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ABSTRACT

Objective: Justicia flava is a plant commonly used in traditional medicine for the treatment of frictions, convulsions, body aches, pains, and fever. The
aim of this study was to determine the anti-inflammatory properties of an aqueous extract of J. flava (AEJf) in rats.

Methods: Thus, 36 rats were divided into six groups of six rats each for each test. Acute anti-inflammatory activity was evaluated by induction of
plantar edema following injections of egg albumin, carrageenan, or histamine. AE]Jf and aspirin (100 mg/kg bw) were orally administered to rats
with doses ranged from 62.5 to 500 mg/kg bw before (preventive study) and after (curative study) the induction of edema. The rat’s paw edema was
measured using a digital caliper thereafter. For a sub-chronic anti-inflammatory activity, sterilized cotton pellets (20+0.5 mg) were implanted in the
anterior dorsal region for granuloma formation. Animals received the different doses of AE]Jf (62.5-500 mg/kg bw) for 7 days and on the 8™ day, cotton
pellets were removed and weighed, dried, and weighed again.

Results: The results of the oral administration of AEJf at doses of 62.5, 125, 250, and 500 mg/kg bw to rats showed similar acute anti-inflammatory
properties such as aspirin (100 mg/kg bw) on carrageenan (1%), fresh egg albumin, and histamine injection-induced rats’ paw edema. AEJf caused
77.63% (preventive study) and 28.1% (curative study) inhibitions of carrageenan (1%) solution-induced paw edema and 61% (preventive study) and
29.62% (curative study) inhibitions of fresh egg albumin-induced paw edema. AE]f also inhibited histamine-induced edema (1 mg/mL) by 83.67%
compared to the control group. AEJf significantly reduced the weight of granuloma tissue elicited by the insertion of sterile cotton pellets from 34.53

to 46.98% for wet cottons and from 45.73 to 59.45% for dry cottons.

Conclusion: AEJf possessed anti-inflammatory activity on acute and sub-chronic inflammations in rats.
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INTRODUCTION

Inflammation is a defense mechanism of the body and also an essential
immune response that allows body cells to survive during infection or
injury and to maintain tissues homeostasis [1]. Itis alocalized protective
reaction of tissues, cells of the body in allergic or chemical irritations
and in infections caused by wounds [2]. In addition, inflammation
is characterized by pain, heat, redness, and edema [3].Conventional
medicine uses steroidal and nonsteroidal anti-inflammatory drugs for
the treatment of inflammation. Unfortunately, their prolonged use could
lead to gastrointestinal tract disorders, kidney, and skin toxicities [4].

Traditional or alternative medicine is widely used to treat inflammatory
diseases and pain as well. Therefore, to limit or avoid the harmful effects of
these drugs, traditional medicine can be an alternative. In this perspective,
this study was conducted on Justicia flava (Forsk) Vahl (Acanthaceae), a
plant commonly used as a hemostatic agent, against seizures, and febrile
body aches [5]. In addition, J. flava is used against feverish pain and
children diarrhea [6]. The inhibitory activity of J. flava on the angiotensin
I converting enzyme, the biological activity and the determination of the
constituents of J. flava and several other species of Justicia have previously
been assessed [7,8]. The pharmacological and chemical studies of a
selection of medicinal species of Justicia from Asia and America have been
carried out [9]. The results of these different studies showed that J. flava
possesses phytocompounds such as flavonoids, sterols, salicylic acid,
lignin, and docosanoic acid. The antimicrobial effect and wound healing
power of J. flava were revealed by Agyare et al. [10]. However, no study on
the anti-inflammatory activity of this plant has been mentioned yet. These

works were, therefore, undertaken to evaluate the anti-inflammatory
potential of an aqueous extract of J. flava (AEJf).

METHODS

Material
Plant

Herbaceous plants of J. flava were harvested in Petit Yapo, a village in
the department of Agboville (Cote d’Ivoire). They were identified by
botanists in the laboratory of botany of Nangui Abrogoua University
(Abidjan, Cote d’Ivoire) and authenticated at the National Floristic
Center under the voucher number 17511 of July 29, 1986.

Animals

Albino rats (Rattus norvegicus), weighing between 180 g and 200 g,
were used. They were kept in cages in the laboratory of physiology
and pharmacology animal house of the University of Nangui Abrogoua.
These animals were 8-10 weeks old and had free access to water and
standard food for rodents (Ivograin® pellets). They were submitted to
a 12 h dark/light photoperiod cycle. Rats were treated according to the
good laboratory practice [11]. The different experimental protocols
were followed in accordance with the experimental animal protection
protocols of the European Council on Legislation 2012/707 [12].

Chemicals

Carrageenan (Sigma-Aldrich, France), albumin contained in fresh egg
white, histamine (Sigma-Aldrich, France), aspirin® (Cipharm, Cote
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d’Ivoire), normal saline solution (NaCl, 9%), and diethyl ether (VWR
International, Leuven-Belgique) were used in this study.

Methods
Preparation of the AEJf

The whole plant of J. flava (leaves, flowers, inflorescences, and stem)
except the root was used in this study. Harvested plants of J. flava were
washed with distilled water and dried at room temperature (22-24 °C)
and thereafter pulverized using an electric grinder (RETSH, type SM
100, Germany). 100 g of powder were decocted for 15 min in 1-]
distilled water. The aqueous solution obtained was respectively filtered
on hydrophilic cotton and Whatman filter paper N° 3. The filtrate was
evaporated and dried using an oven (Selecta, Belgique) at 45°C for 48 h.
The dark-green powder (14.37 g) corresponded to the AEJf.

Acute anti-inflammatory activity of the extract

The evaluation of the reduction of rats’ plantar edema caused by the
injection of phlogogenic agents (carrageenan, egg albumin, and histamine)
was performed according to the method described by Winter et al. [13].
Thus, six groups of six rats were formed for each model of experiment.
The rats were fasted 16 h before the beginning of the experiment. The
initial thickness of the right hind paw of each rat was measured using
a digital micrometer (Hardened Stainless, China) commonly known as
Vernier caliper. The rats in group 1, administered with NaCl (9%) solution
at 10 mL/kg bw, constituted the negative control group. As for the rats
in groups 2, 3, 4, and 5, they received, by gavage, the total AE]Jf at doses
of 62.5, 125, 250, and 500 mg/kg BW, respectively, after preliminary
trials. The rats in Group 6, the positive control group, were gavaged with
acetylsalicylic acid (Aspirin®) at a dose of 100 mg/kg bw.

Inflammation preventive activity of the extract

One hour after rats were administered with the plant extract, different rats’
groups received plantar injection in the right hind paw with either 0.1 mL
of carrageenan (1%) solution, 0.1 mL of fresh egg albumin or 0.1 mL of
histamine (1 mg/mL). Finally, the edema of that paw was measured again
1h,2h,3h,4hand5 h, 6 h (for carrageenan and histamine) later using the
digital micrometer. These determined edema outcome values were used to
calculate the percentage of inhibition of the edema (% INH) according to
the formula used by Meshram et al. and Gutiérrez-Rebolledo et al. [14,15].

(Dt - Do) negative control — (Dt - Do) treated group
X

% INH = 100

(Dt - Do) negative control

Do: Diameter of the right hind leg at initial time
Dt: Diameter of the right hind leg at time t.

Inflammation curative activity of the extract

Edema was induced in each rat 1 h (egg albumin) or 2 h (carrageenan) by
injecting either 0.1 mL of carrageenan (1%) solution or 0.1 mL of fresh egg
albumin under the paw of the right hind leg before the gavage with AE]Jf
or normal saline. The thickness of the edema was measured, as previously.
After the different treatments, the thickness of the paw was measured
again after 1, 2, 3,4, and 5 h. The determined values were used to calculate
the percentage of reduction in rat paw thickness (% reduction) to estimate
the effectiveness of the treatments on rats induced paw edema according
to the formula used in the work of Muhammad et al. [16].

A-B

% Réduction= x 100

A: thickness of the edema of the negative control rats’ group.
B: thickness of the edema measured 1, 2, 3, 4, or 5 h after treatments

Subchronic anti-inflammatory activity

Cotton pellet-induced granuloma
The method described by Kumar et al. [17] was used for this test
with slight modifications. Thus, 36 rats were randomly divided into
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six groups of six rats each. Group I or negative control group received
by gavage NaCl (9%) solution at 10 mL/kg bw. Groups I, III, IV, and
V received by gavage the total AEJf at the respective doses of 62.5;
125; 250; and 500 mg/kg bw. Group VI or positive control group was
administered by gavage with aspirin® (100 mg/kg bw). The various
treatments (NaCl, AEJf and aspirin®) were applied daily for 7 successive
days to the rats. On the 1% day, 1 h after treatment, two sterilized
autoclaved cotton pellets (20+0.5 mg) were implanted in the dorsal
anterior region of the pre-shaved and anesthetized rats with diethyl
ether. On the 8" day, the animals were anesthetized with ether. The
cotton pellets were dissected, freed from tissue attachments, weighed,
and then dried in an oven (Selecta, Belgique) for 24 h at 60°C until a
constant weight was obtained. The final weight of the dried cotton
pellets was further determined.

The weight of the granuloma contents was calculated as described
below:
Weight of wet granuloma content = weight of the wet cotton pellet -
weight of the initial cotton pellet.

Weight of dry granuloma content = weight of the dry cotton pellet -
weight of the initial cotton pellet.

The inhibition percentage of granuloma tissue formation was calculated
according to the formula described by Kumar et al. [17].

o (Tc—Tt)
%Inh1b1t10n=—T x100
c

Tc: weight of granuloma tissue of the control group
Tt: weight of granuloma tissue of the treated group.

Measurement of the rats body weight

To evaluate the evolution of the body weight of the rats throughout the
study period, a scale (Digital scal-SF-400, China) was used for weighing
the rats on days 0 and 8 of the experimentation.

Blood sampling and hematological parameters determination

Blood samples were taken at the beginning (day 0) and at the end
(day 8) of the experiment in rats previously anesthetized with diethyl
ether by the method of puncture on the retro-orbital sinus of the
eye. Blood samples were collected and kept into EDTA tubes. They
were placed in a cooler containing ice and sent to the laboratory for
hematological parameters (white blood cell, red blood cell, and platelet
count) analyses thanks to the Culter (RAYTO-RT 7600S, China), an
automatic hematology analyzer.

Statistical analysis

The results were presented as mean followed by the standard error
on the mean (M+SEM). Statistical analysis was performed using the
GraphPad Prism 5.01 software (San Diego, California, USA). The test
t of Student was used. It was completed with the one-way analysis of
variance (ANOVA1) followed by the Dunnett comparison test to reveal
the differences between the treated groups and the control one. The
differences were significant for p<0.05.

RESULTS

Acute inflammation study

Preventive effect of the AEJf on carrageenan-induced edema in rats
Before the induction of inflammation with carrageenan, the mean
thickness of the rats’ legs was between 2.49+0.06 and 2.63+0.06 mm.
After the injection of carrageenan, the average thickness of the paw
of the control rats underwent a maximum increase ranging from
2.49+0.06 mm (initial state) to 4.84+0.18 mm (3 h later) and decreased
non significantly to 4.01+0.16 mm (6 h later). The pretreatment of the
rats with the AE]f caused a significant inhibition in edema compared
to controls.
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The inhibition of edema in rats pretreated at 62.5 mg/kg bw with the
extract varied from 46.94 % (1* h) to 61.18 % (6™ h) compared to
control. The inhibition in edema was higher in rats pretreated with the
extract at doses of 125 and 250 mg/kg bw than those pretreated with
the dose of 62.5 mg/kg bw. These inhibitions were ranged from 39.74
to 66.45% and from 41.02 to 70.39%, respectively. At 500 mg/kg bw,
the total AEJf exhibited a maximum inhibition in edema ranging from
52.04 to 77.63% compared to control. As for the rats administered with
aspirin®, the inhibition percentage in edema was between 43.87 and
82.89% compared to control rats (Table 1).

Preventive effect of the AE]f on fresh egg albumin-induced edema in rats

The administration of the AE]Jf at doses ranging from 62.5 to 500 mg/kg
bw significantly inhibited paw edema induced by the injection of fresh
egg albumin in the rats. The initial average thickness of the paw varied
from 2.94+0.06 mm to 3.13+0.04 mm in the control group.

The injection of egg albumin caused an increase in the average thickness
of the rats’ paw with values between 4.09+0.12 and 6.17+0.16 mm
during the 5 h of the experimentation. Paw edema of the rats pretreated
with the AE]f at the dose of 62.5 mg/kg bw was inhibited from 36.87%
to 46.71% compared to the control group during the 5 h. In rats
pretreated with 125 and 250 mg/kg of the extract, inhibitions were
similar to those observed in rats pretreated with 62.5 mg/kg bw of AEJf.
At these doses, the inhibition of edema ranged from 33.12 to 60.36%
and from 34.77 to 49.80%, respectively, compared to the control. At
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500 mg/kg bw, the extract induced maximum inhibitions of edema of
61.00% (2" h) and 58.55% (5 h). Aspirin®, the standard drug, reduced
edema in rats from 39.81% to 60.36% (Table 2). Photographs of the
right hind paw of rats treated with the AEJf and aspirin® showed a
reduction in swelling (Fig. 1).

Anti-inflammatory effect of the AE]f on histamine-induced edema

The pretreatment of rats with the AEJf at doses ranging from 62.5 to
500 mg/kg bw significantly reduced histamine-induced paw edema in
rats from the 2" to the 6™ h of experiment. The initial mean thickness
of the rats paw was homogeneous and varied between 2.23+0.05 and
2.38£0.03 mm. The histamine injection elicited a maximum increase
in the average thickness of the control rats paw of 4.31+0.15 mm at
the 3 h of the experiment. Edema in the paw of rats treated with the
AEJf and aspirin underwent non-significant inhibitions ranging from
20.08% to 36.40% compared to the control group at the 1** h. From the
2", edema in the paw of rats treated with the AE]fat doses of 62.5 mg/
kg bw dropped significantly from 49.66% to 62.57% at the 4" h and
finally reached 56.12% at the 6™ h compared to the control group. The
inhibitions of edema in rats pretreated with the extract attained 83.67%
at the 6™ h for the dose of 125 mg/kg bw and 83.04 at the 4™ h for that
of 250 mg/kg bw. At 500 mg/kg bw, the extract triggered inhibitions
with maximum value of 76.53% at the 6™ h of experiment compared to
control. Aspirin® caused a significant reduction in histamine-induced
rats paw edema with values ranging from 52.34 to 76.02% compared
to control (Table 3).

Table 1: Preventive effect of the AE]Jf on carrageenan-induced edema in rats

Treatment and doses  Paw thickness (mm) before

Paw thickness (mm) after carrageenan injection

(mg/kg bw) injection of carrageenan (edema inhibition percentage)
1h 2h 3h 4h 5h 6h

Normal saline (control) 2.49+0.06 347+0.11 4.05+011 4.84+0.18 4.55+0.20 4.34+0.22 4.01+0.16

(mL/kg bw)

AEJf62.5 2.53+0.04 3.05£0.06% 3.31+0.07** 3.52+0.14*** 3.35+0.11*** 3.29+0.18*** 3.12+0.21***
(46.94) (50.00) (57.87) (60.19) (58.91) (61.18)

AEJf 125 2.57+0.04 3.06+£0.09* 3.51+0.18* 3.93+0.169** 3.44+0.15%** 3.24+0.15** 3.08+0.09***
(50.00) (39.74) (42.12) (57.76) (63.78) (66.45)

AEJf 250 2.51+0.04 3.01£0.13* 3.43+0.16% 3.54+0.17*** 3.32+0.18*** 3.09+0.17** 2.96+0.04***
(48.98) (41.02) (56.17) (60.67) (68.65) (70.39)

AEJf 500 2.60+0.09 3.07£0.15% 3.24+0.13** 3.42+0.10%** 3.28+0.14*** 3.17+0.12*%* 2.94+0.12***
(52.04) (58.97) (65.10) (66.99) (69.19) (77.63)

Aspirin®100 2.63+0.06 3.18+£0.05 3.25+0.06** 3.41+0.12*** 3.18+0.13*** 3.00+0.07*** 2.89+0.06***
(43.87) (60.25) (66.80) (73.30) (80.00) (82.89)

*p<0.05; **p<0.01; ***p<0.001; n=6: Differences were significant when values of tested groups were compared to that of control group, at the corresponding time (same

column). AEJf: Aqueous extract of Justicia flava

Table 2: Preventive effect of the AEJf on fresh egg albumin-induced edema in rats

Treatment and doses Paw thickness (mm) before

Paw thickness (mm) after fresh egg albumin injection

(mg/kg bw) fresh egg albumin injection (edema inhibition percentage)
1h 2h 3h 4h 5h

Normal saline 2.98+0.03 6.17+0.16 5.57+0.18 4.58+0.09 4.3+0.11 4.09+0.12

(control) (mL/kg bw)

AEJf62.5 3.07+0.06 5.05£0.09%** 4.45+0,12%%* 4.08+0.11%** 3.81+0.10* 3.69+0.11*
(37.93) (46.71) (36.87) (43.93) (44.14)

AEJf 125 2.94+0.06 4.47+0.12%%* 4.24+0.12%** 4.01£0.09*** 3.80+0.11* 3.38+0.10%**
(52.04) (49.80) (33.12) (34.84) (60.36)

AEJf 250 3.08+0.07 4.85+0.14%** 4.38+0.09*** 4.13+0.07*** 3.85+0.12* 3.65+0.08**
(44.51) (49.80) (34.37) (41.66) (48.64)

AEJf 500 3.13+0.04 4.63+0.13%** 4.14+0.04*** 3.87+0.05%** 3.73+0.12** 3.59+0.05%*
(52.98) (61.00) (53.75) (54.54) (58.55)

Aspirin® 100 3.00+0.06 4.92+0.27*** 4.54+0.19%** 3.94+0.09%** 3.60£0.09%** 3.44+0.08*+*
(39.81) (40.54) (41.25) (54.54) (60.36)

*p<0.05, **p<0.01, ***p<0.001, n=6: Differences were significant when values of tested groups were compared to those of control group, at the corresponding time

(same column). AEJf: Aqueous extract of Justicia flava
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Curative effect of the aqueous extract of . flava on carrageenan-induced
edema in rats

The average thickness of the rats paw before the injection of
carrageenan fluctuated between 2.51+0.07 and 2.61+0.05 mm. Two
h after the injection of carrageenan, the average thickness of the
rats paw was significantly increased and varied from 4.59+0.16 to
5.61+0.23 mm. The mean thickness of the paw of the control rats ranged
from 5.27+0.08 mm (1% h) to 4.12+0.09 mm (5% h) after treatment with
normal saline.

On the other hand, the thickness of the hind leg of rats treated with the
AE]Jf was significantly reduced (p<0.05) compared to control rats. The
reduction in edema recorded was between 4.25+0.17 mm (1% h) and
3.31+0.12 mm (5% h), which corresponded to inhibitions of 19.35% and
19.66%, respectively, in rats treated with the AE]Jf at 62.5 mg/kg bw.
The maximum inhibition (23.11%) occurred at the 4™ h after treatment
with the extract. The doses of 250 and 500 mg/kg bw mimicked that of
62.5 mg/kg bw. The maximum reduction in edema of rats treated with
the extract was 28.1% at the extract dose of 500 mg/kg bw. Aspirin®
caused significant reductions in carrageenan-induced edema with a
maximum reduction percentage of 28.15% by the 4" h (Table 4).
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Curative effect of the AE]f on fresh egg albumin-induced edema in rats

Before egg albumin injection, the average paw thickness of the
different groups of rats was homogeneous with average values ranging
from 2.59+0.32 to 2.88+0.23 mm. One hour after the injection of
egg albumin, the average thickness of the rats paw was significantly
increased (p<0.001) and ranged from 5.99+0.33 to 6.68+0.21 mm. Oral
administration of the AEJf at doses ranging from 62.5 to 500 mg/kg
bw caused a significant reduction (p<0.05) of edema induced by the
injection of fresh egg albumin compared to that of the control group.
These reductions in edema varied from 8.88% to 29.62% with
maximum reductions mostly appearing at the 2" h of experimentation.
Aspirin® significantly diminished egg-albumin edema from 6.49+0.42
to 3.28+0.38 mm throughout the experiment. The maximum effect of
reduction of paw edema recorded after aspirin® administration was
22.3%, at the 1**h (Table 5).

Sub-chronic inflammation study

Effect of the AEJf on the formation of granuloma induced in rats by cotton
pellet

The average weights of wet and dry granuloma contents of the
controls (NaCl 9% and aspirin®) groups and those of the AEJf treated

Before fresh egg albumin

injection injection

1h after fresh egg albumin

5h after fresh egg albumin
injection

Fig. 1: Photographs of the right hind paws of rats before and after fresh egg albumin injection in rats. (a) Normal saline (control),
(b) Aqueous extract of Justicia flava 500 mg/kg bw, (c) Aspirin® 100 mg/kg bw

Table 3: Effect of the AEJf on histamine-induced edema in rats

Treatment and Paw thickness (mm) Paw thickness (mm) after histamine injection

doses before histamine (Edema inhibition percentage)

(mg/kg bw) injection 1h 2h 3h 4h 5h 6h

Normal saline 2.23£0.05 3.17+0.17  3.72+0.18 4.31+0.15 3.94+0.07 3.37+0.12 3.21+0.08

(control) (mL/kg bw)

AEJf62.5 2.38+0.03 3.07+0.23  3.13+0.16* 3.27£0.22%%*  3.02+0.17**  2.85+0.20* 2.81+0.20*
(26.59) (49.66) (57.21) (62.57) (58.77) (56.12)

AEJf 125 2.34+0.05 2.96+0.22  3.09+0.20* 3.29+0.22%*  3.01+£0.17**  2.62+0.04***  2.50+0.06***
(34.04) (49.66) (54.32) (60.81) (75.43) (83.67)

AEJf 250 2.26+0.03 3.02£0.19  2.76x0.04***  2.79+0.06%**  2.55+0.02***  2.49+0.03***  2.44+0.03***
(19.14) (66.44) (74.51) (83.04) (79.82) (81.63)

AEJf 500 2.29+0.08 3.03+0.18  2.95+0.07** 3.14£0.04***  2.99+0.05***  2.57+0.04***  2.52+0.01***
(21.27) (55.70) (59.13) (59.06) (75.43) (76.53)

Aspirin® 100 2.31+0.04 2.98+0.14  3.02+0.12** 2.99£0.06%**  2.72+0.07***  2.65+0.05***  2.56+0.04***
(28.72) (52.34) (67.30) (76.02) (70.17) (74.48)

*p<0.05, **p<0.01, ***p<0.001, n=6: Differences were significant when values of tested groups were compared to those of control group, at the corresponding time

(same column). AEJf: Aqueous extract of Justicia flava
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are recorded in Table 6. The weight of wet granuloma content of the
negative control group was 249+10.80 mg. The total AE]Jf induced a
significant and dose-dependent reduction in the granuloma formation
with an inhibition rate between 34.53% and 46.98%. The inhibition
percentage of the granuloma tissue formation of the group of rats
treated with aspirin® was 49.79%. The inhibitory effect of aspirin, the
standard drug, used in this study was significant (p<0.001) and higher
than that of the AEJf. The dry weight of the granuloma tissue for the
normal saline group was 32.8+2.11 mg. The AEJf at doses between 62.5
and 500 mg/kg bw caused a significant reduction in the dry weight of
the granuloma tissue with an inhibition percentage between 45.73%
and 59.45%. The significant inhibitory power (p<0.001) of aspirin® on
the granuloma formation induced by the cotton pellets was 52.13% in
rats after treatment.

Effect of the AEJf on white blood cells in cotton pelletes-induced
granuloma in rats

The variation in the number of white blood cells during the
formation of granuloma induced in rats by the cotton pellet is
registered in Table 7. The average number of white blood cells of
the rats from the different groups was homogeneous and varied
from 6.74+0.72x103/uL to 8.93+1.41x103/uL on the day O of the
experiment. On the day 8, the mean white blood cells count of rats
in the normal saline group was significantly (p<0.001) increased
from 7.48+0.71x10%/uL to 15.23+0.45x10%/uL. In contrast, after oral
administration with the AE]Jf at doses ranging from 62.5 to 500 mg/kg
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bw to the rats, the mean white blood cell count was reduced compared
to that of the normal saline group. At the dose of 500 mg/kg bw, the
decrease was significant (p<0.05). The reduction percentages were
ranged from 17.07% to 39.98%. Aspirin® used as anti-inflammatory
standard drug, also caused a significant decrease in the number of
white blood cells from 15.23+0.45x10%/uL to 10.10£1.51x103/uL.
This decrease corresponded to 33.68% compared to the number of
white blood cells in the normal saline group.

Effect of the AE]f on the red blood cells and platelets

The results of the change in the number of red blood cells and platelets
obtained are shown in Table 8. The numbers of red blood cells and
platelets of the six rats groups on day 0 was homogeneous and varied,
respectively, from 6.75+0.32x10° to 8.24+0.23x10°/uL and from
1080+52.6x10° to 1186+62x10%/uL. On the 8™ day after the induction
and treatment of inflammation, the number of red blood cells as well
as that of the platelets in the groups of rats treated with the AEJf and
aspirin® did not change significantly (p>0.05) compared to those of
the negative control group. The number of red cells in the negative
control group on day 8 was 7.46+0.30x10°/uL, while those recorded in
groups treated with the AE]Jf at doses ranging from 62.5 to 500 mg/kg
bw were between 7.44+0.28x10°/uL and 7.99+0.37x10¢/uL. As for the
rats treated with aspirin®, the number of red blood cells determined
was 7.89%0.33x10°/uL. The number of platelets in the normal saline
rats group significantly (p<0.05) raised from 1147+79.8x10%/uL to
1487+102x10%/uL during this study. The treatment of the rats with the

Table 4: Curative effect of the AEJf on carrageenan-induced edema in rats

Treatment and Paw thickness (mm) Paw thickness (mm)

Paw thickness (mm) after the injection of carrageenan (edema

doses before the injection 2 h after the injection reduction percentage)

(mg/kg bw) of carrageenan of carrageenan ih 2h 3h 4h Sh

Normal saline 2.51+0.07 5.61+0.23%# 5.27+0.08 4.78+0.12 4.59+0.08 4.37£0.09 4.12+0.09

(control) (mL/kg bw)

AEJf62.5 2.54+0.04 5.17+0.17## 4.25%0.17**  3.87+0.12*  3.76+0.12*  3.36+0.11*** 3.31+0.12**
(19.35) (19.03) (18.08) (23.11) (19.66)

AEJf125 2.61+0.05 5.36+0.35%# 4.29+0.16** 3.88+0.21*  3.67+£0.25*  3.50£0.15** 3.37+0.15**
(18.59) (18.82) (20.04) (19.90) (18.20)

AEJf 250 2.54+0.03 5.35+0.42%#% 4.28+0.23**  3.94+0.21*  3.8+0.28* 3.65+0.26%  3.33+0.23**
(18.78) (17.57) (17.21) (16.47) (19.17)

AEJf500 2.53+0.06 4.59+0.16"# 3.82+0.12%** 3.54+0.08*** 3.30+£0.10*** 3.15+0.06*** 3.06+0.10***
(27.51) (25.94) (28.1) (27.91) (25.72)

Aspirin® 100 2.58+0.11 5.30+0.26%#* 4.32+0.20**  3.78+0.27*  3.61+0.21** 3.14+0.12*** 3.04+0.09***
(18.03) (20.92) (21.35) (28.15) (26.21)

H#HH

p<0.001: significant difference when the thickness of the rats paws, before the injection of carrageenan, was compared to that after the injection of

carrageenan.’p<0.05, **p<0.01, ***p<0.001, n=6: significant difference when compared to the control group at the corresponding time (same column). AE]Jf: Aqueous

extract of Justicia flava

Table 5: Curative effect of the AEJf on fresh egg albumin-induced edema in rats

Treatment and Paw thickness (mm) Paw thickness (mm) Paw thickness (mm) after egg albumin injection

doses before the injection 1 h after the injection (edema reduction percentage)

(mg/kg bw) of egg albumin of egg albumin ih 2h 3h 4h Sh

Normal saline 2.76+0.08 6.37+0.13%# 6.41+0.28 5.94+0.34 5.05+0.27 4.50+0.31 4.12+0.24

(control) (mL/kg bw)

AEJf62.5 2.83+0.21 6.68+0.21%# 5.51+0.21 4.82+0.21%* 4.27+0.21%** 4.10+0.21 3.67+0.21
(14.04) (18.85) (15.44) (8.88) (10.92)

AEJf125 2.76x0.21 6.42+0.24%## 4.97+0.33*%*  4.27+0.31*** 3.89+0.39*** 3.60+0.37*** 3.45+0.30*
(22.46) (28.11) (22.97) (20) (16.26)

AEJf 250 2.88+0.23 5.99+0.33%## 4.79+£0.16%** 4.18+0.23*** 4.02+0.21*** 3.65+0.05** 3.58+0.25
(25.27) (29.62) (20.39) (18.88) (13.10)

AEJf 500 2.93%0.15 6.01+0.12%## 5.05£0.25%*  4.32+0.30*** 4.05+£0.15*** 3.77+0.26** 3.55£0.17
(21.21) (27.27) (19.80) (16.22) (13.83)

Aspirin® 100 2.59+0.32 6.49+0.42%4# 4.98+0.37%*  4.69+0.39*** 4.02+0.36*** 3.51+0.34*** 3.28+0.38**
(22.30) (21.04) (20.39) (22) (20.38)

###p<0.001: significant difference when the thickness of the rats paws, before injection of the egg albumin was compared to that after the injection of egg
albumin."p<0.05, "p<0.01, “"p<0.001, n=6: significant difference when compared to the control group at the corresponding time. AE]Jf: Aqueous extract of Justicia flava
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Table 6: Effect of AEJf on the formation of granuloma induced in
the rat by cotton pellet

Asian ] Pharm Clin Res, Vol 14, Issue 8, 2021, 146-153

Table 8: Effect of the AEJf on the red blood cells and blood
platelets

Treatment Average Inhibition Average Inhibition
and doses weight of wet Percentage weight of dry Percentage

(mg/kg granuloma (%) granuloma (%)
bw) content (mg) content (mg)
Normal 249+10.8 - 32.8£2.11 -
saline

(control)

(mL/kg

bw)

AEJf 62.5 163+25.3** 34.53 17.8+1.89*** 4573
AEJf125 154+13.4*  38.15 16.2+1.34*** 50.60
AEJf 250 133+15.8%**  46.58 15.9+3.00*%** 51.52
AEJf 500 132+16.6***  46.98 13.3£1.19%** 59.45
Aspirin® 125x15.7*%%*  49.79 15.7+1.75*%** 52.13
100

“p<0.01, "p<0.001, n=6: Comparison between NaCl control group and groups
treated at day 8 after induction of inflammation. AEJf: Aqueous extract of
Justicia flava

Table 7: Effect of the AEJf on white blood cells

Treatment and doses Average number of white blood cells

Treatment Number of red blood cells and platelets/(variation
and doses percentage)

{’35/ ke Day 0 Day 8
RBC PLT RBC PLT
(x10°/pL)  (x10°/pL)  (x10°/pL)  (x10°/pL)
Normal 7.30+0.18  1147+79.8 7.46+0.36 1487+102*
saline
(control)
(mL/kg
bw)
AEJf62.5  7.67+0.17 1080+52.6 7.44+0.28™ 1300+128"
(-0.26) (-12.57)
AEJf125 7.62+0.18  1154%49.2 7.96+0.20™ 1204+139"
(+6.7) (-19.03)
AEJf 250 7.55+x0.35 1186+62.0 7.94+0.19™ 1230+62.8™
(+6.43) (-17.28)
AEJf500 6.75+0.32  1083+64.9 7.99+0.37" 1150+76.1"
(+7.1) (-22.66)
Aspirin® 8.24+0.23  1133+25.5 7.89+0.33 1110+92.1"
100 (+5.76) (-25.35)

'p<0.05, n=6: Comparison between negative controls on day 0 and day 8 of the

(mg/kg bw) (x103/uL)/(reduction percentage) experiment, ns = not significant (p>0.05), comparison between normal saline
group and treated groups. AE]Jf: Aqueous extract of Justicia flava, RBC: Red
Day 0 Day 8 blood cells, PLT: Platelets, (-): Reduction; (+): Augmentation
Normal saline 7.48+0.71 15.23+0.45%##
(control) (mL/kg bw) Table 9: Effect of the AEJf on the rats body weight
AEJf62.5 8.93x1.41 11.34+0.93 (25.54)
AEJf125 6.74£0.72 12.63+2.20 (17.07) Treatment and doses  Average weight of Weight loss %
AEJf 250 7.17+0.89 11.84+1.22 (22.25) (mg/kg bw) rats (g)
AEJf500 7.80+0.89 9.14+0.53" (39.98) g/ke g
Aspirin® 100 7.82+0.55 10.10+1.51" (33.68) Day 0 Day 8
##p<0.001, n=6 Comparison between normal saline controls on day 0 and day Normal saline (control) 186+8.61 167+10.3 10.2+3.83
8 of the experiment, *p<0.01: comparison between normal saline and treated (mL/kg bw)
groups on day 8 of the experiment. AE]f: Aqueous extract of Justicia flava AEJf62.5 189+3.86 173+5.90 08.3+3.57
AEJf125 190+11.6  175%14.8  08.13%£2.93
AEJf (62.5-500 mg/kg bw) caused a non-significant decrease (p>0.05) 25}? égg %é;i;‘;g iggi}gg 8215’225*0**
i i i +9, £10. +0.
in the number of blood platelets with reduction percentages between Aspirin® 100 1894108 1804122  04.99+1.21%

12.57% and 22.66% compared to that of the negative control group.
The reduction percentage showed by aspirin® was 25.35% compared
to the normal saline group.

Effect of the AEJf on rats body weight

The results of the changes in experimental rats’ body weight over the
8 days are shown in Table 9. The weight of the rats in each group was
decreased compared to their weights on the day 0. The weight loss of
rats in the negative control group was 10.2+3.83%. However, weight
loss in groups treated with the AEJf was significantly (p<0.05) lower
than control group with values ranging from 03+0.64% to 06.13+0.80%.
The weight of the rats treated with aspirin® was also decreased to
04.99+1.21% on the 8" day of treatment.

DISCUSSION

The acute anti-inflammatory potential of the AEJf was evaluated
in rats using inflammation experimental models in rats. The AEJf
inhibited carrageenan-induced edema and fresh egg albumin-induced
edema during preventive and curative studies at all stages of the
inflammatory process. Thus, this extract could have an antagonistic
action on the release or on the effect of pro-inflammatory substances
such as histamine, serotonin, bradykinin, and prostaglandin. Indeed,
the injection of phlogogenic agents (carrageenan, dextran, fresh egg
albumin, and others) in the rat’s paw causes a local inflammation
due to tissue injury, which results in the release of several mediators
responsible of inflammatory process. This inflammatory response has
two-phases. The initial phase lasts about 1 h; it's due to the release

*p<0.05, ¥*p<0.01, n=6: Comparison between values of normal saline control
group and those of Justica flava aqueous extract treated groups. AEJf: Aqueous
extract of Justicia flava

of histamine and serotonin. Bradykinin is released in the second
phase between 1% h and 3 h. Prostaglandin release occurs after the
3 h [18]. Strong inhibitions of edema were observed throughout the
experiment for the preventive effect (77.63% and 61%, respectively, for
carrageenan and fresh egg albumin) and for the curative effect (28.1%
and 29.62%, respectively, for carrageenan and fresh egg albumin).
These results suggest that the inhibitory action of the AEJf may exert
more control over the release of all the chemical mediators responsible
for the inflammatory process during the first and the second phases.
These results are similar to those of Yoon and Lee [19] who showed that
the ethanolic extract of Bacopa monnieri, Cassia fistula, and Phyllanthus
polyphyllus at doses ranging from 1.25 to 12.5 mg/kg bw reduced
the egg-albumin edema by 49% after 45 min of experimentation. On
the other hand, some authors revealed that the methanolic extract of
Gladiolus segetum at 500 mg/kg bw inhibited the egg-albumin edema
by 52.67% after 5 h of experimentation [20]. Moreover, at 100 mg/kg
bw, the stem bark decoction of Stemonocoleus micranthus significantly
(p<0.05) inhibited carrageenan-induced edema by 57.1% at 5" h post-
treatment compared to control [21]. As stated above, histamine is a key
mediator of the first phase of acute inflammation. Thus, the effect of the
AE]Jf was investigated to assess its action on this mediator. This study
unraveled that histamine-induced edema in the rat was significantly
inhibited by prior administration of the AEJf at doses ranging from 62.5
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to 500 mg/kg bw. Indeed, an inhibitory effect of the AE]Jf was observed
from the 1°* h after histamine injection in rats. Therefore, it could be
hypothesized that the AE]f impeded either the release of histamine
from mast cells or its effect. These results corroborate those of Silva
et al. [22]. These authors showed that the ethanolic extract of Annona
vepretorum (100 mg/kg bw) significantly inhibited histamine-induced
edema. Likewise Mukarram and Syed also showed that the ethyl acetate
fraction of Teucrium stocksianum had antihistamine effect ranging from
18.14% to 31.04% [23]. This antihistamine effect was observed 2 h
after histamine injection. The AEJf significantly inhibited the weight
of granuloma induced by autoclaved sterilized cotton pellet in the rats.
The induction of inflammation by autoclaved sterilized cotton pellets
during 8 days of experimentation was characterized by the formation
of granulomas resulting from the proliferation of fibroblasts and the
infiltration of neutrophils with exudation of fluids [24]. Repeated
treatment of rats with the AE]fat doses ranging from 62.5 to 500 mg/kg
bw caused a maximum reduction in the mean weight of wet (46.98%)
and dry (59.45%) granulomas compared to negative control group. This
inhibition of the average weight of wet and dry granuloma contents
showed that the AEJf may have suppressed the proliferation phase of
inflammation characterized by vascular permeability, fluid absorption
at the level of cotton pellets, and proliferation of macrophages and
neutrophils. These results are similar to those of Rawat et al. who
disclosed that the methanolic extract of Kigelia pinnata leaves at
400 mg/kg bw inhibited the average weight of wet cotton pellets
by 45.15% and that of dry cotton pellets by 53.6% [25]. In addition,
other authors showed that at 400 mg/kg bw, the acetone extract of
Solenostemma argel leaves significantly (p<0.05) reduced wet cotton
peletts by 67.74% and that of dry cotton pellet by 70.58% [26]. The
assessment of rats body weight during granuloma formation induced
by the cotton pellets indicated a decrease in rats body weight in the
normal saline group. The body weight of the rats treated with the AEJf
at the different doses also decreased but less than that of the normal
saline group without any significant difference. The significant loss of
weight of the normal saline rats group could be due to a change in the
metabolic activity according to Walz et al. [27]. The slight restoration of
body weight recorded in the groups of rats treated with the AE]f could
be due to a beneficial effect on the digestive or nervous system. These
findings are contrary to those of Mishra et al. [28] who showed that
animal body weight dropped significantly after repeated administration
of the hydroethanolic extract of Mollugo pentaphylla in a cotton pellet
induced inflammation study. These differences could be due to the
action of constituents contained in the extracts of the different plants.
Daily oral treatment of the rats with aspirin and the AE]Jf exhibited
a significant decrease (p<0.05) in the number of white blood cells
which was raised by inflammation. Indeed, the insertion of sterilized
cotton pellets into the dorsal region of the rats generated a chronic
inflammation with an active release of the leucocytes thereafter.

This proliferation of white blood cells (macrophages, neutrophils)
would maintain the defensive activity of the host defense system [29].
According to Chen et al. [30], an active release and infiltration of white
blood cells are a biological sign of inflammation. Therefore, a significant
decrease in the number of white blood cells in the presence of the AE]Jf
could indicate that this extract contains substances that would act on the
rats’ immune system to inhibit the proliferation phase of inflammation
characterized by the release of white blood cells. The results of the
present work are similar to those of Mishra et al. [28]. These authors
showed that the hydro-ethanolic extract of M. pentaphylla significantly
reduced the number of white blood cells at doses of 200 and 400 mg/kg
bw in cotton pellet-induced inflammation.

The number of red blood cells did not change significantly after 8 days
of induction and treatment of chronic inflammation induced in rats by
the cotton pellet. Indeed, the exposure of the red blood cell membrane
to inflammatory substances released after the implantation of the
cotton pellets had no significant influence on these cells. As to the
platelet level, the number was significantly increased (p<0.05) in the
normal saline group after 8 days of induction of inflammation in rats
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by implantation of the cotton pellets. The number of blood platelets
in the rats treated with the total AEJf did not decrease significantly
compared to that of the negative control group. The platelet profile was
thereby not significantly affected by the total AE]Jf. The total AE]Jf did
not affect the platelet profile. Similar results were obtained by Marref
et al. [20] who found out that the methanolic extract of G. segetum
did not significantly alter the number of blood platelets compared to
control group in inflammation elicited by cotton pellet insertion in
rats. Similarly Lima et al. [31] showed that the crude extract of Verbena
litoralis used in the cotton pellets test did not affect the platelet count
compared to the negative control group.

CONCLUSION

The AE]Jf administered orally to rats has remarkable anti-inflammatory
properties. This could justify the traditional use of this plant in the
treatment of body aches, pain, and fever.
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