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Pycnanthus angolensis (Welw) Warb., Myristicaceae, is used in Nigeria folk medicine to treat complaints
such as toothache, headache, sore throat, ulcers and wounds. The aim of the study was to investigate
the antinociceptive and antiulcer activities of the stem bark extract of Pycnanthus angolensis. Acute tox-
icity was conducted with a single oral dose of 5g/kg. Antinociceptive activity was evaluated in acetic
acid-induced writhing, formalin and tail immersion tests in mice while antiulcer activity was evaluated
in ethanol and indomethacin-induced models in rats. In acetic acid-induced writhing test, the extract
(50, 100 and 150 mg/kg, p.o.), significantly reduced the number of writhes (46.75%, 57.28% and 75.69%)
respectively, compared to control. The extract significantly (p <0.001) reduced the time spent in licking
the hind paw at both phases, in formalin test. In tail immersion test, significant antinociceptive effect
was only observed with the dose of 150 mg/kg, with peak effect at 90 min (43.38%). There is no significant
change in the spontaneous locomotor activity of animals in the open field. The extract prevented the gas-
tric ulceration caused by ethanol and indomethacin treatments compared to control. The results showed
that P. angolensis extract possesses antinociceptive and antiulcer activities supporting the traditional use
for relieving pain and ulcers.

© 2015 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. All rights reserved.
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Introduction

Pain has been officially defined as an unpleasant sensory and
emotional experience associated with actual or potential tissue
damage or described in terms of such damage (IASP, 1994). It is
a disabling accompaniment which in many cases represents the
only symptom for the diagnosis of several diseases. In relieve of
pain, classical analgesic drugs notably opiates and non-steroidal
anti-inflammatory drugs (NSAID) are used (Garcia et al., 2011).
The use of these drugs especially NSAID is considered to be the
major risk factor in gastric ulcers. In this context, focus on plant
research has increased worldwide and several studies had showed
immense potential of medicinal plants as alternative remedies in
the management of pain and gastric ulcers.

Pycnanthus angolensis (Welw) Warb., Myristicaceae, commonly
known as ‘African nutmeg’ or ‘false nutmeg’, is used in a vari-
ety of herbal recipes for the treatment of chest pain, headache,
various skin diseases and gastrointestinal ailments in Nigeria
(Omobuwajo et al., 1992; Oladimeji et al., 2006). The plant contains
a variety of chemical constituents, such as allantoin (Prista et al.,
1960), kombic acid (Lok et al., 1983), isoflavones-7,4’-dimethoxy-
2’ hydroxylisoflavone and 2’-hydroxyformononetin (Omobuwajo
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etal,, 1992), dihydroguaiacetic acid (Njoku et al., 1997), pycnanthu-
quinone A and B (Fortetal.,2000) and pycnanolide A and B (Onocha
and Ali, 2011).

Biological activities of P. angolensis reported in literature include
antihelmintic (Gbolade and Adeyemi, 2008), anticancer (Njoku
et al,, 1997), antihyperglycemic (Luo et al., 1999; Fort et al., 2000),
cytotoxicity and antileishmanial activities (Onocha et al.,2008). The
plant has also been screened by a number of authors for malaria and
antimicrobial activities, with proven efficacy (Ancolio et al., 2002;
Oladimeji et al., 2006; Abrantes et al., 2008; Onocha and Otunla,
2010). Agyare et al. (2009), in an attempt to investigate the antiul-
cer potential of the plant screened the stem bark extract against
Helicobacter pylori. Aside these reports and to the best of our knowl-
edge, the pharmacological effect of the plant on painful processes
and gastrointestinal system has not been reported. Therefore, the
objective of the study was to investigate the antinociceptive and
antiulcer properties of the ethanolic extract of P. angolensis in
experimental animal models.

Materials and methods
Plant material
The stem bark of Pycnanthus angolensis (Welw) Warb., Myris-

ticaceae, was collected from Olokemeji forest, Ibadan (7°25'N,
3°31’E), Oyo State, Nigeria in February, 2011 and authenticated by
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Mr. T. K. Odewo at the herbarium unit of the Department of Botany,
University of Lagos, Lagos, Nigeria. Voucher specimen (LUH 4588)
was deposited in the herbarium.

Extraction procedure

The stem bark was cut into pieces and dried at room tempera-
ture for three weeks. The air dried material (500 g) was powdered
using Christy and Norriis 8’ Lab Milling Machine (serial No. 50158)
and extracted twice by maceration with 95% ethanol (31) at room
temperature for 48 h. The combined ethanolic extract was filtered
with double-layered muslin cloth and concentrated on a water bath
at 45°C to yield a reddish-brown solid (1.32%, w/w).

Animals

Male Albino Wistar rats (130-150g) were obtained from a pri-
vate vendor, Research Enterprise, Ibadan, Nigeria. The animals were
maintained under standard laboratory conditions in the Labora-
tory Animal Centre of the College of Medicine, University of Lagos,
Lagos, Nigeria. The animals were kept in cages at the room temper-
ature and fed with food and water ad libitum. They were allowed
to acclimatize for two weeks before the commencement of exper-
imental procedures. The experimental procedures adopted were
in accordance with the provisions of the Experimentation Ethics
Committee on Animal Use of the College of Medicine, University of
Lagos, Lagos, Nigeria (CM/COM/08/VOL.XXV) and the United States
National Academy of Sciences Guide for the Care and Use of Labo-
ratory Animals (NIH, 1985).

Acute toxicity

The acute toxicity study of P. angolensis was performed in a
single oral dose administration of 5000 mg/kg to seven male mice
(Jaijoy et al., 2010). Mice were fasted for 12 h before the adminis-
tration of the extract. Behavioral parameters including convulsion,
hyperactivity, sedation, grooming, increased or decreased respira-
tion were observed for, over a period of seven days.

Antinociceptive studies

Acetic acid-induced writhing test

The acetic acid-induced writhing test was done as previ-
ously described by Arslan et al., 2010. The extract (50, 100 and
150 mg/kg), distilled water (10 ml/kg) and acetylsalicylic acid (ASA,
100 mg/kg), were administered orally to each group of mice 1h
before intraperitoneal injection with 0.6% acetic acid (10 ml/kg,
body weight) to induce writhings. The number of abdominal
constrictions with stretching of the hind limbs was counted cumu-
latively over a period of 30 min. The percentage of inhibition of the
number of writhings was then calculated.

Formalin test

The method used was as previously described by Gomes et al.
(2007), with slight modification. Twenty microliters of formalin
(1%, v/v) was injected subcutaneously into the right hind paw of
mice. The time (in second) spent in licking and biting of the injected
paw was taken as an indicator of pain response. Responses were
measured for 5min (first phase) and 15-30min (second phase)
after formalin injection. The extract (50, 100 and 150 mg/kg, p.o.),
distilled water (10 ml/kg, p.o.) and morphine (3 mg/kg, s.c.) were
administered 60 and 30 min, respectively, before formalin injec-
tion.

Tail immersion test

Prior to the experiment, the animals were screened for a sen-
sitivity test. The mouse was gently handled and one third of the
tail was immersed into a water bath set at 55 +1°C (Agrahari et al.,
2010). The mice which withdrew the tail within 5s were selected
for activity. Each animal served as its control. The reaction time
for the same group was taken at intervals 60, 90, 120, and 150 min
after a latency period of 1h following the oral administration of
the extract at the dose of 50, 100 and 150 mg/kg. Control groups
received morphine (3 mg/kg, s.c.) and distilled water (10 ml/kg, p.o.)
respectively. A cut off period of 10 s was observed, to avoid damage
to the tail.

Open-field test

To evaluate the effect of the extract on spontaneous locomo-
tor activity, mice were subjected to open-field test as reported by
De Mattos et al. (2007). Groups of mice (n=5) received vehicle,
diazepam or extract (50, 100 and 150 mg/kg, p.o.) 1h before the
test. Each animal was placed in the middle of the open field for
a 5min session during which the following parameters were reg-
istered: crossing (the number of squares crossed with all paws),
rearing (rising on hind paws) and time of immobility.

Antiulcer studies

Ethanol-induced gastric ulcer model

The experiment was done as described by Akindele et al. (2012),
with slight modification. Fasted male rats were distributed into five
groups consisting of seven animals each. Group I served as control
and received distilled water (10 ml/kg, p.o.); groups II, IIl and IV
received the extract orally at doses of 50, 100 and 150 mg/kg, body
weight, respectively. Group V received misoprostol (100 pg/kg, p.o)
which served as the standard drug. Gastric ulcer was induced in the
rats by administration of Iml of absolute ethanol. Animals were
then sacrificed 1 h after by cervical dislocation. The stomachs were
removed, cut along the greater curvature, washed with normal
saline (0.9%), and ulcer index scored using Magistretti scoring scale
(Magistretti et al., 1988). Gastric tissue samples from each group of
ethanol induced model were fixed in 10% formalin. Then, the for-
malin fixed specimens were embedded in paraffin and sectioned
(3-5cm) and further stained with hematoxylin and eosin dye. The
sections were evaluated by light microscopy and photographed.

Indomethacin-induced gastric ulcer model

The experiment was performed as described by Singh and
Majumdar (1999). Male Wistar rats (130-150 g) fasted for 24 h were
treated orally with the extract (50, 100 and 150 mg/kg) or omepra-
zole (40 mg/kg). Distilled water was used in the control group.
One hour later, the animals were administered with indomethacin
(40 mg/kg, p.o.). After 6 h of indomethacin administration, animals
were sacrificed, and their stomachs removed, cut along the greater
curvature, washed with normal saline and ulcer index scored.

Statistical analysis

The results were presented as the mean + S.E.M. Statistical sig-
nificance between groups was calculated by analysis of variance
(ANOVA), followed by Tukey’s or Bonferroni’s test.

p<0.01, 0.05 and 0.001 were considered significant. Statisti-
cal analysis was carried out using the instant statistical package
(Graphpad software, Inc., USA).
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Fig. 1. Effect of Pycnanthus angolensis on acetic acid-induced writhing in mice. Each
column represents the mean +S.E.M. (n=7). Data were analyzed using one-way
ANOVA followed by Tukey’s multiple comparison test ***p <0.001, compared with
control.

Results
Acute toxicity study

Asingle oral administration of P. angolensis extract (5000 mg/kg)
did not produce any visible signs or symptoms of toxicity, abnormal
behavior and mortality after 24 h and seven days of observation.

Antinociceptive studies

Writhing test

The result of the acetic induced-writhing in mice is presented
in Fig. 1. The extract demonstrated a dose dependent reduction in
acetic acid-induced writhing in mice. The average no of writhes
for this effect was 49.14+2.82, 39.43 +3.13, 22.43 &+ 2.84 which
corresponds to 46.75%, 57.28%, 75.69% inhibition for 50, 100 and
150 mg/kg, respectively. The effect was statistically significant

(p<0.001) relative to control. The standard drug, acetylsalicylic
acid (ASA, 100 mg/kg) showed a reduction in the no writhes with
percent inhibition of 81.89, compared to control.

Formalin test

The effect of ethanolic extract of P. angolensis on formalin
induced pain in mice is shown in Table 1. The extract in a dose
dependent manner reduced the time spent in licking the hind
paw at both phases. In the first phase, the extract at the dose
of 50, 100 and 150 mg/kg reduced the licking time with inhibi-
tion percent of 35.06, 44.47 and 60.55, respectively. The second
phase showed a marked reduction in the average licking time
(82.11+5.30,68.17 £5.47 and 47.28 + 3.30 s) at the dose of 50, 100
and 150 mg/kg, respectively. The average licking time in the second
phase was relatively lower than that of the first phase. The standard
reference, morphine, produced a higher inhibition than the extract
at both phases.

Tail immersion

The result of the tail immersion test with ethanolic extract of P.
angolensis is presented in Table 2. The effect of the extract was not
dose dependent at all doses tested. However, significant antinoci-
ceptive effect (p <0.01 and p <0.001) was observed with the dose of
150 mg/kg, at 60, 90, and 120 min, compared to control. The peak
effect (43.38%) was at 90 min. Morphine exhibited a maximum peak
of analgesic effect (94.11%) at 60 min after administration.

Open field test

Mice treated with the extract (50, 100 and 150 mg/kg, p.o.) did
not produce significant effect on the number of square crossings,
rearing, number of fecal boluses and immobility when compared
to the control group (Table 3). However, diazepam significantly
(p<0.05) decreased the locomotor activity compared to control.

Anti ulcer activity

Ethanol-induced ulcer in rats

The treatment of rats with ethanol produced extensive gastric
lesions in the glandular mucosa of stomach in control animals
(Figs. 2 and 3). On the other hand, the pretreatment of the animals

Table 1
Effect of Pycnanthus angolensis on formalin induced hind paw licking in mice.
Treatment Dose (mg/kg) 5min 15-30 min
Extract 50 85.94 + 5.31 (35.06%)" 82.11 + 5.30(37.43%) "
100 73.12 + 3.26 (44.74%)" 68.17 + 5.47 (48.05%)"
150 52.19 + 2.71 (60.55%) " 47.28 + 3.30(63.97%) "
Morphine 3 0.00 + 0.00 (100%) 0.14 + 0.05 (99.92%) "
Control 10 ml/kg 132.33 £ 1291 131.22 + 14.74

All values given in mean +S.E.M. (n=7). Data were analyzed using two-way ANOVA followed by Bonferroni’s test.

" p<0.001, when compared with control.

Table 2

Effect of Pycnanthus angolensis on nociceptive responses in tail immersion test in mice.

90

120

150

Treatment Dose (mg/kg) Latency period (min)
0 60
Extract 50 3.36 + 0.34 7.51 & 1.96 (24.95%)
100 3.84 + 0.41 5.84 + 0.66 (12.39%)
150 3.03 +£ 044 8.43 + 1.99(31.84%)"
Morphine 3 3.64 + 047 19.04 + 0.51 (94.11%)"
Control 10 ml/kg 2.66 + 0.52 2.86 + 0.46

7.37 £ 1.53 (24.07%)
6.12 + 0.39 (14.12%)

(

(
10.39 + 2.00 (43.38%) "
17.50 + 1.04 (84.74%)"

2.57 £ 038

6.15 + 1.22 (16.74%)
5.08 + 0.38(7.71%)

(
( *
7.73 + 1.30 (27.69%)"
16.74 + 1.14 (80.07%) "

246 + 0.36

4.44 + 0.71 (6.91%)
3.62 + 0.5 (~1.31%)
5.78 + 1.08 (6.24%)
14.01 + 1.35 (63.36%) "
2.10 + 028

All values given in mean + S.E.M. (n=7). Data were analyzed using a two-way ANOVA followed by Bonferoni’s test.

" p<0.01.
" p<0.001 when compared with control.
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Table 3
Effect of Pycnanthus angolensis on mice in open field test.

Treatment Dose (mg/kg) Number of square crossing Number of center square crossing Number of rearing Immobility (s)
Control - 66.40 + 8.80 1.80 + 0.58 19.80 + 2.82 76.60 + 14.42
Extract 50 62.20 + 5.14 2.20 + 0.49 18.00 + 1.67 35.20 + 9.46
100 64.20 £ 2.06 1.80 + 0.49 16.40 + 3.39 40.00 + 8.96
150 58.20 & 5.45 2.40 + 0.51 13.80 + 1.56 103.20 + 11.59
Diazepam 1 33.60 + 9.14° 0.80 + 0.37 1.00 + 045" 198.60 + 9.45"

Data are mean +S.E.M. (n=5). Data were analyzed using one-way ANOVA followed by Tukey’s multiple comparison test.

" p<0.001.
" p<0.05 compared with control.
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Fig. 2. Effect of Pycnanthus angolensis in ethanol induced ulcer in rats. Each col-
umnrepresents the mean + S.E.M. (n = 7). Data were analyzed using one-way ANOVA
followed by Tukey’s multiple comparison test ***p <0.001, compared with control.

with P. angolensis extract (50, 100 and 150 mg/kg) exhibited
significant (p <0.001) reduction of gastric lesion with percentage
protection of 47.58%, 67.74% and 79.26%, respectively.

The effect of the extract at 150 mg/kg dose was comparable
to the group treated with misoprostol. Histological observation of
stomach sections of the control group showed congested necrotic
mucosal surface and infiltration of acute inflammatory cells into the

a
A (i) B (i)

C ()

mucosal (Fig. 3). However, stomach tissues of rats pretreated with
the dose of 50, 100, and 150 mg/kg of P. angolensis extract demon-
strated mild lesions of the mucosa and mild effects of hemorrhage,
in a dose dependent manner.

Indomethacin induced ulcer in rats

The antiulcer effect of ethanolic extract of P. angolensis was
also assessed in indomethacin induced ulcer model in rats and
the result is presented in Fig. 4. The extract produced a significant
dose-dependent reduction in the gastric lesion with ulcer index of
2.70+0.10, 2.604+0.21 and 2.40 4+ 0.56 for 50, 100 and 150 mg/kg,
respectively. Omeprazole used as reference, produced a percentage
protection of 71.93%.

Discussion

The present study was undertaken to evaluate the antinocicep-
tive and antiulcer activities of P. angolensis. The antinociceptive
effect of the extract was evaluated on three classical nociception
models in mice: acetic acid-induced writhing test, formalin test
and tail immersion test, which are useful methods for screening
prospective antinociceptive compounds or plant extracts.

In the acute toxicity study, the ethanolic extract of P. angolensis,
at the dose of 5 g/kg exhibited no signs of toxicity, indicating that
the extract might have a reasonably low toxicity profile, and could
be regarded as relatively safe at the tested dose (Gregory et al.,
2009). However, further toxicity studies; sub-acute and chronic
toxicity tests are necessary in order to determine the long-term
effects of the extract.

The acetic acid-induced abdominal constriction is a visceral
pain model employed as a screening tool for the assessment of

D (i) E (i)

Fig. 3. Histological examination (20x magnifications) of the ethanol-induced gastric mucosal damage in rats. (A and A(i)) control group; (B and B(i)) 50 mg/kg; (C and C(i))
100 mg/kg; (D and D(i)) 150 mg/kg; (E and E(i)) misoprostol (100 wg/kg). Black arrow: congested, necrotic mucosal surface. Blue arrow: mild mucosal damage. Red arrow:

mild leukocyte infiltration of the submucosal layer.
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Fig. 4. Effect of Pycnanthus angolensis on indomethacin induced ulcer. Each col-
umn represents the mean & S.E.M. (n =5). Data were analyzed using one-way ANOVA
followed by Tukey’s Multiple Comparison Test, p <0.05, compared with control.

antinociceptive or anti-inflammatory activity of new analgesic
agent (De Souza et al., 2009). Acetic acid causes algesic response
which involves the interperitoneal liberation of several mediators
such as neurotransmitters and neuromodulators, kinnis, histamine,
acetylcholine, substance P and prostaglandins. These mediators
increase vascular permeability, reduce the threshold of the noci-
ception and stimulate the nervous terminal of nociceptive fibers
(Gorzalczany et al., 2011; Pinheiro et al., 2012). In this model, the
extract exhibited a significant and dose dependent reduction in
the average number of writhes in mice, compared to control. This
implies that the extract had peripheral analgesic effect which may
be associated with the reduction of the liberation of these inflam-
matory mediators into the peritoneal cavity or by direct blockage
of its receptors resulting in an antinociceptive effect (Loganayaki
etal., 2012).

The subcutaneous injection of formalin in the mice induces a
biphasic nociceptive response (Ramirez et al., 2010). The first phase
which corresponds to the neurogenic pain is caused by the direct
effect of formalin on the sensory C-fibers, and followed by the sec-
ond phase or the inflammatory phase that is associated with the
development of an inflammatory response and the release of noci-
ceptive mediators such as prostaglandins, serotonin and bradykinin
in the peripheral tissues and from functional changes in the spinal
dorsal horn (Reynoso et al., 2013). The extract significantly inhib-
ited both phases of the formalin-induced pain, indicating that
the extract has antinociceptive effect in both phases, significantly
attenuating the pain response.

The tail immersion model is used to determine acute pain and
itis a useful test to differentiate central opioid like analgesics from
peripheral analgesics (Le Bars et al., 2001). The antinociceptive
effect of the extract in this model was very low. Moreover, com-
parison of the effect of the extract with that of morphine showed
that the extract was a weaker opioid receptor agonist.

The open field test was used to exclude the possibility that the
anti-nociceptive action of extract could be related to nonspecific
disturbances in the locomotor activity of the animals (Gongalves
et al., 2013). The extract at all doses tested caused no significant
change in the locomotor coordination activity of the animals. The
results therefore, eliminate the possibility of locomotor impair-
ment in the antinociceptive activity of the extract.

Gastric mucosa damage as a result of treatment with non-
steroidal anti-inflammatory drugs is recognized as most serious

adverse reaction to this class of compounds and has been the stim-
ulus behind much of the research aimed at developing new and
effective gastroprotective compounds. Hence, the antiulcer activ-
ity of ethanolic extract of P. angolensis on the mucosal of the rat was
evaluated using ethanol and indomethacin induced models.

Ethanol induced ulcers are due to direct necrotizing effect of
ethanol on gastric mucosa (Dharmani et al., 2004). Studies suggest
that the ethanol damage to the gastrointestinal mucosa starts with
micro vascular injury, namely disruption of the vascular endothe-
liumresulting in increased vascular permeability, edema formation
and epithelial lifting (Szabo et al., 1995). Hence a cytoprotective
agent, which increases mucus secretion, will be effective in this
model. Cytoprotection has been considered to be due to the capac-
ity of some compounds/drugs to induce prostaglandin production,
which in turn simulates mucus and bicarbonate synthesis (Robert
et al., 1983 and Deshpande et al., 2003). In this study, the extract
at the dose of 50, 100 and 150 mg/kg exhibited a dose-dependent
gastro-protective activity. The effect at the dose of 150 mg/kg was
comparable to that of misoprostol. The ability of the extract to
reduce the ethanol induced gastric ulcer may be an indication of
its cytoprotective activity.

To further confirm the cytoprotective effect of P. angolensis, the
extract was evaluated against indomethacin induced ulcer model.
Indomethacin, a non-steroidal anti-inflammatory drug, is known
to cause ulcer by inhibiting prostaglandin synthetase through
cyclooxygenase pathway (Oyagi et al., 2010). Prostaglandins func-
tions to protect the stomach from injury by stimulating the
secretion of bicarbonate and mucus, maintaining mucosal blood
flow and regulating mucosal turnover and repair (Hiruma-Lima
et al,, 2006). The extract significantly reduced gastric mucosal
damage compared to control. The ability of the extract to reduce
indomethacin induced gastric ulcer further supports cytoprotec-
tive effect and suggests the possible mobilization and involvement
of prostaglandins in the anti ulcer effect of the extract.

In conclusion, the results obtained in this study showed that
P. angolensis bark extract possesses antinociceptive and antiul-
cer activities, thereby providing pharmacological reference for the
traditional uses of the plant in Nigeria folk medicine. The mecha-
nism involved was not elucidated in the present study and need
further investigations. Moreover, activity guided isolation of the
compounds responsible for these activities need to be carried out.
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