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Evaluation of Anti-Inflammatory
Activity of Aqueous Extract of
Leaves of Solanum Melongena

Linn. in Experimental Animals

ABSTRACT

Introduction: Aqueous extract of leaves of Solanum melongena
Linn was investigated for its anti-inflammatory activity.

Materials and Methods: Acute oral toxicity study according to
OECDA425 guidelines was done to find out the LD50 of test drug.
Carrageenan induced paw oedema method in Wistar Albino rats
were used in this study. Aspirin in the dose of 300mg/kg was
used as the standard drug and three doses of aqueous extract of
leaves of Solanum melongena L. (100mg/kg, 200mg/kg, 400mg/
kg b.w.) was used as the test drug. The results were measured
at 1sth, 3 h, and 5™ h after the carrageenan injection.

Results: In acute oral toxicity study none of the animals died at
the dose of 2000mg/kg. Aqueous extract of Solanum melongena

INTRODUCTION

Inflammation is a normal, protective response to tissue injury
caused by physical trauma, noxious chemicals, or microbiologic
agents. Inflammation is the body’s effort to inactivate or destroy
the invading organism, remove irritants and set the stage for
tissue repair. When healing is complete, the inflammatory process
usually subsides. Persistent or over inflammation leads to tissue
damage. Proinflammatory cytokines like TNF-a, IL-6, and IL-1p are
produced in large quantities during inflammation by macrophages
and monocytes that stimulate the cellular responses via increasing
prostaglandins (PGs) and reactive oxygen species [1].

Thereis currently a worldwide upsurge in the use of herbal preparation
and the active ingredient isolated from medicinal plants in health
care. Plant based drugs have been used worldwide in traditional
medicines for the treatment of various diseases. Approximately
60% of worldwide population still relies on medicinal plants for their
primary health care [2].

With the easy availability of the analgesic and anti-inflammatory
drugs like non steroidal anti-inflammatory drugs (NSAIDs) and
corticosteroids, we are facing a new era of people presenting with
symptoms of analgesic abuse and its adverse effects like gastric
discomfort, gastric erosion, hypersensitivity reactions, muscular
weakness, precipitation of diabetes mellitus, increased susceptibility
to infection [1]. With the development of more and more synthetic
drugs which have their unique adverse effects, it is high time that
attention should be turned to the possible remedies that may
be found among indigenous herbal plants. This has accelerated
the global effort to harvest those medicinal plants that have
substantial beneficial effects with least adverse effects.

Solanum melongena is an economic flowering plant belonging to
the family Solanaceae. The family contains 75 genera and over
2000 species [3]. Members are mostly herbaceous plants, and the
fruit is berry and seeds have large endosperm and are grown mainly
for food and medicinal purposes [4].
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Linn leaf in the dose of 200mg/kg showed significant anti-
inflammatory activity (p <0.05) at 3™ hr and highly significant
anti-inflammatory activity (p<0.001) at 5" hr; in the dose of 400
mg/kg, test drug showed p<0.01 at 3 and p<0.001 at 5" hr
and in the dose of 100mg/kg it showed significant (p<0.05)
anti-inflammatory activity at 5 hr. In doses of 200mg/kg and
400 mg/kg of aqueous extract of S. melongena L showed
the percentage of inhibition of 42.62% which is less than the
standard drug aspirin which showed 64.5% inhibition.

Conclusion: Aqueous extract of leaves of Solanum melongena
Linn has anti-inflammatory activity.

Keywords: Anti-inflammatory activity, LD 50, Solanum melongena

Solanum melongena Linn (Garden egg) is a culinary vegetable,
which has been in use in the Indian medicinal system since antiquity.
Various parts of the plant are used in the treatment of inflammatory
condition, cardiac debility, neuralgia, ulcer in nose, and cholera.
It also has analgesic, antipyretic, anticonvulsant, hypolipidemic
activity [3], anti-inflammatory activity [5]. The plant can also be used
in bronchitis and asthma [3].

With this background, this study was conducted with the objective
of evaluation of the acute anti-inflammatory activity of aqueous
extract of leaves of Solanum melongena Linn in Wistar albino rats.

MATERIALS AND METHODS

Animals

All the animals were obtained from the Animal house, Department
of Pharmacology, S N Medical College, Bagalkot. The study was
started after getting the Institutional Animal Ethics Committee
approval (IAEC/SNMC Reg No 829/AC/04/CPCSEA). Five Swiss
albino mice of either sex weighing 25-30g were selected for the acute
oral toxicity study. Thirty wistar albino rats of either sex weighing
150-250g were selected for the anti-inflammatory experiment.

Pregnant animals, animals with infection, injuries, deformities were
excluded from the study. All the rats were divided into 5 groups of
6 animals each. All the animals received standard laboratory diet,
water and ad libitum.

Chemicals

Kappa type of carrageenan was used to induce paw oedema.
Carrageenan (kappa) was obtained from Titan biotech Ltd. Mumbai.
0.1ml of 1% w/v carrageenan was used to induce paw oedema. 1%
w/v carrageenan was prepared by dissolving 1gm of carrageenan in
100ml of normal saline.
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S.No Acute toxic signs Findings
1 Weight changes Absent
2 Changes in Skin & Fur Absent
3 Changes in eyes Absent
4 Changes in Mucous membrane Absent
5 Respiratory rate Normal (156/min)
6 Heart rate Normal (480/min)
7 Blood pressure Normal (Systole -157 mmHg by
non-invasive method)
8 Rectal temperature 38.5°C (temperature probe)
9 Tremors Absent
10 Convulsion Absent
11 Salivation Absent
12 Diarrhoea Absent
13 Lethargy Absent
14 Sleep Normal
15 Coma Absent
Group Dose Paw Volume (ml) Percentage
IH 3H 5H of g:’;b:)'m
Group | 0.5 mINS 25+0.18 | 27 +£0.17 | 3.1+£0.03 0%
Group Il | Aspirin 300mg/kg | 2.1+ 0.07 | 1.1+ 0.08 | 1.0+0.08"** 64.5%
Group lll | SM 100mg/kg 29+0.27 | 25+ 0.18 | 25+ 0.18" | 18.03%
Group IV | SM 200mg/kg 22+0.10 | 22+ 0.10" [ 1.7+ 0.11"* | 42.6%
Group V | SM 400mg/kg 2.0+ 0.08 | 1.8+0.16" [ 1.7+ 0.11"* | 42.62%

[Table/Fig-2]: Carrageenan induced paw oedema\

* p<0.05, *p<0.01, **p<0.001. All the values are expressed as Mean + SEM (n=6)

Preparation of leaves extract

Five kg of fresh leaf of S.melongena Linn were collected from the
rural areas of Bagalkot district, Karnataka, India in the month of
March 2011. The plant identity was authenticated by Botanist Prof.
Jadimath and the voucher specimen number was given (Voucher
number: SNMC/Pharma/002). The fresh leaves were air dried and
powdered in the food processor. About 500 g of powdered sample
was boiled in hot water for 30min and allowed to cool. After which
it was filtered using a piece of white cotton gauze. The filtrate was
evaporated to dry at room temperature producing a greenish yellow
color solid residue (yield 13% w/w). The solid residues were stored
in the air tight container and preserved in refrigerator at 4°C. From
this stock, fresh preparations were obtained when ever required
[6].

Phytochemical analysis

The aqueous leaf extract of Solanum melongena was qualitatively
analysed for Flavonoids, Alkaloids, Glycosides, Saponins, Tannins,
Proteins and Amino acids, Sterols, Carbohydrates, Fixed oils,
Anthraquinones, and Resins [7,8].

Acute oral toxicity study

It was done according to Organization for Economic Co-operation
and Development (OECD) guidelines 425 (Up and down procedure).
Five animals were randomly selected, marked to permit individual
identification, and kept in their cages for at least five days prior to
dosing to allow for acclimatization to the laboratory conditions. All the
animals were fasted for 12 h prior to experiment. Maximum volume
of 1ml/100g of test drug solution was administered orally. Limit test
was used for aqueous extract of Solanum melongena leaf because
it is known to be non-toxic. Food was administered 3-4 h after the
administration of test substance. First, one animal was administered
2000mg/kg of aqueous extract of Solanum melongena Linn leaf
and the animal was observed at least once during the first 30 min
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after dosing, periodically during the first 24 h (with special attention
given during the first 4 h), and daily thereafter, for a total of 14 d. The
animal was observed for its changes in skin, fur, eyes and mucous
membranes, respiratory, circulatory, autonomic and central nervous
systems, somatomotor activity and behavior pattern. Attention was
directed to tremors, convulsions, salivation, diarrhoea, lethargy,
sleep and coma. After 24h, remaining four animals received the test
compound and was observed for14 d [9].

Carrageenan induced paw oedema: The test was carried out in
healthy Wistar albino rats of either sex weighing 150-250 g. After
12 h fasting, 30 animals were randomly divided into 5 groups of
6 animals each. Group | received 0.5 ml of normal saline (control
group), Group Il received 300mg/kg of aspirin (standard group) [10],
Group Il IV & V received aqueous extract of Solanum melongena
Linn leaves in the doses of 100 mg/kg, 200mg/kg and 400mg/kg
b.w. respectively (test groups). All the standard and test drugs were
given orally 1 h before the injection of 0.1ml of 1% w/v carrageenan
in normal saline solution intra-dermally in the left hind paw. Fluid
displacement in Plethysmometer [11] was measured at 1%, 3, and
5 h after carrageenan injection [12] and the percentage of inhibition
was calculated by the formula: % inhibition = 100 (1-Vt/Vc) [13].

STATISTICAL ANALYSIS

All the data were analysed by using One-way ANOVA followed by
Post Hoc Test. The results were expressed as Mean + SEM and
p<0.05 was considered as significant.

RESULTS

Phytochemical Analysis

The extract was almost pasty in nature with a characteristic smell. It
was greenish yellow in colour, alkaline (pH- 7.6) in nature. Percentage
of yield of the aqueous extract was 13% w/w. The aqueous extract
of Solanum melongena contains flavonoids, alkaloids, glycosides,
saponins, tannins, sterols, carbohydrates (1.5%), fixed oails,
and resin. The extract does not have proteins, amino acids and
Anthraquinones.

Acute Oral Toxicity Study

No adverse effect or mortality was detected in Swiss albino mice
at 2g/kg of agueous extract of Solanum melongena Linn by using
five animals. All the animals were alive, healthy and active during
the observational period of 14 d. There were no significant weight
changes. So the LD 50 was considered as >2000mg/kg. [Table/
Fig-1] shows the findings of acute oral toxicity study.

[Table/Fig-2] shows the anti-inflammatory activity of the aqueous
leaf extract of Solanum melongena Linn in Wistar albino rats by
Carrageenan induced paw oedema method.

Control group has shown maximum oedema around 3 hours after
carrageenan injection. ‘Mean paw volume’ for control group was
3.05 + 0.083 ml, which was considered as 100% oedema in the
present study.

Test drug in the doses of 200mg/kg, 400mg/kg body weight, per
orally produced highly significant inhibition of paw volume compared
to control group (mean paw volume is 1.75 + 0.11 ml, 1.75 + 0.11
ml ; p<0.001, p<0.001) at 5" hourly. At the dose of 100 mg/kg
body weight, aqueous extract of Solanum melongena Linn. showed
significant reduction in mean paw volume (2.50 + 0.18 ml, p<0.05
and 18.03% inhibition of paw volume) at 5th h. Test drug showed
highly significant reduction in paw volume in the doses of 200mg/
kg and 400mg/kg equally with 42.62 % of inhibition of paw volume
which is less than that of aspirin 300mg/kg body weight (mean paw
volume 1.08 = 0.08 ml, p<0.001 and 64.5 % of inhibition of paw
volume).
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DISCUSSION

The present study shows the acute toxicity study and anti-
inflammatory activity of aqueous extract of leaves of Solanum
melongena Linn in Swiss albino mice and Wistar albino rats.
Solanum melongena is an important food crop grown for its large
pendulous purple or white fruit. Besides having many traditional
uses, it has important pharmacological actions like hypolipidemic,
antiasthmatic, analgesic, anti-inflammatory and antipyretic activities
[13,14].

Phytochemical study shows the aqueous extract of Solanum
melongena Linn possess flavonoids, alkaloids, glycosides,
saponins, tannins, sterols, carbohydrates (1.5%), fixed oils, and
resin. According to acute oral toxicity study LD50 was considered
as more than 2000mg/kg b.w. Carrageenan-induced hind paw
oedema is the standard experimental model of acute inflammation.
Carrageenan is the phlogistic agent of choice for testing anti-
inflammatory drugs as it is not known to be antigenic and is devoid
of apparent systemic effects. Moreover, the experimental model
exhibits a high degree of reproducibility [15,16].

Carrageenan-induced oedema is a biphasic response. The first
phase is mediated by the release of histamine, serotonin, and
kinins whereas the second phase is related with the release of
prostaglandin and slow reacting substances which peaks at third
hour [17,18].

In this method the mean paw volume was found to be 3.05 + 0.03
ml in control group. Test drug at the dose of 200mg/kg body weight
and 400 mg/kg body weight showed the percentage of inhibition
of 42.6%. Percentage of inhibition of mean paw volume of test
drug at the dose of 400mg/kg was less than that of the standard
drug aspirin 300mg/kg body weight (64.5%). Dadi et al., used
different extracts to find out the anti-inflammatory activity of roots
of Solanum melongena. In that study Dadi et al., used 500mg/kg of
aqueous extract which showed 74% of inhibition of paw oedema in
Wistar rats at 4™ h after carrageenan injection [13]. In another study
Han et al., used the water extract of Solanum melongena which
inhibited PAR-2 mediated myeloperoxidase activity and tissue
necrosis factor-a [19].

The leaves of Solanum melongena Linn contain flavonoids, alkaloids,
tannins and sterols. Various flavonoids, glycosides and aglycones
were previously reported as having potent anti-inflammatory activity.
Pourmotabbed et al., suggested that some flavonoids blocks both
cyclooxygenase and lipoxygenase pathway of the arachidonate
cascade at high concentration, while at low concentration only
lipoxygenase pathway [20]. Salerno L et al., found out flavonoids
present in 50% aqueous and 50% ethanol extract of skin of Solanum
melongena fruit contains anti-oxidant property [21]. Also there are
few reports on the role of tannins in anti-inflammatory activity [22].
In the present study the anti-inflammatory activity of Solanum
melongena Linn might be due to the presence of flavonoids and
tannins.

CONCLUSION

From the present study we come to the conclusion that the
extract of S.melongena Linn possesses anti-inflammatory activity
in experimental animals. The present study also substantiates the
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traditional use of S.melongena Linn for the treatment of various
inflammatory ailments. The plant can be recommended for the
further studies to isolate the active ingredients.

REFERENCES

[1] Finkel R, Cubeddu LX, Clark MA. Lippincott’s lllustrated Reviews: Pharmacology.
4 ed. New Delhi: Lippincott’s Williams & Wilkins; 2009.

[2] Rios JL, Recio MC. Medicinal plants and antimicrobial activity. Journal of
Ethnopharmacology. 2005;100:80-84.

[38] Joseph B, Dar MA, Kumar V. Bioefficacy of plant extract to control Fusarium
solani F.sp. melongena incident of brinjal wilt. Global Journal of Biotechnology
and Biochemistry. 2008;3(2):56-59.

[4] Igwe SA, Akunyili DN, Ogbogu C. Effects of Solanum melongena (garden egg)
on some visual functions of visually active Igbos of Nigeria. J Ethnopharmacol.
2003;86:135-38.

[5] Das M, Barua N. Pharmacological activities of Solanum melongena Linn. (Brinjal
plant). International Journal of Green Pharmacy. 2013;7:274-77.

[6] Maniyar Y, Bhixavathimath P. Antihyperglycemic and hypoglycemic activities of
aqueous extract of Carica papaya Linn. leaves in alloxan-induced diabetic rats.
Journal of Ayurveda and Integrative Medicine. 2012;3(2):70-74.

[71 Manjamalai A, Singh SS, Guruvayoorappa C, Grace VMB. Analysis of
phytochemical constituents and anti-microbial activity of some medicinal plants
in Tamilnadu, India. Global Journal of Biotechnology & Biochemistry. 2010;
5(2):120-28.

[8] De S, Dey YN, Ghosh AK. Phytochemica investigation and chomatographic
evaluation of the different extracts of tuber of Amorphaphallus paeonifolius
(Araceae). International Journal on Pharmaceutical and Biomedical Research.
2010;1(5):150-57.

[9] OECD Guidelines for testing of chemicals. Acute Oral Toxicity- Up and
Down Procedure. Adopted: 17th December 2001. Http://www.oecd.org/
chemicalsafety/risk-assessment/1948378.pdf (accessed on 22 February14).

[10] Panthong A, Norkaew P, Kanjanapothi D, Taesotikul T, Anantachoke N, Reutrakul
V. Anti-inflammatory, analgesic and antipyretic activities of extract of gamboges
from Garcina hanburyi Hook f. Journal of Ethnopharmacology. 2007; 111(2):335-
40.

[11] Gupta SK. Drug Screening Methods (Preclinical Evaluation of New Drugs). 2nd
ed. New Delhi: Jaypee; 2009.

[12] Hong DD, Hien HM, Anh HT. Studies on the analgesic and anti-inflammatory
activities of Sargassum swartzii (Turner) C. Agardh (Phaeophyta) and Ulva
reticulata Forsskal (Chlorophyta) in experiment animal models. African Journal of
Biotechnology. 2011;10(12):2308-14.

[13] Dadi JF, Shah BN, Shah DP, Lambole VB. Anti-inflammatory activity of root of
Solanum melongena. Pharma Science Monitor. 2013;4(2):3989-94.

[14] Mutalik S, paridhavi K, Rao CM, Udupa N. Antipyretic and analgesic effect of
leaves of Solanum melongena Linn. in rodents. Indian Journal of Pharmacology.
2003;35:312-15.

[15] Winter CA, Risley EA, Nuss GW. Carrageenan induced oedema in hind paw of
the rat as an assay for antiinflammatory drugs. Proceedings of the Society for
Experimental Biology and Medicine. 1962;111:544-47.

[16] Brahmbhatt MR, Patel JM, Patel VB, Saluja AK. Analgesic and Anti-inflammatory
activity of leaves of Rivea hypocrateriformis. Journal of Pharmacognosy and
phytoyherapy. 2010;1(1):1-3.

[17] Vinegar R, Scheiber W, Hugo R. Biphasic development of carrageenin ooedema
in rats. Journal of Pharmacology and Experimental Therapeutics. 1969;166:96-
103.

[18] Chakraborty A, Devi RKB, Rita S, Sharatchandra K, Singh TI. Preliminary studies
on anti inflammatory and analgesic activities of Spilanthes acmella in experimental
animal models. Indian Journal of Pharmacology. 2004;36(3):140-50.

[19] Han SW, Tae J, Kim JA, Kim DK, Seo GS, Yun KJ, et al. The aqueous extract
of Solanum melongena inhibits PAR2 agonist-induced inflammation. Clinica
Chimica Acta. 2003;328(1-2):39-44.

[20] Pourmotabbed A, Farshchi A, Ghiasi G, Khatabi PM. Analgesic and Anti-
inflamsmatory Activity of Teucrium chamaedrys Leaves Aqueous Extract in Male
Rats. Iranian Journal of Basic Medical Sciences. 2010;13(3):119-25.

[21] Salerno L, Modica MN, Pittala V, Romeo G, Siracusa MA, Giacomo CD, et
al. Antioxidant Activity and Phenolic Content of Microwave-Assisted Solanum
melongena Extracts. The Scientific World Journal 2014; 2014:1-6.

[22] Goji ADT, Mohammed A, Tanko Y, Ezekiel I, Okpanchi AO, Dikko AUU. A Study
of the Anti-Inflammatory and Analgesic Activities of Aqueous Extract of Nauclea
latifolia Leaves in Rodents. Asian Journal of Medical Sciences. 2010; 2(6): 244-
47.

PARTICULARS OF CONTRIBUTORS:

1. Assistant Professor, Department of Pharmacology, Karpagam Faculty of Medical Sciences and Research, Coimbatore, India.
2. Professor & HOD, Department of Pharmacology, S Nigalingappa Medical College, Bagalkot, Karnataka, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Umamageswari M S,

108, A-block, Karpagam Faculty of Medical Sciences & Research, Othakalmandapam, Coimbatore — 641032, India.

E-mail : umakarthikm@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Journal of Clinical and Diagnostic Research. 2015 Jan, Vol-9(1): FFO1-FFO3

Date of Submission: Aug 05, 2014
Date of Peer Review: Sep 04, 2014
Date of Acceptance: Sep 18, 2014

Date of Publishing: Jan 01, 2015



