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1. Introduction

ABSTRACT

Objective: To evaluate anti—inflammatory potential of leaf extract of Skimmia anquetilia by in—
vitro and in—vivo anti—inflammatory models. Methods: Acute toxicity study was carried out to
determine the toxicity level of different extract using acute toxic class method as described in
Organization of Economic Co—operation and Development Guidelines No.423. Carrageenan (1
w/w) was administered and inflammation was induced in rat paw. The leafl extracts of Skimmia
anquetilia were evaluated for anti—inflammatory activity by in—vitro human red blood cell (HRBC)
membrane stabilization method and in—vivo carrangeenan—induced rat paw edema method.
Results: The in—vitro membrane stabilizing test showed petroleum ether (PE), chloroform (CE),
ethyl acetate (EE), methanol (ME) and aqueous extracts (AE) showed 49.449,, 59.39¢, 60.159, 68.40¢,
and 52.18 ¢, protection, respectively as compared to control groups. The in—vivo results of CE, EE
and ME showed 58.209, 60.17¢, and 67.53¢, inhibition of inflammation after 6h administration of
test drugs in albino rats. The potency of the leaf extracts of Skimmia anquetilia were compared
with standard diclofenac (10 mg/kg) which showed 74.18¢, protection in in—vitro HRBC membrane
stabilization test and 71.64¢, inhibition in in—vivo carrangeenan—induced rat paw edema model.
The ME showed a dose dependent significant (P< 0.01) anti—inflammatory activity in human red
blood cell membrane stabilization test and reduction of edema in carrageenan induced rat paw
edema. Conclusions: The present investigation has confirmed the anti—inflammatory activity of
Skimmia anquetilia due to presence of bioactive phytoconstitutes for the first time and provide
the pharmacological evidence in favor of traditional claim of Skimmia anquetilia as an anti—
inflammatory agent.

breakdown and repair which are aimed at host defense
and usually activated in most disease condition. The

Skimmia anquetilia (S. anquetilia) is an aromatic
gregarious shrub belonging to family Rutaceae. Tt is mostly
found in Western part of Himalayas and Kashmir in India.
Traditionally, the leaf infusion of S. anquetilia is taken
for treatment of headache, freshness and general feverl1
.The leaves of S. anquetilia are aromatic and known to
contain linalool, geraniol, pinene, scopoletin, skimmianine,
umbelliferonel2]. Inflammation is reaction of to infection,
irritation or foreign substance. It is a part of the host defense
mechanisms. It is known to be involved in the inflammatory
reactions such as release of histamine, bradykinin,
prostaglandinsi3l, fluid extravasations, cell migration, tissue

*Corresponding author: Dr. Zulfiqar Ali Bhat, Department of Pharmaceutical Sciences,
University of Kashmir, Srinagar (J & K)~190006, India.

Tel: —09419077701

E-mail: id.— zabhat2000@gmail.com, vijenderpareek24@yahoo.com

critical role of inappropriate inflammation is becoming
accepted in many diseases that affect man, including
cardiovascular diseases, inflammatory and autoimmune
disorders, neurodegenerative conditions, infection and
cancerl4.5l. Edema formation, leukocyte infiltration
and granuloma formation are main manifestiations of
inflammationl6l. Oedema formation in the paw is the result
of a synergism between various inflammatory mediators
that increase vascular permeability or the mediators that
increase blood flowl7l. Several experimental models of
paw oedema have been described. Carrageenan—induced
paw oedema is widely used for determining the biphasic
phase of inflammation. Histamine, 5-hydroxytryptamine
and bradykinin are the first detectable mediators in the
early phase of carrageenan—induced inflammationis8l,
whereas prostaglandins are detectable in the late phase of
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inflammationi9l. The present research aims to investigate in—
vitro and in—vivo anti—inflammatory activities of extracts of
leaf of S. anquetilia.

2. Material and methods
2.1. Plant material

S. anquetilia was collected from Gulmarg area of Kashmir
(J&K, India). Plant materials were properly identified by
Dr.A.R.Nagshi, Taxonomist, Department of Pharmaceutical
Sciences, University of Kashmir, Srinagar. The successive
leaf extracts of S. anquetilia (LESA) were prepared from
air dried leaves. The successive extracts were prepared in
petroleum ether (PE), chloroform (CE), ethyl acetate (EE),
methanol (ME) and distilled water extract (AE).

2.2. Animal used

Albino rats (Wistar strain) of either sex (180—200 g) were
obtained from the animal house of Indian Institute of
Integrative Medicine, Jammu. Animals were kept under
the laboratory conditions [(25+2)C, 12 h light]. They were
provided with standard rodent diet (Aashirvad Industries,
Chandigarh). Food was withdrawn 12 h before the experiment
and water provided ad libitum. After 7 days, animal were
randomly selected for different experimental groups (6
animal/group) and used for the in vivo determination of anti—
inflammatory activity.

2.3. In—vitro anti—inflammatory activity

It was tested by human red blood cell (HRBC) membrane
stabilization methodi4l. The blood was collected from
healthy human volunteer who had not taken any NSAIDS
for 2 weeks prior to the experiment and mixed with equal
volume of Alsever solution2% dextrose, 0.8% sodium citrate,
0.5% citric acid and 0.429% NaCl) and centrifuged at 3 000
rpm. The packed cells were washed with isosaline and a
10% suspension was made. PE, CE, EE, ME and AE of S.
anquetilia were prepared (200 and 400 +g/mL), respectively
using distilled water and to each concentration 1 m of
phosphate buffer, 2 m hyposaline and 0.5 m of HRBC
suspension were added. Tt was incubated at 370C for 30 min
and centrifuged at 3 000 rpm for 20 min. The hemoglobin
content of the supernatant solution was estimated
spectrophotometrically at 560 nm. Diclofenac (50 and
100 +g/mL) was used as reference standard and a control
was prepared by omitting the extractsl4l. The percentage of
HRBC membrane stabilization or protection was calculated
by using the following formula:

2.4. In—vivo anti-inflammatory activity
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Acute toxicity study was carried out for different extract
using acute toxic class method as described in Organization
of Economic Co—operation and Development Guidelines
No.423(10. The LESA was safe up to a dose of 4 000 mg/kg/
b.w. The extract of 200 mg/kg and 400 mg/kg was used as
moderate dose for the evaluation.

The anti—Inflammatory activity of LESA was evaluated
using the carrangeenan—induced rat paw edema. The rats
were divided into five groups (n = 6). Acute inflammation
was produced by sub plantar administration of 0.1 mL of 1%
w/w carrageenan in normal saline to the right paw of each
rat. Group 1 were treated with 0.5 CMC (10 mL/kg/p.o.),
Group TI, TII, TV with CE, EE, ME of S. anquetilia at the dose
of 200 and 400 mg/kg/p.o. and Group V with diclofenac 100
#g/ml as standard 1 h before the injection of carrageenan.
The volume of the paw was measured at 0 h, 1 h, 3 h and
6 h after the injection of carrageenan. Edema was expressed
as the increment in paw thickness due to carrageenan
administration(11]. Percent inhibition of edema volume
between treated and control group was calculated as follows:

Ve — Vi X 100

Percent inhibition =
Ve

Where, Ve and Vit represented mean increase in paw
volume in control and treated groups, respectively.

2.5. Phytochemical analysis

The phytochemical screening of PE, CE, EE, ME, and AE of
S. anquetilia were performed as per described methods121.

2.6. Statistical analysis

The values are expressed as mean+SEM. Statistical
analysis was performed using ANOVA (one way) followed by
Student’s ¢—test. P < 0.05 was considered to be significant
or we can say that the values are significantly different from
the control or saline group at P < 0.05.

3. Results
3.1. Effect of LESA on HRBC membrane stabilization

The result of the human red blood cell membrane
stabilization test were shown in Table 1. The PE, CE, EE,
ME and AE of LESA showed a concentration dependent
anti inflammatory activity, and the protection percent
increased with increase in the concentration of the drug.
Among all the extracts, ME (200 mg and 400 mg) showed
statistically significant increase (P<0.01) (61.59% and 68.40%,
respectively). All the results were compared with control and
diclofenac (standard) which showed 74.18% protection (Table
1.
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Table 1
Anti inflammatory activity of leaf extracts of S. anquetilia on HRBC
membrane stabilization.

Groups Concentration (mg/kg) Activity (%Protection)
Control - -
PE 200 40.18 = 0.61
400 49.44 £1.52
CE 200 54.31 £1.27
400 59.39 +2.85"
EE 200 58.08 + 1.36"
400 60.15 & 1.48"
ME 200 61.59 =1.20"
400 68.40 =1.57"
AE 200 49.58 * 1.81
400 52.18 = 1.33
Diclofenac 10 74.18 = 1.86"

Symbols represent statistical significance: * P< 0.01, " P< 0.05.

Table 2
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3.2. Effects of LESA on carrageenan—induced paw edema in

rats

Treatment with 400 mg/kg of CE, EA, ME and Diclofenac
showed 58.229, 60.17%, 67.53% and 71.64% inhibition in
albino rats. Among all the extracts, methanol was found to
be the most potent (67.53%, P<0.01) when compared with
control group after 5 hours (Table 2). The data demonstrate
that ME has higher anti-inflammatory activity than CE and
EE extract in vivo.

3.3. Phytochemical analysis

The phytochemical screening showed that leaves extracts

Anti—-inflammatory activity of leaf extracts of S. anquetilia on carrageenan induced paw edema in rats.

Paw volume (mL) at hours

o Inhibition after at time (hours)

Group Treatment (mg/kg) b oh h °h oh
Control 0.5, CMC 0.22 = 0.04 0.46 = 0.02 - - -
CE 200 0.13 £0.01 0.22 + 0.01 38.71 44.62 52.16
400 0.12 = 0.01 0.19 = 0.02 42.85 51.10 58.22"
EE 200 0.13 £0.01 0.20 = 0.02 41.47 50.02 56.27
400 0.12 = 0.01 0.18 = 0.02 45.16 50.72 60.17"
ME 200 0.12 = 0.02 0.17 = 0.02 42.85 52.65 63.85"
400 0.11 = 0.01 0.15 = 0.01 47.92 56.46 67.53"
Diclofenac 10 0.10 £ 0.02 0.13 £ 0.02 52.99 68.18 71.64"

Symbols represent statistical significance: ‘P < 0.01, "P< 0.05.

of S. anquetilia had different secondary metabolites such
as alkaloids, glycosides, tannins, flavonoids, saponins and
carbohydrates( Table 3).

Table 3

Preliminary phytochemicals screening of leaves extracts of S.
anquetilia.

Test PE CE EAE ME AE
Carbohydrates + - - o "
Alkaloids - + + o "
Saponins - - " ¥ o
Steroids " = = o "
Proteins - - - + o
Starch - - - - o
Tannins - - ¥ - -
Flavonoids - - o o "

+: Presence; —: Absence (Based on color reaction).

4. Discussion

The incredible development in the field of synthetic
drugs during present era is accompanied by numerous
undesirable side effects. Whereas plants still hold their
own unique place, with lesser side effects. Therefore,
a systematic approach should be made to find out the
efficacy of plants against inflammation as herbal anti—
inflammatory agents. The enzyme, phospholipase A,, is
known to be responsible for the formation of mediators of

inflammation such as prostaglandins and leukotrienes.
By attracting polymorphonuclear leucocytes to the site of
inflammation, they can lead to tissue damage probably
by the release of free radicals. Phospholipase A, converts
phospholipids in the cell membrane into arachidonic acid,
which is highly reactive and is rapidly metabolized by
cyclooxygenase (prostaglandin synthesis) to prostaglandins.
Prostaglandins are major components that induce pain
and inflammationl13.14]. Tt is well known that carrageenan
induced paw edema is characterized by biphasic event with
involvement of different inflammatory mediators. In the
first phase (during the first 2 h after carrageenan injection),
chemical mediators such as histamine and serotonin
play role, while in second phase (3—4 h after carrageenan
injection), Kinin and prostaglandins are involved(15-18].
Our results revealed that administration of methanolic
extract inhibited the oedema starting from the first hour and
during all phases of inflammation, which is probably due
to inhibition of different aspects and chemical mediators of
inflammation.

The successive leaf extracts of S. anquetilia exhibited
membrane stabilization effect by inhibiting hypotonicity
induced lysis of erythrocyte membrane. The erythrocyte
membrane is analogous to the lysosomal membrane
and its stabilization implies that the extract may as well
stabilize lysosomal membranes/4l. Stabilization of lysosomal
membrane is important in limiting the inflammatory
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response by preventing the release of lysosomal constituents
of activated neutrophil such as bactericidal enzymes and
proteases, which cause further tissue inflammation and
damage upon extra cellular releasell9l. Though the exact
mechanism of the membrane stabilization by the extract
is not known yet, hypotonicity—induced hemolysis may
arise from shrinkage of the cells due to osmotic loss of
intracellular electrolyte and fluid components. The extract
may inhibit the processes, which may stimulate or enhance
the efflux of these intracellular components[15.201. The
methanol extract @00 mg/kg) has shown significant anti—
inflammatory activity (68.40%). On the basis of in—vitro
evaluated results, in vivo evaluation was also estimated
and methanol extract (400 mg/kg) showed significant anti—
inflammatory activity (67.53%) as compared to control,
whereas diclofenac showed 71.64% inhibition percentage in
carrageenan induced paw edema. The ability of the extract
to inhibit carrageenan induced paw edema is suggestive
of its anti—-inflammatory potential. Anti—inflammatory
effects have been observed in flavonoids as well as tannins.
Flavonoids such as quercetin are known to be effective in
reducing acute inflammation. Certain flavonoids possess
potent inhibitory activity against a variety of enzymes such
as protein kinase C, protein tyrosine kinases, phospholipase
A,, phosphodiesterases and others. The anti—inflammatory
effect of the extract may be due to the presence in the extract
of flavonoids, tannins etc. either singly or in combination(21].
Both in-vitro and in—-vivo models results showed that the leaf
extracts of S. anquetilia possess potential anti—inflammatory
activity.

It is concluded that ME of leaves of S. anquetilia
possess significant anti—inflammatory activity in HRBC
membrane stabilization test and carrageenan induced paw
edema in rats. This may be due to the presence of active
phytoconstituents i.e. flavonoids, and due to their effect on
the prostaglandins pathway. Further research, to isolate
anti-inflammatory principle/principles & exact mechanism
involved, is currently in progress.
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