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Abstract

Solanum melongena (SM), or eggplant, is a species of the nightshade family. In the traditional medicine system of the
subcontinent, SM possesses excellent therapeutic effects on warts, burns, and many inflammatory diseases, such as stomatitis,
arthritis, and gastritis. This study aimed to investigate the anti-inflammatory and analgesic effects of SM fruit. The anti-
inflammatory effect was studied using carrageenan-induced edema in the rat's hind paw, while analgesic activity was studied
by thermal and chemical induction of pain. Crude methanolic extract of the plant showed a potent analgesic effect. When used
at doses of 10, 20, and 50mg/kg, SM caused significant inhibition (P < 0.001) of the nociception induced by acetic acid. In the
formalin test, the fruit extract of SM (10, 20, and 50mg/kg i.p.) significantly (P < 0.01, P < 0.001) inhibited both phases of formalin-
induced licking response in mice. In the hot plate assay, SM (50mg/kg i.p.) showed significant analgesic activity
(P <0.01, P <0.001), similar to morphine. Furthermore, the methanolic extract of SM (10-50mg/kg i.p.) reduced the paw edema
in the third hour after carrageenan administration, with maximum inhibition being 75% at 50mg/kg. We concluded that the
crude methanolic extract of SM possesses analgesic and anti-inflammatory properties, which rationalize its traditional use in
treating inflammatory conditions.
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Introduction

Throughout history, medicinal plants and herbs'
use for both dietary purposes and as therapeutic
agents have been well documented, and this
practice has increased manifold over the past few
decades (Woods 1999, Khan et al. 2001). Generally
referred to as medicinal plants, these herbs are
relied upon by a significant portion of the global
population to treat various ailments. Belonging to
the Solanaceae or commonly referred to as the
nightshade family, Solanum melongena (SM), also
called the Brinjal, is a vegetable used for culinary
purposes that harbors medicinal attributes. In the

Ayurvedic system, the use of Brinjal is heavily
reported.

Quinic acid, caffeic acid, and other phenolic
phytocompounds, such as chlorogenic acid and
cinnamic acid, have been discovered in the skin of
SM, in recent studies, alongside chemicals
including quercetin, nasunin, and a wide array of
flavonoids (Helmja et al. 2009, Shen et al. 2005).
From the roots, the following compounds have
been isolated; isoscopoletin, grossamide, and
cannabisin F. A flavonol glycoside, termed,
Solanoflavone, has also been extracted from the
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white eggplant (Sun et al. 2014, Yoshihara et al.
1978). Antioxidants such as anthocyanin and
delphinidin-3-(p-coumaroylrutinoside)-5-
glucoside (Nasunin) obtained in high amounts
from the peel of the eggplant have inhibited
angiogenesis and relieved oxidative stress
(Azevedo et al. 2007, Azuma et al. 2008, Jing et al.
2015, Matsubara et al. 2005, Salerno et al. 2014,
Noda et al. 2000). Alpha-glucosidase inhibition by
the phytochemical, phenylethyl cinnamides,
present in the root, is also reported (Liu, Luo, and
Kong 2011).

Various anatomical parts of the plant possess anti-
inflammatory conditions, cardiotonic, and anti-
asthmatic characteristics, as well as have a positive
influence on conditions including but not limited
to neuropathic pain, nasal wulcers, bacterial
infections such as cholera, as well as respiratory
diseases of bronchitis and asthma (Warrier et al
1996). Its ability to reduce oxidizing free radicals
(Sudheesh et al. 1999, Noda et al. 2000), depress
the Central Nervous System (Vohora, Kumar, and
Khan 1984), and reduce lipid levels (Sudheesh et
al. 1997) has also been discerned.

Various research groups have reported significant
hypolipidemic effects in the livers of rats, where a
marked decrease in cholesterol, triglyceride, and
free fatty acids has been observed upon using the
flavonoids obtained from SM fruit (Sudheesh et al.
1997). Cardioprotective effects in preventing
ischemic reperfusion injury have been seen when
raw or grilled eggplant fruits
incorporated into the diets of rats (Das et al. 2011).
Moreover, in 2001 Lee and colleagues found that
water extract of SM decreased mast cell secretion
of Tumor Necrosis Factor-alpha (TNF-a) and
reduced the incidence of cutaneous anaphylactic
reactions (Lee et al. 2001). Inflammation caused by
the agonists of the protease-activated receptor
(PAR 2) was also alleviated upon using the crude
aqueous extracts of eggplant fruits. This is
achieved by blocking the action myeloperoxidase
enzyme and decreasing the production of TNF-a
in paw edema in mice (Han et al. 2003)

have been

A global renaissance has occurred regarding using
natural products in healthcare. Organizations
such as the WHO are stressing the greater
importance of scientific inquisition into traditional
herbal treatments. Once their clinical value has
been determined, many countries of the world are
looking to add medicinal plants to the "Essential
Drug List" of the WHO. Pakistan and its Northern
Regions are rich in medicinal plants (Nasir and Ali
1972).
exploration and scientific investigation of novel
drug compounds from the indigenous sources of
the country. The current research aims to delve
into the ability of the crude extract of SM to relieve
pain and mitigate inflammation and rationalize its
use in traditional medicine in the subcontinent.

Significant potential exists for the

Materials & Methods

Plant Material

From the market, 5kg of SM was bought. The task
of identifying the appropriate variety was given to
Dr. Humaira Gul from the Department of Botany
of the Faculty of Sciences, University of Karachi. A
sample has been kept in the lab for future
reference. After being mashed, the fruit pulp, at
room temperature, was stored in a tightly closed
container.

Preparation of Plant Extracts

The mashed fruit, for three days with periodic
shaking, was soaked in 5 Liters of methanol (70%).
Filtration was performed using a Muslin cloth and
subsequently a qualitative (20-25 um) Grade 4
Whatman filter paper. The combined filtrate,
obtained after three repeats of the filtration
process, was placed in a rotatory evaporator and
evaporated under reduced pressure to a dark
brown, thick, semi-solid mass. The crude extract
was generated. The yield of the crude methanolic
extract was 18%, with the remaining being the
aqueous layer (Aq).

Animals
Both male and female, 20-30g of NMRI mice and
200-270g of Sprague-Dawley rats were maintained
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in the animal facility of the Pak-Austria
Fachhchschule: IAST, Pakistan. Using these
animal samples for experimental purposes was in
compliance with the ethical rules and regulations.
The animals had free access to water and food,
were exposed to adequate light and dark cycles,
and were kept under standard conditions.

Writhing Test

As per the method stated by (Koster 1959), male
adult mice were used between 6-20 in number. The
test was conducted after the random distribution
of the animals into three groups: Control Group
(vehicle-treated), Standard Group administered
with the NSAID diclofenac sodium (reference
drug), Investigational/Test Group administered
with various doses intraperitoneally injected
doses of crude extract (10mg/kg, 20mg/kg and
50mg/kg). The specimens were placed in glass
beakers for 5-minute intervals. Prior to placing the
mice in the beakers, the mice were injected with
the standard drug or crude SM extract for 30
minutes, after which the mice were given a
0.1mL/10g acetic acid formulated as a 0.7% v/v i.p.
injection. To ensure standardization of measure-
ment, the term writhe was defined as the abdomen
and at least one hind limb stretching together; the
number of writhes was counted for a total of 20
minutes. 10mL/kg saline and 10mL/kg diclofenac
sodium injected into the peritoneal cavity served
as the control and reference drug.

Formalin Test

(Hunskaar and Hole 1987) outlined the procedure
for performing the formalin-induced pain test. 6-
20 mice weighing 20 and 25 grams were separated
and grouped as per the fashion mentioned above.
1% formalin in 0.9% Sodium Chloride solution (sa-
line) was prepared up to 20ul and administered
into the dorsal hind paw using an injection into the
subcutaneous layer. Then the specimens were im-
mediately transferred to a transparent box for ob-
servation. In two phases (0-5 minutes) and (15-30
minutes) post formalin injection, the elapsed time

of paw licking was gauged. The time for both bit-
ing and licking responses was measured in sec-
onds. The animals were subjected to intraperito-
neal injections of 10, 20, and 50mg/kg of SM or
10mg/kg i.p. or 5mg/kg i.p. of diclofenac sodium
or morphine, depending on the animal group. Ex-
tracts or standards were given 30 minutes before
the administration of formalin. Before giving the
crude extract or morphine, the mice in some
groups were injected with 5mg/kg i.p. Naloxone.
A vehicle (0.1mL/10g) was given to the Control
Group. Percent inhibition of the paw-licking time
was calculated, and the results of the animals in
the control and experimental groups were com-
pared

Hot Plate Test

The hot plate assay, with slight alteration, was per-
formed following the procedural guidelines
(Eddy, Leimbach, and Therapeutics 1953). The
temperature was 52 +0.8°C for the hot plate for
this test. Individual Mice weighing 20-25g (n = 6—
10) were one by one exposed to the hot plate. The
time taken to induce discomfort, i.e., jumping
and/or paw licking, was recorded. To prevent any
thermal injury to the paws due to the hot plate, the
mice were exposed for a maximum of 20 seconds.
The animal selection was conducted one day be-
fore the test. 50mg/kg plant extract or 5mg/kg mor-
phine intraperitoneal injection was given to the
mice half hour before starting the hot plate test. At
30 min, 60 min, 120 min, and 180 min time inter-
vals post-injection of plant extract or morphine,
the mice were observed. Naloxone (5mg/kg i.p.)
was given 20 minutes before the SM extract or
morphine; equal volumes of the vehicle were
given to the control group. The latency time was
measured in seconds between the control and ex-
perimental animals.

Rat Paw Edema Assay (Anti-inflammatory Activ-
ity)

According to the procedural guidelines and proce-
dural protocols outlined by (Winter, Risley, and
Nuss 1962), the carrageenan-induced hind paw
edema test was conducted. To remove any bias,
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the rats were randomly segregated into categories,
with each group consisting of 5-8 animals. The rats
were given a 0.05mL subcutaneous injection of
carrageenan solution (1%) prepared in distilled
(RO) water. Dose of plant extract ranging from 10—
50mg/kg i.p. or 20mg/kg diclofenac sodium were
introduced i.p., 0.5 hours prior to the carrageenan
injection. An equal volume of vehicle was given to
the control group. Before and at 60-minute inter-
vals for 4 hours after the carrageenan injection us-
ing plethysmomemter Ugo Basile 7150, the edema
induced in the paw of the Sprague-Dawley Rats
was checked using the volume displacement
method. The difference in paw volume, deter-
mined before and after injection of the phlogistic
agent, indicated the severity of edema.

The % inhibition of the inflammation was deter-
mined for each animal by comparison with con-
trols and calculated by the following formula:
%I=1—(dt/dc)x100%I=1-(dt/dc)x100

where "dt" is the difference in paw volume in the
drug-treated group and "dc" the difference in paw
volume in control group. "I" stands for inhibition.

Statistical Analysis

The student t-test was used to analyze and com-
pare the control and test group results. The data
were presented as Mean + SEM. One-way analysis
of variance (ANOVA) was applied, after which
Tukey-Kramer multiple comparison tests were
used to analyze the raw data obtained from the hot
plate assay. P <0.05 was deemed statistically sig-
nificant.

Results

Writhing Test

Pain invoked by acetic acid was significantly alle-
viated upon the intraperitoneal (i.p.) administra-
tion of the methanolic extract of SM at the doses
mentioned above (P < 0.001), as shown in Table 1.
Maximum inhibition of nociception induced by
acetic acid was recorded at doses of 50mg/kg at
87%, comparable to that of the diclofenac sodium
(standard drug), whereas 60% inhibition was ob-
served at the dose of 20mg/kg i.p.

Table 1 Effect of the crude methanolic extract of SM and diclofenac sodium on acetic acid-induced

writhing in mice.

Treatment Drug Dose (ip)
Negative Saline 10mL/kg
Control
Positive Control = Diclofenac 20mg/kg
Sodium
S. Melongena Methanolic 10mg/kg
Extract
20mg/kg
50mg/kg

Formalin Test

Both phases of paw licking caused by formalin
were significantly inhibited with P<0.01, P<0.001
upon exposure to the SM extract (10, 20, and
50mg/kg) (Table 2). However, 20mg/kg of Diclo-
fenac Sodium reduced paw licking only in the sec-
ond phase from 70 + 5 seconds to 28 + 4 seconds,

Writhing % Protection
758

1627 79

30+5%** 60

15+3%%* 80

Q2%%% 87

producing 60% inhibition. Similarly, in the second
phase of the test, the plant extract was able to in-
duce 60, 75, and 84% inhibition of nociception at
doses of 10mg/kg, 20mg/kg, and 50mg/kg, respec-
tively (Table 2).
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Table 2 Effect of the methanolic extract of SM and diclofenac sodium on formalin-induced paw-
licking time in mice.

Treatment Drug Dose (ip) Paw-licking time % Protection
Group
1t phase 2nd 1t phase 2 phase
phase
Negative Saline 10ml/kg 45+4 70+5 - -
Control
Positive Diclofenac 20mg/kg 43+5 28+4** - 60
Control Sodium
SM Methanolic ~ 10mg/kg 30+6* 28+5** 35 60
Extract 20mg/kg 15+3** 17+3%** 50 75
50mg/kg 9+2%* 1742%** 60 84
Hot Plate Test mum effect attained 2 hours into the test. Nalox-

At the dose of 50mg/kg (i.p.), significant analgesic ~ one (5mg/kg) pre-treatment neutralized the effect
activity was observed with the SM plant extract,  of morphine. Table 3 also delineates that the anal-
similar to morphine (P <0.01) (Table 3). After be-  gesic effect of the plant extract was partly reversed
ing treated with extract, the reaction time of the = with naloxone.

animals increased from 6.9 +0.3 s (control) to

15.1 £ 0.6 s (treated with extract), with the maxi-

Table 3: Effects of SM and morphine treatments in the presence and absence of naloxone on latency
time of mice in hot plate test.

Treatment Drug Dose Latency Time (sec)
Group (ip)
Ohr 05hr 1hr 2 hr 3 hr
Negative Saline 10ml/kg 6.5+0.3 6.7+04  6.5+0.4 6.9+0.3 6.5+0.4
Control
Positive Morphine 10mg/kg 6.4+0.4 7.9+0.4 11.5£0.5*** 11.8+0.5"* 11.8+0.4***
Control

Positive Morphine 10+5 5.5+0.3 5.7+0.3 5.8+0.3 5.6+0.4 5.6+0.4
Control + +Naloxone

Antagonist
SM Methanolic 50mg/kg 7.9+0.4 8.1+0.4 12.2+0.5*** 15.1+0.6"** 14.9+0.6***
Extract
SM Methanolic 50+5 6.6£0.3 7.1+04 7.8£0.4 9.3+0.5%* 9.2+0.4**
+Antagonist  extract +
Naloxone
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Anti-inflammatory Activity

Localized edema generated from the subplantar
carrageenan injection was seen to reach its maxi-
mum effect 3 hours post-injection. An increase in
the net volume of the rat paw for 4 hours, after
which a gradual decline back to normal was the

indicator of the presence of local inflammation.
Methanolic crude SM extract reduced inflamma-
tion at hour three post administration of carragee-
nan, where at 50mg/kg dose, maximum inhibition
of 75% was seen as outlined in Table 4.

Table 4 Effect of the methanolic extract of SM and diclofenac sodium on carrageenan-induced paw

edema in rats.

Treatment Drug Dose (ip) Initial Paw Increase in % Protection
Group Paw Volume Paw Volume
Volume at3 hr
(ml)
Negative Saline 10ml/kg  0.80+0.03  1.10+0.04 0.30 -
Control
Positive Diclofenac 20mg/kg  0.90+0.03  1.05+0.03 0.15** 50
Control Sodium
SM Methanolic ~ 10mg/kg  0.80+0.04  1.01+0.04 0.21% 35
Extract 20mg/kg  0.85+0.03  0.99+0.02 0.14* 54
50mg/kg  0.90+0.02  0.98+0.03 0.08** 75

The plant extract proved ineffective during the
early phase of carrageenan-induced edema. Dur-
ing the third hour of observation, the variation in
the paw volume between the investigational and
control groups was statistically significant with
P<0.01. Furthermore, 50% inhibition of the carra-
geenan-induced edema was seen in the standard

group (administered with 20mg/kg i.p. diclofenac
sodium) (Table 4). The pharmacological activities
of the extract observed in this study are summa-
rized in figure 1.
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Figure 1: A summary of the pharmacological activities of SM fruit extract.
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Discussion

The majority of the third-world populace heavily
depends upon traditional remedies from the local
flora to treat multiple ailments and pathologies.
Out of these countries, Pakistan is a nation that
comprises at least 45,000 traditional healers, and
most of their practice is concentrated in the rural
areas of the country. This figure has remained con-
sistent over the passage of many years. Moreover,
7 out of 10 individuals in these countries rely upon
herbal remedies. However, despite the over-
whelming application of herbal medicine, herbal
remedies are yet to be investigated through a sci-
entific lens, thus reiterating the need for a thor-
ough inquiry into medicinal herbs' pharmacologi-
cal and therapeutic potential. The lack of technol-
ogy and conflicts between modern healthcare pro-
fessionals and traditional healers exacerbates this
problem.

In complementary and
(CAM), species from multiple botanical families
have been used to counter inflammation and pain
(Geissler et al. 2002, Dongmo, Nguelefack, and
Lacaille-Dubois 2005). Our interest and subse-
quent study into the anti-inflammatory and anal-
gesic effects of SM have yielded positive results.
Widely accepted models such as those mentioned
above were employed for antinociceptive studies.
For studying the effects of non-central/peripheral
analgesics, acetic-acid is used as it can invoke the
release in peritoneal fluids of histamine, 5-Hy-
droxy tryptamine, commonly known as serotonin,
and prostaglandins (PGIs) to produce pain
(Collier et al. 1968, Deraedt et al. 1980). In this in-
vestigation, it was seen that there was similar in-
hibition by both Diclofenac Sodium and SM of no-
ciception in the acetic acid-induced writhing in
mice. Thus, a reasonable hypothesis can be gener-
ated that how the plant extract reduces pain might
be related to inhibition of the prostaglandin func-
tion (Ferreira 1972). Other research groups have
combined analgesic drugs, commonly known as
pain killers such as aspirin and diclofenac with
therapeutic herbs (Asparagus pubescens and Quasia
amara) used in folkloric medicine to manage pain

alternative medicine

and inflammation (Okpo, Fatokun, and Adeyemi
2001, Nwafor and Okwuasaba 2003, Toma et al.
2003). Their results, have exhibited marked anal-
gesic effects in acetic acid-induced writhing in
mice.

However, it cannot be ignored that prostaglandins
released by ethanoic acid/acetic acid stimulate
both peripheral nociceptors and neurons that can
be acted upon by clinically important analgesics
such as drugs belonging to the opioid class,
NSAIDs, and centrally acting drugs, rendering the
acetic acid-induced writhing test in mice a non-se-
lective approach for understanding the analgesic
effects of SM (Vaz et al. 1996).

Subsequently, the Formalin test was conducted to
unearth the mechanism of pain and analgesia of
the crude methanolic extract of SM (Tjelsen et al.
1992). The pain introduced by formalin is biphasic.
Phase one pain is because of formalin activation of
the sensory neurons. In contrast, the reason for
pain in the following phase is the release of pro-
inflammatory cytokines such as bradykinin, hista-
mine, 5-HT, and PGIs (Murray, Porreca, and
Cowan 1988, Hunskaar and Hole 1987). In our in-
vestigation, the reduction in paw licking of mice
was similar when the mice were pre-emptively
given morphine and different doses of the crude
extract. It is documented that NSAIDs only inhibit
the late phase in contrast to drugs that act cen-
trally, such as morphine and other opioids that
possess the ability to inhibit both phases equally
(Santos et al. 1994, Shibata et al. 1989) of nocicep-
tion caused by formalin. The plant extract's ability
to inhibit both phases indicates a centrally acting
analgesic mechanism. Opioid receptor activity by
the plant extract has also been discerned as the ac-
tivity of the plant extract was partially inhibited by
naloxone, which is clinically used as an antidote
against opioids, completely neutralizing the ef-
fects of morphine. Henceforth, it is reasonable to
conclude that the SM crude extract consists of both
NSAID and opioid-like components that in-sync
serve to relieve pain as exemplified by the afore-
mentioned animal assays of pain and inflamma-
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tion (Christie, Vaughan, and Ingram 1999). Nalox-
one pre-treatment caused a slight increase in the
licking response of the animals in the formalin test,
pointing to its antagonistic effect against the en-
dogenous opioid system. A. ferruginea and A. nilot-
ica (Dhar et al. 1968, Almeida, Navarro, and
Barbosa-Filho 2001) among other plants have cen-
tral analgesic activity, and it is proposed that SM
could contain a few comparable constituents with
regards to central pain inhibition. The majority of
the pain inhibition observed in the second phase is
mainly due to the presence of more modes of pain
relief, preventing the synthesis of prostaglandins
(Tjolsen et al. 1992).

Turner 1965 established that the hot plate assay is
a suitable test to investigate central pain inhibi-
tion, which was confirmed in our research. Drasti-
cally decreased reaction rates that were also par-
tially antagonized by naloxone reinforce the pres-
ence of the opioid pharmacological framework in
the noticed pain-relieving effect of the SM extract.
Reduction in nociception was mainly observed in
the second phase of the formalin-induced pain
test, similar to that of aspirin and other drugs, for
example, phenylbutazone, which can counteract
peripheral analgesia (Shibata et al. 1989). It is well
known these induce cyclooxygenase enzyme
blockade involved in the arachidonic acid path-
ways for analgesia (Taiwo and Levine 1990). Sub-
sequently, it can be deduced that NSAID-like pain
inhibition is seen in the plant extract.

Following the aforementioned findings and the
existing use of SM, the carrageenan-induced rat
paw edema method was selected to gauge the anti-
inflammatory activity of the plant extract. Com-
pared to Diclofenac Sodium (reference drug), SM
displayed marked inhibition of inflammation.
Two phases govern carrageenan-induced inflam-
mation: Phase one/Early phase, involves edema
produced as a result of histamine and serotonin re-
lease, and Phase two/Late phase, where relaxing of
the walls of the blood vessels, termed vasodilation,
is mediated by prostaglandin and bradykinin (Di
Rosa, Giroud, and Willoughby 1971, Burch and

DeHaas 1990). Many research groups have dis-
cerned that the Late phase is susceptible to clini-
cally available anti-inflammatory drugs and is
commonly used to study whether natural product
extracts harbor anti-phlogistic properties (Della
Loggia et al. 1986, Saeed et al. 1995). Our investi-
gation suggests that prostaglandin inhibition is a
possible analgesic mechanism of the SM owing to
the significant anti-inflammatory effects seen prin-
cipally in the Late phase of the carrageenan-in-
duced rat paw edema test. The standard drug, Di-
clofenac sodium, also exhibited a similar anti-
edematous effect in the assay. (Skoutakis et al.
1988) showed that Diclofenac Sodium and other
NSAIDs inhibit synthesis and prostaglandin pro-
duction, diminishing arthritic pain, swelling, and
inflammation. Cyclooxygenase inhibition is also
evidenced regarding chemical constituents that
are effective in reducing carrageenan-induced
edema (Selvam and Jachak 2004). In light of these
findings, it can be stated that the inhibitory activ-
ity of the crude extract on the carrageenan-in-
duced inflammation at the third hour is perhaps
due to the aforementioned mechanisms.

Thus, it can be safely concluded SM boasts analge-
sic and anti-inflammatory properties. Our find-
ings suggest that the plant extract functioning is
along the lines of that of NSAIDs. Involvement of
the opioid system is also inferred due to nalox-
one's partial analgesic reversal of the SM extract.
The data currently available strongly indicate that
SM bears demonstrate significant potential as a
source of novel analgesic compounds. It is possi-
ble that terpenoids and flavonoids in the plant ex-
tract may be possible to reduce pain and inflam-
mation as plant sources containing such phyto-
chemicals in excess tend to show positive results
in inflammation and pain assays (Della Loggia et
al. 1986, Saeed et al. 2010). Our data, to some ex-
tent, justify the anti-inflammatory and analgesic
use of SM. However, deeper and more extensive
studies are required to identify the phytochemi-
cals involved and their exact mechanisms of the
reported effects of the plant extract.
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