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ORIGINAL ARTICLE

beta-Amyrin and alpha-amyrin acetate isolated from the stem bark of
Alstonia boonei display profound anti-inflammatory activity

Nkeoma Nkasi Okoye', Daniel Lotanna Ajaghaku?, Henry Nnaemeka Okeke?, Emmanuel Emeka llodigwe?,
Chukwuemeka Sylvester Nworu®, and Festus Basden C. Okoye®*
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of Pharmacology and Toxicology, Faculty of Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria, 3Department of
Pharmacology and Toxicology, Faculty of Pharmaceutical Sciences, University of Nigeria, Nsukka, Enugu State, Nigeria, and *Department of
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Abstract Keywords

Context: Alstonia boonei De Wild (Apocyanaceae) is used in ethnomedicine for the management Apocyanaceae, egg albumen-induced paw
of malaria, ulcer, rhematic pain, toothache, and inflammatory disorders. edema, leucocytes migration, pentacyclic
Objective: To investigate the anti-inflammatory potential of B-amyrin and o-amyrin acetate triterpene, xylene-induced ear edema

isolated from the stem bark of Alstonia boonei using animal models.

Materials and methods: Chromatographic purification of the crude methanol extract led to the
isolation and structure elucidation of B-amyrin and o-amyrin acetate. Their anti-inflammatory
activities were evaluated in rodents using egg albumen-induced paw edema and xylene-
induced ear edema models. The gastric ulcerogenic, in vivo leucocyte migration, and RBC
membrane stabilization tests were also investigated.

Results: a-Amyrin acetate at 100mg/kg showed significant (p<0.05) inhibition of egg
albumen-induced paw edema with % inhibition of 40 at the 5th hour. Oral administration
up to 100 mg/kg did not produce significant (p>0.01) irritation of the gastric mucosa while
significant (p <0.01) ulceration was recorded for indomethacin at 40 mg/kg compared with the
negative control. At 100 ug/mL, both B-amyrin and o-amyrin acetate inhibited heat-induced
hemolysis to as much 47.2 and 61.5%, respectively, while diclofenac sodium (100 pg/mL)
evoked only 40.5% inhibition. Both compounds at 100 pg/ear produced significant (p<0.01)
inhibition of ear edema in mice by 39.4 and 55.5%, respectively. Also at 100 mg/kg (p.o.)
a-amyrin acetate evoked 60.3% reduction in total leucocyte count and significant (p <0.05)
suppression (47.9%) of neutrophil infiltration.

Discussion and conclusion: This study generally provided evidence of profound anti-
inflammatory activity of B-amyrin and o-amyrin acetate isolated from the Alstonia boonei
stem bark.
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Introduction snakebites, and rheumatic pains and to relax muscles (Orwa
et al., 2009). The root and stem bark decoctions are used as a
remedy for asthma while the stem bark and fruit decoctions
are taken daily to treat impotence (Akinmoladun et al., 2007).
In Nigeria, the bark and the root are used in the treatment of
malaria, ulcer, and sores. The bark is also used as an antidote
in persons hit by poisoned arrow (Idu et al., 2010; Olajide
et al., 2000). In India, the bark is used for treatment of malaria
and chronic diarrhea, while In Cote d’Ivoire, it is used in
treating sores and fractures. The bark, leaves, and root are all
used to relieve rheumatic pain (Asuzu & Anaga, 1991; Iwu,
1993). The bark is used in treating tooth ache and given after
childbirth to promote expulsion of placenta (Orwa et al.,
2009).

The essential oil compositions of the leaf, stem bark,
and root have been reported (Moronkola & Kunle, 2012).

Alstonia boonei De Wild (Apocyanaceae) is a large deciduous
tree, which grows up to 45m tall. It is widely distributed in
Angola, Central African Republic, Ghana, Democratic
Republic of Congo, Cote d’Ivoire, and Nigeria (Adotey
et al., 2012). The plant thrives very well in damp riverbanks.
All the plant parts are useful medicinally but the thick bark is
the most commonly used for therapeutic purposes (lyiola
et al., 2011). It contains important minerals like calcium,
phosphorus, iron, sodium, potassium, and magnesium
(Akinmoladun et al., 2007). An infusion of the stem bark in
cold water is drunk as a cure for venereal disease, worms,
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Alkaloids, triterpenes, and other chemical compounds have
been isolated from the plant and have been demonstrated to
possess some pharmacological activities (Akinmoladun et al.,
2007). Echitamine (main alkaloid) and other alkaloids, and
the triterpenes P-amyrin, lupenol, and ursolic acid have all
been isolated from leaves and stem bark (Adotey et al., 2012).
Some of the alkaloids isolated from the plant have been
shown to possess diuretic, spasmolytic, and hypotensive
properties (Ojewole, 1984) while the triterpenes demonstrated
anti-inflammatory activity (Kweifio-Okai, 1991). There is
also a report on the formulation of the extract of the stem bark
as tablet dosage form (Majekodunmi et al., 2008).

In a preliminary fractionation process, we noticed a
precipitation of a large quantity of crude triterpenoid fraction
from the methanol stem bark extract. This stimulated our
interest to carry out further chemical investigation of the
precipitate. In this paper, we report the isolation, structure
elucidation, and anti-inflammatory effect of two pentacyclic
triterpenes, PB-amyrin, and o-amyrin acetate, obtained from
the stem bark of Alstonia boonei.

Materials and methods
General experimental procedures

NMR spectra (‘H, '*C, DEPT, HMQC, and HMBC) were
recorded with Bruker ARX 500 NMR spectrometer. MS (EI)
was obtained with a Finnigan MAT 8430 mass spectrometer.
Analytical HPLC was carried out with a Dionex P580 HPLC
system coupled to a photodiode array detector (UVD340S).
Routine detection was at 235, 254, 280, and 354 nm. The
separation column (125 x 4 mm, length X internal diameter)
was prefilled with Eurospher-10 C18 (Knauer, Germany), and
a linear gradient of nanopure water (adjusted to pH 2 by
addition of formic acid) and methanol was used as an eluent.
Silica gel 60 Fys, (layer thickness 0.2mm, E. Merck,
Darmstadt, Germany) was used for analytical TLC.
Compounds were detected under UV absorbance at 254 nm
(fluorescence absorption) and 366 nm (fluorescence), fol-
lowed by spraying the TLC plates with anisaldehyde-H,SO,
reagent and subsequent heating at 110 °C. Silica gel 60 (mesh
70-230, Merck, Darmstadt, Germany) was used for column
chromatography while Sephadex LH-20 (25-100 um mesh
size, Merck) was used for gel chromatography.

Plant material

Fresh stem bark of Alstonia boonei was harvested in
December, 2010 with the help of a taxonomist, Mr. Alfred
Ozioko of Bioresources Development and Conservation
Program, Nsukka, Enugu State, Nigeria, who also authenti-
cated the plant material. A voucher specimen has been
deposited at the herbarium of Bioresources Development and
Conservation Program. The plant material was air dried for
2 weeks and finally pulverized.

Isolation and purification of the compounds

About 500 g of powdered stem bark of Alstonia boonei was
extracted with 2.5 L of methanol by cold maceration at room
temperature for 1 week with the solvent changed every 24 h.
The combined extracts were evaporated to one-fourth of the
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volume and kept at room temperature after which a crude
precipitate occurred. The crude precipitate was washed in
methanol and about 1.5 g was separated on silica gel column
eluting with gradient of hexane and ethyl acetate. Fractions
were monitored with TLC and similar fractions combined
from which compounds 1 (40 mg) and compound 2 (1 g) were
obtained. Compound 2 was further purified with Sephadex
LH-20 eluting with dichloromethane:methanol (1:1). The
purity of the compounds was confirmed by TLC and
analytical HPLC. Compounds 1 and 2 were subjected to
NMR and mass spectral measurements.

Pharmacological tests
Animals

Adult albino rats (150-200g) and mice (25-30g) of both
sexes obtained from the animal house of the Department of
Pharmacology and Toxicology, Faculty of Pharmaceutical
sciences, Nnamdi Azikiwe University, Awka, Nigeria, were
used. Animals were housed in institutional facilities under
standard conditions (25 +2°C and a 12 h light/dark cycle) and
maintained on standard pellets and drinking water ad libitum.
The use and care of laboratory animals in the study were in
accordance with ethical guidelines as contained in the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (EEC Directive 86/609/EEC) of 1986.

Egg albumen-induced rat paw edema tests

The test was carried out as previously described by Osadebe
and Okoye (2003). The animals (5 per group) were fasted
overnight and deprived of water only during the experiment.
They were given oral administration of o-amyrin acetate
solubilized in 10% Tween 80 at doses of 50 and 100 mg/kg.
Control animals received 0.4mL of 10% Tween 80 or
100 mg/kg aspirin (p.o.); all substances were administered
30 min before the sub-plantar injection of the phlogistic agent
(0.1 mL of fresh undiluted egg albumen). Paw volumes were
measured by the water displacement method at 0, 1, 2, 3, 4, 5,
and 6h after induction of edema. The anti-inflammatory
effect was calculated at each time of observation as percent-
age inhibition of edema in the animals treated with the test
substances in comparison with the vehicle-treated animals.
The percentage inhibition of edema was calculated as
described by Backhouse et al. (1996) using the following
formula:

V()_Vt
0

% Inhibition = x 100
Vo is the volume of edema of the control (vehicle
treated) group and V; is the volume of edema of the treated

group.

Ulcerogenic effects in rats

The method of Cashin et al. (1979) was used. Adult Albino
rats of both sexes were fasted for 24h. After the fasting
period, 50 and 100 mg/kg of o-amyrin acetate were admin-
istered orally to treatment groups (n =35, per group). Control
animals received either indomethacin 40 mg/kg or equivalent
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volume of vehicle (10mL/kg normal saline). Three hours
after drug administration, animals were sacrificed, the
stomach was removed and cut along the larger curvature
and opened to expose the mucosal surface. The mucosa was
washed with normal saline and observed with magnifying lens
(x10). The ulcer index was determined according to the
method described by Main and Whittle (1975).

Membrane stabilization test

The method described by Shinde et al. (1999) was used with
little modification. Fresh whole human blood (5mL) was
collected and transferred to an EDTA centrifuge tube. The
tube was centrifuged at 2000 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 suspen-
sion with an isotonic buffer solution (pH 7.4). The compos-
ition of the buffer solution (g/l) was NaCl (4.4 g), NaH,PO,
(1.6 g), and Na,HPO, (7.6 2).

Heat-induced hemolysis

The isotonic buffer solution (5mL) each containing 50 or
100 pg/mL of the test compound was put in four sets
(per concentration) of centrifuge tubes. Control tubes contain
vehicle or 5 mL of 100 pg/mL diclofenac sodium. Erythrocyte
suspension (0.005mL) 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
0—4°C in a freezer for 20 min. At the end of the incubation,
the reaction mixture was centrifuged at 1000 rpm for 3 min
and the absorbance of the supernatant measured spectro-
photometrically at 540nm. The percentage inhibition of
hemolysis was calculated as follows:

D, — OD
OD; OI}XIOO

Inhibition =|1 — ———
nnioition |: OD'; —ODl

OD; is the absorbance of test sample unheated, OD, is the
absorbance of test sample heated, and ODj is the absorbance
of control sample heated.

Hypotonicity-induced hemolysis

The hypotonic solution (distilled water, SmL) containing
50 or 100 pg/mL of the test compound was put in two pairs
(per concentration) of centrifuge tube. Control tubes contain
S5mL of the vehicle or 100pg/mL diclofenac sodium.
Erythrocyte suspension (0.005 mL) was added to each tube
and after gentle mixing, the mixture was incubated for 1h at
room temperature (30°C). At the end of the incubation, the
reaction mixture was centrifuged at 1000 rpm for 3 min and
the absorbance of the supernatant measured at 540 nm using a
spectrophotometer. The percentage inhibition of hemolysis
was calculated thus

OD, — OD
% Tnhibition :[1 2 1} x 100

OD; — OD;

OD; is the absorbance of test sample in isotonic solution,
OD, is the absorbance of test sample in hypotonic solution,
OD; is the absorbance of control sample in hypotonic
solution.

Pharm Biol, 2014; 52(11): 1478-1486

Xylene-induced mouse ear topical edema tests

The effect of the test compound on acute topical inflamma-
tion was evaluated by a modification of a previously reported
method (Okoye et al., 2010). Adult Swiss albino mice were
divided into four groups of five animals each. The treatment
groups received 50 and 100 pg/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 (0.05mL). Control animals received
either the vehicle (normal saline) or indomethacin (100 pg/
ear). Two hours after induction of inflammation, mice were
killed by overdose of chloroform anesthesia 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. Edema 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 (Okoye et al.,
2010) using the following relation:

R — L

Inhibition =
% Inhibition R L

x 100

where R, is the mean weight of right ear plug of treated
animals, L, is the mean weight of left ear plug of treated
animals, R. is the mean weight of right ear plug of
control animals, L. is the mean weight of left earplug of
control animals.

In vivo leucocytes migration test

The effect of the test compound on cell migration in vivo was
evaluated in albino rats using the method described by
Ribeiro et al. (1991). One hour after oral administration of
50 and 100 mg/kg of the test compound, the animals received
intraperitoneal injection of 1 mL of 3%, w/v agar suspension
in normal saline. Four hours later, the animals were killed and
the peritoneal cavities washed with 5 mL of phosphate buffer
saline containing 0.5 mL of 10% EDTA. The peritoneal fluid
was recovered and the total and differential leucocytes counts
(TLC and DLC) were performed on the perfusates.

Statistical analysis

The results were analyzed using SPSS version 16 (SPSS Inc.,
Chicago, IL) and presented as mean+ SEM. Significance
between the control and the treated group were determined
using Student’s z-test and a one way ANOVA. Significant
differences between mean were considered at p<0.05 and
p<0.01.

Results and discussion

Alstonia boonei stem bark was extracted with methanol and
the extract concentrated to one-fourth the volume and allowed
to stand at room temperature after which crude triterpenoid
mixture precipitated. The precipitate was washed with
methanol and subjected to silica gel column chromatography
and final purification with Sephadex LH-20 to obtain
compounds 1 and 2 (Figure 1).

Compound 1 (40mg, representing 0.008% of starting
material) was obtained as white powder. The mass spectrum
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showed a molecular ion peak at m/z 426, which corresponded
to a molecular formula C3oHs0O. The formula showed six
double bond equivalents, five of which were adjusted in a
pentacyclic carbon framework and the remainder in a CC
double bond. The mass spectrum also showed fragments at
219 and 203 generated due to a retro-Diels Alder fragmen-
tation indicative of the presence of double bond at position 12
in ring C (Budzikiewicz, 1964; Juang et al., 1989). The NMR
spectrum showed the presence of eight methyl singlets, one
olefenic proton at 6y 5.16t (/=3.5Hz), and an oxygenated
proton at 6y 3.20 dd (J =4.4, 11.5), all suggestive of olealane
type triterpenoid. All the proton and carbon signals were
assigned based on the 'H'HCOSY, DEPT analysis and
HMQC and HMBC as shown in Table 1. Compound 1 was
elucidated as 3B-hydroxylolean-12-ene (B-amyrin) (Figure 1)
and the spectral data compared well with those previously
reported (Dias et al., 2011; Oliveira et al., 2010). Compound 2
(800mg, representing 0.16% of starting material) was
obtained as a white powder. The mass spectrum showed a
molecular ion peak at m/z 468, which corresponded to a
molecular formula of C3,H5,0,. The formula showed seven
double bond equivalents, five of which were adjusted in a
pentacyclic carbon framework and the remainder in CC and
CO double bonds. Similar to 1, the mass spectrum also
showed fragments at 219 and 203 generated due to a retro-
Diels Alder fragmentation indicative of the presence of

Table 1. NMR spectroscopic data of 1 (B-amyrin) and 2 (a-amyrin acetate).
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double bond at position 12 in ring C (Budzikiewicz, 1964;
Juang et al.,, 1989). The NMR spectrum of 2, however,
showed the presence seven methyl singlets and two methyl
doublets. One of the methyl singlets, which appeared
downfield at 6y 2.02 s, is indicative of the presence of acetate
moiety, and this was confirmed by the presence of carbonyl
carbon at 0c 171.5. The presence of two methyl doublets is
indicative of ursane-type triterpenoid. The compound
also showed one olefenic proton at 6y 5.10t (3.6) assigned
to H-12 and an oxygenated proton at 6y 4.48 m assigned to
H-3. The downfield shift of the oxygenated proton suggested
the attachment of the acetate moiety at position 3.
The attachment was also confirmed by correlation of H-3
with carbonyl carbon at 6c 171.5 in HMBC. Similarly, all
the proton and carbon signals were assigned based on the
"H'HCOSY, DEPT analysis, and HMQC and HMBC data
as shown in Table 1. Compound 2 was thus identified as
3B-acetoxyurs-12-ene (o-amyrin acetate) (Figure 1) and the
spectral data compared favorably well with those previously
reported (Ali, 2013; Dias et al., 2011; Manguro et al.,
2009; Sob et al., 2010). Both compounds were used for
the xylene-induced mouse ear edema test and membrane
stabilization effect, while only compound 2 (a-amyrin
acetate) was used for the egg albumen-induced rat paw
edema test, ulcerogenic effect and effect on in vivo leukocyte
migration.

1 2
Position Ou oc HMBC Oy Oc HMBC
1 1.55 (Hb-1) 1.49 (Ha-1) 38.79 38.6
2 1.52 (Hb-2) 1.55 (Ha-2) 27.44 1.61 23.8 2,3
3 3.20 dd (4.4, 11.5) 79.24 1,2,3,23, 24 4.48 dd 81.18 1,2,4,23,24, 1
4 - 38.99 - 37.9
5 0.71 55.37 6,7,9,10, 23 0.81 55.46 4, 6, 10, 23, 24
6 1.53 (Hb-6), 1.30 (Ha-6) 18.58 1.51, 1.34 18.45
7 32.85 33.09
8 40.21 40.2
9 1.95 47.43 1.54 47.84
10 37.15 - 36.99
11 1.84 23.75 1.89 23.60
12 5.16t (3.5) 121.93 9,11,13,14,18 5.10t (3.6) 124.5 9,11, 14, 18
13 - 145.41 - 139.8
14 - 41.92 424
15 26.36 28.29
16 27.14 26.8
17 - 32.70 33.95
18 1.89 47.84 1.29 59.26
19 1.59 47.03 1.38m 39.81 18, 20
20 - 31.30 1.98 39.84
21 1.66 37.35 31.47
22 34.94 41.7
23 0.77s 15.71 3,4,5,24 0.85s 28.27 3,4,5,24
24 0.98s 28.31 3,4,5,23 0.84s 16.95 3,4,5,23
25 0.92s 15.80 1,5,9,10 0.96s 15.96 1,5,9,10
26 0.94s 17.01 7,8,9, 14 0.98s 17.71 7,8,9, 14
27 1.11s 26.21 4,8,13, 15 1.04s 2343 8,13, 14, 15
28 0.81s 28.62 16,17,18,22 0.78s 29.06 16, 17, 18, 22
29 0.85s 33.56 19,20, 21,30 0.77d 17.02 18, 19. 20
30 0.85s 2391 19,20, 21,29 0.83d 21.64 19, 20, 21
1 - - - 171.53
2/ - - 2.02s 21.53 1

NMR spectra were measured in CDCls at 500 ("H) and 125 ('*C) MHz. Assignments were made on the basis of DEPT-135, '"H-'"H COSY, HMQC, and
HMBC experiments. The detailed NMR data are available from the author for correspondence and will be readily supplied on request.
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Compound 2 at 100mg/kg showed significant (p <0.05)
reduction in paw edema from the 5th hour while aspirin
recorded significant (p <0.05) activity from the 2nd hour
untill the 6th hour (Figure 2) in the egg albumen-induced rat
paw edema test. Prostaglandin-induced vascular permeability
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Figure 1. Chemical structures of the isolated compounds.
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has been associated with late phase inflammatory mediator
response in acute inflammation (Corea et al., 2005). The
significant inhibition of the later phase of acute inflammation
by this compound suggests the involvement of inhibition of
prostaglandins possibly via inhibition of cycloxygenase
(COX) enzyme activity. The isoforms of cyclooxygenase
enzyme (COX1 and COX2) contribute to both the toxicity and
the activity of most anti-inflammatory agents (Mitchell et al.,
1994). Non-selective inhibition of cycloxygenase enzyme is a
major setback of most traditional NSAID and anti-inflamma-
tory drugs (Valiollah et al., 2009). COX-2 is implicated in
inflammation while COX-1 helps in the maintenance of
gastric mucosal integrity (Mitchell et al., 1994). We carried
out a simple ulcerogenic activity test to ascertain the
involvement of cyclooxygenase in the anti-inflammatory
activity of the compound. The compound at 50 and 100 mg/
kg did not evoke significant (p>0.01) irritation compared
with the control (Figure 3), while indomethacin at 40 mg/kg
evoked significant (p <0.01) irritation of the gastric mucosa.
This result suggests the involvement of a different mechanism
of anti-inflammatory activity, although a reduction of COX-2
expression was observed in a previous study (Victor et al.,
2009). Moreover, the observed reduced GIT side effect could
offer some advantage in the management of chronic
inflammation.

The methanol extract of the stem bark of A. boonei has
been previously reported to cause significant (p<0.05)
inhibition of carrageenan-induced paw edema and cotton
pellet granuloma in rats (Kweifio-Okai, 1991). Also, o- and
B-amyrin acetate, B-amyrin, and lupeol acetate isolated from
the petroleum ether extract of A. boonei de Wild root bark
were demonstrated to exhibit activity against complete
Freund’s adjuvant-induced arthritis (Kweifio-Okai & Carrol,
1993). Other studies have also supported the relatively strong
and rapid onset of the systemic anti-inflammatory property
for these plant triterpenes (Otuki et al., 2005a,b; Recio et al.,
1995)

To further delineate the probable mechanism of anti-
inflammatory activity of the compounds, we investigated their
effects on the integrity of the membrane of human red blood

Mean edema (ml)

1 2 3 4
Time (h)

=— Control

—a&— 50 mg/kg of test Compound
—— 100 mg/kg of test Compound
== 100 mg/kg of Aspirin

Figure 2. Effect of compound 2 on the development of acute inflammation after sub-plantar injection of egg albumen in rats. Animals received 50 and
100 mg/kg (p.o.) of test compounds. Treatment animals (n =5) were compared with control animals (n =5) which had received vehicle only.
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Figure 3. Effect of compound 2 on
gastrointestinal irritation in rats. Animals 5007 | *P<0.01 compare - x
received 40, 50, or 100 mg/kg (p.o.) of test with control
compounds. Treatment animals were
compared with control animals which had
received vehicle only. %
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cell (RBC) in vitro. Reports have shown that the structure of
human RBC is similar to that of lysosomal membrane
components (Weissmann, 1967). The release of inflammatory
mediators involves the degranulation of these sub-cellular
organelles and as such the stabilization of their membranes
will diminish inflammatory process (Okoye et al., 2010;
Weissmann, 1967). The compounds inhibited both the heat
and the hypotonicity-induced hemolysis of human RBC
(Figure 4). At all the experimental doses, compounds 1 and
2 showed more inhibition of heat-induced hemolysis than
diclofenac sodium. However, diclofenac sodium showed more
protection against hypotonic induced hemolysis. The hemo-
lytic effect of heat and hypotonic solution are related to
membrane denaturation by high temperature and excessive
accumulation of fluid within the cell, respectively, resulting in
the rupture of the cell membrane (Umukoro & Ashorobi,
2006). The ability of these compounds to offer protection
against hemolysis of human RBC membrane induced by both
the heat and the hypotonic medium is an evidence of their
membrane stabilizing property. Compounds with membrane
stabilizing properties are known to interfere with the release
of cytoplasmic contents like phospholipase A, (Umukoro &
Ashorobi, 2006) that trigger the formation of inflammatory
mediators.

We also evaluated the potential of the isolated com-
pounds as topical anti-inflammatory agents using Xylene-
induced ear edema in mice. Xylene-induced ear inflammation
is arecognized method for assay of acute topical inflammation.
Compounds 1 and 2 significantly (p <0.01) inhibited xylene-
induced ear edema in mice at 50 and 100 pg/ear (Figure 5). At
100 pg/ear, compound 2 showed 59.4% inhibition while
indomethacin showed 44.7% inhibition. This finding corrobo-
rated the pronounced topical anti-inflammatory properties
of o-amyrin against 12-O-tetradecanoylphorbol-acetate-
induced ear edema previously reported (Otuki et al.,
2005b). Myeloperoxidase (MPO) enzymatic activity has been

established to be elevated in xylene-induced inflammation
(Ravelo-Calzado et al., 2011) with corresponding increase in
prostaglandin-E,, a powerful vasodilator that together with
other inflammatory mediators contribute to redness and
increased blood flow in areas of acute inflammation
(Foyet et al., 2011). There is direct relationship between
MPO activity and leucocyte migration in inflamed tissues
(Jyothibasu et al., 2011). Inhibition of xylene-induced top-
ical inflammation could be as a result of reduction in MPO
activity leading to decreased vasodilation and leucocyte
migration. We, therefore, investigated the effect of the
compounds on total and differential leucocyte migration
in vivo.

At 100 mg/kg, compound 2 produced significant (p <0.01)
inhibition of leucocyte migration and neutrophil infiltration
compared with the control (Figure 6). The recruitment of
leucocyte in response to inflammation is an important step in
phagocytosis. Leukocyte extravasation is usually mediated by
prostaglandins, bradykinin and histamine which increase
capillary permeability (Rang et al., 2003). Neutrophils are
the first leucocyte to respond in inflammatory conditions
(Anosike et al., 2012). Their interaction with other inflam-
matory mediators leads to the production of cytokins,
degrading enzymes, and reactive species that may further
amplify the inflammatory response (Tanaka et al., 2006). The
decreased responsiveness of leucocytes and in particular
neutrophils to the chemotactic stimulus induced by agar
following oral administration of compound 2 may have in part
been accounted for by inhibition of these mediators (prosta-
glandins, bradykinin, and histamine).

Conclusion

The present study generally provided evidence of strong anti-
inflammatory activity of the isolated triterpenoids. One of
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Figure 4. Effect of the test compounds
on heat-induced and hypotonicity-induced
hemolysis of human erythrocytes in vitro.
Erythrocyte membrane stabilization was
determined at drug concentrations of 50

and 100 pg/mL in isotonic phosphate buffer,
pH 7. Treatment animals were compared
with control animals which had received
vehicle only.

Figure 5. Effect of the test compounds on
xylene-induced acute topical edema of the
mouse ear. The test compounds were applied
topically at 50 and 100 pg/ear. Treatment
animals were compared with control animals
which had received 5 pL/ear of vehicle.
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these compounds, o-amyrin acetate, was isolated in very
large amount and may account for the efficacy of Alstonia
boonei stem bark extracts in ethnomedicinal management
of toothache, rhematic pain, and other inflammatory related
disorders. Previous studies (Medeiros et al., 2007,
Victor et al., 2009) proposed inhibition of nuclear factor
kappa-B and cAMP response element-binding protein acti-
vation as the main mechanism through which these
triterpenes exert their anti-inflammatory action, along with
a reduction of COX-2 expression. Our findings, how-
ever, could support a combination of membrane stabilization
and inhibition of leukocyte migration as the probable
mechanisms of anti-inflammatory activity of the isolated
triterpenes.
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