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Studies on the mechanisms of anti-inflammatory activity of
the extracts and fractions of Alchornea floribunda leaves
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Alchornea floribunda leaves are widely used in ethnomedicinal management of inflammatory disor-
ders. The present work is aimed at investigating this folkloric use. The anti-inflammatory effect of
the leaf extracts and fractions was investigated in experimental animal models of acute and chronic inflamma-
tion. The possible mechanisms by which the two most active fractions, hexane (HE) and ethyl acetate (EF)
exert their effects were also investigated. The crude extract (200 mg/kg) showed moderate inhibition
of egg albumen-induced edema in rats (% edema inhibition = 54.69) at 4 h. HE and EF showed very high
activity (% edema inhibition of 81.25 and 67. 19 respectively at 200 mg/kg) at 4h as compared to the con-
trol. Both fractions ameliorated arthritis induced by formaldehyde in rats. At 400 mg/kg, HE evoked a signifi-
cant irritation of gastric mucosa in rats. EF (200 mg/kg, p. 0. ) significantly inhibited leucocytes ( % inhibi-
tion =36.79) migration in vivo, but could not stabilize heat and hypotonicity-induced lysis of human erythro-
cyte at 200 and 400 pwg/mL in vitro. Phytochemical investigation revealed the presence of terpenoids and ster-
oids in HE and flavonoids, tannins and saponins in EF. These results suggest that the leaves of
Alchornea floribunda possess anti-inflammatory activity in acute and chronic inflammation. The activity may de-
rive from a combination of inhibition of prostaglandin synthesis and leucocytes migration. The phytochemical

constituents detected in HE and EF may account for the anti-inflammatory activity.

flammatory disorders. Alchornea floribunda is used

traditionally as a local remedy for arthritis and mus-

Alchornea floribunda ( Miill. Arg. ) and Alchornea
cordifolia ( Schumach. and Thonn. ) (Euphorbiace-
ae) are found growing luxuriantly along the coastal
regions of West Africa. The two plant species nor-
mally referred to as ‘ Iporuru’ are widely used in

ethnomedicine for the management of a variety of in-

cle pain'''. The pain - relieving properties appear in
topical treatments; crushed leaves are rubbed on
painful joints and are beaten into a paste to apply to
painful stingray wounds'>’. The leaves are used to
increase female fertility and also highly regarded as a
remedy for impotence'”’. It is also used as aphrodis-
iacs and for reducing sugar in the blood and urine of
diabetics'?'. Alchornea cordifolia leaves are used as
[3]

b

topical anti-inflammatory agent in chancre, yaws

caries, toothache

"and conjunctivitis”'.

. . . 4
wounds, cicatrisation, ulcers'*
(s

’

and gum inflammation

The ethnomedicinal uses of these plant species are



as a result of their anti-inflammatory and antimicro-
bial properties among others. The anti-inflammatory
properties of Alchornea cordifolia have been studied
and documented®*’. There are also documented
studies on the antimicrobial properties of Alchornea
cordifolia and Alchornea floribunda''®""'. Hitherto,
there is no scientific study confirming the anti-in-
flammatory properties of Alchornea floribunda, even
though this specie is more widely used in ethnomedi-
21 In this study,
we investigated the anti-inflammatory properties of

cine as anti-inflammatory agent

Alchornea floribunda leaves in experimental animal
models of acute and chronic inflammation. We also
investigated the possible mechanisms by which the
active constituents elicit their anti-inflammatory ac-
tivity.

The leaves of Alchornea floribunda were collected in
August 2005 from Oba Town Nsukka, Enugu State,
Nigeria. The plant material was authenticated by a
taxonomist Mr. Alfred Ozioko of Bioresources Devel-
opment and Conservation Project, Nsukka, Enugu
State, Nigeria. The plant material was cleaned, air-
dried for 10 days and pulverized. A voucher speci-
men was deposited at the Herbarium of the Depart-
ment of Pharmacognosy, Faculty of Pharmaceutical

Sciences, University of Nigeria.

Analytical grades of hexane, chloroform, ethyl ace-
tate, and methanol ( BDH) were used. Other sol-
vents used are dimethylsulfoxide ( DMSO ) and
Tween 80 ( BDH). All laboratory reagents were
freshly prepared and freshly distilled water was used
when required.

About 100 g of the pulverized leaves was extracted
for 48 h by cold maceration in aqueous methanol (90
% ). The crude methanolic extract (CME, 4.98 g)
was screened for anti-inflammatory activity. A 1 - kg
portion of the leaves was macerated at room tempera-
ture (25°C £19C) in 5 L of n-hexane for 48 h. The

hexane extract was concentrated in vacuo to yield HE

(7.18 g). The marc was air-dried for about 1 h and
extracted for 48 h in 5 L of absolute methanol at
room temperature. The methanolic extract ( ME)
was concentrated in vacuo. ME (25 g) was adsorbed
on silica gel and eluted in succession with chloro-
form, ethyl acetate and methanol to obtain the chlor-
oform fraction (CF, 3.6 g), ethyl acetate fraction
(EF, 18.22 g) and methanol fraction ( MF, 3. 31
g). All the extracts and fractions were stored in the
refrigerator between 0 - 4 °C until used.

The phytochemical tests on the extracts and fractions

. . 12
were carried out using standard procedures'"”’.

Wister rats 120 + 20 g and Albino mice 20 = 5 g
obtained from the laboratory animal facilities of the
Faculty of Veterinary Medicine, University of Nigeri-
a were used for the experiments. The animals were
housed under standard conditions (25°C +1 °C and
12 h light/dark cycle). They were fed with standard
rodent pellets ( Vital Feed, Nigeria) and had unre-
stricted access to clean drinking water. All animal
experiments were in compliance with the National In-
stitute of Health Guide for Care and Use of Laborato-
ry Animals' "' (Pub. No. 85-23, revised 1985).

The LD, of the crude methaolic extract was deter-

mined according to the Lorkes method "',

The test was carried out as previously reported'® .
The animals (n =5, per group) were fasted for 5 h
and deprived of water only during the experiment.
They were given intraperitoneal (i. p.) injection of
the extracts and fractions solubilized in 10 % Tween
80 at doses of 100 and 200 mg/kg. Control animals
received 0.4 mL of 10 % Tween 80 or 100 mg/kg
aspirin. All the substances were administered i. p.
30 min before the subplanta injection of the phlogis-
tic agent (0.1 mL of fresh undiluted egg albumen)
in the rats. Paw volumes were measured by water
displacement method at 0, 1, 2, 3 and 4 h after in-
duction of edema. The anti-inflammatory effect was
calculated at each time of observation as percent in-
hibition of edema'™’ in the animals treated with the
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substances under test in comparison with the vehicle
treated animals. The percent inhibition of edema was
calculated using the formula

(vo-v,)

Vo

% Inhibition = x 100

Vt is the volume of edema at corresponding time and
Vo the volume of edema of vehicle treated rats at the

same time.

The method of Seyle!'® was used. Adult Wister rats
(n= 4, per group) received 100 or 200 mg/kg of
HE and 100 mg/kg of EF administered i. p. on day
one. One hour later, arthritis was induced by sub-
plantar injection of 0. 1 mL of 2.5 % formaldehyde
solution and repeated on day 3. Arthritis was as-
sessed by measuring the rats” paw volume by water
displacement method before the induction of arthritis
and once daily for 10 days, starting from day 1, after
induction of arthritis. Drug administration was con-
tinued once daily for the first five days and once ev-
ery other day for the next five days. Control animals
received either i. p. administration of diclofenac so-
dium (50 mg/kg) or equivalent volume of the vehi-
cle (10 % Tween 80). The global edematous re-
sponse was quantified as the area under curve
(AUC) of the time course of the arthritic event. The
AUC was calculated using the trapezoid rule. The
level of inhibition of arthritis was calculated using
the following relation ;

.. (AUCe-AUCH)
% Inhibition = TAUCe % 100
AUCe = AUC of the control animal groups; AUCt

= AUC of treated group.

The method of Cashin et al'"”’ was used. Adult Wis-
ter rats (120 + 20) were fasted for 24 h. After the
fasting period, 400 mg/kg of HE and EF were ad-
ministered orally to two animal groups (n =3, per
group). Control animals received either indometha-
cin 40 mg/kg or equivalent volume of the vehicle
(10 % Tween 80). Three hours after drug adminis-
tration, animals were sacrificed, the stomach was re-
moved and cut along the larger curvature and opened
to expose the mucosal surface. The mucosa was
washed with normal saline and observed with magnif-
ying glass ( x10). The ulcer index was determined
as previously described'™®’.

The effects of HE and EF on in vivo leucocytes mi-
gration induced by inflammatory stimulus was inves-
tigated using the method of Ribeiro et al. "', One
hour after oral administration of HE or EF (100 and
200 mg/kg) each rat in the group (n =4) received
intraperitoneal injections of 1 mL of 3 % Agar sus-
pension in normal saline. Four hour later the rats
were sacrificed and the peritoneum washed with 5
mL of 5 % solution of EDTA in Phosphate Buffer Sa-
line (PBS). The peritoneal fluid was recovered and
the total and differential leucocytes counts ( TLC and
DLC) were performed on the perfusates.

Fresh
whole human blood (5 mL) was collected and trans-
ferred to EDTA centrifuge tube. The tube was cen-
trifuged at 2 000 rpm for 5 min, and washed three

a. Preparation of erythrocyte suspension:

times with equal volume of normal saline. The vol-
ume of the blood was measured and reconstituted as
a 40 % v/v suspension with isotonic buffer solution
(pH, 7.4). The composition of the buffer solution
(g/L) was NaCl (4.4 g), NaH,PO,(1.6 g) and
Na,HPO,(7.6 g).

b. Heat - induced hemolysis; The isotonic buffer so-
lution (5 mL) each containing 200 and 400 pg/mL
of EF were put in four sets ( per concentration) of
centrifuge tubes. Control tubes contain 5 mL of vehi-
cle or 5 mL of 100 wg/mL prednisolone. Erythrocyte
suspension (0.005 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 oth-
er pair was maintained at 0 - 4 °C in a freezer for 20
min. At the end of the incubation, the reaction mix-
ture was centrifuged at 1 000 rpm for 3 min and the
absorbance (OD) of the supernatant measured spec-
trophotometrically at 540 using 2102 PC Spectropho-
tometer (UNICO® |, USA). The percent inhibition

! was calculated using the relation

0D2-0D1
"0D3-0D1
OD1 = absorbance of test sample unheated, OD2
= absorbance of test sample heated and OD3 = ab-

of hemolysis'*

Inhibition of haemolysis( % ) =[ 1 1 x100

sorbance of control sample heated.

c. Hypotonicity - induced hemolysis: The hypotonic
solution (distilled water, 5 mL) containing 200 and
400 wg/mL of EF were put in two pairs ( per con-

.9.



centration) of centrifuge tubes. Control tubes con-
tain 5 mL of the vehicle or 100 wg/mL predniolone.
Erythrocyte suspension (0. 005 mL) was added to
each tube and after gentle mixing, the mixtures were
incubated for 1 h at room temperature (30 °C). At
the end of the incubation, the reaction mixture was
centrifuged at 1 000 rpm for 3 min and the absor-
bance (OD) of the supernatant measured spectro-
photometrically at 540 using 2102 PC Spectropho-
tometer (UNICO® | USA). The percent inhibition

°" was calculated using the relation

0D2-0D1

of hemolysis >

hypotonic solution.

Results obtained were analyzed by SPSS version 10
using student ‘s -tests and expressed as mean =+
SEM. Differences between means were considered
significant at P <0.05.

The extracts, fractions, their yields and phytochemi-
cal constituents are shown in . Acute toxicity
studies indicate that the crude methanolic extract is

safe up to 567.7 mg/kg i. p.

Phytochemical constituents

Terpene, steroids, flavonoid, tannins, saponnins, alkaloids, glycosides

Flavonoid, tannins, saponins

Inhibition of haemolysis( % ) =[1- x 100
f ysis(%) =[1-0025p1
OD1 = absorbance of test sample in isotonic solu-
tion, OD2 = absorbance of test sample in hypotonic
solution and OD3 = absorbance of control sample in
Table 1  Extracts/fractions and their phytochemical constituents.
Extracts/fractions Yield (% w/w)
CME 4.98"
HE 0.718" Terpenes, steroids
CF 14.4° Terpenes, flavonoids
EF 72.88°
MF 13.23¢

Tannins, alkaloids, saponnins, glycosides

CME = Crude methanolic extract, HE = hexane extract, CF = Chloroform fraction, EF = Ethyl acetate fraction, MF = Methanol

fraction.

“Yield calculated from 100 g of powdered leaves
"Yield calculated from 1 kg of powdered leaves

“Yield calculated from 25 g of methanol extract.

The result of acute inflammatory study using egg al-
bumen-induced edema in rats as a model is shown in

. Fractions HE and EF exhibited higher anti-
inflammatory activity than CME and fractions CF and
MF. All the fractions, however, at 200 mg/kg ex-
hibited anti-inflammatory activity higher than a
standard anti-inflammatory drug aspirin ( 100 mg/
kg). The activity of HE is dose - dependent. As
shown in , edema volume peaked at 1 h and
progressively decreased up to 4 h.

Evaluation of the ulcerogenic effects of the fractions
on rat stomach showed that HE at 400 mg/kg (p.

- 10 -

o. ) significantly evoked irritation of gastric mucosa.
EF at 400 mg/kg (p.o.) showed only very mild ir-
ritation, which is not different from that caused by
the vehicle (
by HE was, however, statistically lower than that

). The gastric irritation caused

caused by indomethacin (40 mg/kg, p.o. ).

The results as shown in indicate that EF sig-
nificantly inhibited the migration of leucocytes to the
site of Agar - induced inflammatory stimulus. HE
only showed a mild inhibition of in wvivo leucocytes

migration at 200 mg/kg.
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The result of the effect of EF on the stability of hu-

man erythrocytes in wvitro is shown in . EF
did not stabilize both heat - induced and hypotonicity

- induced hemolysis of human erythrocyte in vitro.
Prednisolone (100 wg/mL) inhibited heat - induced
hemolysis, but did not have any effect on the hypoto-
nicity - induced hemolysis.

The result is shown in Table 6. Both HE and EF at
100 mg/kg (i. p. ) inhibited the global edematous
response to formaldehyde - induced arthritis. The in-
hibitions are comparable to that of standard anti-in-
flammatory drug, diclofenac sodium (50 mg/kg, i.
p.)

Table 2 Effect of the extracts and fractions on egg albumen-induced acute paw edema in rats.

Treatment Dose

mg/kg 1h
CME 200 0.65 +0.05(26.14)
HE 100 0.57 +0.06(35.23)
HE 200 0.47 +0.06(46.60)
CF 200 0.56 +0.09(36.36)
EF 100 0.38 +0.07(56.82)
EF 200 0.44 +0.06(50.00)
MF 200 0.63 +0.01(28.40)
Aspirin 100 0.78 +0.10(11.36)

10 % Tween 80 0.4 mL 0.88 +0.04

0.

0.90 +0. 06

.49 +0.06(45.56)
.37 £0.06"(58.89)
.46 +0.09(48.89)
.31 +0.07"(65.56)
.35 +0.02(61.11)
.52 +0.01(42.22)

55+0.12(38.89)

Mean edema (mlL, mean + SEM)

2h 3h 4 h

.54 +£0.06(40.00) 0.44 £0.04(40.54) 0.29 £0.02"(54.69)

0.33 +0.07°(40.54) 0.26 +0.06"(59.38)

0.24 +0.08"(67.57) 0.12 +0.04"(81.25)
0.30 £0.11°(59.46) 0.23 +0.08"(64.06)
0.2 £0.05"(72.97) 0.19 +0.06"(70.31)
0.28 +0.03"(62.16) 0.21 +0.03"(67.19)
0.46 £0.03"(37.84) 0.25 +0.03"(60.9)

0.40 £0.12(45.95) 0.30 +0.10°(53.13)

0.74 £0.09 0.64 +0.08

‘P <0.05,"P <0.01, n =5, values significantly different from control (vehicle treated animals).

Values in parentheses represent percent inhibition of edema.

Table 3  Ulcerogenic effect of the fractions.

Test compound

HE 400

EF 400

Indomethacin 40
10 % Tween 80 0.4 mL

Dose (mg/kg)

Ulcer index (mean + SEM)

5.40 £ 0.12"
1.33 + 0.03
12.10 + 0.23°

0.93 = 0.09

"P<0.01,°P <0.001, n=3, values significantly higher than the irritation caused by the vehicle.

Table 4 Membrane stabilization effect of EF.

Test compound Dose ( pug/mL)
EF 200
EF 400
Prednisolone 100

The negative sign (-) indicates no inhibition of haemolysis.

Heat - induced

Percent inhibition of haemolysis (% )
Hypotonicity - induced

30.0 -

- 11 -



Table 5 Effect of the extracts on in vivo leucocytes migration.

Fraction Dose TLC Inhibition
(mg/kg) (cells. mm™) of TLC (%
HE 100 4250 +606 -
HE 200 2312 £757 12.75
EF 100 1 850 +259 30.19
EF 200 1675 £72° 36.79
Control - 2 650 +259 -

TLC = Total leucocytes count; DLC = Differential leucocytes count; N = Neutrophils;

M = Monocytes; L. = Lymphocytes

‘P <0.05, n=4, values significantly lower than the control ( vehicle treated animals)

Table 6 Effect of HE and EF on formaldehyde - induced arthritis in rats

Dose (mg/kg)

Test compound Inhibition

HE 100
HE 200
EF 100
Diclofenac sodium 50
10 % Tween 80 0.4 mL
AUC = Area under curve of time course of the arthritic event.

Alchornea floribunda ( Iporuru) leaves have been
widely used in ethnomecine for the management of a
variety of inflammatory disease states ( Duke et al
2002). The crude methanol extract (CME) showed
a moderate inhibition of acute edema induced by
sub-plantar injection of egg albumen in rats. The re-
sult of the acute toxicity study indicates that the ex-
tract is relatively safe thus giving credence to the
claimed ethnomedicinal use.

Bioassay-guided fractionation of the crude metha-
nol extract gave rise to two most active fractions HE
and EF. The fractions were found to inhibit the early
phase of acute inflammation ( acute vascular re-
sponse ) , which is associated with the release of
some inflammatory mediators like histamine, seroto-
nin, bradykinin and prostanoids'>'™". It is possible
that the fractions may have either inhibited the re-
lease, or antagonize the actions of these inflammato-
ry mediators.

Phytochemical investigation of the two most active
fractions (HE and EF) revealed the presence of ter-

- 12 -

DLC
) N M L
11.50 +4.33 7.00 +0.57° 81.50 £4.90
12.30 +2.53 1.00 £0.57° 86.3+1.8
8.50 +2.53 5.70 £0.63" 84.3 £4.8
4.50 +1.50 15.00 +5.06 80.5 £5.9
5.00 +1.87 21.70 +4.33 75.8 £5.4
AUC (mL. day,mean + SEM) %
2.81 + 0.38 37.1
2.58 + 0.46 42.3
3.19 + 0.62 28.6
2.38 + 0.31 46.7
4.47 +0.43 -

penoids ( volatile oils, triterpenes and steroids) in
HE, and flavonoids, tannins and saponins in EF.
These phytochemical constituents have been shown
in several other studies to exhibit anti-inflammatory
[2427]
effects .
tory effects have been postulated for some of these

[20, 27, 28]
. We therefore

investigated the mechanisms by which the constitu-

Various mechanisms of anti-inflamma-
phytochemical constituents

ents of these most active fractions elicit their anti-in-
flammatory effect.

Irritation or ulceration of gastric mucosa by anti-
inflammatory drugs usually indicates that inhibition
of prostaglandins is involved in their mechanism of
action'”'. The observed gastric irritant effect of HE
may be as a result of high concentration of steroids
found on phytochemical analysis. Steroids are known
to induce the synthesis of a family of proteins ( li-
pocortin or macrocortin) that inhibits the activity of
phospholipase A2, an enzyme involved in the path-
way leading to production of prostaglandins'®'. This
gastric irritant effect may constitute a major draw-
back to the systemic use of HE in management of
chronic arthritis. EF which lacked this activity may
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be more suited for this indication. HE will, howev-
er, be more effective topically, since the lipophylic
constituents will easily permeate the lipoidal layers
of skin. The later phase of acute inflammatory re-
sponse (acute cellular response) involves the migra-
tion of neutrophils to the site of inflammatory stimu-

lus[3l-33]

fractions on in vivo leucocytes migration. Leucocytes

We investigated the effect of the active

usually migrate to the site of inflammation in re-
sponse to chemotactic stimulus'™'. This plays a piv-
otal role in the pathogenesis of inflammatory disor-
ders of both acute and chronic types. During phago-
cytosis, the activated leucocytes release superoxide
radicals and other cytoplasmic contents at the site of
inflammation; this can further cause tissue damage

133:3) " Inhibiting the migration of

and inflammation
leucocytes to the site of inflammation may be an im-
portant mechanism of action of the anti-inflammatory
constituents in EF. Apart from inhibiting the migra-
tion of leucocytes, EF may also prevent the release
of cytoplasmic pro-inflammatory mediators from these
leucocytes by virtue of membrane stabilization. Be-
sides, the inflammatory response is usually associat-
ed with release of inflammatory mediators following
the degranulation of mast cells'””’. Consequently,
we investigated the membrane stabilization effect of
EF. It was, however, observed that EF did not sta-
bilize both heat - induced and hypotonicity - induced
hemolysis of human erythrocyte in vitro ( Table 5).
It is not very clear if the anti-inflammatory constitu-
ents present in EF altogether lacked this activity.
Flavonoids have been shown in previous studies to
.39 |

possess membrane stabilization effect' is

possible that this effect was antagonized by hemolytic
[40, 41]

action of saponins also present in EF. The
membrane stabilization effect of HE was not deter-
mined due to insolubility of this fraction in both dis-
tilled water and the isotonic buffer solution.

We also investigated the effect of the active frac-
tions on the proliferative phase of inflammation.
Formaldehyde is a potent edematous agent and pro-
duces inflammation through the release of several in-
flammatory mediators including prostaglandins'*/.
The ability of these fractions to inhibit the global
edematous response induced by formaldehyde sug-
gests that they contain chemical agents which can be
very useful in the management of chronic arthritis.

EF will be of particular interest in elderly patients

since it lacked gastric irritant effect, which is pro-
nounced in HE.

In conclusion, the results of this study provide a
rationale for the ethnomedicinal uses of the leaves of
Alchornea floribunda in the management of both a-
cute and chronic inflammatory disorders. The exact
mechanisms of action of the anti-inflammatory con-
stituents are not yet clear. However, it is likely that
the constituents of HE exact inhibitory effect on pros-
taglandin synthesis while that of EF exact anti-in-
flammatory effect possibly by a combination of inhi-
bition of leucocytes migration and membrane stabili-
zation. Isolation and structure elucidation of these
active constituents are currently going on in our labo-
ratory.

The authors would like to acknowledge the technical
support of Mr. Ngene of Department of Veterinary
Medicine and Mr. Ighoeme Sebastian of the Depart-
ment of Clinical Pharmacy, University of Nigeria.
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