where, DW, and DW+ represent the mean weight of the
dried cotton pellets of the control and treatment groups,
respectively

Statistical analysis

The obtained data was statistically analysed and
expressed as the mean + SEM by one-way analysis of
variance (ANOVA) and Dunnett’s t-test as the test of
significance. The minimum level of significance was
considered to be p value <0.05.The SPSS 17.0 statistical
software was used to carry out all the statistical tests.

RESULTS AND DISCUSSION
Anti-nociceptive Activity
Hot plate method

The results of the hot plate test are presented in Table 2
for the crude ethanolic root extract of B. acutangula.
Significant dose dependent increase (p=0.05) of latency
time of B. acutangula treated groups from 1h to 3h was
noted when compared to the control group. Tramadol
produced the second highest anti-nociception of 89.79%
at 3h after treatment. For the B. acutangula 250mg/kg
and 500mg/kg, the maximum analgesia of 69.37%
(P<0.001) and 91.33% (P<0.001) were recorded at 3h,
respectively. The latency time decreased for all the
treatment groups at the 4h.

Acetic acid-induced writhing test

Table 3illustrates the mean number of writhes along with
the corresponding percentage inhibition in mice during
the acetic acid induced writhing test. The percentage
inhibition of writhes by B. Acutangula was 10.34%
(p<0.05,) and 13.80% (p <0.01) at 250 and 500 mg/kg
doses, respectively. The data shows that 250mg/kg and
500mg/kg of the extract induced significant reduction of
the mean number of writhes, compared to the control
group, in a dose-dependent manner. The standard drug
Diclofenac sodium exhibited the maximum reduction of
44.33 % (p <0.001) which is higher than the percentage
inhibition observed for the other test group animals.

Anti-inflammatory activity
Carrageenan induced rat paw edema

Table 4 represents the reduction in the carrageenan
induced rat paw edema after treatment of the extract
and standard drug. In the control group animals, the
injection of carrageenan in the rat paw induced a local
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edema that increased progressively and reached a
maximum paw volume at 3h after injection. At 3h the
highest percentage inhibition was recorded in both the
extract treated groups with 6.70% for B. acutangula
250mg/kg (p<0.05) and the 26.82% for B. acutangula
500mg/kg (p<0.001). Diclofenac sodium produced highly
statistically significant results (p<0.001) from 1h to 4h
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27.22% drawn at 1 h and at 4 h, respectively. The
inhibitory response of B. acutangula 500mg/kg was
statistically significant from 1h to 4h and the anti-
inflammatory effect was comparable to the standard.
Both the extract treated groups exhibited responses
dose-dependently. After the 4h the inhibitory response
declined for all the treatment groups.

with the highest anti-edematous responses of 27.27% and

Table 1: Phytochemical screening of B. acutangula root extract
Extract Tannin Flavonoid Saponin Gum Steroids Alkaloid Reducing Sugars Terpenoid
Root Extract of B. acutangula ~ +++ ++ +++ +++ ++ +++ +++ ++

Symbols ‘+++’ indicates presence of the phytochemical in high concentration; ‘++' indicates presence in moderate concentration; and ‘+' indicates
presence in trace concentration and ‘-* indicates absence of the stated phytochemical.

Table 2: The effect of B. acutangula on latency time by the hot plate method

Latency time (seconds)
Group No. Treatment Group

oh 1h 1h 2h 3h 4h
[ Control 8.08+0.56 7.33+0.35  7.42+0.33 7.40+0.38  7.15+0.27  6.73:0.27
8.97+0.38 10.82+0.39"" 12.18+0.44" 13.57+0.29"" 10.22+0.33""
1l Standard 7.65+0.33
(22.37%)  (45.82%) (64.59%) (89.79%) (51.86%)
7.07+0.57 9.32+0.37°  12.20£.29" 12.11+0.61"  7.47+0.67
I Extract 250mg/kg 8.130.10
xtract £55mg/ig (Nil) (25.61%)  (64.86%)  (69.37%) (11.0%)
8.02+0.51 10.95:+0.54" 12.48+0.43"" 13.68+0.31"" 8.53+0.54"
vV Extract 500mg/kg 7.90+0.19
(9.41%) (47.57%) (68.65%) (91.33%) (26.75%)

Each value represents the mean+SEM (n=6); * p<0.05, ** p<0.01, *** p<0.001. Values in parentheses indicate percentage increase of latency time.
Groups Il, Il and IV are compared with group | (control group).
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Figure 1: The comparative study of B. acutangula on latency time in the hot plate test
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Figure 2: Comparative percentage increase of the latency time by B. acutangula in the hot plate test
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Table 3: The effect of B. acutangula on writhing in the acetic acid writhing test

Group No. Treatment Group Number of Writhes Percentage Inhibition (%)
| Control 40.60+1.81
I Standard 22.600.25" 44.33
Il Extract 250mg/kg 36.40+0.51" 10.34
v Extract 500mg/kg 35.00+0.45" 13.80

Each value represents the mean+SEM (n=6); * p<0.05, ** p<0.01, *** p<0.001. Values in parentheses indicate percentage increase of latency time.
Groups Il, Il and IV are compared with group | (control group).

50
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Figure 3: Comparative study of the number of writhes induced by B. acutangula in the acetic acid writhing test
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Figure 4: Comparative study of the percentage inhibition of writhes by B. acutangula in the acetic acid writhing test

Table 4: The effect of B. acutangula on paw edema volume in the carrageenan induced rat paw edema test

Group  Treatment Decrease in carrageenan induced paw edema volume (mL)
No. Group 0 1h 2h 3h 4h 9h
| Control 0.73+0.04 1.32+0.02 1.58+0.02 1.79+.03 1.69+0.02 1.58+0.01

| St | GLESEGGE 0.96+0.05" 1.22+0.05" 1.37+0.05  1.23+0.06" 1.52+0.03
IS (27.27%) (22.78%) (23.46%) (27.22%) (3.8%)

=

" Extract oo 00y 1:3020.02  1.500.02 1.67£0.01"  1.62+0.02  1.55+0.02
250mg/kg o (1.52%) (5.06%) (6.70%) (4.14%) (1.9%)
v Extract LR 1.20£0.02" 1.23+0.02"" 1.31#0.02”" 1.24+0.02"" 1.52+0.16
500mg/kg oo (9.09%) (22.15%) (26.82%) (26.63%)  (3.80%)

Each value represents the mean+SEM (n=5); * p<0.05, ** p<0.01, *** p<0.001. Values in parentheses indicate percentage increase of latency time.
Groups Il, Il and IV are compared with group | (control group).
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Time after administration (hours)

Figure 5: Comparative study of the effect of B. acutangula on paw edema volume in the carrageenan induced rat paw
edema test
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Figure 6: Comparative study of the effect of B. acutangula on the percentage inhibition of carrageenan induced rat paw
edema

Table 5: The effect of B. acutangula on granuloma formation in the cotton granuloma test

Group No. Treatment Group Weigt;teﬂztd;i(ezngig(;otton Percentage Inhibition
| Control 169.40+1.33
I Standard 120.00+1.30"" 29.16
1] Extract 250mg/kg 152.40+2.11" 10.04
v Extract 500mg/kg 127.80+4.87" 24.56

Each value represents the mean+SEM (n=5); * p<0.05, ** p<0.01, *** p<0.001. Values in parentheses indicate percentage increase of latency time.
Groups Il, Il and IV are compared with group | (control group).

Figure 7: Comparative study of the effect of B. acutangula on cotton pellet induced granuloma formation

g 12 \ 1 \ ™ Percentage Inhibition

Standard Extract 250mg/kg Extract 500mg/kg

Figure 8: Comparative study of the effect of B. acutangula on the percentage inhibition of cotton pellet induced
granuloma formation
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Cotton pellet induced granuloma

The results of the cotton pellet induced granuloma
experiment conducted in rats are displayed in Table 5.
The mean dry weight of the sterile cotton pellets excised
from the control group after the seven days were
compared to that of the test animals. Ibuprofen induced
the highest percentage reduction in weight of 29.16%
(p<0.001), closely led by B. acutangula 500mg/kg with
24.56% (p< 0.001) followed by B. acutangula 250mg/kg
with 10.04% (p<0.01).This clearly demonstrates a dose
dependent pattern of anti-inflammatory activity.

DISCUSSION

To investigate the therapeutic usefulness of B. acutangula
in pain and inflammation the findings of the four
analgesic and anti-inflammatory models provided
valuable insight. As a visceral pain model, the pain
experienced in the acetic acid writhing test is induced at
the peripheral nociceptive neurons when the amount of
endogenous mediators of pain, such as prostaglandin E2,
prostaglandin E2a, kinins, serotonin and histamine
increases in the peritoneal fluids. The spike in
prostaglandin levels then enhances the inflammatory pain
by increasing capillary permeability in the peritoneal
cavity. Drugs elicit peripherally mediated analgesia in this
test preferably by inhibiting prostaglandin synthesis. Since
B. acutangula produced significant dose dependent
results at both doses, it might be acting along the same
pathways of prostaglandin and inhibiting its secretion.
The hot plate method, measures phasic, non-
inflammatory pain and thus modeling to selectively
discern central nociceptive activity. Any drug which
extends the latency time in the hot plate test must be
acting centrally through the inhibition of central pain
receptors. The paw-licking or jumping responses in hot
plate are complex supraspinally organized behavior of
mice. B. acutangula root extract was found to have
significant dose-dependent suppression of centrally
mediated pain at the opioid receptors.***°

The most commonly used experimental animal model for
studying acute inflammation is the Carrageenan-induced
paw edema and can probably be depicted as biphasic.
The model is marked by the early phase (1-2 h) mediated
mainly by serotonin, histamine and increased
prostaglandins synthesis in the damaged tissue region.
This induces the edema and swelling as observed in the
rat paws. This is followed by the late phase (2-4 h) which
is sustained by prostaglandin release and mediated by
mediators as leukotrienes, polymorphonuclear cells,
bradykinin, lysosomes and prostaglandins produced by
macrophages present in the tissue. Most anti-
inflammatory drugs therapeutically mount effective
responses in the second phase. The release of the
endogenous mediators peaks in the 3h and thus it can be
extrapolated that since B. acutangula most effectively
inhibited the carrageenan induced edema in the 3h of the
experiment there is an inhibitory effect on the synthesis
and/or release of the endogenous mediators
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(prostaglandin, lysosomes, bradykinins, leukotrienes)
which induce the anti-edematous effect. NSAIDs elicit
peripheral analgesic and anti-inflammatory response by
inhibiting the prostaglandin synthesis. The same
properties can be also possibly be attributed to our root
extract which was substantiated by significant dose-
dependent response in both the acetic acid writhing test
and carrageenan induced paw edema model. 3

Cotton pellet induced granuloma is an established chronic
inflammation model which evaluated the components in
the transudative, exudative and proliferative phases. The
drug’s efficacy to significantly inhibit the granulomatous
tissue formation in the proliferative stage after the cotton
pellet implantation correlates with the decrease in the
dried weight of the pellets in comparison to the control
group. Reduction of the granulomatous tissue indicates
the drug’s anti-proliferative effect. This may be due to the
effectiveness of B. acutangula in decreasing the number
of fibroblasts and synthesis of collagen and
mucopolysaccharide, which are natural proliferative
agents of the tissue formation in the granuloma model.
Both doses inhibited inflammation albeit the higher dose
drew a more prominent response. A highly significant
percentage inhibition (24.56 %) of 500mg/kg of the root
extract was evidential to confirm the efficacy of the root
extract to inhibit chronic inflammation.>**

Phytoconstituents with documented analgesic and anti-
inflammatory properties in the extract of many plants are
possible evidence of the therapeutic claims being made of
them. To illustrate, effective anti-inflammatory and
analgesic activities are exhibited by tannins, saponins and
flavonoids. Terpenoids are also known to cease
prostaglandin synthesis by inhibiting phospholipase A2
and thus confer both analgesic and anti-inflammatory
properties, while alkaloids inhibit the arachidonic acid
metabolism and play role in anti-inflammation. The
presence of these mentioned phytoconstituents in
moderate to high concentration in the root extract of B.
acutangula possibly confer the anti-nociceptive and anti-
inflammatory activities during the indicated use of the
plant.>*%

CONCLUSION

The non-steroidal anti-inflammatory drugs (NSAIDs) are
one of the most widely used over the counter (OTC)
medications today, however these drugs cause serious
side effects like gastric ulcer and even hepatotoxicity. At
present, an overwhelming fraction of the global plant
population still remains unexplored, and it might be
suggested that they hold the promise of the discovery of
a safer and more effective new drug. In this experiment,
our findings are in support of the traditional practices of
B. acutangula in inflammation and joint pain. Thus, we
conclude that the centrally and peripherally mediated
anti-nociceptive and anti-inflammatory activities of the
root of the plant can be possibly attributed to the
pharmacological actions of the tannins, flavonoids,
saponins, alkaloids and terpenoids. However extended

&
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research studies are required to isolate and identify the
specific compounds which confer such properties, and
shed light on these phytochemicals’ possible mechanisms
of action.
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