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Abstract Aim and objectives: Leaf extracts and fractions of S. bispinosa were evaluated for
anti-inflammatory activity in mice using acute and chronic anti-inflammatory models with aspirin
as a reference drug.
Materials and methods: Methanol, chloroform and hexane were used to prepare leaf extracts by
soxhlet extraction method, while acetone, ethyl acetate and petroleum ether were used to prepare
fractions of most active extract. These extract and fractions were evaluated by using carrageenan
and formalin-induced inflammation models in albino mice. Extracts and fractions at the dose
250 mg/kg/p.o. and aspirin at 100 mg/kg/p.o. were used for the study.
Results: Methanolic extract of S. bispinosa (MELSB) revealed significant anti-inflammatory
activity which is indicated by 15.22% inhibition of paw edema at 180 min in carrageenan model,
while ethyl acetate fraction of methanolic extract showed 16.26% and 15.50% inhibition of paw
edema and thickness in carrageenan and formalin models respectively. In chronic model, just like
aspirin, time-dependent activity was observed with acetone and ethyl acetate fractions; the greater
reduction in paw thickness was observed with ethyl acetate fraction (**p < 0.01).
Conclusion: The results of the present study suggest that leaves of S. bispinosa possess significant
level of anti-inflammatory activity and ethyl acetate fraction may be further explored as an
anti-inflammatory remedy as it was found to possess higher anti-inflammatory activity among all
extracts and fractions as demonstrated in both acute and chronic models.
Ó 2015 The Authors. Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-ncnd/4.0/).
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Inflammation is a normal, protective response of living tissues
against stimulus. First of all Aurelius Cornelius explained
clinical features and hallmarks of inflammation.1,2 Apart from
the type of stimuli, restoring normal homeostasis is initiated by

http://dx.doi.org/10.1016/j.ajme.2015.10.004
2090-5068 Ó 2015 The Authors. Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

290
complex physiological process of innate immunity, mediated
by pro-inflammatory cells (leukocytes, neutrophils, macrophages & mast cells, etc.) which secrete a number of inflammatory
mediators
(cyclooxygenase-1,
cyclooxygenase-2,
histamine etc.), activate enzymes to eliminate the initial cause
of cell injury, & remove necrotic cells that causes inflammation.3–6
Inhibition of the therapeutic targets (cyclooxygenase-1,
cyclooxygenase-2, histamine receptor, etc.) is a potential
strategy to control inflammation, and is concerned with the
mechanism of action of gluco-corticoids and non-steroidal
anti-inflammatory drugs (NSAIDs). Majority of the currently
available anti-inflammatory drugs are associated with gastrointestinal, renal system, cardiovascular and other risks.7–11
Apart from the synthetic drugs, the number of plants has
significant potential to inhibit inflammatory diseases because,
it contains a multitude of different molecules that act synergistically on targets of the complex physiological pathways and
have found widely used because of several reasons such as
awareness about plant-based remedies, the lower cost of
phyto-therapy, the fear about the possible side effects of allopathic medicine, phyto-constituents are having low animal and
human toxicity and have a higher bioavailability and therefore
higher protective efficacy than synthetic drugs.12–16 So, it is
need of time to invent and evaluate more and more herbal
drugs with high therapeutic activity, bioavailability and less
toxicity.
Sesbania bispinosa Linn., (Fabaceae) is wild shrub and also
cultivated throughout India as its leaves are used as fodder
especially for sheep & goats in summer seasons17 and leaves
are good source of protein supplementation with high quality
nutrients. The various parts of S. bispinosa showed the presence of phyto-constituents such as; flavonols, tannins, saponins, phytosterols, anthocyanins, alpha-ketoglutaric acid,
oxaloacetic acid, and pyruvic acid 18–20 It is traditionally used
in Indian folk medicines for various ailments. Roots are used
as contraceptive, hepato-protective, anti-helminthic & carminative. It is also used for the cure of tuberculous glands in dysuria, in retention of urine, leucoderma & as an anti-dote in
scorpion stings, for the relief of fever, ulcer, diabetes etc. Root
and bark are used as bitter tonic, nervous disorders, as central
nervous system stimulant.18,19 Barks are also used to treat the
ulcer, leucorrhea, vitiated conditions of pitta, anemia, bronchitis, tumor, dysentery, inflammations, cirrhosis of liver and
hypertension. Seeds are emmenagogue, stimulant, astringent
and also used in treatment of diarrhea, excessive menstrual
flow, to reduce enlargement of spleen and skin disease. Its
leaves are useful in diabetes, colic, skin diseases, as antihelmintic and also in inflammatory rheumatic conditions.18,21–23 However, anti-inflammatory effects are not yet
experimentally proved. Hence the present study aimed to evaluate anti-inflammatory activity of leaves of S. bispinosa by
acute and chronic models.
2. Material and methods
2.1. Collection and identification of plant
The leaves of S. bispinosa were collected in the month of
December, 2014, from local area of Kandhar Dist. Nanded,
Maharashtra, India. The plant was identified as S. bispinosa
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Linn., belonging to a family of Fabaceae, by P.G Department
of Botany, N.E.S. Science College, Nanded, Maharashtra,
India, with a voucher specimen no. Auth: S-1/26/08/13.
2.2. Chemicals
All chemicals used in the study were of laboratory grade:
methanol, chloroform, hexane, petroleum ether, ethyl acetate,
acetone, acetic anhydride, carrageenan, formalin, Tween 80,
carboxy methyl cellulose and aspirin and were obtained from
S.D. Fine chemicals, Mumbai, India.
2.3. Preparation of extracts and fractions
The leaves were washed with distilled water and shed dried to
prepare the coarse powder. The powder of S. bispinosa was
extracted employing solvents such as methanol, chloroform
and hexane by using Soxhlet apparatus.24 Most effective
extract (methanol extract) obtained in carrageenan-induced
paw edema test, was suspended in distilled water (1:3, v/v)
and successively fractioned with petroleum ether, ethyl acetate
and acetone. All the fractions obtained were dried with rotary
evaporator and kept at 2–8 °C until the time of use.25
2.4. Experimental animals
Swiss albino mice of either sex weighing 25–30 g were used.
They were housed under standard laboratory conditions at
23 °C (±3 °C) temperature and 12 h light and dark cycle maintained, free access to standard pellet diet and water ad libitum.
The Institutional Animal Ethics Committee approved the
experimental protocol (IAEC resolution number: 3-X dated
22/06/2014).
2.5. Anti-inflammatory activity
2.5.1. Carrageenan-induced paw edema test
All extracts and fractions were administered with the gastric
gavage and 50 ll of 1% v/v of carrageenan was injected in
the left hind paw subplantar region after 30 min of oral administration of test extracts and aspirin.26,27 The paw volume was
measured by Plethysmometer (ORCHID Scientific & Innovative India, Pvt. Ltd. India). Before injecting carrageenan, the
average volume of the right and left hind paw of each mouse
was measured at 30 min, 60 min, 120 min, and 180 min after
injection.1 Animals were categorized into control and test
groups; control group represented negative control (without
treatment of standard/extracts/fractions) and positive control
(standard i.e. aspirin).
2.5.1.1. Anti-inflammatory activity of extracts. Five groups of
six animals each of either sex were used: Group I (negative
control) received suspension of 1% CMC (Carboxymethyl Cellulose) at the dose of 10 ml/kg.p.o.; Group II (positive control)
received suspension of aspirin at the dose of 100 mg/kg.p.o.;
Groups III–V served as treatment (250 mg/kg.p.o.); Group
III received suspension of methanolic extract of leaves of S.
bispinosa (MELSB); Group IV received suspension of chloroform extract of leaves of S. bispinosa (CELSB); and Group
V received suspension of hexane extract of leaves of S. bispinosa (HELSB).
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2.5.1.2. Anti-inflammatory activity of fractions. Group I (negative control): This group received suspension of 1% CMC at
the dose of 10 ml/kg.p.o. Group II (positive control): This
group received suspension of aspirin at the dose of 100 mg/
kg.p.o. Group III: This group received suspension of acetone
fraction (AF) of MELSB. Group IV: This group received suspension of ethyl acetate fraction (EAF) of MELSB. Group V:
This group received suspension of petroleum ether fraction
(PEF) of MELSB.
2.5.2. Formalin-induced arthritis
Five groups of six animals each of either sex were used. Group
I (negative control): This group received suspension of CMC
at the dose of 10 ml/kg.p.o. Group II (positive control): This
group received suspension of aspirin at the dose of 100 mg/
kg.p.o. Group III–V served as treatment (250 mg/kg.p.o).
Group III: This group received suspension of acetone fraction
(AF) of MELSB. Group IV: This group received suspension of
ethyl acetate fraction (EAF) of MELSB. Group V: This group
received suspension of petroleum ether fraction (PEF) of
MELSB. All the groups were fed with the gastric gavage and
injected with 0.02 ml of 2.5% v/v of formalin solution in the
left hind paw in subplantar region after 30 min of oral administration of standard drug/test/vehicle on day 1.28,29 The mice
were then treated with different fractions/drug/vehicle for
7 days. The paw thickness of each mouse was measured by
using Vernier caliper daily before treatment.1
3. Statistical test
All the data were statistically analyzed using ANOVA followed by Dunnett test. Values are expressed as Mean ± SD
(n = 6). Level of significance set as *p < 0.05, **p < 0.01 when
compared with control.
4. Results
4.1. Carrageenan-induced paw edema test
The average left hind paw volumes are presented in Table 1.
For the control group, the injection of carrageenan caused
localized edema, after 30 min. The swelling increased progressively from 30 min onwards. A maximum volume of paw was
observed in animals of negative control at 180 min (0.289
± 0.008 ml) after carrageenan injection. MELSB and HELSB
caused significant decrease in the paw volume (**p < 0.01)
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(0.289 ± 0.008 to 0.245 ± 0.011 and 0.259 ± 0.008) with
15.22% and 12.11% inhibition of inflammation respectively.
The standard drug, aspirin significantly reduced (**p < 0.01)
the paw edema (0.204 ± 0.013 i.e. 29.41% inhibition of
inflammation). The results reveal that the chloroform extract
lacked anti-inflammatory activity while methanolic extract
(MELSB) significantly inhibited inflammation.
As seen from Table 2, ethyl acetate fraction (EAF) of
MELSB demonstrated significant reduction (**p < 0.01) in
the paw volume of mice induced by carrageenan; decreasing
the paw volume from 0.289 ± 0.008 (in the negative control)
to 0.242 ± 0.015** (**p < 0.01) at the dose of 250 mg/kg/p.o.
amounting 16.26% inhibition of paw volume which was comparable to aspirin, which reduced paw volume to 0.204
± 0.013** (**p < 0.01) at 100 mg/kg/p.o. AF of MELSB also
demonstrated significant anti-inflammatory activity, whereas,
PEF exerted significant but lesser activity as compared to other
fractions.
4.2. Formalin-induced arthritis
Fig. 1 depicts the formalin-induced left hind paw thickness
results. Administration of formalin caused increase in paw
thickness in all groups. In case of negative control, the highest
increase in paw thickness was observed on day 3 and slowly
reduced, but not restored to its original paw thickness which
was on day 1.
Formalin-induced paw thickness was reduced significantly
(**p < 0.01) with administration of AF, EAF and PEF which
was found to be time-dependent and highest reduction in paw
thickness was observed on day 8. EAF showed highest activity
among all fractions and its anti-inflammatory effects were
comparable to aspirin.
5. Discussion
The use of medicinal plants has been an important alternative
as therapeutic source of treatment of various diseases and disorders. Its rising acceptance in the medical community has
been due to the fact that several plants with novel biologically
active compound have been scientifically investigated and their
efficacy and safety have been verified.30 The continuous
research in the field of synthetic drugs in recent years is accompanied by numerous unwanted side effects, such as NSAIDs
that have gastric ulcer and glucocorticoids are associated with
adrenal suppression, as major side effects but plants have their
unique place with least side effects.10,11,15

Influence of extracts of leaves of S. bispinosa on carrageenan-induced paw edema.

Groups

Paw Volume (ml)

% inhibition at 180 min

0 min

30 min

60 min

120 min

180 min

Negative control
Aspirin
MELSB
CELSB
HELSB

0.117 ± 0.016
0.11 ± 0.018
0.107 ± 0.017
0.117 ± 0.016
0.12 ± 0.018

0.17 ± 0.015
0.13 ± 0.015**
0.14 ± 0.009**
0.157 ± 0.006
0.154 ± 0.006**

0.22 ± 0.018
0.157 ± 0.014**
0.172 ± 0.008**
0.22 ± 0.016
0.19 ± 0.011**

0.265 ± 0.016
0.182 ± 0.014**
0.209 ± 0.008**
0.26 ± 0.009
0.23 ± 0.009**

0.289 ± 0.008
0.204 ± 0.013**
0.245 ± 0.011**
0.287 ± 0.009
0.254 ± 0.008**

Values are expressed as Mean ± SD. (n = 6), ANOVA followed by Dunnett test.
*
p < 0.05, when compared with negative control.
**
p < 0.01, when compared with negative control.

29.41%
15.22%
0.69%
12.11%
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Table 2

Influence of fractions of methanolic extract of leaves of S. bispinosa on carrageenan-induced rat paw edema.

Groups

Paw volume (ml)

Negative control
Aspirin
AF
EAF
PEF

% inhibition at 180 min

0 min

30 min

60 min

120 min

180 min

0.117 ± 0.016
0.11 ± 0.018
0.109 ± 0.015
0.105 ± 0.014
0.117 ± 0.019

0.17 ± 0.015
0.13 ± 0.015**
0.144 ± 0.013**
0.142 ± 0.010**
0.155 ± 0.009

0.22 ± 0.018
0.157 ± 0.014**
0.182 ± 0.012**
0.175 ± 0.014**
0.189 ± 0.014**

0.265 ± 0.016
0.182 ± 0.014**
0.219 ± 0.015**
0.205 ± 0.006**
0.229 ± 0.012**

0.289 ± 0.008
0.204 ± 0.013**
0.255 ± 0.011**
0.242 ± 0.015**
0.264 ± 0.011**

29.41%
11.76%
16.26%
8.65%

Values are expressed as Mean ± SD. (n = 6), ANOVA followed by Dunnett test.
*
p < 0.05, when compared with negative control.
**
p < 0.01, when compared with negative control.
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Figure 1 The paw thickness of various fractions of MELSB.
EAF exhibits time-dependent anti-inflammatory effects in a
similar fashion to that of aspirin.

The present study was carried out to evaluate antiinflammatory efficacy of S. bispinosa in carrageenan and
formalin-induced mice paw edema and thickness models.
Carrageenan-induced paw edema is a popular and widely
accepted acute model for the study of anti-inflammatory activity of compounds such as both steroidal anti-inflammatory
drugs and NSAIDs.1,31 The local injection of carrageenan
induces inflammatory reaction in two different phases. The initial phase (0–1 h) has been accredited to the action of inflammatory mediators such as histamine, 5-HT, bradykinin and
serotonin on vascular permeability. The late phase (1–6 h) is
a result of overproduction of prostaglandins.
The inflammatory reaction involves three phases through
orderly release of several mediators. The early phase (the first
90 min) has been attributed to the release of histamine and
serotonin; the second phase (1.5–2.5 h) is the result of kinin
and prostaglandins, while in the third phase (after 3 h) mainly
involves action of prostaglandins with development of hyperalgesia due to increase of cyclooxygenase-2 level, and its peak
reaches in within 4 h after carrageenan injection.32,33
In the present investigation, animals treated with MELSB
and HELSB demonstrated significant reduction in paw volume. More active fraction, MELSB was selected for further
fractionation using various solvents such as ethyl acetate, acetone and petroleum ether and these fractions were evaluated
for anti-inflammatory activity by both acute and chronic

models i.e. carrageenan and formalin induced paw edema.
Results obtained from the carrageenan-induced paw swelling
test revealed that EAF and AF of MELSB possess timedependent significant anti-inflammatory activity while PEF
of MELSB showed little late anti-inflammatory effect. The
findings of this study suggest that the methanolic extract and
fractions thereof may possibly act by inhibiting the release or
action of histamine, serotonin and kinin and prostaglandin.
Formalin-induced arthritis model is most suitable for
screening of anti-inflammatory and anti-arthritic compounds.
This model predicts anti-proliferative effects of agents.34 Injection of formalin into hind paw produces localized pain and
inflammation, which is biphasic response, an early neurogenic
component followed by a later tissue-mediated response.1 AF,
EAF and PEF of MELSB have shown marked inhibition of
inflammation. Time-dependent activity was observed with
AF and EAF, and the greater reduction in paw thickness
was observed with ethyl acetate fraction (**p < 0.01) just like
aspirin. This indicates that EAF and AF of MELSB actions
confirm its anti-proliferative effect and EAF may further be
explored for its use in arthritis.
In both the models, ethyl acetate fraction has shown greater
anti-inflammatory effects as compared to acetone and petroleum ether fractions. Interestingly, acetone fraction showed
more inhibition of inflammation in acute model and less
activity in chronic model than petroleum ether fraction. It indicates that the PEF is having components which inhibit late
phase inflammatory mediators and AF possesses the phytoconstituents responsible for inhibition of early phase inflammatory mediators. The observed anti-inflammatory effects of
extracts and fractions may be attributed to the presence of steroids, triterpenoids, alkaloids, saponins, flavonoids and phenols
which may be responsible for inhibition of inflammatory mediators such as histamine, 5-hydroxytryptamine, bradykinin,
serotonin and prostaglandins.35 Further the role of sterols
for the observed anti-edema effect cannot be ruled out as these
are present in S. bispinosa and several studies have demonstrated anti-inflammatory effects of phytosterols.18–20,36
6. Conclusion
Findings of the present study suggest that ethyl acetate fraction
of S. bispinosa leaves possesses significant anti-inflammatory
activity, as demonstrated in both acute and chronic models
and may be further explored as an anti-inflammatory remedy.
However, isolation, separation and identification specific
component responsible for anti-inflammatory activity of ethyl
acetate fraction may be required.

Assessment of anti-inflammatory potential and fractions

293

Conflict of interest
We have no conflict of interest to declare.
Acknowledgments
The authors are grateful to Sudhakarrao Naik Institute of
Pharmacy, Pusad, for animal house & laboratory facilities,
P.G Department of Botany, N.E.S. Science for authentication
of plant & Swami Ramanand Teerth Marathwada University,
Nanded, Maharashtra, India financial support (Grant
Ref. No. Acctts/Budget/2014-15/185).

18.

19.

20.
21.

References

22.

1. Chinaka ON, Maxwell IE, Nkeiruka EU, Dozie NO, Rita IU.
Anti-inflammatory and anti-oxidant activities of Mallotus oppositifolius (Geisel) methanol leaf extracts. Arabian J Chem
2014;7:805–10.
2. Joo-Heon Y, Seung JB. Molecular targets of dietary polyphenols
with anti-inflammatory properties. Yonsei Med J 2005;46
(5):585–96.
3. Medzhitov Ruslan. Origin and physiological roles of inflammation. Nature 2008;454:428–35.
4. Jae YC, Song SS, Kyoung ML, Joo YP, Jun SP, Ho SR, et al.
Anti-inflammatory activity of AP-SF, a ginsenoside-enriched
fraction, from Korean ginseng. J Ginseng Res 2015;39:155–61.
5. Hideaki I, Shuichi Y, Motoki H, Ryuichi U, Yoko M. Therapeutic
effects of hybrid liposomes with down regulation of inflammatory
cytokine for model mice of rheumatoid arthritis in vivo. Bioorg
Med Chem Lett 2015;25:2686–9.
6. Yu G, Karunrat S, Izabela K. Anti-inflammatory potential of
native Australian herbs polyphenols. Toxicol Rep 2014;1:385–90.
7. Tripathi KD. Essentials of medical pharmacology. 6th ed. New
Delhi: Jaypee Brothers Medical Publisher (sp) Ltd; 2009.
8. Rang HP, Del MM, Retter JM, Flower RJ. Rang and Del’s
pharmacology. 7th ed. London: Churchill Livingstone; 2007.
9. Mark AF, Bruce PG. A review of the benefits and risks of nonsteroidal anti-inflammatory drugs in the management of mild-tomoderate osteoarthritis. Osteopath Med Prim Care 2009;3:1–7.
10. Muhammad A, Valeriani RB, Joan B, Roger SB, David NE. Use
of non-steroidal anti-inflammatory drugs in patients with cardiovascular disease. Cardiol Rev 2010;18:204–12.
11. Margaret OS, Essien I, Chidebelu E, Flora RA, Abidemi JA. Antinociceptive and anti-inflammatory activities of ethanolic extract of
Alafia barteri. Rev Bras Farmacogn 2014;24:348–54.
12. Maria CV, Fernanda GS, Gleyce SB, Alcineide LM, Cinthya O,
Patricia A, et al. Anti-inflammatory action of Justicia acuminatissima leaves. Rev Bras Farmacogn 2015;25:264–8.
13. Kumar S, Bajwa BS, Kumar N. Physico-chemical and phytochemical investigation of plant Sesbania sesban. Res J Pharm Biol
Chem Sci 2014;5(1):110–7.
14. Martinsv E. The growing use of herbal medicines: issues relating to
adverse reactions and challenges in monitoring safety. Safe Conc
Herb Remed 2014;4(177):1–10.
15. Daniel SF, Norman RF. The value of plants used in traditional
medicine for drug discovery. Environ Health Persp 2001;109
(1):69–75.
16. Serena B, Francesca B, Silvia P, Sonia F, Stefano S, Franco C.
Antioxidant properties of a novel phycocyanin extract from the
blue–green
alga
Aphanizomenon
flos-aquae.
Life
Sci
2004;75:2353–62.
17. Kaitho RO, Tegegne A, Umunna NN, Nsahlai IV, Tamminga S,
Van BJ, et al. Effect of Leucaena and Sesbania supplementation on
body growth and scrotal circumferences of Ethiopian highland

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

sheep and goats fed teff straw basal diet. Livestock Prod Sci
1998;54:173–81.
Arif A, Sariful IH, Shubhra KD, Arpona H, Hemayet H. Phytochemical screening, antimicrobial and cytotoxic activity of different fractions of Sesbania sesban bark. Int J Med Sci and Pharm
2013;3(1):2049–4963.
Nilanjana D, Poornima C, Smritinath C. Potent spermicidal effect
of oleanolic acid 3-beta-D-glucuronide, an active principle isolated
from the plant Sesbania sesban Merrill. Contraception
2011;83:167–75.
Kumar S, Bajwa BS, Kumar N. Evaluation of anti-bacterial
activity of plant Sesbania sesban. Int J Pharm 2014;4(1):385–96.
Ramdas BP, Sangameswaran B, Mohite Popat B, Khanage
Shantaram G. Aqueous extracts of the leaves of Sesbania sesban
reduces development of diabetic nephropathy in streptozotocin
induced diabetic rat. Bangladesh J Pharmacol 2010;5:103–6.
Nadkarni KM. Indian materia medica. 3rd ed. Bombay: Popular
Prakashan; 1982.
Rastogi RP, Mehrotra BN. Compendium of Indian medicinal
plants. 1st ed. Lucknow: Central Drug Research Institute; 1993.
Ramachandran S, Rajini KB, Rajasekaran A, Manisenthil KT.
Evaluation of anti-inflammatory and analgesic potential of
methanol extract of Tectona grandis flowers. Asian Pac J Trop
Biomed 2011;S155–8.
Santanu S, Subrahmanyam EVS, Chandrashekar K, Shubhash
CS, Shashidhara CS. Evaluation of anti-nociceptive and antiinflammatory activities of extract and fractions of Eugenia
jambolana root bark and isolation of phyto-constituents. Rev Bras
Farmacogn 2013;23(4):651–61.
Takahiro K, Junichi T, Akihiro S, Yuichi N, Keiko Y, Mayuko
M, et al. Protective effects of radon inhalation on carrageenaninduced inflammatory paw edema in mice. Inflammation 2012;35
(2):713–22.
Giuseppe DA, Giovanna LR, Roberto R, Oscar S, Anna I,
Emanuela E, et al. Acute intracerebroventricular administration of
palmitoylethanolamide, an endogenous peroxisome proliferatoractivated receptor-a agonist, modulates carrageenan-induced paw
edema in mice. J Pharmacol Exp Ther 2007;322(3):1137–43.
Yuanbin Z, Zhiheng S, Lei Y, Ling M, Xinfang W, Xueyan F.
Anti-inflammatory and anti-nociceptive activities of non-alkaloids
fractions from Aconitum flavum in vivo. Rev Bras Farmacogn
2015;25:47–52.
Mariana MGP, Sidnei BOF, Catarina EF, Fabio B, Patricia DF.
Anti-inflammatory activity of ethanol extract and fractions from
Couroupita guianensis Aublet leaves. J Ethnopharmacol
2013;146:324–30.
Joseph MN, Regina AO, Alexander KN, Dorothy YM, Phyllis
GA. Medicinal plants used to treat TB in Ghana. Int J
Mycobacteriol 2015;4:116–23.
Isabel W, Vladimiro T, Eugenia P, Nancy C, Lourdes J, Yvan VH,
et al. Evaluation of anti-inflammatory activity of the methanolic
extract from Jungia rugosa leaves in rodents. J Ethnopharmacol
2015;173:166–71.
Lanucha FM, Silvana BV, Anelise BT, Priscilla DM, Nilson O,
Emerson AC. Subarachnoid meloxicam does not inhibit the
mechanical hypernociception on carrageenan test in rats. Rev Bras
Anestesiol 2015;65(2):124–9.
Rosa MG, Willoughby JP. Studies on the mediators of the acute
inflammatory response induced in rats in different sites by
carrageenan and turpentine. J Pathol 1971;104:15–29.
Ighodaro IC, Aigbe EF. Anti-inflammatory activity of aqueous
fruit pulp extract of Hunteria umbellata K. Schum in acute and
chronic inflammation. Acta Poloniae Pharm 2010;67(1):81–5.
Trivedi MH, Mohana SL, Saravana AK. Review on natural anti
inflammatory agents. Int J Bio Pharm Res 2010;1(1):13–9.
Othman RA, Moghadasian MH. Beyond cholesterol-lowering
effects of plant sterols: clinical and experimental evidence of antiinflammatory properties. Nutr Rev 2011;69(7):371–82.

