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A B S T R A C T

In the current work, the phytochemical composition of a leaf methanol extract from Albizia anthelmintica was
thoroughly investigated. The antioxidant, anti-inflammatory, analgesic, and antipyretic activities of the extract
were investigated. In the carrageenan induced hind paw edema bioassay; the extract significantly reduced the
edema thickness in rats and diminished the leukocyte migration to the peritoneal cavity in mice. The extract
exhibited central and peripheral anti-nociceptive effects; it significantly decreased the number of acetic acid
induced writhes and prolonged the latency time in the hot plate test. The extract showed a substantial antipyretic
activity as it decreased significantly the elevated rectal temperature in mice after intraperitoneal injection of
Brewer’s yeast. Molecular docking of some major compounds in the extract to COX-1, COX-2 and 5-LOX, en-
zymes involved in the inflammation cascade, revealed appreciable interactions with the conserved amino acid
residues in these target proteins. These findings were confirmed with in vitro enzyme inhibitory assays in which
the extract showed IC50 values of 4.11, 0.054, and 1.74 μg/mL towards COX-1, COX-2 and 5-LOX, respectively.
The extract displayed solid antioxidant properties as well with a TAC value of 35.13 U/L and EC50of 5.36 μg/mL
in DPPH assay. These findings suggested that Albizia anthelmintica is a good antioxidant with potential ther-
apeutic efficacy for treating inflammation, pain and related oxidative stress disorders.

1. Introduction

Inflammation is the physiological response of the body to the cel-
lular or tissue damage that was caused by exposure to infections,
noxious chemicals, or other harmful stimuli. It aims to inactivate the
deleterious pathogen or stimulus and induce tissue repair. However,
chronic inflammation is involved in the progression of many patholo-
gical conditions such as atherosclerosis, rheumatism, arthritis, asthma,
inflammatory bowel disease and others [1].

Classical non-steroidal anti-inflammatory drugs (NSAIDs) interfere
with the synthesis of the prostaglandins, the most crucial inflammatory
mediators, via blocking COX-1 and COX-2 non selectively [2]. NSAIDs
are widely used to treat several inflammatory conditions but their long

term administration is linked to many adverse effects such as gastro-
intestinal tract ulceration and bleeding, liver and kidney damage [3].

The introduction of the selective COX-2 inhibitors has resulted in
reduced incidence of gastrointestinal adverse effects, however their use
is found to be associated with cardiovascular events [4]. Development
of novel anti-inflammatory drugs with moderate selectivity towards
COX-1 and COX-2 could help to treat inflammation and lower the risk
of adverse effects. In this regards, natural drugs extracted from various
medicinal plants can be interesting alternatives [5].

Flavonoids and gallic acid hexoside derivatives are among the
polyphenols that exist in several human diet sources. They can coun-
teract oxidative and nitrosative stress and thus terminate the chain
reaction before cell viability is seriously affected [6]. Oxidative stress is
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among the stimuli reported to initiate the inflammatory process re-
sulting in synthesis of pro-inflammatory cytokines and many other in-
flammatory mediators. Several studies have reported the antioxidant
and anti-inflammatory properties of polyphenols like flavonoids that
are exerted notably through their strong radical scavenging potential,
activation of phase-II antioxidant detoxifying enzymes, inhibition of
pro-inflammatory enzymes such as COX-2, 5-LOX, and iNOS, and in-
hibition of NF-κB among others [7].

The genus Albizia is a member of the Fabaceae family. Plants of this
genus are rich in bioactive secondary metabolites including flavonoids,
tannins, saponins, terpenes and alkaloids. They are traditionally used to
treat a variety of ailments like diarrhoea, cough, anxiety, depression,
insomnia, rheumatism, wounds, and can also be beneficial in treating
different inflammatory and ROS related disorders [7–10].

Albizia anthelmintica (A. Rich.) Brongn. is a deciduous tree grown in
tropical and subtropical areas in Africa [11]. A previous study by Mo-
hamed et al has reported both the anti-inflammatory effects of the leaf
extract on the early phase rat hind paw carrageenan induced edema and
the peripheral anti-nociceptive effects on acetic acid induced writhing
[12]. However, neither the central anti-nociceptive effects of the extract
nor the molecular mechanisms of its observed activities have been
studied.

In the present study, the chemical composition of a leaf extract from
A. anthelmintica was comprehensively characterized by HPLC-PDA-ESI-
MS/MS. The antioxidant, anti-inflammatory, anti-pyretic, and the an-
algesic properties of the extract were thoroughly investigated in vitro
and in animal models. In addition, molecular docking experiments were
carried out to evaluate the binding affinity of the major extract com-
ponents to cyclooxygenase-1 (COX-1), cyclooxygenase-2 (COX-2), and
5-lipoxygenase (5-LOX), enzymes involved in the inflammation
pathway.

2. Materials and methods

2.1. Plant material and extraction

Albizia anthelmintica leaves were collected from El-Zohria Garden,
Giza, Egypt. The plant material was identified, and voucher specimens
were kept at the herbarium of the National Research Centre, Giza,
Egypt. The dried leaves (0.5 kg) were powdered and extracted by me-
thanol (3×3 L) at room temperature. The combined extracts were
filtered, evaporated under vacuum and then subjected to freeze-drying
yielding 43 g of dried extract.

2.2. HPLC-PDA-ESI-MS/MS

The phytochemical composition of the leaf extract was character-
ized using a ThermoFinnigan LCQ-Duo ion trap mass spectrometer
(ThermoElectron Corporation, Waltham, Ma, USA) with an ESI source
(ThermoQuest Corporation, Austin, Tx, USA) as previously described
[6].

2.3. In silico studies

Some highly abundant compounds in A. anthelmintica leaf extract
were introduced into molecular docking studies to COX-1, COX-2, and
5-LOX. Compound structures were drawn by the aid of the builder fa-
cility of molecular operating environment (MOE) software, 2013.08
(Chemical Computing Group Inc.; Montreal, QC, Canada, H3A 2R7,
2016). Energy minimization was done using the force-field mmff94x,
and the molecule wash command was then used to assign the ionization
state of the compounds. The crystal structures of COX-1 (PDB ID 2OYE),
COX-2 (PDB ID 3 LN1), and 5-LOX (PDB ID 3V99) with the corre-
sponding co-crystallized ligands were downloaded from the protein
data bank (www.pdb.org). The proteins were prepared for docking by
assigning the geometry, protonation state, and energy minimization.

The docking protocol applied the triangle matcher placement method
and London dG scoring function retaining 20 docking poses for each
docked compound.

2.4. In vitro experiments

DPPH assay was carried out according to Blois et al. [13] and
adapted to a 96 well-plate according to [14]. The inhibitory activity of
the leaf extract on bovine COX-1 and COX-2 was measured in vitro using
an enzyme immuno assay (EIA) kit obtained from Cayman Chemical
(AnnArbor, MI, USA), as per manufacturer’s instructions and as pre-
viously reported [15]. Lipoxygenase inhibition activity was detected
using a lipoxygenase inhibitor screening assay kit (Cayman Chemical,
AnnArbor, MI, USA) as per manufacturer’s instructions and as pre-
viously reported [15]. The ability of the extract to scavenge reactive
oxygen species (ROS) was tested using the commercially available TAC
ELISA kit (MBS726896, my BioSource, Inc., San Diego, CA, USA) as per
manufacturer’s instructions.

2.5. In vivo experiments

2.5.1. Animals
Animals were obtained from Faculty of Veterinary Medicine,

Zagazig University, Zagazig, Egypt. The animals were housed in cages
at a temperature of 23 ± 2 °C, subjected to 12 h dark/light cycle, and
allowed free access to standard food and water. The animals were ac-
climatized for 7 days before starting the experiments. The study pro-
tocol was approved by the Animal Care and Use Committee of the
Faculty of Pharmacy, Zagazig University and in accordance with the
international guidelines for animal care and use.

2.5.2. Anti-inflammatory activity in carrageenan induced hind paw edema
The anti-inflammatory activity of the extract was investigated using

the carrageenan induced rat hind paw edema model [16]. Thirty rats
were divided randomly into five groups (5–6 rats/group). The vehicle
(10mL/kg), leaves extract (200 and 400mg/kg, p.o.) or diclofenac
(20mg/kg, p.o) were orally gavaged by orogastric tube to the rats 1 h
before carrageenan injection. Freshly prepared carrageenan solution
(0.1 mL; 1% in 0.9% NaCl,) was then directly injected to the sub-plantar
tissue of the rat hind paw. The paw thickness (mm) was measured using
a calliper before carrageenan injection and at hourly intervals for 5 h
and at 24 h after injection. The change in the paw thickness-time curve
was plotted and the area under the curve for the whole observation
period (24 h) was calculated to determine the cumulative anti-in-
flammatory activity of the extract.

2.5.3. Effect on acetic acid induced vascular permeability
The effect of the extract on acetic acid induced vascular perme-

ability was investigated as previously reported [17]. Briefly, Swiss al-
bino mice weighing 25–30 g (n=5–6/group) were treated with the
extract (200 and 400mg/kg, p.o.), diclofenac (20mg/kg, p.o.) or ve-
hicle (1% Tween 80, 10mL/kg). An hour later, 0.2 mL Evans blue
(0.25% solution in normal saline) was injected into the tail vein of the
mice. Acetic acid (0.6% in normal saline, 1 mL/100 g) was injected in
the peritoneal cavity 30min later. The control group received only
normal saline. The mice were euthanized by cervical dislocation 30min
after acetic acid injection. The abdominal cavities were washed with
3mL saline (2 times) and the washes were then centrifuged for 10min
at 3000 rpm. The vascular permeability is directly proportional to
Evans blue content of the supernatant that was determined at 610 nm
using a plate reader (BioTeK, Vt, USA).

2.5.4. Carrageenan induced leukocyte recruitment to the peritoneal cavity
in mice

The ability of the extract to inhibit the recruitment of leukocytes to
the peritoneal cavity was investigated as previously reported [18]. In
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this experiment, Swiss albino mice weighing 25–30 g (n= 5–6/group)
received either the vehicle (1 mL/100 g, p.o.), extract (200 and 400mg/
kg, p.o.) or diclofenac (20mg/kg, p.o.). After 30min, either 0.1 mL
carrageenan solution (500 μg/mL) or 0.1mL sterile saline was injected
intraperitoneally. Three hours later, mice were euthanized and 3mL
phosphate-buffered saline (PBS) containing 1mM Methylene diamine-
tetraacetic acid (EDTA) was used to wash the peritoneal cavity. A he-
mocytometer was employed to count the total leukocyte number
(number of cells /mL) in the peritoneal cavity washes.

2.5.5. Peripheral anti-nociceptive activity using acetic acid induced
abdominal writhing test

The peripheral analgesic effect of the extract was determined by the
acetic acid induced writhing model according to [19]. Swiss albino
mice weighing 25–30 g were randomly divided into 3 groups (n=6–8/
group) and pre-treated with the vehicle (1% Tween 80, 10mL/kg),
extract (200mg/kg, p.o.) or diclofenac (20mg/kg, p.o.). After 1 h, mice
were injected with 0.7% acetic acid (1mL/100 g, i.p.). The number of
writhes manifested as turning of trunk, constriction of abdomen, and
extension of the hind legs was monitored for 25min.

2.5.6. Central anti-nociceptive activity using the hot plate test
Swiss albino mice weighing 25–30 g (n=5–6/group) received the

extract (200mg/kg, p.o.), the vehicle (10mL/kg, p.o.) or the central
opioid analgesic nalbuphine (10mg/kg, p.o.). After 60min, the re-
sponse to the pain induced by heat was assessed in each individual
animal by placing it on a preheated hot plate at 55 ± 1 C. The time
latency till an animal demonstrated the early signs of irritability such as
paws licking, lifting the hind paws, or jumping off the plate was de-
tected before (baseline) and at hourly intervals for 4 h following the
different treatments.

2.5.7. Antipyretic activity using Brewer’s yeast induced pyrexia in mice
The antipyretic activity of the extract was tested using Brewer’s

yeast induced pyrexia in mice as described previously with slight
modification [20,21]. The initial rectal temperature was recorded for
each mouse using a lubricated digital thermometer. Brewer's yeast was
then suspended in normal saline (30%) and injected subcutaneously
behind the animal’s neck in a dose of 1mL/100 g. Rectal temperature
was recorded again after 18 h (T0) and only animals that showed a
higher temperature by at least 0.5 °C were included in the study. Pyretic
animals (n=5/group) were then treated with the extract (200 and
400mg/kg, p.o.), paracetamol (150mg/kg, p.o.) or vehicle (10mL/kg,
p.o).The rectal temperature was then reordered at 30min, 1, 2, 3 and
24 h post treatment.

2.6. Data analysis

Data in this study are presented as mean ± SEM. Data analysis was
done using statistical software GraphPad Prism version 5 (GraphPad
Software, San Diego, CA). Analysis of Variance (ANOVA) or repeated-
measures analysis of variance (RM-ANOVA) followed by Tukey’s post
hoc test and Student's t-test was used to detect difference among groups.
A p value below 0.05 was considered as statistically significant.

3. Results

3.1. HPLC-PDA-ESI-MS/MS analysis

A total of 40 compounds that are mainly flavonoids and galloyl
glucoside derivatives were identified in the methanol leaf extract of A.
anthelmintica. The tentative identification of the extract components
was based on molecular weights, MS2 fragmentation, as well as litera-
ture data. Compounds were numbered according to their elution order
(retention times) (Table 1, Fig. 1).

As shown in Table 1, several flavonoids were detected in the extract.

Compound 22, eluted at a retention time of 28.71min, was identified as
quercetin-O-galloyl-glucoside as previously reported [12]. Its MS
spectra showed the molecular ion peak [M-H]− m/z 615 and the
fragment ions m/z 463, 301, 179 (Fig. 2).

A series of novel galloyl glucoside derivatives that exhibited a ty-
pical fragmentation pattern characteristic to galloyl glucose were de-
tected in the extract. The proposed fragmentation patterns of some of
these derivatives along with that of galloyl glucose are shown below
and in the supporting information. Galloyl glucose showed the mole-
cular ion peak [M-H]− m/z 331 and the fragment ions m/z 313, 271,
211, 169 and 125. The MS/MS spectra and the proposed fragmentation
of this compound are shown in Fig. 3.

Compound 6 exhibited the molecular ion peak [M-H]− m/z 419 and
the fragment ions m/z 313, 271 and 169; it was tentatively identified as
glyceric acid-O-galloy-glucoside. The MS spectra and the proposed
fragmentation pattern of this compound are shown in Fig. S1.

Compound 11 was identified as pyrogallol-O-methyl galloyl-gluco-
side. It demonstrated the molecular ion peak [M-H]− m/z 453 and the
fragment ions m/z 313, 285, 183, 169 and 125. The MS spectra and the
proposed fragmentation of this compound are shown in Fig. S2. To
avoid repeating the same postulated fragmentation pattern of the other
derivatives, only the spectra of the identified compounds along with
their proposed structure are shown in Figure S3. Some previously re-
ported compounds from the plant such as piscidic acid (4), eucomic
acid (9), and the two oleanane‐type saponins (39 and 40) were also
detected [8].

3.2. Molecular modelling

Some compounds representing the major components of the studied
extract (Fig. S4) were docked into the binding pockets of the cycloox-
ygenases (COX-1 and COX-2), responsible for the synthesis of pros-
taglandins, and the lipoxygenase enzyme (5-LOX) which is involved in
the synthesis of leukotrienes that mediate inflammatory, asthmatic, and
other allergic reactions [24]. The docked compounds were shown to be
stable in the binding pockets of the target enzymes with scoring func-
tion ranges and amino acid interactions revealing appreciable binding
affinities to the target enzymes (Table 2).

The 5-LOX catalytic centre consists of a hydrophobic groove made
by the amino acid residues Leu368, Ile406, Ala410, Leu414, Ile415,
Leu691, Val604, and Leu607. Other residues such as His367, His372,
His550, and Asn554 afford coordination bonding to the iron atom lo-
cated in the centre of the active pocket. The residue Phe177 interacts
with the carboxylate group of arachidonic acid and participates in
complex stabilization [23,24].

Compounds from A. anthelmintica leaf extract docked into 5-LOX
showed a scoring function range of – 20.14 to – 8.31 and various in-
teractions with the conserved amino acid residues in the binding
pocket.

The glucoside derivatives showed stronger binding to 5-LOX than
both phenolic acids and the potent 5-LOX inhibitor Zileuton (a re-
ference drug). This could be attributed to their relative bulkier structure
that enables better fitting and amino acid interactions within the hy-
drophobic groove of the enzyme. Among the glucosides, quercetin O-
galloyl-glucoside (compound 22) adopted a curved conformation si-
milar to that of arachidonic acid and showed the best binding to the
enzyme with a scoring function of – 20.14 that is stabilized by different
polar and non-polar interactions with the amino acids in the active
pocket such as Phe177, Gln363, Ala410, Gln413, and Leu607. Eucomic
acid (compound 9) afforded hydrogen bonding interactions with
Tyr558 and Arg666 residues and an ionic interaction with Arg666 and
showed the best binding among the other phenolic acids with scoring
function of – 12.69 (Fig. S5). The smallest in size syringic acid (com-
pound 18) showed the weakest binding to 5-LOX with a scoring func-
tion of – 8.31.

Crystal structures of COX-1 bound to different ligands such as
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indomethacin, alpha ethyl ethanolamide, and others have been re-
solved. The most important ligand-protein interactions include H-bonds
with amino acids Arg120, Leu352, Ser353, Tyr355, Glu524, Ser530,
hydrophobic interactions with Tyr385, Ile523, Ile531, and ionic inter-
action with Arg120 [25].

As for COX-2, the selective inhibitor celecoxib showed several in-
teractions with the amino acid residues in the binding pocket such as H-
bond interactions with Gln178, Leu338, and hydrophobic interactions
with Leu338, Ser339, Val509, and Ala513 [26].

As shown in Table 2, the major constituents of A. anthelmintica were
able to bind to the COX-1 and COX-2 with appreciable scoring functions
and similar amino acid interactions compared to the co-crystallized li-
gands. In general, docking showed that these compounds would show
better binding towards COX-2 than COX-1 with a scoring function range
of – 20.92 to – 10.46 and – 17.52 to – 7.94 for COX-2 and COX-1 re-
spectively. The glucosides again showed stronger binding than both
phenolic acids and the reference drug diclofenac. Quercetin-O-galloyl-
glucoside (compound 22) showed the best binding among its class with
a scoring function of – 20.92 and – 17.52 for COX-2 and COX-1, re-
spectively. It shows two H-bond interactions with Arg106, Arg499, and
four hydrophobic interactions with Leu338, Ser339, Tyr371, and
Val509 in the COX-2 binding pocket. As for COX-1, the compound was

stabilized in the active pocket through H-bond interactions with
Glu524, Ser530, and hydrophobic interactions with Ser353, Ile523, and
Ala527 (Fig. S6).

Among phenolic acids, eucomic acid (compound 9) showed the best
binding to COX-1 with a scoring function of – 10.87. Piscidic acid
(compound 4) achieved the best binding to COX-2 with a scoring
function of – 12.76 and had its phenyl group completely superimposed
on that of the co-crystallized celecoxib in the binding pocket of the
enzyme (Fig. S7).

3.3. In vitro antioxidant and anti-inflammatory activities

The studied extract demonstrated substantial antioxidant activities
in vitro in DPPH and TAC assays and inhibited COX-1 and COX-2 en-
zymes with activities like that of diclofenac and celecoxib, respectively.
The selectivity index (SI) of the extract towards COX-2 is about 13 times
that of diclofenac (SI value= 76.1 and 5.83, respectively). As for 5-
LOX, the extract inhibited the enzyme with nearly double the potency
of the reference inhibitor zileuton (Table 3).

Table 1
Secondary metabolites from A. anthelmintica leaf extract.

No. Rt M-H MS/MS Tentatively identified PSM

1 1.70 331 169, 271, 313 3-Galloyl-glucose*

2 3.16 331 169, 271, 313 2-Galloyl-glucose*

3 4.91 315 153 Gentisoyl glucoside*

4 6.02 255 165, 193 Piscidic acid*

5 7.23 315 169 Galloyl-rhamnose*

6 9.04 419 313, 271, 169 Glyceric acid-O-galloy glucose
7 10.56 389 313, 271, 169, 151 Hydroxyacetyl-O-galloyl glucose
8 11.7 183 124, 168 Methyl gallatea

9 12.93 239 221, 179, 149 Eucomic acid*

10 14.96 483 439, 313, 169 Digalloyl-glucose*

11 16.32 453 313, 285, 183, 169 Pyrogallol-O-methylgalloyl glucose
12 16.90 557 539, 313, 271, 211, 169 3-Hydroxydihydrosinapoyl –O-galloyl glucose
13 17.26 467 423, 313, 183 Protocatechoyl-O-galloyl glucose
14 17.31 401 269, 161, 149 Apigenin O-pentoside
15 18.01 373 373, 313, 169, 151 Acetyl-O-galloyl glucose
16 18.99 385 223, 179 Sinapic acid 3-O-glucoside*

17 19.65 467 315, 169 Galloyl-rhamnoside gallate
18 21.87 197 197, 169 Syringic acid*

19 22.80 437 313, 211, 150, 169, 125 Hydroxybenzyl-O-galloyl glucose
20 23.80 437 313, 211, 150, 169, 125 Hydroxybenzyl-O-galloyl glucose
21 25.12 477 313, 169 Coumaroyl-O-galloyl glucose
22 28.71 615 179, 301,463 Quercetin-O-galloyl-glucosidea,b

23 31.55 463 151, 179, 301 Quercetin glucosideb

24 32.51 421 313, 271, 211, 169, 125 Benzyl-O-galloyl glucose
25 34.62 447 285 Kaempferol glucosideb

26 35.09 599 285, 313, 447 Kaempferol galloyl-glucosidea,b

27 36.0 447 285 Kaempferol galactosideb

28 40.33 583 301, 463 Quercetin benzoyl-glucoside
29 40.91 625 301, 323, 463 Quercetin caffeoyl-glucosidec

30 45.74 609 301, 325, 463 Quercetin coumaroyl-glucosidec

31 46.53 639 301, 463 Quercetin feruoyl-glucosidec

32 46.55 639 315, 477 Isorhamnetin caffeoyl-glucoside
33 47.22 609 301, 325, 463 Quercetin coumaroyl-galactoside
34 48.03 757 713, 447, 285 Kaempferol-O-quinicprotocatechoyl-glucoside
35 50.38 593 447, 285 Kaempferol coumaroyl-glucosidec

36 51.11 623 461, 299, 255 Diosmetin coumaroyl-glucoside
37 52.19 593 447, 285 Kaempferol coumaroyl-galactoside
38 56.99 285 285 Kaempferolb

39 74.00 911 779, 647, 455 (3β)-3-([α-L-Arabinopyranosyl-(1→6)-[β-D-glucopyranosyl-(1→2)]-β-D-glucopyranosyl] oxy)olean-12- en-28-oic acidd

40 76.82 779 617, 455 (3β)-3-[(β-D-Glucopyranosyl-(1→2)-β–D glucopyranosyl)oxy]olean-12-en-28-oic acidd

* Compounds identified based on reference compounds.
a Reported in [22].
b reported in [12].
c reported in [7].
d reported in [8].
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3.4. Effects of the extract on carrageenan induced paw edema in rats

As shown in Fig. 4, rats injected with 0.1 mL carrageenan (1% in
0.9%, sub-planter) showed accumulation of fluids (edema) in the hind
paws with increased paw thickness at 4 h post injection (3.74 ± 0.
29mm). Only the high dose of the extract (400mg/kg) was able to
attenuate the increase in edema thickness in the pre-treated rats by 34%
compared to the control group. This response was comparable to that
observed in rats pre-treated with the standard anti-inflammatory drug,
diclofenac (20mg/kg, p.o.) which reduced edema thickness by 37%
compared to the control group.

3.5. Effects of the extract on acetic acid induced vascular permeability in
mice

Mice injected with acetic acid (1mL/100 g, 0.6%, i.p.) showed
significant increase (p < 0.001) in vascular permeability represented
as higher absorbance value in the peritoneal cavity exudate compared
to that of the control group (0.56 ± 0.07 vs 0.064 ± 0.003). This
effect was dose dependently attenuated in mice pre-treated with the
extract (200 and 400mg/kg, p.o.) by 51 and 73%, respectively. The
reference drug diclofenac (20mg/kg, p.o.) achieved 67% reduction in
vascular permeability when compared to the control group (Fig. 5).

Fig. 1. LC–MS profile of A. anthelmintica leaf extract.

Fig. 2. MS/MS spectra of compound 22, quercetin-O-galloyl-glucoside with [M-H]− m/z 615.
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3.6. Effects of the extract on carrageenan induced leukocyte recruitment to
the peritoneal cavity in mice

As shown in Fig. 6, the extract doses (200 and 400mg/kg, p.o.)
administered 1 h prior carrageenan (500 μg/cavity, i.p., 0.1 mL) injec-
tion attenuated the induced leukocytes migration to the peritoneal
cavity in mice in a dose dependent manner (19 and 55%, respectively).
Noteworthy, the higher dose of the extract had nearly the same effect of
diclofenac (20mg/kg, p.o.) which showed 52% reduction in the total
leukocytes migrated to mice peritoneal cavity.

3.7. Effects of the extract on acetic acid induced writhing in mice

Acetic acid (0.7% acetic acid, 1 mL/100 g) administration in mice
resulted in a painful stimulus causing abdominal writhes. Mice pre-
treated with the extract (200mg/kg, p.o.) showed significant reduction
in the writhes number when compared to the control group (9.6 ± 5.5
vs 49.8 ± 3.7). This effect was even more pronounced than that ob-
served with diclofenac (20mg/kg, p.o.) that decreased the writhes to
17.2 ± 4.1 (Fig. 7A).

3.8. Effects of the extract on the hot plate test in mice

Animals pre-treated with the extract (200mg/kg, p.o.) showed de-
layed but longer response with respect to the latency time when

measured at 2, 3 and 4 h after administration. The effect was stronger
than that observed in mice injected with the reference standard nal-
buphine (10mg/kg, i.p.) (21.8 ± 1.2vs 15.5 ± 1.4 s) (Fig. 7B).

3.9. Effect of the extract on Brewer’s yeast induced pyrexia in mice

As shown in Table 4, mice injected with Brewer’s yeast suspension
(30%, 1mL/100 g, s.c.) showed elevated rectal body temperature
(37.98 ± 0.16 °C) when measured 18 h after yeast injection. Mice
treated with the extract (200 and 400mg/kg, p.o.) showed antipyretic
activity 2–3 h post treatment and lasted up to 24 h. This was compar-
able to the response shown by the reference drug paracetamol (150mg/
kg, p.o.) both in terms of onset and duration.

4. Discussion

The aim of the present study was to identify the active constituents
of Albizia anthelmintica and to investigate the possible anti-in-
flammatory, anti-pyretic, analgesic and antioxidant properties of its leaf
extract in different animal models. A total of 40 secondary metabolites
were detected and tentatively identified in the extract. Flavonoids and
galloylglucose derivatives prevailed among the extract components. A
series of new galloylglucose derivatives were tentatively characterized.

The anti-inflammatory effect of A. anthelmintica was determined in
the carrageenan induced edema test which is widely used to screen new

Fig. 3. (a) MS/MS spectra of galloyl glucose at [M-H]−m/z 331. (b) A characteristic fragmentation pattern of galloyl glucose in the negative ion mode.
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anti-inflammatory drugs [27]. Results showed that an oral adminis-
tration of A. anthelmintica in a dose of 400mg/kg significantly reduced
edema thickness in rats injected with carrageenan. The inflammatory
response resulted from carrageenan injection has two phases that were
investigated in the present study. In the early phase, marked edema is
observed due to the rapid production of several inflammatory media-
tors such as histamine, serotonin, and bradykinin that result in vaso-
dilatation and increased vascular permeability at the site of in-
flammation. In the second phase, edema is sustained by the release of
prostaglandins and nitric oxide produced by the inducible COX-2 and
nitric oxide synthase (iNOS), respectively peaking at 3 h [28]. In this
study, it was noticed that the biphasic development of carrageenan
induced edema in rats was suppressed only by the higher dose of the
extract (400mg/kg). The effect of the extract was very similar to that of
the potent anti-inflammatory diclofenac. Although a previous study

[12] has investigated the anti-inflammatory effects of the extract on
carrageenan induced rat hind paw edema, it only reported the effects on
the early phase of inflammation for 4 h. Results of the present study
confirm their findings on the early phase and report the effects on the
late phase as well.

The anti-inflammatory mechanism of action of the extract was in-
vestigated by in silico molecular docking studies and confirmed by COX-
1, 2 and 5-LOX inhibition in vitro. Results showed that the extract in-
hibits both COX-1 and 2. Its effect on COX-1 was very similar to that of
diclofenac. As for COX-2, the extract was thirteen times more potent
than diclofenac and almost equipotent to celecoxib. The extract was
nearly two times more potent than the 5-LOX inhibitor zileuton.

The early phase of inflammation, also known as the vascular phase,
is characterized by the increase of vascular permeability and formation
of exudate at the site of inflammation. Prostaglandins regulate vascular

Table 2
Scoring functions and amino acid interactions for PSM from A. anthelmintica docked to 5-LOX, COX-1 and COX-2.

Compound number COX-1 COX-2 5-LOX

Scoring function Amino acids interactions Scoring function Amino acids interactions Scoring function Amino acids interactions

2 −13.02 Ser353: Hydrophobic
Ile523: Hydrophobic
Ser530: Hydrophobic

−16.12 Leu338: H-bond
Ser516: H-bond
Leu338: Hydrophobic

−17.95 Asn554: H-bond
Gln557: H-bond
Ala410: Hydrophobic

4 −10.64 Arg120: H-bond
Arg120: Ionic
Ile523: Hydrophobic

−12.76 Arg106: H-bond
Arg106: Ionic
Leu338: Hydrophobic

−11.00 His367: H-bond
Gln557: H-bond

6 −14.64 Glu524: H-bond
Ser530: H-bond
Leu352: Hydrophobic
Ala527: Hydrophobic

−16.56 Gln178:H-bond
Tyr341: H-bond
Arg499: H-bond
Ser516: H-bond
Val509: Hydrophobic

−14.34 His367: H-bond
Gln557: H-bond
Phe177: Hydrophobic
Ala410: Hydrophobic

9 −10.87 Arg120: H-bond
Arg120: Ionic
Ile89: Hydrophobic

−11.71 Arg106: H-bond
Arg106: Ionic
Leu338: Hydrophobic

−12.69 Tyr558: H-bond
Arg666: H-bond
Arg666: Ionic

11 −12.97 Arg120: H-bond
Glu524: H-bond
Tyr355: Hydrophobic

−18.95 Tyr341: H-bond
Arg499: H-bond
Phe504: Hydrophobic
Val509: Hydrophobic

−19.68 Asn554: H-bond
Phe177: Hydrophobic
His367: Hydrophobic
Ala410: Hydrophobic

18 −7.94 Arg120: H-bond
Arg120: Ionic
Ile89: Hydrophobic

−10.46 Ser516: H-bond
Arg106: Ionic
Leu338: Hydrophobic

−8.31 Lys409: H-bond
Ile406: Hydrophobic

20 −16.71 Arg120: H-bond
Tyr355: Hydrophobic
Phe518: Hydrophobic

−18.09 His75: H-bond
Arg499: H-bond
Tyr341: H-bond
Leu338: Hydrophobic

−14.82 Asn554: H-bond
Gln557: H-bond
Ala410: Hydrophobic

22 −17.52 Glu524: H-bond
Ser530:H-bond
Ser353: Hydrophobic
Ile523: Hydrophobic
Ala527: Hydrophobic

−20.92 Arg106: H-bond
Arg499: H-bond
Leu338: Hydrophobic
Ser339: Hydrophobic
Tyr371: Hydrophobic
Val509: Hydrophobic

−20.14 Gln363: H-bond
Gln413: H-bond
Phe177: Hydrophobic
Ala410: Hydrophobic
Leu607: Hydrophobic

Diclofenac −10.36 Arg120: H-bond
Arg120:Ionic
Ile523: Hydrophobic
Ile531: Hydrophobic

−12.30 Arg106: H-bond
Arg106: Ionic
Ser339: Hydrophobic
Val509: Hydrophobic

−11.23 Asn554: H-bond
Gln557: H-bond
Ala410: Hydrophobic
Leu607: Hydrophobic

Table 3
In vitro antioxidant and anti-inflammatory activities of A. anthelmintica extract.

Sample DPPH TAC 5-LOX COX-1 COX-2 SI
μg/mL U/L IC50 (μg/mL)

Extract 5.36 ± 0.42 35.13 ± 0.19* 1.74 ± 0.02# 4.11 ± 0.06 0.054 ± 0.002 76.1
Ascorbic acid 2.85 ± 0.14 25.8 ± 0.23 – – – –
Celecoxib – – 15.5 ± 0.15 0.043 ± 0.001 360.5
Diclofenac – 2.25 ± 0.04 4.2 ± 0.09 0.72 ± 0.014 5.83
Indomethacin – – 0.039 ± 0.002 0.56 ± 0.024 0.07
Zileuton – 3.61 ± 0.06 – – –

Number of replicates= 3, SI is COX selectivity index calculated as IC50 (COX-1)/IC50 (COX-2).
* p < 0.05 significantly different from ascorbic acid.
# p < 0.0001 significantly different from zileuton.
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permeability, platelet aggregation, and thrombus formation during the
progression of inflammation [28]. To confirm whether the studied ex-
tract can interfere with this phase of inflammation, its effect on induced
vascular permeability was studied by measuring the Evans blue ab-
sorbance in the peritoneal cavity exudate of animals injected with
acetic acid. The extract attenuated the elevated vascular permeability
induced by acetic acid in a dose dependent manner comparable to the
reference drug diclofenac. The inhibition of vascular permeability by
the extract may be attributed to blocking prostaglandin generation
following COX(s) inhibition.

Acute inflammation is also characterized by initial recruitment of
polymorphonuclear cells, typically neutrophils, followed by monocytes,
which differentiate into macrophages. Neutrophils adhere to the en-
dothelium via expression of adhesion molecules and migrate to reach
the site of injury [29]. It is reported that the development of rat hind
paw edema and the increased paw thickness is mediated by the in-
filtration of leukocytes, especially neutrophils that recruit to the in-
flammation site and release different inflammatory mediators and free
radicals that further aggravate pain and inflammation [30]. Another
model of inflammation, namely carrageenan induced leukocyte mi-
gration into peritoneal cavity, was applied to confirm our previous
results. The extract showed a dose dependent inhibitory effect on

carrageenan induced leukocyte migration. The effect of the high dose of
the extract (400mg/kg) was like that of diclofenac. These results in-
dicate that the anti-inflammatory effects of the extract may be also
mediated by suppressing leukocyte migration to the site of injury.

The nociceptive neuron terminal endings are widely distributed in
all tissues where they identify noxious intense stimuli including trauma,
chemicals, heat, and cold. Acetic acid writhing test and the hot plate
test were used to investigate the peripheral and central antinociceptive
effects of the extract, respectively. It was found that the low dose level
of the extract (200mg/kg) exerted more potent peripheral anti-
nociceptive effect on acetic acid writhing than diclofenac and more
potent central antinociceptive effect on latency time of hot plate test
than nalbuphine. Our results are in accordance with previous findings
on acetic acid induced writhing [12].

Reactive oxygen species and cytokines sensitize and activate noci-
ceptive neurons during the inflammatory response [31]. The anti-
nociceptive activity of the extract may be to a certain extent, attributed
to its antioxidant properties. Thus, the antioxidant potential of the ex-
tract was then investigated. The extract showed a stronger antioxidant
capacity than ascorbic acid in vitro. Other mechanisms of the anti-
nociceptive effect may be through inhibition of both prostaglandins and
leukotrienes.

Conversion of arachidonic acid into prostaglandins, especially PGE2,
is an essential pathway for the generation of fever centrally. Brewer’s
yeast-induced fever is used to assess the antipyretic effects of the ex-
tract. From the results obtained, the extract showed a dose dependent
significant antipyretic effect comparable to paracetamol that confirms
its influence on prostaglandin biosynthesis.

The current study clearly demonstrated the anti-inflammatory, an-
algesic, and antipyretic activities of A. anthelmintica leaf extract. The
presence of flavonoids, galloyl glucosides and saponins in the extract
may account, at least in part, for the observed pharmacological effects.
This could be supported by Lesjak et al. [32] who reported robust an-
tioxidant and anti-inflammatory effects for quercetin and its deriva-
tives. The observed results are in agreement with those reported from
Albizia lebbeck [33] and other extracts rich in polyyphenolics, namely
Caesalpinia gilliesii, Alpinia zerumbet and Syzygium aqueum [27,34,35].

5. Conclusions

The present study provides scientific evidence for the various
pharmacological activities of a leaf extract from Albizia anthelmintica.

Fig. 4. Effect of A. anthelmintica (200 and 400mg/kg, p.o.) and diclofenac
(20mg/kg, p.o.) on carrageenan (1% suspension, 0.1 mL/rat) inducedhind paw
edema in rats. Edema thickness (mm) was measured before and then hourly for
5 h and at 24 h after carrageenan injection. Data represents the AUC0-24 and is
expressed as mean ± S.E.M (n= 5). *p < 0.001 vs. control values.

Fig. 5. Effect of A. anthelmintica extract (200 and 400mg/kg, p.o.) on acetic
acid induced vascular permeability. Evans blue dye amount in the abdominal
cavity exudate was determined as a measure of inflammation degree. The va-
lues are expressed as the means ± SEM (n=5–7). *p < 0.001 compared to
saline group. #p < 0.001 compared to control (acetic acid only treated group)
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.).

Fig. 6. Effect of carrageenan (500 μg, i.p.) on leukocytes migration to the
peritoneal cavity in mice (total number x106) with or without treatment with A.
anthelmintica (200 and 400mg/kg, p.o.) or diclofenac (20mg/kg, p.o.) 1 h prior
carrageenan injection. Data is expressed as mean ± S.E.M (n= 5–6).
*p < 0.01 vs. vehicle (saline) values, #p < 0.01 vs control (carrageenan
treated group).
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The extract exhibited anti-inflammatory, analgesic, and antipyretic
activities probably by decreasing the production of inflammatory
mediators including PGE2, and leukotrienes via inhibition of COX-1,
COX-2 and 5-LOX and also due to its appreciable antioxidant properties.
Our results indicate that the Albizia anthelmintica leaf extract may be
useful in phytotherapy to treat inflammation, fever and pain. Clinical
investigations would be the next step.
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