European Journal of Medicinal Plants

$
S 26(2): 1-9, 2018; Article no.EJMP.45788
[ el ISSN: 2231-0894, NLM ID: 101583475

Phospholipase A2 Inhibition and Antiinflammatory
Activity of F4 Fraction of Total Ethereal Leaf Extract
of Annona senegalensis Pers. (Annonaceae)

M. Sene', F. S. Barboza', A. Ndong’, A. Sarr?, A. Wele®, E. Bassene?
and G. Y. SY'

"L aboratoire de Pharmacologie et Pharmacodynamie, FMPO, UCAD, BP 5005 Dakar-Fann, Senegal.
2| aboratoire de Pharmacognosie et Botanique, FMPO, UCAD, BP 5005 Dakar-Fann, Senegal.
3Laboratoire de Chimie Organique et Thérapeutique, FMPO, UCAD, BP 5005 Dakar-Fann, Senegal.

Authors’ contributions

This work was carried out in collaboration between all authors. Author MS designed the study,
performed the statistical analysis, wrote the protocol, and wrote the first draft of the manuscript.
Authors FSB and AN managed the analyses of the study. Authors AS, AW and EB managed the
literature searches. Author GYS supervised the study. All authors read and approved the final
manuscript.

Article Information

DOI: 10.9734/EJMP/2018/45788

Editor(s):

(1) Dr. Sechene Stanley Gololo, Senior Lecturer, Department of Biochemistry, Sefako Makgatho Health Sciences University,
South Africa.

(2) Dr. Marcello Iriti, Professor, Plant Biology and Pathology, Department of Agricultural and Environmental Sciences, Milan
State University, Italy.

Reviewers:

(1) Morebise, Olugbenga, All Saints University School Medicine, Dominica.

(2) Mahendran Sekar, Universiti Kuala Lumpur, Malaysia.

Complete Peer review History: http://www.sciencedomain.org/review-history/27953

Received 18 September 2018
Accepted 08 December 2018
Published 24 December 2018

Original Research Article

ABSTRACT

Annona senegalensis Pers. (ANNONACEAE) is a plant which is used in african traditional medicine
for the treatment of various diseases. This study aimed to investigate the analgesic and anti-
inflammatory activity of total ethereal leaf extract fractions of A. senegalensis. Compounds of
methanolic fractions of ethereal leaf extract of A. senegalensis were separated by gel sephadex
chromatography, in five fractions (F1, F2, F3, F4, F5). Experiments were performed in acetic acid-
induced contortions in mice, carrageenan rat paw edema and phospholipase A2 inhibitory test. The
methanolic fraction of total ethereal leaf extract (10 mg/kg, per os) significantly prevented the
carrageenan inflammatory edema. The variation of edema is 22.31+3.35 %, 49.66+13.50 %,
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52.10+10.02 % respectively at T1h, T3h and T5h. The increased edema after oral administration of
F4 fraction administered at 300 pg/kg and 1 mg/kg per os is respectively 52.77+7.36 % and
33.81+£6.94 %. The variation of edema in betamethasone group (1 mg/kg, per 0s) is 23.46+3.99 %.
F4 fraction at 300 pg/kg, significantly inhibited 16.39 % of phospholipase A2 enzyme activity. F4
fraction (300 pg/kg, per os) also significantly prevented acetic acid-induced pain in mice. The
number of abdominal contortions is 21 versus 72 in control group. F4 fraction compounds have a
powerful analgesic and anti-inflammatory activity that involves phospholipase A2 inhibition,
comparable to betamethasone profile on pain and inflammation.

Keywords: Annona senegalensis; leaf extract; pain; inflammation; phospholipase A2.

1. INTRODUCTION

Inflammatory syndrome is frequently
encountered in clinical practice. The
inflammatory response is linked to various
diseases such as infection, cancer,

thromboembolic and degenerative diseases
[1-5].

The deleterious effects of inflammatory process
justify the treatment with analgesic and anti-
inflammatory drugs. However, its use is limited
by the incidence of occurrence of digestive, renal
and cutaneous adverse effects [6]. The
valorisation of medicinal plant extracts with
analgesic and anti-inflammatory activity could be
an alternative to develop drugs which have a
better selectivity towards the targets of
inflammatory reaction and therefore likely to
cause less adverse effects.

Annona senegalensis Pers. (ANNONACEAE), is
a very widespread plant in the Sudano-Guinean
savannas, extended from Senegal to Sudan and
all along the East African coast and Madagascar
[7]. The fruit of A. senegalensis was consumed
for many years without any obvious complaints
or toxicity. Previous studies had shown that the
root bark extracts of A. senegalensis are safe at
the lower dose tested, and calls for caution in
use at higher doses in treatment [8].

A. senegalensis extracts are used in traditional
medicine for treatment of nociceptive and
inflammatory processes [9]. Previous studies had
shown anti-inflammatory activity of total ethereal
leaf extract of A. senegalensis leaves [10].

The aim of that study was to investigate
phytochemical characteristics, analgesic and
anti-inflammatory activity of total ethereal leaf
extract fractions of A. senegalensis on
carrageenan-induced paw edema in rats and
acetic acid contortions in mice.

2. MATERIALS AND METHODS

2.1 Drugs, Chemicals and Solvents
Carrageenan, acetyl salicylic acid,
betamethasone, acetic acid and extraction
solvents were obtained from Sigma/BES-
Senegal. sPLA2 (type V) inhibitor screening
assay kit came from Cayman chemicals (Bertin
Pharma, France).

2.2 Plant Material

A. senegalensis leaves were collected from Pout,
in Senegal. Botanical samples were identified at
Botany and Pharmacognosy Department of the
Faculty of Medicine and Pharmacy of Cheikh
Anta DIOP University of Dakar, where the
voucher specimen (DPB-15-03) was deposited.

The leaves had been dried in the shade at room
temperature (25°C) for 4 weeks before being
pulverized.

2.3 Animals

Adult Wistar KYOTO strain rats of 140 g and
mice of 22 g body weight were used. The
animals had free access to food and water. The
experimental protocols were conducted in
accordance with the guidelines on the care and
use of laboratory animals (Senegal National
Ethical Committee for Health Research). All
animals had received human care and its use
was approved (11/12/2015) by the Research

Ethical Committee of Cheikh Anta DIOP
University of Dakar (approval n°
0136/2015/CER/UCAD).

2.4 Experimental procedures
2.4.1 Extraction

Powder leaves (300 g) of A. senegalensis was
mixed with petroleum ether (2 L). The mixture



had been boiled (70 °C) for 2 hours after cooling
filtered. The fractionation of the total ethereal leaf
extract (TEE) with methanol gave methanolic
fraction (MF) and residual ethereal fraction [10].

The dry residue of the methanolic phase was
fractionated on a Sephadex LH20 gel column
[11]. A sample of 0.5 g of methanolic dry extract
was dissolved in 5 mL of methanol and deposited
on the upper part of the gel using a syringe. The
column was eluted with the moving phase
consisting of methanol. Eluates are collected in
numbered vials, taking into account their colour.
This operation was repeated until the sample
was exhausted. A total of 9.5 g of dry extract was
thus fractionated. Between two
chromatographies, the column was rinsed with
methanol to wash and recover the gel. Thin-layer
chromatography was performed for each eluate.
Eluates with a similar chromatogram after
observation with the naked eye and UV were
grouped to obtain a total of 5 fractions F1, F2,
F3, F4, and F5.

2.4.2 Phytochemical study

The  phytochemical characterization  was
performed by thin layer chromatography (TLC).
Ferric chloride (FeCl;) was used for the detection
of tannins. Flavonoids were characterized by 5 %
of aluminum chloride in Water/Methanol (1:1).
Dragendorff reagent was used for the detection
of alkaloids. Sterols and ftriterpenes were
revealed with the Libermann-Buchard reagent.

2.4.3 Carrageenan induced rat paw edema

The anti-inflammatory study was carried out
following the method described by Winter [12].
The rats were divided into 11 groups of 5. Then,
they had been fasted for 12 hours before the
tests.

Before treatment, the initial volume (V,) of the left
hind paw was measured using a water
plethysmometer (APELEX 05-7150), Allinde,
Bagneux, France.

The fractions F1, F2, F3, F4, F5, were tested at a
dose 10 times lower than that of the methanolic
parent fraction that is active at 10 mg/kg per os.

- Group 1: Normal saline (NS) (10 mL/kg,
per 0s)

- Group 2: Acetyl salicylic acid (ASA) (1
mg/kg, per os)

- Groups 3 and 4: Betamethasone (300
pg/kg and 1 mg/kg, per os)
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- Group 5: Methanolic fraction (MF) (10
mg/kg, per os)

- Groups 6, 7 and 8: F1, F2 and F3 fractions
(1 mg/kg, per os)

- Groups 9and 10: F4 fraction (300 pg/kg
and 1 mg/kg, per os)

The rat paw edema was induced by injection of
carrageenan solution 1 % (100 pL) underneath
the planter region of left hind paw of the rats 1 h
after oral administration with the different
solutions. The increased edema was measured
using water plethysmometer 60, 180 and 300
minutes (T4, T3, and Ts,) after carrageenan
injection.

The importance of edema was assessed by
determining the mean percentage increase (%
INC) of volume of rat paw according to the
following formula:

% INC = (Vt — Vo) x % ; Vt: Paw volume at t

time, V,: Initial paw volume
2.4.4 Phospholipase A2 inhibition assay

The phospholipase A2 enzyme inhibitory effect
was measured using the Cayman sPLA2 (Type
V) inhibitor screening assay kit (Cayman
Chemical - Bertin France). The solution of F4
fraction was prepared by dissolving in methanol
and diluting in 25 mM Tris-HCI assay Buffer - pH
7.5 (Item No. 765010). sPLA2 (10 pL), in 25 mM
Tris-HCI / Item No. 10004913, was additionned
with 10 pL of F4 fraction (10 - 300 pg/mL). The
reaction was initiated by the addition of 200 pL of
substrate solution (Diheptanoyl Thio-PC, 1.44 /
Item No. 75014). The plate had shaked for 30
seconds, covered and incubated for 15 min at
25°C. Finally, 10 yL DTNB (ltem No. 765012)
was added to each well to stop enzyme catalysis.
The plate had shaked for 10 seconds and the
absorbance was measured at 405 nm after one

minute using a microplate reader. The
percentage of sPLA2 inhibition was then
determined.

F4 fraction, which is more potent to prevent
increased edema than other fractions (F1, F2,
F3, F5), was selected for phospholipase A2
inhibition assay and acetic acid induced writhing
in mice.

2.4.5 Acetic acid induced writhing in mice

The writhing test
Contortions were

in mice was used [13].
induced by intraperitoneal



injection of acetic acid 3 %. Animals were divided
into groups of 5 mice. They had been then fasted
for 12 hours before the tests.

Mice were stuffed with the following solutions:

- Group 1: Normal saline (NS) (10 mL/kg,
per o0s)

- Groups 2 and 3 : Acetyl salicylic acid
(ASA) (1 and 100 mg/kg, per 0s)

- Group 4 : Betamethasone (300 ug/kg, per
0s)

- Group 5 : F4 Fraction (300 pg/kg, per os)

Intraperitoneal injection of 3 % acetic acid
solution was performed 1 h after gavage. The
sensitivity to pain was evaluated by the
contortions number counted during 30 min after
latency time.

2.5 Statistical analysis

The experimental results are expressed as mean
+ standard error of mean (SEM). Significance
was evaluated using the student’s t-test. Values
of p<0.05 were significantly different. n is the
number of experiences.

3. RESULTS
3.1 Phytochemical Analysis

Phytochemical study shows the presence of
tannins, flavonoids, sterols, and triterpenes in the
methanolic fraction. A similar phytochemical
composition was observed with the F4 fraction.
Flavonoids are seen in all fractions. The alkaloids
were only revealed in the F5 fraction (Table 1).

3.2 Induction of Rat Paw Inflammatory
Edema in Control Group

The administration of carrageenan 1 % in rat paw
after pretreatment with normal saline induced
edema. The significant increase of rat paw is
45.23+£10.73; 81.13+12.83 and 103.46+8.95 %
respectively at Ty, Tsy, and Ts, after
carrageenan administration (p<0.05 vs baseline,
n=5) (Fig. 1).

3.3 Effect of Fractions, Acetylsalicylic
Acid (ASA) and Betamethasone on
Carrageenan Induced Inflammatory
Edema in Rat

The administration of MF (10 mg/kg, per os)
significantly prevented carrageenan induced

Sene et al.; EIMP, 26(2): 1-9, 2018; Article no.EJMP.45788

inflammatory edema. The variation of edema is
22.31+3.35; 49.66+£13.50 and 52.10%£10.02 %
(n=5), respectively at Tq,, Ts, and Ts, after
carrageenan administration. These results are
significantly different from the control group
(p<0.05) (Fig. 1).

Oral administration of ASA (1 mg/kg) significantly
prevented the development of inflammatory
edema following injection of carrageenan. The
variation of paw volume is 29.08+£10.74;
37.52+9.91 and 54.72+11.82 % respectively at
Ti, Tan, and Ts, (p<0.05 vs control, n=5)

(Fig. 1).

Betamethasone (300 pg/kg, per os) significantly
prevented carrageenan induced rat paw edema.
The increased edema is 17.57+2.14; 9.26+2.79
and 22.62+3.36 % respectively at Ty, Ta,, and
Tsn (p<0.05 vs control, n=5). The same variations
are obtained at 1 mg/kg of betamethasone

(Fig. 2).

The F4 fraction induced anti-inflammatory effect
in dose-dependent manner. Administration of F4
fraction (300 ug/kg, per o0s) significantly
prevented inflammatory edema. The variation of
paw volume is 24.39+4.07; 37.8416.61; and
52.1847.36 % respectively at T4, Tan, and Tsy
after carrageenan administration (p<0.05 vs
control, n=5) (Fig. 2).

The F4 fraction induced prevention of
inflammatory edema is more effective at 1 mg /
kg per os. The variation of rat paw volume is
18.22+5.32; 22.64+1.67 and 33.8246.95 % (n=5)
to T4, Tan, and Tg, This variation is not
significantly different to betamethasone group
(Fig. 3).

The oral administration of F5 methanolic fraction
(1 mg/kg) showed a tendency towards prevention
of carrageenan induced inflammatory edema.
The variation of paw volume is 29.59+1.58 %;
35524511 % and 56.294852 % (n=5)
respectively at Ty, Ta,, and Ts, after
carrageenan administration (Fig. 3).

Prior oral administration of F1 fraction (1 mg/kg)
did not prevent carrageenan induced
inflammatory edema. The variation of rat paw
volume is 15.09+2.33; 48.41+4.72 and
63.641+10.26 % respectively at Ty, Tan, and Tsy
after carrageenan administration. The
pretreatment with F2 and F3 fractions did not
also prevent rat paw edema (Fig. 3).



3.4 Inhibitory Effect of F4 Fraction (10, 30,
100, 300 ug/mL) on Phospholipase A2
(sPLA2)

The F4 fraction (10, 30, 100, 300 ug/mL) showed
a significant and concentration-dependent
phospholipase A2 inhibitory activity (p<0.01).
The percentages of inhibition were respectively
4.79 %, 5.50 %, 10.89 %, and 16.39 % (Fig. 4).

3.5 Analgesic Activity of Acetylsalicylic
Acid (ASA), Betamethasone and F4
Fraction on Acetic Acid Induced
Contortions in Mice

In control group, the number of contortions after
intra-peritoneal administration of 3 % acetic acid
in mice is 72+6.
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The administration of ASA (100 mg/kg, per os)
significantly prevented the occurrence of
contortions in mice. The number of contortions is
2614 (p<0.05 vs control, n=5). Betamethasone
(300 pg/kg, per os) also significantly prevented
acetic acid induced contortions in mice.

The F4 fraction significantly prevented
contortions induced by intraperitoneal
administration of 3 % acetic acid in mice.

The analgesic effect of F4 fraction (300 pg/kg,
per os) is similar to that observed with
betamethasone administered with the same
dose. The number of contortions after F4 fraction
administration is 21 * 2 versus 24 = 4 in
betamethasone group (Fig. 5).
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Fig. 1. Effect of methanolic fraction of total ethereal extract (MF) on carrageenan-induced
inflammatory edema in rats.
*p<0.05 versus control group, **p<0.01 versus control group. n=5
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Fig. 2. Effect of F4 fraction on carrageenan-induced inflammatory edema in rats.
**p<0.01 versus control group, ***p<0.001 versus control group. n=5
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Fig. 3. Effects of F4 and F5 fractions on carrageenan-induced inflammatory edema in rats
*p<0.05 versus control group, **p<0.01 versus control group. n=5
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Fig. 4. F4 fraction induced sPLA2 inhibition.
*p<0.05 versus control, **p<0.01 versus control. n = 5.
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Fig. 5. Effect of F4 fraction on contortions induced with acetic acid 3 % in mice.
*p<0.05 versus control group, ***p<0.001 versus control group, ****p<0.0001 versus control group.
NS: non-significant. n=5. BETA = betamethasone
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Table 1. Recapitulation of the chemical constituents in different fractions

Tannins Alkaloids Flavonoids Sterols and

triterpenes
MF + - + +
F1 - - + -
F2 - - + -
F3 - - + -
F4 + - + +
F5 - + + -

+ = presence - = absence, MF: Methanolic fraction, F1, F2, F3, F4, F4, F5: Fractions
4. DISCUSSION pain model in albino mice, and anti-inflammatory

Previous studies had shown the existence of an
anti-inflammatory activity of total ethereal leaf
extract of A. senegalensis and its methanolic
fraction. This fraction is more potent than total
ethereal extract to prevent increased edema [10].

In this study, the methanolic fraction of total
ethereal leaf extract of A. senegalensis is also
more effective in preventing carrageenan-
induced rat paw edema than total ethereal
extract and ASA. The dose of 1 mg/kg of F1, F2
and F3 fractions, derived from the methanolic
extract did not prevent rat paw inflammatory
edema induced by carrageenan. Conversely, low
doses of F4 fraction (300 pg/kg and 1 mg/kg)
prevented inflammatory edema in a dose-
dependent manner. Anti-inflammatory activity of
F4 fraction is more effective than ASA group and
similar to betamethasone prevented rat paw
edema.

A similar profile of activity was observed in mice
contortions induced with acetic acid. In fact, F4
fraction is more effective than ASA to prevent
contortions in mice pretreated with acetic acid.

Phytochemical study revealed the presence of
tannins, sterols and triterpenes in methanolic
extract and its F4 fraction, while flavonoids were
present in all fractions. The alkaloids were
exclusively found in F5 fraction.

The absence of a real anti-inflammatory activity
with F1, F2 and F3 fractions, suggests the non-
involving of flavonoids to prevent carrageenan
induced edema.

Previous studies had attributed analgesic and
anti-inflammatory effects of some species of
ANNONACEAE family to the presence of sterols
and triterpenes. The 18-acetoxy-ent-kaur-16-ene,
a terpenic compound, extracted from the bark of
Annona squamosa, is analgesic in acetic acid

on carrageenan-induced paw edema in rat [14].
Berenjenol is a triterpenic molecule isolated from
Oxandra xylopioides, a species of the
ANNONACEAE family is anti-inflammatory on
models of acute and subchronic inflammation
[15].

The presence of sterols and triterpenes in
methanolic and its F4 fractions could explain the
analgesic and anti-inflammatory properties of
those fractions to prevent pain and inflammation.
The present study shows that methanolic and F4
fractions, which contain sterols and triterpenes,
are more effective than F1, F2 and F3 fractions
lacking these compounds, to prevent pain and
inflammatory edema.

The analgesic and anti-inflammatory activity of
F4 fraction is more potent than type 2
cyclooxygenase (COX2) inhibitor, blocking only
the production of prostanoids (prostaglandins,
prostacyclines). Previous studies of Geetha and
Varalakshmi [16] had also suggested a
mechanism of different actions between
triterpenes and non-steroidial anti-inflammatory
drugs (NSAIDs).

The analgesic and anti-inflammatory activity of
F4 fraction containing sterols and triterpenes is
similar to glucocorticoid compounds such as
betamethasone. The latter blocks more upstream
the production of mediators of inflammation and
pain such as prostanoids and leukotrienes [17].
Those arguments were supported by the
structural analogy between some triterpenes and
steroids used in anti-inflammatory therapy [18].

In fact, F4 fraction leaves of A. senegalensis,
showed a significant and concentration-
dependent PLAZ2 inhibitory activity.

Several studies had already described inhibitory
activity of triterpenes on inflammatory mediators
production. In fact, cyclomargenyl-3-O-3-caffeoyl



ester, a triterpenic  molecule isolated
(cycloartanes group) from Krameria pauciflora
inhibits, concentration-dependent manner, the
PLA2 activity [19]. Similar results were reported
by Bernard et al. [20] with betulinic acid, and by
Vishwanath et al. [21], with aristolochic acid,
isolated from plants of ARISTOLOCHIACEAE
family.

The sPLA2 inhibition explained more important
analgesic and anti-inflammatory actions of F4
fraction similar to betamethasone.

Alkaloids compounds were exclusively found in
F5 fraction. In addition, the sterols and
triterpenes found in F4, were absent in F5
fraction. The F5 fraction induced anti-
inflammatory action. However this effect is less
observed with F4 fraction group. It could
probably be attributed to the presence of
alkaloids in this extract.

Previous studies had described a probable
existence of a relationship between the presence
of alkaloids in some extracts and anti-
inflammatory activities. In fact, evodiamine and
rutaecarpine, molecules belonging to the group
of alkaloids, inhibit the pro-inflammatory
prostaglandins E2 production. In this same study,
goshuyuamide 1l (alkaloid) was shown to be an
inhibitor of 5-lipoxygenase (5-LOX), enzyme that
transforms  arachidonic  acid into pro-
inflammatory leukotrienes [22].

The alkaloids of F5 fraction could probably, like
that evodiamine and goshuyamide Il, have as
proteic target, enzymes involved in the
production of inflammatory mediators such as
COX2 or 5-LOX.

The synergistic action of anti-inflammatory
molecules on different targets could explain a
better efficacy of some plants extracts such
methanolic fraction of total ethereal leaf extract in
inflammatory edema prevention.

5. CONCLUSION

A. senegalensis leaf extracts possess analgesic
and anti-inflammatory activity on acetic acid pain
model and carrageenan inflammatory edema.
This activity is correlated with the presence of
sterols and ftriterpenes in the extracts. The
analgesic and anti-inflammatory effect of F4
fraction involves PLAZ inhibition.
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