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Abstract

The mechanisms of the anti-inflammatory activity of the leaf extracts of Culcasia scandens P. Beauv were evaluated. The methanol leaf
extract (CE) of C. scandens was subjected to bioactivity-guided separation to obtain fraction C as the most active anti-inflammatory fraction.
Further activity-guided fractionation of fraction C led to the isolation of an anti-inflammatory principle, CS-1, identified as sitosterol.
Phytochemical analysis of CE indicated the presence of carbohydrates, glycosides, alkaloids, saponins, flavonoids, tannins, sterols and
terpenoids. Fraction C tested positive for flavonoids, sterols and terpenoids while CS-1 tested positive for sterols. Acute toxicity test on CE in
mice established an intraperitoneal (i.p.) and oral (p.o.) LDsy of >5 g/kg. The isolated compound, CS-1, inhibited topical edema in the mouse
ear while CE and fraction C were devoid of any such activity. The methanol extract (CE), fraction C and CS-1 suppressed paw edema in rats
with inhibitory order of magnitude: CS-1>fraction C>CE. The methanol extract (CE), fraction C and CS-1 caused gastrointestinal irritation in
rats to varying extents and reduced neutrophil and lymphocyte counts while CE and fraction C reduced total leukocyte count (TLC). The
methanol extract (CE) was effective in inhibiting heat-induced hemolysis of human red blood cells (RBCs) but exhibited no inhibitory effect
on hypotonicity-induced hemolysis. However, fraction C and CS-1 inhibited both heat- and hypotonicity-induced hemolysis. These results

suggest that the leaf extract of C. scandens has a good anti-inflammatory profile, indicating a nonspecific mechanism of action.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The inflammatory response is a defense mechanism
evoked by body tissues in response to injury or microbial
invasion. It is a usual accompaniment of most disease
processes, and can on its own constitute a source of
discomfort thus requiring treatment. Over the centuries, a
number of medicinal plants have been in use in the
treatment of the disorders associated with the inflammatory
response or control of the inflammatory aspects of diseases.
These medicinal plants owe their activities to their
phytochemical constituents and may exert their anti-
inflammatory effect by interfering generally with the
inflammatory response pathways or specifically with certain
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components of the pathway, such as release of proinflam-
matory mediators, migration of leukocytes under inflamma-
tory stimulus with consequent release of the cytoplasmic
contents at inflammation sites, activation of complement
sequence, etc. (Okoli et al.,, 2003). Pharmacological
evidence for the anti-inflammatory activity of some of these
medicinal plants has been established (Okoli et al., 2003),
thus providing a rationale for their medicinal uses and
stimulus for further research and development of the plant
extracts. One of such plants is Culcasia scandens P. Beauv
(Araceae), a potent anti-inflammatory herb.

C. scandens P. Beauv is a tall climbing epiphyte with
green, simple and entire leaves (Omotoye, 1984). The
morphology has been variously described (Morton, 1961;
Nielsen, 1965; Omotoye, 1984).

In the southeastern part of Nigeria, C. scandens is
abundantly present and known as “Oji azu ari nkwu” in
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vernacular. The leaves of C. scandens are popularly used in
the treatment of tonsillitis, toothache and other inflamma-
tory conditions and claimed to be a very effective remedy.
The ethnomedicinal uses in inflammatory conditions and
rheumatism have been documented (Kokwaro, 1976; Okoli
and Akah, 2000).

In preliminary evaluation, we have reported the anti-
inflammatory activity of the methanol leaf extract and its
fractions (Okoli and Akah, 2000). These preliminary
findings indicated a potent anti-inflammatory activity profile
of the leaf extract and fractions of this plant in acute
inflammation. The present study was undertaken to identify
the possible mechanisms of the anti-inflammatory effect of
the leaf extracts and to isolate the anti-inflammatory
principle.

2. Experimentals
2.1. Collection of plant material

Fresh leaves of C. scandens were collected from plants
growing on palm tree trunks, in Nanka, Orumba North
L.G.A., Anambra State, Nigeria. The leaves were collected
in December 1999 and authenticated by Mr. A.O. Ozioko of
the Bioresources Development and Conservation Pro-
gramme Center (BDCP), Nsukka, Enugu State, Nigeria. A
voucher specimen (PC 97028) is preserved in the Pharmacy
Herbarium, University of Nigeria, Nsukka (UNN).

2.2. Extraction of plant material

The leaves were cleaned, cut into smaller pieces, dried in
the open for 2 days and pulverized to coarse powder using a
hand blender. About 5 kg of the powder was extracted by
cold maceration in methanol (22.5 L) for 48 h. Concen-
tration of the methanol extract in a rotary evaporator under
reduced pressure and subsequent freeze—drying afforded
584.85 g of the crude extract (CE).

2.3. Bioactivity-guided separation of the crude extract

Acute inflammation induced by fresh egg albumin in the
rat paw (Akah and Njike, 1990; Okoli and Akah, 2000) was
used as biological activity guide in the separation of the
crude extract for anti-inflammatory tests.

2.4. Chromatographic separation of the crude extract (CE)
and fraction C

About 500 g of CE was separated in a dry-packed silica
gel 60, 70-230 Mesh ASTM (EM Science) column
successively eluted with ethylacetate (100%) and methanol
(100%) to obtain about 500 fractions of 10 ml volume each.

The collected fractions were pooled into four (A, B, C
and D) according to the Ry values of the constituents

visualized under UV on precoated TLC Uniplate Normal
Phase Silica gel, 150 pm (Analtech) plates developed with
ethylacetate (100%).

Activity-guided screening of fractions A, B, C and D for
anti-inflammatory activity showed that fraction C (10.52 g)
caused the greatest inhibition of paw edema. Fraction C was
thus subjected to further separation.

Fraction C (6 g) was separated in a column packed as
earlier stated and eluted with mixtures of petroluem ether/
ethylacetate (1:1, 1:2), ethylacetate/methanol (2:1) and
methanol (100%) and collected in 10 ml volumes. The
petroleum ether/ethylacetate (1:2) fractions on standing
yielded a white coloured amorphous powder (CS-1). The
compound was washed with petroleum ether/ethylacetate
(1:2) mixture and CS-1 (54.2 mg) precipitated on standing
in a refrigerator at 0—4 °C. The purity of the isolate was
established by TLC on precoated TLC Uniplate Normal
Phase Silica gel, 150 pm (Analtech) plates developed with
methylene chloride/acetone (80:20) mixture to reveal a
single spot. The purity was further ascertained by TLC
eluted with a more polar mixture of methylene chloride/
acetone/formic acid (80:20:0.5) to reveal a single spot.

2.5. Phytochemical analysis of extracts

The phytochemical analysis of the CE, fractions C and
CS-1 was done using standard methods (Evans, 1989).

2.6. Characterization and identification of CS-1

The structure of the isolated constituent (CS-1) was
characterized using H-NMR and '*C-NMR spectroscopy.
The identity was established by comparison of the spectral
data with those of previously published compounds
(Caffaratti et al., 1994; Perez et al., 2003).

2.7. Pharmacological tests

2.7.1. Animals

Adult Swiss albino mice (15-25 g) and rats (150-250 g)
of either sex were used. The animals were obtained from the
Laboratory Animals’ Facility of the Department of Pharma-
cology and Toxicology, University of Nigeria, Nsukka
(UNN). The animals were housed in stainless steel cages
(rats) and plastic cages (mice). They were maintained on
standard pellets (Bendel Feeds and Flourmills, Benin City,
Nigeria) and water ad libitum. All animal experiments were
in compliance with the National Institute of Health Guide
for Care and Use of Laboratory Animal (Pub. No. 85-23,
revised 1985).

2.8. Acute toxicity (LDsg) test
The LDs, of the crude extract (CE) was estimated in

mice (15-25 g) by oral (p.o.) and intraperitoneal (i.p.) routes
using the method of Lorke (1983).
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2.9. Anti-inflammatory tests
2.9.1. Establishment of effect on acute inflammation

2.9.1.1. Topical edema induced by xylene in the mouse ear.
The effects of the crude extract (CE), fraction C and CS-1
on acute topical inflammation was evaluated by a mod-
ification of the methods of Tubaro et al. (1985) and Atta and
Alkohafi (1998).

Adult Swiss albino mice (15-25 g) of either sex were
divided into groups of 10 animals. Each group received
one of CE, fraction C or CS-1 (5§ mg/ear) applied on the
anterior surface of the right ear. Topical inflammation was
instantly induced on the posterior surface of the same ear
by application of xylene (0.05 ml). Control animals
received either the vehicle (3% v/v Tween 85) or
indomethacin (5 mg/ear). Two hours after induction of
inflammation, mice were killed by overdose of ether
anaesthesia and both ears removed. Circular sections (7
mm diameter) of both the right (treated) and left
(untreated) ears were punched out using a cork borer,
and weighed. Edematous response was quantified as the
weight difference between the two earplugs. The anti-
inflammatory activity was evaluated as percent edema
reduction/inhibition in the treated animals relative to
control animals (Tubaro et al., 1985; Asuzu et al., 1999)
using the relation;

R —L
Edema Reduction /inhibition (%) = [100 { ———
Rc - Lc

Where R=mean weight of right earplug of treated animals,
L=mean weight of left earplug of treated animals,
R.=mean weight of right earplug of control animals and
L.~=mean weight of left earplug of control animals.

2.9.2. Egg-albumin-induced pedal edema in rats

The rat paw edema method of Winter et al. (1962) was
used. Increase in the right hind paw volume (Rosa et al.,
1994; Bani et al., 2000) induced by the subplantar injection
of fresh egg albumin (Akah and Njike, 1990; Okoli and
Akah, 2000; Amos et al., 2002) was used as a measure of
acute inflammation.

Adult Swiss albino rats (110-210 g) of either sex were
divided into five groups of six animals. Each group received
intraperitoneal injection of one of CE, fraction C and CS-1,
(200 or 400 mg/kg) administered to subgroups of three
animals. Control animals received either piroxicam (50 mg/
kg) or equivalent volume of 3% v/v Tween 85.Thirty
minutes later, acute inflammation was induced by subplantar
injection of 0.1 ml of undiluted fresh egg albumin on the
right hind paw of the rats. The volume of the paw was
measured by water displacement using digital plethysmom-
eter (LETICA, 7500) before and at 0.5, 1, 2, 3 and 4 h after
egg albumin injection. Edema formation was assessed in
terms of the difference in the zero time paw volume of the

injected paw and its volume at the different time intervals
after egg albumin injection.

The level of inhibition (%) of edema was calculated
using the relation (Perez, 1996);

Inhibition of Edema (%) = 100 [1 _ (Z - x)]
—y

Where a=mean paw volume of treated rats after egg
albumin injection, x=mean paw volume of treated rats
before egg albumin injection, b=mean paw volume of
control rats after egg albumin injection and y=mean paw
volume of control rats before egg albumin injection.

2.10. Studies on the mechanisms of anti-inflammatory
activity

2.10.1. Ulcerogenic effect in rats

The method of Cashin et al. (1979) was used. Adult
Swiss albino rats (150-200 g) were fasted for 24 h. After the
fasting period, the crude extract (CE) and fraction C were
administered orally to animal subgroups of three at 200 or
400 mg/kg while CS-1 was administered at 400 mg/kg only.
Control animals received either indomethacin (100 mg/kg)
or equivalent volume of vehicle (3% v/v Tween 85). Three
hours after drug administration, animals were killed by ether
anaesthesia. The stomachs were removed, cut along the
lesser curvature and opened up to expose the mucosal
surface. The mucosal surface was washed with normal
saline and observed with a convex lens (magnification X
10). Damage to the mucosa was scored 0 to 4 according to
an arbitrary scale: 0=no lesions; 0.5=hyperemia; 1=one or
two lesions; 2=severe lesions; 3=very severe lesions;
4=mucosa full of lesions (Cashin et al., 1979).

2.10.2. Cell (leukocyte and neutrophil) migration test

The method of Ribeiro et al. (1991) was used. Adult Swiss
albino rats (150210 g) of either sex were used. The methanol
extract (CE), fraction C and CS-1 were administered orally at
200 or 400 mg/kg to animal subgroups of three. One hour
after drug administration, animals received intraperitoneal
injection of 1 ml of 6% w/v dextran in normal saline. Four
hours later, the animals were killed and the peritoneal cavities
washed with 5 ml of phosphate-buffered saline containing
0.5 ml of 10% EDTA. Total and differential leukocyte counts
in the peritoneal wash were taken. The inhibition (%) of
neutrophil and lymphocyte migration was calculated.

2.10.3. Membrane stabilization tests

2.10.3.1. Preparation of erythrocyte suspension. Fresh
whole human blood (10 ml) was collected and transferred
to heparinized centrifuge tubes. The tubes were centrifuged
at 3000 rpm for 5 min, and washed three times with equal
volume of normal saline. The volume of the blood was
measured and reconstituted as a 40% v/v suspension with
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Table 1
Phytochemical constituents of extracts

Extract Yield (%) Cho Alk Sap Fla Tan Ste Terp Gly

CE 12.13 + + + + + + o+ +
Fraction C  2.00 - — — + _ + + _
CS-1 0.86 - — — - + _ _

+=Present; —=absent; Cho=carbohydrate; Alk=alkaloids; Sap=saponins;
Fla=flavonoids; Tan=tannins; Ste=sterols; Terp=terpenoids; Gly=glycosides.

isotonic buffer solution (10 mM sodium phosphate buffer
pH 7.4). The composition of the buffer solution (g/L) was
NaH,PO, (0.2), NaH,PO, (1.15) and NaCl (9.0; Shinde et
al., 1999).

2.10.3.2. Heat-induced hemolysis. The isotonic buffer
solution (5 ml) containing 200 and 400 pg/ml of CE,
fraction C and CS-1 were put in four sets (per concentration)
of centrifuge tubes. Control tubes contained 5 ml of the
vehicle or 5 ml of 100 pg/ml of hydrocortisone. Erythrocyte
suspension (0.05 ml) was added to each tube and gently
mixed. A pair of the tubes was incubated at 54 °C for 20
min in a regulated water bath. The other pair was maintained
at 04 °C in a freezer for 20 min. At the end of the
incubation, the reaction mixture was centrifuged at 1300x g
for 3 min and the absorbance (OD) of the supernatant
measured spectrophotometrically at 540 nm using Spec-
tronic 2ID (Milton Roy) spectrophotometer (Shinde et al.,
1999). The percent inhibition of hemolysis was calculated
using the relation (Shinde et al., 1999):

D, — OD
Inhibition of hemolysis (%) = 100[1 oD, — 0 ']

~ OD; — OD;

Where OD;=absorbance of test sample unheated, OD,=ab-
sorbance of test sample heated and ODs;=absorbance of
control sample heated.

2.10.3.3. Hypotonicity-induced hemolysis. The hypotonic
solution (distilled water; 5 ml) containing 200 and 400 pg/
ml of CE, fraction C and CS-1 were put in two pairs (per
dose) of centrifuge tubes. Control tubes contained 5 ml of
the vehicle or hydrocortisone (0.5 mg/5 ml). Erythrocyte
suspension (0.05 ml) was added to each tube and after
gentle mixing, the mixtures were incubated for 1 h at room
temperature (31 °C). After incubation, the reaction mixture
was centrifuged for 3 min at 1300Xg and the absorbance
(OD) of the supernatant measured spectrophotometrically at
540 nm using Spectronic 21D (Milton Roy) spectropho-
tometer (Shinde et al., 1999).

The inhibition (%) of hemolysis was calculated using the
relation (Shinde et al., 1999):

D, — OD
Inhibition of hemolysis (%):100[1 oD, ~ 0 ‘]

~ OD; - OD,
Where OD;=absorbance of test sample in isotonic solution,

OD,=absorbance of test sample in hypotonic solution and
ODjs=absorbance of control sample hypotonic solution.

2.11. Statistical analysis

Results were analyzed by SPSS version 11.0 using one-
way ANOVA and subjected to Fischer LSD post hoc test
and expressed as mean+S.E.M. Differences between means
were accepted to be significant at P<0.05.

3. Results

3.1. Extraction, fractionation and chromatographic
separation

The yield of the crude methanol extract (CE) was 12.13%
(w/w). Chromatographic separation of CE gave 2% (w/w) of
fraction C while chromatographic separation of fraction C
yielded 0.86% (w/w) of CS-1 (Table 1).

3.2. Phytochemical analysis of extracts

Phytochemical tests on CE gave positive reactions to
carbohydrates, glycosides, alkaloids, saponins, flavonoids,
tannins, sterols and terpenoids (Table 1). Fraction C tested
positive to flavonoids, and sterols and terpenoids while CS-
1 tested positive to sterols (Table 1).

3.3. Identification of CS-1

Comparison of the spectral data with those of known
compounds established the identity of CS-1 to be sitosterol

(Fig. 1).
3.4. Acute toxicity test

The oral and i.p. LDso of the methanol extract (CE)
estimated in mice, were >5 g/kg.

3.5. Effect of C. scandens leaf extracts on topical (acute)
inflammation

On the xylene-induced ear edema in mice, CS-1 (5 mg/
ear) markedly inhibited edema formation. The effect of CS-
1 was greater than that of indomethacin (5 mg/ear). Fraction
C and CE were devoid of effect on topical edema (Table 2).

CyHs

CH;

CH,
CH,

HO~~

Fig. 1. Structure of sitosterol (Anderson et al., 1926).
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Table 2
Effect of extract and fractions on xylene-induced acute topical edema in the
mouse ear

Extract Dose Edema (mg) Inhibition
(mg/ear) (%)

CE 5.0 0.96+0.49 -

Fraction C 5.0 2.89+1.28 -

CS-1 5.0 0.1540.05 81.01

Indomethacin 5.0 0.72+0.19 8.86

Control - 0.79+0.12 -

n=10.

—=No inhibition.

3.6. Effect of C. scandens leaf extracts on rat paw edema

The tested extracts and fractions all suppressed paw
edema induced by egg albumin to varying degrees (Table 3).
The methanol extract (CE) produced a nondose-related
inhibition of paw edema and at 200 mg/kg, the effect was
significant ( P<0.01) when compared to the control and also
greater than that of piroxicam (50 mg/kg; Table 3). Fraction
C produced a significant ( P<0.01) dose-related inhibition of
paw edema. Both doses of fraction C caused greater
suppression of edema than piroxicam (50 mg/kg). The active
principle (CS-1) caused a significant ( £<0.01) dose-related
inhibition of paw edema (Table 3) with the 400-mg/kg dose
being markedly better than piroxicam. The magnitude of
activity is in the order—CS-1>fraction C>CE.

3.7. Effect of C. scandens leaf extracts on gastrointestinal
irritation

The methanol extract (CE), fraction C and CS-1 all
produced gastrointestinal irritation in rats. The methanol
extract (CE) exhibited a dose-related irritation of the stomach
mucosa. Fraction C exhibited a nondose-related effect with
the 200-mg/kg dose producing a greater irritation (Table 4).

3.8. Effect of C. scandens leaf extracts on in vivo leukocyte
migration

The methanol extract (CE) reduced total leukocyte count
(TLC) in a dose-related manner. Only 400 mg/kg was

Table 3
Effect of extracts on egg-albumin-induced acute inflammation of the rat
paw

Extract Dose Inhibition of edema (%)
(mghke) g 1 2 3 4
CE 200 43.66*  50.00*  50.82 50.00 42.55
400 29.58 45.45%  39.34 31.48 36.17
Fraction C 200 40.85*%  46.97* 42.62 53.70 51.06
400 53.52%  54.55%  55.74*  55.56 63.83
CS-1 400 70.42%  62.12%  75.41%  72.22*%  76.60
Piroxicam 50 4.23 12.12 21.31 31.48 46.81

* Significant at P<0.05 (one-way ANOVA; Fischer LSD post hoc test).

Table 4
Effect of extract and fractions on gastrointestinal irritation in rats
Extract Dose Ulcer index
(mg/kg) (mean+S.E.M.)
CE 200 0.5040.50*
400 0.7540.25%"
Fraction C 200 1.500.50*"
400 0.000.00
CS-1 400 0.25+0.25"
Indomethacin 100 3.00+0.00*
Control - 0.00£0.00

n=3. Damage to the mucosa was scored 0 to 4 according to an arbitrary scale:
0=no lesions; 0.5=hyperemia; 1=one or two lesions; 2=severe lesions;
3=very severe lesions; 4=mucosa full of lesions (Cashin et al., 1979).

* Significant at P<0.05 (ANOVA; Fischer LSD post hoc test)
compared to the negative control.

# Significant at P<0.05 (ANOVA; Fischer LSD post hoc test) compared
to indomethacin.

effective in inhibiting total leukocyte migration. In the
differential count, CE (200 mg/kg) inhibited neutrophil
migration while exhibiting no inhibitory effect on lympho-
cyte counts. Conversely, CE (400 mg/kg) exhibited no
inhibitory effect on neutrophil migration but was the least
effective in inhibiting lymphocyte migration (Table 5).

Fraction C caused a nondose-related reduction in TLC
and at 200 mg/kg, it caused the highest inhibition of total
leukocyte migration, while at 400 mg/kg, it was not
effective in inhibiting TLC. In the differential count,
Fraction C exhibited a dose-related inhibition of neutrophil
migration with little or no activity against lymphocyte
migration (Table 5).

The active principle (CS-1) did not reduce TLC. In the
differential cell count, CS-1 exhibited a nondose-related
inhibition of neutrophil migration and a dose-related
inhibition of lymphocyte migration (Table 5).

3.9. Effect of C. scandens leaf extracts on heat-induced
hemolysis of human red blood cells (RBCs)

The methanol extract (CE), fraction C and CS-1 all
inhibited heat-induced hemolysis of RBCs to varying
degrees. Both the methanol extract (CE) and fraction C

Table 5
Effect of extracts on in vivo leukocyte migration in rats.

Extract Dose (mg/kg) % Inhibition of leukocyte migration
TLC DLC
Neutrophils Lymphocytes

CE 200 - 11.11 -

400 15.54 - 3.16
Fraction C 200 33.90 3.70 -

400 - 18.52 -
CS-1 200 - 25.93 -

400 - - 5.41

n=3. TLC=Total leukocyte count; DLC=differential leukocyte count; —=no
inhibition.
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Table 6
Effect of the extract and fractions on human red blood cell hemolysis
induced by heat and hypotonicity

Extract Concentration Inhibition of hemolysis (%)
(hg/ml) Heat Hypotonicity
CE 200 3.54+2.83 -
400 — -
Fraction C 200 6.95+4.20
400 5.79+1.47 7.87+0.46
CS-1 200 - 34.89+21.38"
400 12.914+5.59* 202.57+3.23%
Hydrocortisone 100 9.91+4.20* 7.05+0.88

—=No inhibition.

* Significant at P<0.05 (one-way ANOVA; Fischer LSD post hoc test)
compared to crude extract (CE).

# P<0.05 compared to CE, fraction C and hydrocortisone.

evoked a nondose-related inhibition of hemolysis. The
active principle (CS-1) exhibited the most potent and
dose-dependent inhibition of hemolytic activity. The inhib-
itory effect produced by the 400-pg/ml concentration was
greater than that caused by hydrocortisone (100 pg/ml;
Table 6).

3.10. Effect of C. scandens leaf extracts on hypotonicity-
induced hemolysis of human red blood cells (RBCs)

The methanol extract (CE) did not exhibit inhibitory
activity against hypotonicity-induced hemolysis of RBCs.
However, fraction C and CS-1 inhibited RBC hemolysis
induced by hypotonicity. Fraction C caused a dose-
related inhibitory effect greater than that produced by
hydrocortisone (100 png/ml). The isolated compound (CS-
1) exhibited a dose-related inhibitory activity that was
greater than that of both fraction C and hydrocortisone
(Table 6).

4. Discussion and conclusion

The extraction and bioactivity-guided fractionation of the
methanol leaf extract of C. scandens have led to the
isolation of CS-1 identified as sitosterol and which exhibited
potent anti-inflammatory activity.

Acute toxicity study of the methanol extract (CE)
established an intraperitoneal and oral LDsy>5 g/kg in
mice. Thus, the methanol leaf extract (CE) of C. scandens
could be regarded as safe (Lorke, 1983), suggesting a
remote risk of acute toxicity as well as good tolerability.

The phytochemical constituents of the methanol extract
(CE) and fraction C were identified as carbohydrates,
glycosides, alkaloids, saponins, tannins, flavonoids, sterols
and terpenoids. The composition of fraction C is less
complex being made up of only flavonoids, sterols and
terpenoids. The isolated compound, CS-1, contained only
sterol. These typical plant principles are known to be
biologically active, eliciting a variety of pharmacological

actions, including anti-inflammatory effects (Gabor, 1972;
Barik et al., 1992; Recio et al., 1995; Aydin et al., 1996;
Shinde et al., 1999). These plant principles have been shown
to inhibit arachidonic acid metabolism (Bauer et al., 1996;
McGaw et al., 1997), inhibit increase in vascular perme-
ability (Pereira da Silva and Parente, 2001) and exhibit
anticomplementary activity, (Srivastava and Kulshreshta,
1989) which are all mechanisms of inflammation.

Characterization of CS-1 revealed that it is a phytosterol—
sitosterol. Sitosterol is an unsaturated secondary alcohol
containing one double bond (Anderson et al., 1926) and one
of the principal phytosterols (Finar, 1986). Sterols are
steroids, which occur in plant, and animal oils and fats
(Finar, 1986) and sitosterol, which may occur with
stigmasterol, has been reported in some plants (Evans,
1989). It occurs as a mixture of three isomers—a-, 3-, and
v-sitosterol. Although the actual isomer isolated is yet to be
identified, it may likely be the B-isomer, which has been
earlier identified in the leaf extract of C. scandens (Udeh,
1986). p-sitosterol was isolated from wheat germ oil
(Anderson et al., 1926). Topical application of CS-1
potently suppressed the development of mouse ear edema,
provoking an inhibition greater than that of indomethacin.
Ear edema induced by different phlogistic substances is
mediated by a variety of agents, such as leukocytes and
prostanoids, which have been shown to mediate croton oil
ear edema (Tubaro et al., 1985). It is possible that these or
similar mediators are involved in the xylene-induced ear
edema and the topical anti-inflammatory activity of CS-1 in
the xylene-induced ear edema may likely indicate antiphlo-
gistic effect (Atta and Alkohafi, 1998).

The topical anti-inflammatory effect of CS-1 may
suggest that it has a lipophilic character, which enabled it
to cross the skin barrier and exert antiphlogistic action
(Asuzu et al., 1999). This is consistent with the chemical
nature of B-sitosterol and may thus explain the inability of
CE and fraction C to inhibit xylene-induced mouse ear
edema. In traditional medicine, a leaf poultice of C.
scandens is usually applied on inflamed parts mixed with
Capsicum frutescens (Kokwaro, 1976), which may serve to
enhance skin permeation. The topical anti-inflammatory
activities of CS-1 may represent true anti-inflammatory
activity and not counterirritant effect. Counterirritants or
rubefacients exert anti-inflammatory effect by diverting
hyperemia away from sites of inflammation (Oliver-Bever,
1986). In addition, CS-1 exhibited anti-inflammatory effect
following systemic administration further suggesting that it
is not a counterirritant (Garbacki et al., 1999).

In the egg-albumin-induced paw edema, systemic admin-
istration of CE, fraction C and CS-1 suppressed edema
formation in the rat paw. These agents did not exhibit a
phase-dependent anti-inflammatory activity, because sup-
pression of edema was progressive and consistent from 0.5
through 4 h postinjection of irritant. They may have
inhibited the effects of proinflammatory mediators, such
as histamine, 5-HT, bradykinin and prostaglandins (Di Rosa
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and Sorrentino, 1969; Vinegar et al., 1969; Flower et al.,
1972; Ferriera et al., 1974).

Gastrointestinal irritation test provides information on the
possible involvement of prostaglandin synthesis inhibition
as a mechanism of anti-inflammatory activity and extent of
gastric tolerability of the extract and fractions. CE, fraction
C and CS-1 caused varying degrees of gastric irritation. It is
possible that the gastric irritation was caused by cyclo-
oxygenase (COX) inhibition, which mediates the synthesis
of prostaglandin. Extracts of plants, such as Trichilia
dregeana (Jager et al., 1996), Cryptocarya latifolia, Euclea
natalensis, Felicia muricata and Mohria caffrorum
(McGaw et al., 1997), have been reported to possess COX
inhibitory activity. Thus, the inhibition of the COX enzyme
may partly be responsible for the anti-inflammatory activity
of the leaf extract and fractions. {-sitosterol is poorly
absorbed form the stomach (Bowman and Rand, 1988). As
such, the fact that the it caused only hyperemia, even at the
very high dose tested, may imply a remote possibility of
severe direct mucosal damage as well as good gastric
tolerability.

The effect of the extract and fractions on dextran-
induced in vivo leukocyte migration was studied because
leukocytes play a pivotal role in the development of
inflammation. The methanol extract (CE), fraction C and
CS-1 all inhibited dextran-induced leukocyte migration.
Dextran has been shown to cause the accumulation of
edema fluid containing proteins and neutrophils (Lo et al.,
1982). Leukocyte migration in response to inflammatory
stimulus involves interaction of leukocytes with chemo-
tactic/chemoattractant and adhesion molecules. Various
phlogistic agents induce leukocyte migration by different
mechanisms. Carrageenan-induced neutrophil migration is
dependent on the release of chemotactic mediators by
resident cells (Souza et al.,, 1988) while N-formyl-
methionyl-L-leucyl-L-phenylalanine (fMLP)-induced neu-
trophil recruitment occurs by a direct chemoattractant
effect that is independent of protein synthesis and resident
cells (Cybulsky et al., 1989). Dextran-induced accumu-
lation of neutrophils has been shown to occur through
mast cell degranulation (Lo et al., 1982). Although the
precise mechanism of inhibition of leukocyte migration by
these agents is not known, it is possible that these agents
inhibited any or all of these processes. Plant principles,
like some flavonoids, have been shown to inhibit the
expression of adhesion molecules in endothelial cells
(Gerristen et al., 1995), which correlated with their anti-
inflammatory activity (Gerristen et al., 1995). Inhibition of
leukocyte activation can also occur by inhibition of
complement activation. Inhibition of complement activa-
tion by aqueous stem bark extract of Neem plant has been
shown to correlate with the anti-inflammatory and anti-
rheumatic effects of Neem oil (Labadie et al., 1989). The
precise mechanism of inhibition of leukocyte migration by
these agents remains to be elucidated. However, the
possibility of inhibition of mast cell degranulation may

have played a role in inhibiting the acute inflammatory
response induced by egg albumin, by inhibiting histamine
release.

Inhibition of leukocyte migration by these agents may
certainly have modulated the inflammation because leuko-
cyte migration into sites of inflammation aggravates the
inflammatory response. Thus, inhibition of leukocyte
migration may confer the additional advantage of offering
protection from the destructive effects of superoxide radicals
released by activated neutrophils during phagocytosis
(Weissmann et al., 1980; Perez and Weissmann, 1981)
which cause further tissue inflammation and injury (Perez
and Weissmann, 1981). Thus, these agents may reduce the
incidence of superoxide radicals’ release by inhibiting
leukocyte migration.

Stabilization of the membrane was studied to further
establish the mechanism of anti-inflammatory action of
these compounds. Fraction C and CS-1 inhibited both
heat- and hypotonicity-induced lysis while CE only
inhibited heat-induced lysis. These provide evidence for
membrane stabilization as an additional mechanism of
their anti-inflammatory effect. These extract and fractions
may possibly inhibit the release of lysosomal contents of
neutrophils at sites of inflammation. These neutrophil
lysosomal constituents include bactericidal enzymes and
proteases, which upon extracellular release cause further
tissue inflammation and damage (Chou, 1997). Although
the precise mechanism of this membrane stabilization is
yet to be elucidated, it is possible that the extract and
fractions produced this effect by increasing the surface
area/volume ratio of the cells, which could be brought
about by an expansion of membrane or shrinkage of the
cell and an interaction with membrane proteins (Shinde
et al., 1999). In addition, interaction of these extract and
fractions with membrane proteins may have induced
cytoprotection of the red cell membrane against heat-
induced lysis. Hypotonicity induces lyses probably by
causing cell shrinkage due to osmotic loss of intra-
cellular electrolyte and fluid components. Inhibition of
hypotonicity-induced lysis clearly involves processes that
prevent the migration of these intracellular components
outside the cell. It has been shown that cell deform-
ability and cell volumes of erythrocytes are closely
related to their intracellular content of calcium (Shinde et
al., 1999). Thus, the membrane stabilization effect by
these agents may be due to alteration of the influx of
calcium into the erythrocytes (Shinde et al., 1999). The
precise mechanism for these effects remains to be
elucidated.

In conclusion, the results of this study suggest that the
anti-inflammatory activity of leaf extracts of C. scandens
may be mediated through inhibition of prostaglandin syn-
thesis, inhibition of leukocyte migration and membrane
stabilization. The isolated compound, CS-1, identified as
sitosterol, is the anti-inflammatory principle of the leaves of
C. scandens.
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