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Abstract

The cost and worrisome toxicities associated with currently available anti-inflammatory drugs necessitate continuous search for
more effective, cheap, and safe anti-inflammatory agents. This study investigated the anti-inflammatory and analgesic activities
of ethanol extract of Hymenodictyon pachyantha stem bark (EEHP). The anti-inflammatory activity of EEHP was evaluated by
determining its effect on egg albumin—induced rat paw edema, phospholipase A2 (PLA2) activity, calcium chloride (CaCl,)—
induced platelet aggregatory response, and membrane stabilization. The effect of EEHP on acetic acid—-induced writhing re-
sponses was used as a model for analgesic property. The presence of flavonoids, terpenoids, steroids, saponins, alkaloids, tannins,
and phenols was detected in EEHP. There was no sign of toxicity and mortality 24 h post-EEHP administration, suggesting that it
is safe up to 5000 mg/kg b.w. EEHP significantly inhibited egg albumin—induced rat paw edema, in a dose-dependent manner and
in both early and late stages of inflammation. Similarly, EEHP significantly inhibited PLA2 activity and platelet aggregatory
response. EEHP also inhibited hypotonic-induced haemolysis by 23.99, 54.99, and 92.68% at 0.2, 0.6, and 1.0 mg/ml respec-
tively. Similarly, EEHP produced 44.64, 58.04, and 70.54% reduction in the number of writhings induced by acetic acid at 200,
400, and 600 mg/kg p.o. respectively. These results demonstrated that EEHP has analgesic and anti-inflammatory effects. The
results also showed that the mechanisms of the anti-inflammatory effect may be by inhibiting PLA2 and aggregation of platelets,
and stabilization of lysosomal membrane.
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Abbreviations PRP Platelet-rich plasma

EEHP Ethanol extract of Hymenodictyon pachyantha  LOX Lipoxygenase
stem bark TXA2 Thromboxane A2

NSAIDs Non-steroidal anti-inflammatory drugs LTs Leukotrienes

SAIDs Steroidal anti-inflammatory drugs
PLA, Phospholipase A2

COX Cyclooxygenase

HRBC  Human red blood cell

PUFAs  Polyunsaturated fatty acids
EDTA Ethylenediamine tetraacetic acid

Introduction

Inflammation represents a complex biological response of
vascular tissues to hazardous stimuli such as damaged
cells, pathogens, or irritants. The purpose of inflammatory
response is to eliminate the initial cause of cell injury, and
necrotic cells, and tissues damaged from the original insult
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2002). Classic inflammatory response is characterized by
the following clinical signs: warmth, pain, redness, swell-
ing, and loss of function (Rigler 1997).

Two major classes of drugs known as steroidal (SAIDs)
and non-steroidal anti-inflammatory drugs (NSAIDs) are
employed in the alleviation of inflammation. Long-term use
of NSAIDs causes side effects including gastric ulceration and
renal toxicity (Ezekwesili et al. 2011), since they concurrently
inhibit both isoforms of cyclooxygenase (COX), the enzymes
involved in the synthesis of inflammatory mediators (prosta-
glandins (PGs), prostacyclins, and thromboxanes). NSAIDs
which are selective COX inhibitors are also reported to in-
crease the risk of heart attack and stroke (Salmon 2006;
Nelson and Cox 2008). These necessitate a continuous search
for potent anti-inflammatory drugs with fewer side effects
especially from natural sources as alternatives/additions to
the currently available drugs. One of such efforts is to screen
plants used in folk medicine to ameliorate inflammatory con-
ditions. An example of such plant is Hymenodictyon
pachyantha K Krause which is used in Nigeria folk medicine
for the management of inflammatory disorders. The plant is
locally known as Udele Ose by Igbo-speaking communities in
South-Eastern Nigeria, and Obadan or Farquhar in Benin,
Western Nigeria. It is distributed mostly in tropical and sub-
tropical parts of Asia and Africa. H. pachyantha K. Krause has
recurved calyx lobes, which are longer than the mature co-
rollas, and has elongated ovaries. The stipules bear large de-
ciduous glands called colleters. The corolla tube is narrow at
the base, gradually widening toward the apex. The fruit is a
woody capsule (Razafimandimbison and Bremer 2006). The
species belonging to this genus are having oppositely arranged
serrated leaves and small, clustered flowers and many seeded
capsules. Stipules are linear to lanceolate or ovate 15 mm
long, apex acuminate and pubescent. Leaves are deciduous:
petioles are 10—60 mm long, green-white-tinged, puberulous;
secondary veins are seven to ten pairs per side. Fruit, a

capsule, is ellipsoid, 2 to 2.5 cm long, growing on recurved,
thick pedicels 5 to 12 mm long. Seeds are many, flat, winged
all around the margin, about 1 cm long, including the wing.
Bark is mostly furrowed and rough, 10-20 c¢m thick, exfoliat-
ing in irregularly shaped with soft scales. The wood is soft and
has limited use, mostly for boxes. The wood is used as planks
in building houses and boats, making boxes, packing cases,
pencils, toy model making, and matches. In India, it is used as
a cheaper grade of wood for making furniture, wrapper bob-
bins, and wool boards. The bark obtained is useful for tanning
purposes while leaves are useful for dyeing and as fodder for
cattle while the remaining are only useful for timber wood
(David 2008). The leaves are used in animal nutrition and
disease management (Chah and Igbokwe 2011) (Fig. 1).

Materials and methods
Materials
Animals

Adult Wistar albino rats of body weight between 180 and
200 g (9 + 1 week old) were used for edema study while adult
Wistar albino mice of body weight between 30 and 40 g (8 +
1 week old) were used for acute toxicity and analgesic activity
studies. The animals were purchased from the Animal
Breeding Unit of Faculty of Veterinary Medicine, University
of Nigeria, Nsukka. The animals were acclimatized under
standard laboratory condition in the Animal House of the
Department of Biochemistry, University of Nigeria, Nsukka,
for 1 week prior to the commencement of the experiment with
a 12-h light and dark cycle and maintained on a regular rodent
chow (Vital Growers’ Mash Nig. Ltd.) and portable water ad
libitum throughout the period of the experiment.

Fig. 1 Leaves and stem of Hymenodictyon pachyantha K Krause. Source: Researchers

@ Springer



Comp Clin Pathol (2019) 28:1779-1790

1781

Micro-organism

The fungal organism used as source of enzymes was strains of
Aspergillus niger. The organism was obtained from the
Department of Microbiology, University of Nigeria, Nsukka.

Blood samples

The blood samples used for the membrane stabilization assay,
platelet aggregation tests and phospholipase A2 activity were
collected from apparently healthy voluntary donors. The
blood donors were free from drug treatments for at least
2 weeks before sample collection.

Reference drugs

Indomethacin (product of Yangzhou Pharmaceutical Co. Ltd.)
was used as the reference drug for paw edema, membrane
stabilization, and antiplatelet aggregation assays.
Prednisolone (product of Kunimed Pharmaceutical Ltd.) was
used as the reference drug for the PLA, activity assay.
Acetylsalicylic acid (also known as aspirin and product of
Juhel Pharmaceuticals Ltd.) was used as the reference drug
for the analgesic activity assay.

Methods
Ethical statement

The experimental procedures were carried out in accordance
with the institutional, national, and international ethical rec-
ommendations for the use of human subjects for research
(Helsinki declaration), as well as for the care and use of lab-
oratory animals (NIH publication #85-23, revised in 1985) in
experiments, clinical studies, and biodiversity rights.

Preparation of plant extract

Fresh H. pachyantha stem bark and leaves were collected
from a habitat in Orba, Udenu Local Government Area of
Enugu State, Nigeria, and was authenticated by Mr. Alfred
Ozioko, a taxonomist from Bioresources Development and
Conservation Programme (BDCP) Research Centre, Nsukka,
Enugu State, and voucher specimen deposited in their herbar-
ium for reference purposes with voucher reference number
#Intercedd/859. The leaves of the plants were used for identi-
fication purposes only. The stem bark was washed off of dirt
using portable water, cut into small pieces and air-dried with
regular turning to avoid decaying, until crispy (which took
two weeks). The dried stem bark was powdered using a me-
chanical grinder. A known weight of the pulverized sample
(1000 g) was macerated in 5 I of absolute ethanol, vigorously
shaken, and allowed to stand for 72 h in a rotor. The mixture

was filtered using a mesh. Further filtration was achieved
using Whatman No. 1 filter paper to remove fine particles.
The filtrate was concentrated under reduced pressure using a
rotary evaporator at 45 °C to obtain the crude ethanol extract
of H. pachyantha stem bark (EEHP) which was refrigerated in
an air-tight container at 4 °C until required. The percentage
yield for the extract was 3.32%.

Determination of phytochemical constituents of EEHP

The qualitative and quantitative phytochemical constituents of
the extract were determined using the methods earlier
described by Harborne (1998) and Trease and Evans (2002).

Determination of the anti-inflammatory effect of EEHP using
egg albumin-induced rat paw edema model

This was done using the method of Winter et al. (1962). The
increase in the right hind paw size of the rats induced by the
sub-plantar injection of freshly prepared egg albumin was used
as a measure of acute inflammation. Egg albumin releases me-
diators of acute inflammation responsible for causing edema.
The ability of the extract to inhibit this release of mediators is a
measure of its anti-inflammatory effect. A total of twenty-five
male rats were used for the study. They were divided into five
groups of five rats each and treated as follows:

Group 1: Received 5 ml/kg of 3% (v/v) Tween 80 in distilled
water (vehicle)

Group 2: Received 10 mg/kg body weight of indomethacin
(standard drug)

Group 3: Received 100 mg/kg body weight of EEHP

Group 4: Received 200 mg/kg body weight of EEHP

Group 5: Received 400 mg/kg body weight of EEHP

All the experimental rats were fasted for 18 h before the
experiment to ensure uniform hydration and minimize var-
iability in edematous response, after which, the right hind
paw size of each rat at time zero (before the induction of
edema) was measured using a Vernier calliper. This was
followed by intraperitoneal administration of test samples
(extract and standard drug) as outlined above. One hour
after administration, acute inflammation was induced by
injecting 0.1 ml of freshly prepared egg albumin into the
sub-plantar of the right hind paw of rats. The increase in the
right hind paw size of rats was subsequently measured at
0.5, 1, 2, 3, 4, and 5 h after egg albumin injection. The
difference between the paw size of the injected paws at time
zero and at different times after egg albumin injection was
used to assess the formation of edema. These values were
used in the calculation of the percentage inhibition of ede-
ma for each dose of the extract and for indomethacin at the
different time intervals using the relation below:
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Inhibition of paw edema (%)

_ Paw odema of control-Paw edema of test groups % 100
N Paw edema of control

Paw edema = (Vt—Vo); where Vo= Paw edema at time
zero; Vt= Paw edema at time 7 (0.5, 1, 2, 3, 4, 5 h).

Determination of the anti-inflammatory effect of EEHP using
the inhibition phospholipase A2 activity model

The effect of the extract on PLA2 activity was determined
using modifications of the methods of Vane (1971).
Phospholipase A2 activity was assayed using its action on
erythrocyte membrane; it releases free fatty acids from the
membrane phospholipids thereby causing leakage, allowing
haemoglobin to flow into the medium in the process. The
enzyme activity is thus directly related to the amount of
haemoglobin in the medium. This was measured at 418 nm
since haemoglobin absorbs maximally at this wavelength.

Enzyme preparation This was done as described by Odu et al.
(2018). Fungal enzyme was obtained from Aspergillus niger
strain culture. The nutrient broth was prepared by dissolving
15 g of sabouraud dextrose agar in 1000 ml of distilled water,
homogenized in a water bath for 10 min, and dispensed into
250-ml conical flasks. The conical flasks were sealed with
cotton wool and foil paper. The broth was then autoclaved at
121 °C for 15 min. The broth was allowed to cool to room
temperature and then, the organisms in the Petri dishes were
aseptically inoculated into the broth and incubated for 72 h at
room temperature. The culture was transferred into test tubes
containing 3 ml phosphate buffered saline and centrifuged at
3000 rpm for 10 min. The fungal cells settled at the bottom of
the test tube while the supernatant was used as the crude en-
Zyme preparation.

Substrate preparation Fresh human blood samples were cen-
trifuged at 3000 rpm for 10 min and the supernatant (plasma)
discarded. The red cells were washed three times with equal
volume of normal saline, measured and reconstituted as a 40%
(v/v) suspension with phosphate buffered saline. This served
as the substrate for PLA2.

Assay procedure Two millimolars CaCl, (0.2 ml), human red
blood cell (HRBC) (0.2 ml), 0.2 ml of the crude enzyme
preparation and varying concentrations of normal saline, the
extract and the reference drug were incubated in test tubes for
1 h. The control contained the human red blood cell suspen-
sion, CaCl,, and free enzyme. The blanks were treated with
0.2 ml of boiled crude enzyme separately. The incubation
reaction mixtures were centrifuged at a speed of 3000 rpm
for 10 min. Samples of the supernatant (1.5 ml) were diluted
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with 10 ml of normal saline and the absorbance of the solu-
tions read at 418 nm (Odu et al. 2018). Prednisolone, a known
inhibitor of phospholipase A2, was used as the reference drug.
The percentage maximum enzyme activity and percentage
inhibition was calculated using the following relations:

OD of test/t 100

OD of control/¢ 7
Yinhibition = 100—1%maximum activity of enzyme

%maximum activity =

Determination of membrane stabilization effect
of EEHP on hypotonicity-induced haemolysis of red
blood cells

The effect of EEHP on haemolysis induced by distilled water
was evaluated by incubating various concentrations of EEHP
with HRBCs and distilled water. This assay was carried out by
a modified method of Sikder et al. (2012). The assay is based
on the susceptibility of RBCs’ membrane to oxidative dam-
age, made possible as a result of the preponderance of poly-
unsaturated fatty acids (PUFAs) in the membranes leading to
haemolysis. Haemoglobin and other internal cell components
are thus released into the surrounding fluids. Absorbance
readings at 418 nm are a reflection of the amount of
haemoglobin in the medium. The effect of the EEHP on
haemolysis induced by distilled water was evaluated by incu-
bating 0.1 ml solution containing graded concentrations
(mg/ml) of the extract with 0.1 ml of the sodium citrate treated
blood, 1.8 ml of normal saline, and 0.5 ml of distilled water in
atest tube at 37 °C in a water bath for 1 h. After the incubation,
the test tubes were centrifuged at 3000 rpm for 10 min and the
absorbances of the supernatants were read at 418 nm. The
same procedure was repeated using indomethacin (a standard
anti-inflammatory drug) as a positive control. The extent of
haemolysis (and membrane stabilization) was assessed as
changes in absorbance. The inhibition of haemolysis (%) by
the extract and indomethacin were calculated using the rela-
tion below:

OD1-0D2
Inhibition of haemolysis (%) = 100(1—)

ODl1

where OD; = absorbance of control hypotonic solution and
OD, = absorbance of test sample.

Determination of the anti-inflammatory effect
of EEHP using platelet aggregation model

This was achieved using a modification of the method of Born
and Cross (1963). The aggregation of platelets leads to an
increase in transmittance, therefore less absorbance of light.
CaCl,-induced platelet aggregation is thus shown by a reduc-
tion in absorbance at 520 nm. Any substance that has anti-



Comp Clin Pathol (2019) 28:1779-1790

1783

aggregatory effect would thus lead to increased absorption by
the medium.

Preparation of platelet-rich plasma (PRP) Fresh venous blood
samples (5 ml) were taken from healthy volunteers into plastic
tubes containing 1% ethylene diamine tetraacetic acid (EDTA) as
an anticoagulant. The tubes were centrifuged at 3000 rpm for
10 min and the supernatant was collected, diluted twice with
normal saline, and used as the platelet-rich plasma (PRP)
(Nwodo 1981). An aliquot of PRP (0.2 ml) was dispensed into
three sets of test tubes each containing 1 ml of varying concen-
trations of extract (0.1, 0.2, and 0.4 mg/ml) in 3% Tween 80
(dissolved in normal saline). Also, another test tube contained
an aliquot (0.2 ml) of PRP and 1 ml of 0.2 mg/ml indomethacin
in 3% Tween 80. The contents of the respective tubes were made
up to 2.2 ml with the vehicle. A control tube contained 2 ml of
the vehicle and 0.2 ml of PRP. The tubes were allowed to incu-
bate for 10 min after which, there was addition of 0.4 ml of
1.47% CaCl, solution to induce aggregation. The tests were
performed in triplicate. Changes in the absorbance of the solu-
tions were taken at intervals of 30 s for 120 s at 520 nm. The
blanks contained the extract or indomethacin without PRP.

Determination of analgesic activity of EEHP using
acetic acid-induced writhing test

To determine the analgesic activity of ethanol extract, the writh-
ing test method described by Koster et al. (1959) was used.
Nociception, initiated by pain receptors, is known as the neural
process of encoding and processing noxious stimuli. It is the
afferent activity produced in the peripheral and central nervous
system by stimuli that have the potential to damage tissue
(Onasanwo et al. 2012). Vehicle (5 mg/kg body weight (b.w.)),
aspirin (200 mg/kg b.w.), three scalar amounts (100, 200, and
400 mg/kg b.w.) of the extract were respectively administered (p.
0.) to 5 groups of 5 mice each. Thirty minutes afterwards,
10 mg/kg b.w. of 0.6% acetic acid was intraperitoneally injected
into each mouse. The number of writhings and stretchings was
counted over a 20-min period.

Acute toxicity test on EEHP

Investigation on the acute toxicity profile of EEHP was carried
out using the modified method of Lorke (1983). This study was
done in two phases and a total of eighteen mice were used. In
phase 1, nine experimental mice were distributed in three groups
of three mice each and were orally administered 10 mg/kg,
100 mg/kg, and 1000 mg/kg body weight of the extract respec-
tively. The experimental mice were observed for an hour, then
every 20 min for another 3 h, and finally, after 24 h post extract
administration for lethality, and morphological, neurological and
behavioural changes (signs of toxicity). Based on the result of
phase 1, phase 2 of the acute toxicity study was conducted.

Increased doses of 1600, 2000, and 2900 mg/kg b.w. of the
extract were administered respectively to nine experimental mice
distributed in three groups of three mice each. The mice were
also observed as described above.

Statistical analysis

The data obtained were expressed as mean + standard devia-
tion (SD). Significant differences of the mean values were
established by one-way and two-way analysis of variance
and the acceptance level of significance was p <0.05 for all
the results. This was done using the Statistical Product and
Service Solutions (SPSS) version 22.0.

Results

Phytochemical constituents of ethanol extract
of Hymenodictyon pachyantha stem bark

Phytochemical analyses of the extract revealed the presence of
flavonoids (1359.268 +0.02 mg/100 g), terpenoids (2154.695 +
0.01 mg/100 g), steroids (3.782 +0.05 mg/100 g), saponins
(0.405 £0.03 mg/100 g), alkaloids (268.856 +0.12 mg/100 g),
tannins (1375.930+0.08 mg/100 g), and phenols (2900.169 +
0.15 mg/100 g) (Table 1).

Effect of EEHP on egg albumin-induced rat paw
edema

Table 2 shows the results of the effect of EEHP on the mean paw
edema and percentage inhibition of egg albumin—induced edema
in the rat paw recorded over a period of 5 h. A significant dose-
dependent reduction in the mean paw edema was observed for all
the treatment groups from 0.5 to 5 h when compared with the
control. The paw size of rats treated with graded doses of EEHP

Table 1 Phytochemical contents of ethanol extract of Hymenodictyon
pachyantha stem bark

Phytochemical Relative abundance Amount (mg/100 g)
Flavonoids +++ 1359.27+0.02
Terpenoids +++ 2154.70+0.01
Steroids + 3.78+0.05
Saponins + 0.41+0.03
Alkaloids ++ 268.86+0.12
Tannins +++ 1375.93+0.08
Phenols +++ 2900.17+0.15
+Slightly present

++Moderately present
+++Highly present
Results are expressed in mean =+ standard deviation (n = 3)
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Table 2 Effect of EEHP on egg albumin—induced rat paw edema

A
w
a=}
=,
=
[0)°)
@

Concentration (mg/kg) Mean paw edema (cm) and percentage inhibition of edema

Treatment

5.0h

40h

30h

2.0h

1.0 h

0.5h

0.53+0.01°*

0.56+0.0198

0.58 +£0.019¢P 0.57 +£0.0598¢

0.59+0.01°°

0.61+0.02°¢

Control (3% Tween 80) 5 ml/kg

0.31£0.01°F (49.18%) 0.28 £0.02%F (52.54%) 0.22+0.03° (62.07%) 0.19+0.01°C (66.67%) 0.16=0.02°5 (71.43%) 0.13+0.01°* (75.47%)

10

Indomethacin

Extract

0.19 £ 0.03% (57.14%)

0.22+0.01°B
(50.00%)

0.31£0.01°F (27.27%) 0.28+0.04° (36.95%) 0.25+0.01°C

0.35+0.01°F
(12.20%)

100

(44.68%)

0.25+0.01°P (56.90%) 0.22 +0.03"¢

0.17 £0.02* (67.92%)

0.20 £ 0.04°8
(64.29%)

0.27 £0.02°F
(54.24%)

0.31+0.02%F
(49.18%)

200

(61.40%)

0.11£0.01% (79.25%)

0.15+0.04*
(73.21%)

0.18 +£0.03*
(68.42%)

0.21+0.01° (63.80%)

0.27+0.05°
(54.24%)

0.30+0.017 (50.82%)

400

5); mean values having different lowercase letters as superscripts in a column are considered significant (p < 0.05). Mean values having different uppercase letters as

Results expressed as mean + SD (n

superscripts in a row are considered significant (p < 0.05). Values in parenthesis () represent percentage inhibition of paw edema calculated relative to control

and indomethacin significantly decreased with time. At 5 h, the
inhibition of rat paw edema for the groups treated with 100, 200,
and 400 mg/kg b.w. of EEHP were 64.15%, 67.92%, and
79.25% respectively. The percentage edema inhibition for rats
treated with indomethacin 10 mg/kg b.w. after 0.5 h, 1 h, 2 h,
3 h, 4 h, and 5 h was 49.18%, 52.54%, 62.07%, 66.67%,
71.43%, and 75.47%s respectively. The percentage edema inhi-
bition of the group treated with 400 mg/kg b.w. of extract was
significantly higher than that of indomethacin at a 5-h period.

Effect of EEHP on phospholipase A2 activity

Table 3 shows the effect of EEHP on phospholipase A2 activity.
The ethanol extract significantly inhibited the activity of PLA, in
a dose-dependent manner when compared with the control.
There was a decrease in the absorbance of the sample with in-
creasing concentration of the extract; hence, a decrease in en-
zyme activity. The percentage inhibition for extracts at 0.1, 0.2,
0.3, 0.4, and 0.5 ml were 78.92%, 89.71%, 91.67%, 93.63%, and
95.59% respectively. Prednisolone, a standard anti-inflammatory
drug, followed a similar trend with the enzyme activity decreas-
ing with increasing doses of prednisolone. The absorbance of
extracts 0.1, 0.2, 0.3, 0.4, and 0.5 ml was found to be significant-
ly lower when compared with control, the same was also ob-
served with increasing concentrations of the standard drug
(prednisolone) when compared with the control.

Effect of EEHP on hypotonicity-induced haemolysis
of human red blood cells

The result presented in Table 4 shows that EEHP significantly
protected the human erythrocyte membrane against lyses in-
duced by hypotonic solution compared with the control, in a
dose-dependent manner. The highest percentage inhibition
(92.68%) of haemolysis here was obtained at 1.0 mg/ml of
the extract. This inhibitory effect of EEHP against
hypotonicity-induced haemolysis of human red blood cells is
comparable with that obtained with indomethacin, a standard
anti-inflammatory drug.

Effect of EEHP on calcium chloride (CaCl,)-induced
platelet aggregation

Table 5 shows the effect of EEHP on CaCl,-induced platelet
aggregatory response. The extract significantly inhibited
platelet aggregatory response. The inhibitory effect of EEHP
against CaCl,-induced platelet aggregation is concentration
and time-dependent. The maximum inhibitory effect against
CaCl,-induced platelet aggregation was recorded at 120 s and
0.6 mg/ml EEHP concentration. This inhibitory effect by
EEHP is similar to that of indomethacin.
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Table 3 Effect of EEHP on

phospholipase A2 activity Concentration

Treatment

(mg/ml)

Absorbance (418 nm)

% maximum enzyme activity

% inhibition

Control -

Extract 0.1
0.2
0.3
04
0.5

Prednisolone 0.2

0.21+0.02f 100 -

0.04£0.01° 21.08 78.92
0.02+0.05¢ 10.29 89.71
0.02£0.01° 8.33 91.67
0.01+0.13° 637 93.63
0.01+0.01 441 95.59
0.07+0.01 41.67 58.33

Results expressed as mean + SD (n=3); mean values having different lowercase letters as superscripts in a
column are considered significant (p < 0.05)

Effect of EEHP on acetic acid-induced nociceptive
response in mice

The analgesic assay demonstrated that EEHP exhibited potent
analgesic activity comparable to that of aspirin. The number of
writhings in all doses of'the extract (100, 200, 400 mg/kg body
weight) and aspirin (200 mg/kg body weight) was significant-
ly lower than the number of writhings in the control group.
The analgesic effect of the extract was dose-dependent. The %
analgesic activity of extracts at 100, 200, and 400 and aspirin
200 mg/kg were 44.64, 58.04, 71.43, and 70.54% respective-
ly. This indicates that the highest dose of the extract had sim-
ilar analgesic properties when compared with the standard
drug, hence, may serve as the lead to development of newer
anti-inflammatory drug (Table 6).

Acute toxicity profile of EEHP

There was neither death nor any sign of toxicity in the groups
of mice administered 10, 100, and 1000 mg/kg body weight of
EEHP for phase I as well as in the groups administered, 1900,
2600, and 5000 mg/kg body weight of EEHP for phase II
(Table 7). This shows that the extract is relatively safe up to
5000 mg/kg body weight and that the LDs, is above this dose.

Discussion

The present study was carried out to investigate the analgesic
and anti-inflammatory effects, and mechanisms of action of
ethanol extract of Hymenodictyon pachyantha stem bark
(EEHP). The presence of flavonoids, terpenoids, phenols, ste-
roids, saponins, alkaloids, and tannins was detected in the ex-
tract in varying proportions. Some of these phytochemicals are
believed to be responsible for the anti-inflammatory activities
of some plants (Garg et al. 2010; Sakat et al. 2010). For in-
stance, flavonoids have been reported to exhibit anti-
inflammatory effect in various studies (Amarlal et al. 2009;
Lopez-Lazaro 2009; Shailasree et al. 2012). Similarly, terpe-
noids, steroids, saponins, tannins, and alkaloids have anti-
inflammatory activities (Gepdireman et al. 2005; Souza et al.
2007; Das et al. 2010). In addition, the anticoagulant and anti-
platelet aggregatory activity of phenolic compounds and flavo-
noids have been reported (Imram et al. 2012). Secondary me-
tabolites like flavonoids and alkaloids have also been associated
with analgesic properties of plants (Kumar et al. 2013; Fan et al.
2014; Afsar et al. 2015). Flavonoids are the main constituents
that have capacity to interfere with eicosanoid biosynthesis
pathways (Robak and Gryglewski 1996) and are suggested to
suppress the release of arachidonic acid through inhibition of
neutrophil degranulation (Tordera et al. 1994). Both of these

Table 4 Effect of EEHP on

hypotonicity-induced haemolysis Treatment Concentration Hypotonic solution (ODI) Test solution % inhibition of
of human red blood cells (mg/ml) (0OD2) haemolysis
Control - 1.61+0.02% -
Extract 0.2 - 0.40+0.11° 23.99
0.4 - 0.69+0.05° 42.96
0.6 - 0.89+0.02¢ 54.99
0.8 1.26+0.01° 78.18
1.0 1.50+0.07" 92.68
Indomethacin 02 - 0.48+0.02° 29.88

Results are expressed in means + standard deviation (n = 3); mean values having different letters as superscripts in
a column are considered significant (p < 0.05)
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Table 5 Effect of EEHP on

calcium chloride—induced platelet Treatment Concentration A Absorbance (520 nm)
aggregation (mg/ml)
30 s 60 s 90 s 120 s
Control - 021£001™  021+001™  023+£0.02° 021+0.02%
Extract 0.1 0.14+0.01°¢ 0.14+0.02°5¢  0.14£0.029  0.14+0.05**
(67.14%) (66.82%) (60.44%) (66.18%)
0.2 0.14+0.029¢ 0.13+£0.0195¢  0.13+0.01°®  0.13+0.02*
(64.76%) (63.03%) (58.67%) (61.35%)
0.4 0.13+0.02°B 0.13+£0.01°®  0.12+0.11°*  0.12+0.01°
(60.00%) (59.24%) (53.78%) (57.97%)
0.6 0.12+0.02°* 0.12£0.01°*  020£0.02°C  0.20+0.15€
(58.10%) (57.35%) (87.11%) (95.17%)
Indomethacin 0.2 0.13+£0.01°4B  013+0.02°B  0.12+£0.02°*  0.12+0.01°*
(60.48%) (59.72%) (53.78%) (58.45%)

Results expressed as mean + SD (n=3); mean values having different lowercase letters as superscripts in a
column are considered significant (p < 0.05) while mean values having different uppercase letters as superscripts
in a row are considered significant (p < 0.05). Values in parenthesis () = % inhibition of platelet aggregation

actions result in suppression of production and activities of
inflammatory mediators like PGs and lipoxygenase end-
products that induce inflammation, pain, and fever.

The anti-inflammatory assays of the ethanol extract
displayed significant inhibition of inflammation. This sug-
gests that the phytoconstituents of the plant extract may have
inhibited the inflammation through their suppressive action on
the production of PGs. The anti-inflammatory activity of the
ethanol extract of H. pachyantha stem bark was assessed by
measuring its ability to reduce local edema induced in the rat
paw by injection of a phlogistic substance (Omkar et al. 2007).
Egg albumin—induced edema model has been used in anti-
inflammatory studies; subcutaneous injection of egg albumin
into the rat paw induces edema resulting from plasma protein-
rich fluid exudation along with neutrophil extravasation. The
increase in the paw volume of the rats after the injection of egg
albumin correlates with the work of Ekwueme et al. (2011)
that egg albumin induces paw edema in rats. The feasible
mechanism of egg albumin—mediated inflammation is tri-pha-
sic. The first phase (0-2 h) is predominantly non-phagocytic
and mainly mediated by histamine and serotonin, the second
phase (2-3 h) is mediated by kinin, and the last phase (3-5 h)
is due to the liberation of PGs (Suba et al. 2005) which

produces edema-dependent on neutrophil mobilization. The
ethanol extract at doses of 100, 200, and 400 mg/kg body
weight showed good anti-inflammatory activity as it signifi-
cantly inhibited the increase in paw volume from 0.5 to 5 h.
This shows that the extract inhibited all the phases of the
inflammatory response just as was demonstrated with
Annona vepretorum species by Silva et al. (2015). The inhi-
bition of the early phase of edema exhibited by the ethanol
extract in this study suggests that it blocks the release of his-
tamine and serotonin. The suppression of edema in the second
and third phases of inflammation suggests that the anti-
inflammatory activity of the extract may also be due to the
suppression of kinin and PG formation induced by egg albu-
min within this period. Since these mediators cause edema by
increasing vasodilatation and vascular permeability at the site
of injury, the extract therefore reduces vascular permeability
and fluid exudation, probably by preventing the contraction of
endothelial cells and hence, suppressing edema.

Consistent with the above finding is the inhibitory effect of
EEHP on phospholipase A2 activity, an acyl-hydrolase that
cleaves fatty acid from membrane phospholipids in position
two of the phospholipids, hydrolyzing the bond between the
second fatty acid tail and the glycerol molecule and calcium

Table 6 Effect of EEHP on acetic

acid—induced nociceptive re- Treatment Dosage No. of writhings (count/20 min) % analgesic activity
sponse in mice
Control (3% Tween 80) 0.1 ml/10 g 28.00 + 1.63¢ -
Extract 100 mg/kg 15.50 + 2.08° 44.64
200 mg/kg 11.75 + 0.96° 58.04
400 mg/kg 8.00 + 0.82* 71.43
Aspirin 200 mg/kg 8.25 + 1.26" 70.54

Results expressed as mean + SD (n=4); mean values having different lowercase letters as superscripts are
considered significant (p <0.05) down the column
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Table 7  Acute toxicity profile of EEHP
Treatment Dosage of extract (mg/kg) Mortality rate
Phase [
Group 1 10 0/3
Group 2 100 0/3
Group 3 1000 0/3
Phase I1
Group 1 1900 0/3
Group 2 2600 0/3
Group 3 5000 0/3

Number of mice per group (1) =3

chloride—induced platelet aggregation. Arachidonic acid re-
leased from membrane phospholipids is acted upon by cyclo-
oxygenase (COX) and lipoxygenase (LOX) which leads to the
de novo synthesis of lipid mediators (George et al. 2014). The
action of COX on arachidonic acid produces mediators such as
PGE2, PGD2, PGI2, and thromboxane A2 (TXA2), while the
action of 5-LOX on arachidonic acid releases leukotrienes (LTs)
such as LTB4. The extract at concentration of 0.1 to 0.5 mg/ml
exhibited a significant and concentration-dependent inhibition
of PLAZ2 activity. This inhibition of PLA2 by the extract implies
that it was able to suppress the release of free fatty acids from
RBC membrane phospholipids and the consequent deprivation
of COX and LOX substrates for the synthesis of inflammatory
mediators, hence limiting their effects such as vasodilatation,
vascular permeability, chemotaxis, and pain, thus preventing
inflammation. This inhibition of PLA2 also shows that the ex-
tract has potentials for preventing atherosclerosis and cancer as
PLA2 has been implicated in their actiologies (Sato et al. 2009).
The mechanism of inhibition of PLA2 by the extract could be
like that of corticosteroids which induce lipocortin synthesis
(Schimmer and Parker 2001). This effect could be attributed
to the presence of flavonoids in the extract as studies have
shown that flavonoids inhibit PLA2 (Wang et al. 2006; Kim
et al. 2008; Messina et al. 2009). Similarly, Barbosa et al. (2012)
observed that sub-fraction of Spiranthera odoratissima leaves
which contained only tannins inhibited PLA2 activity, suggest-
ing that tannins might have contributed to the inhibitory effect
of the ethanol extract.

It was also observed that the extract was found to signifi-
cantly inhibit lysis of erythrocytes in a dose-dependent fash-
ion. In a study on membrane stabilization effects of Spilanthes
paniculata leaf extracts, Hossain et al. (2014) reported a sim-
ilar outcome. One of the mechanisms of anti-inflammatory
actions of analgesic compounds is by membrane stabilization
which makes it a good model of anti-inflammatory studies
(Hossain et al. 2014).

The hypotonic solution—induced human erythrocyte lysis test
is a good model to examine membrane stabilization. In the pres-
ence of hypotonic solution such as water, the membrane of red

blood cells lyse due to osmotic uptake of water leading to extra-
cellular release of haemoglobin. This results in increase in optical
density at 418 nm. Hence, a reduction in optical density at
418 nm when RBCs are in hypotonic solution and in the pres-
ence of extract indicates that the extract has RBC’s
membrane stabilization effect. Similarly, lysosomal membranes
are lysed during inflammation, resulting in the extracellular re-
lease of lysosomal enzymes that cause damages to nearby tissues
leading to a variety of inflammatory disorders. Because human
RBC membranes are similar to lysososmal membrane
(Mohammedi and Atik 2014), the stabilization of membranes
of RBCs by the extract thus implies that it may as well stabilize
lysosomal membranes, hence, the choice of the model for the
evaluation of mechanism of action of anti-inflammatory agents.
The two major mechanisms by which NSAIDs act are either by
inhibition of lysosomal enzymes or stabilization of lysosomal
membranes. The ability of the extract to retain the integrity of
RBC’s membrane by suppression of hypotonic-mediated mem-
brane lysis is suggested as a possible mechanism of anti-
inflammatory activity of the extract.

Among the crucial mediators of inflammation identified in a
variety of animal models, including sepsis (Wang et al. 2005),
acute kidney injury, dermal inflammation (Zarbock et al. 2006),
vascular injury (Katoh 2009), and myocardial infarction, are
platelets. Mechanism of platelet aggregation involves platelet-
to-platelet adhesion and is necessary for effective hemostasis
following the initial adhesion of platelets to the site of injury.
Following adhesion, platelets are activated by a number of ago-
nists such as adenosine diphosphate (ADP) and collagen present
at the sites of vascular injury. These agonists activate platelets by
binding to specific receptors on the platelet surface and the even-
tual formation of blood clot through the deposition of fibrin from
the coagulation cascade (Paez-Espinosa et al. 2012). This study
demonstrated that the extract produced a concentration and time-
dependent inhibition of CaCl,-induced platelet aggregatory re-
sponse, comparable with a standard anti-inflammatory drug (in-
domethacin). The inhibition of CaCl,-induced platelet
aggregatory response could probably be due to the extract’s abil-
ity to inhibit PLA2 and COX which are required for the synthesis
of TXA2. The inhibition of TXA2 is imperative because it in-
duces platelet aggregation by increasing intracellular Ca** con-
centration which promotes fusion of platelet granules with the
membrane, thus, releasing its contents such as ADP that further
promotes platelet aggregation (Sangkuhl et al. 2011).

The inhibition of platelet aggregation by the extract could also
imply decreased vascular permeability and leukocyte extravasa-
tion which is mediated respectively by histamine and P-selectin
normally released from the platelet granules (Zarbock et al.
2006). Since blood platelets participate in pathological thrombo-
sis, leading to conditions like myocardial infarction, stroke, em-
bolism and peripheral vascular thrombosis (Golino et al. 2005;
Fabre and Gurney 2010), inhibition of platelet aggregation by the
extract is thus indicative of its possible role as an antithrombotic
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agent and could be useful in the management of the above dis-
orders. This demonstrated antiplatelet aggregatory response by
the extract could be due to the presence of phenolic compounds
and flavonoids in the extract. This is because the anticoagulation
and antiplatelet aggregatory activities of these phytochemicals
have been reported (Hommam et al. 2000; Imram et al. 2012).
In addition, phenolic compounds and flavonoids have antioxi-
dant effects (Messina et al. 2009), and the roles of antioxidants on
the inhibition of platelet activation and aggregation is established
(Sobotkova et al. 2009). In addition, the antiplatelet aggregatory
response by the extract could also be attributed to the presence of
tannins, as the anticoagulant or antiplatelet aggregation activity
of tannins has also been demonstrated in many studies (Mekhfi
et al. 2006; Kee et al. 2008; Kim et al. 2008).

The result of the effect of the ethanol extract against acetic
acid—induced visceral pain showed appreciable analgesic ac-
tivity. Pain is associated with the pathophysiology of various
clinical consequences such as arthritis, muscular pain, cancer,
and vascular diseases (Akhtar et al. 2013). The characteristic
of pain activity generated by intraperitoneal injection of acetic
acid is presented with contraction of abdominal muscle
followed by extension of hind limbs and elongation of body
part and such constriction is thought to be mediated by local
peritoneal receptor (Bentley et al. 1983). Acetic acid—induced
writhing response is a suitable method for assessing peripheral
analgesic effects as it is sensitive for various classes of anal-
gesic drugs. Pain perception in acetic acid—induced writhing
assay is revealed by producing localized inflammatory re-
sponse due to release of free arachidonic acid from tissue
phospholipids by the help of COX, which in turn produces
PGs, specifically PGE2 and PGF2«. The level of
lipoxygenase produced during this pain induction may also
increase peritoneal fluids and cause inflammation and pain
by increasing capillary permeability. Thus, the substance
inhibiting the writhing will have an analgesic effect preferably
by inhibition of PG synthesis (Khan et al. 2010). NSAIDs
relieve the pain response peripherally by inhibiting production
of PGs, thromboxane, and other inflammatory mediators
through their inhibitory effects on COX. The ethanol extract
in this study at 100, 200, and 400 mg/kg b.w. significantly
reduced the number of writhe induced by a 0.6% acetic acid
solution, in a dose-dependent manner, similar to that of aspi-
rin. Central nervous system depressants have been shown to
reduce the number of writhing in acetic acid pain models
(Garcia et al. 2007; Nahar et al. 2012). The inhibition of acetic
acid—induced writhing by the ethanol extracts also suggests
that it has a depressant effect on the central nervous system.

Acute toxicity describes the unwanted effect that occurs
either immediately or at a short time interval after a single or
multiple administration of such substance within 24 h. The
unwanted (or adverse) effect is any effect that produces func-
tional impairments in organs and biochemical lesions, which
could alter the functioning of the organism in general or
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individual organs (Akhila et al. 2007). It has been observed
that an overdose of H. pachyantha extract is usually non-fatal;
the victims tend to suffer self-limiting gastrointestinal distur-
bances (Anokbonggo et al. 1990). The administration of the
extract by oral route was chosen to mimic the route used by
the traditional healers in treating their patients. This would
make any findings in the experimental animals easily translat-
able to what would be expected in the human subjects. On the
basis of this fact, the acute toxicity study of EEHP was carried
out. On administration of the extract, no immediate behaviour-
al change was observed. The mice moved about and fed nor-
mally. After 20 min, piloerection was noticed and the animals
became restless, some trying to escape through the holes in the
cages. The animals did not vomit, neither was there ptosis. All
of the above signs were not observed after 1 h post extract
administration. There was also no mortality after 24 h post
extract administration. In general, the acute toxicity test result
revealed that the extract has a high safety profile, as it was
tolerated by the animals up to a dose of 5000 mg/kg body
weight. This entails that the no observed adverse effect level
(NOAEL) estimate of extract is beyond 5000 mg/kg.

Conclusion

The results of this study infer that ethanol extract of
Hymenodictyon pachyantha stem bark (EEHP) inhibited
acetic acid—induced nociceptive response through peritoneal
receptors mediated cyclooxygenase inhibition, indicating an-
algesic effects. This effect was found to be comparable with
the standard analgesic drug, aspirin used in this study. The
results also showed that the extract has promising anti-
inflammatory activity that is similar to standard anti-
inflammatory drugs (indomethacin and prednisolone) used.
The findings suggest that the mechanisms of this anti-
inflammatory effect may be by inhibiting phospholipase A2
activity and platelet aggregation which are responsible for
inflammation. The analgesic and anti-inflammatory activities
of EEHP observed in this study might be linked with the
phytoconstituents of the extracts as reported. This investiga-
tion provides empirical evidence for the use of H. pachyantha
stem bark extract in folkloric treatment of inflammatory
disorder.
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