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Abstract
Background: Justicia secunda Vahl. is a medicinal plant used in ethnomedical practice as therapy to manage
inflammation. Therefore, this study was designed to evaluate the anti-inflammatory activity of methanol extract of J.
secunda leaves (MEJSL) using in vitro and in vivo inflammation models.
Methods: Seventy-percent MEJSL was prepared following standard procedure. In vitro anti-inflammatory assays
were performed using heat-induced bovine serum albumin (BSA) denaturation and erythrocyte membrane
stabilization assays. Carrageenan and formaldehyde induced inflammation in rat models were used to evaluate the
anti-inflammatory activity of MEJSL in vivo. Diclofenac sodium was used as a reference drug. In addition, liver and
kidney function assays and hematological analysis were carried out.
Results: Data revealed that varying concentrations of MEJSL significantly (P < 0.05) inhibited heat-induced BSA
denaturation and stabilized erythrocyte membrane against hypotonicity-induced hemolysis when compared with
diclofenac sodium in a concentration-dependent manner. In vivo study showed that 10 mg/kg body weight (b.w.)
diclofenac sodium, 100 and 300 mg/kg b.w. MEJSL suppressed carrageenan-induced paw edema at the sixth hour
by 71.14%, 83.08%, and 89.05%, respectively. Furthermore, 10 mg/kg b.w. diclofenac sodium, 100 and 300 mg/kg
b.w. MEJSL inhibited formaldehyde-induced paw edema by 72.53%, 74.73%, and 76.48%, respectively. Animals
treated with varying doses of MEJSL had reduced plasma aspartate aminotransferase and alanine aminotransferase
activities; urea and creatinine concentrations; and modulated hematological parameters when compared with the
untreated control group.
Conclusions: Findings from this study showed that MEJSL exhibited substantial anti-inflammatory actions in the
in vitro and in vivo models. It also indicated that MEJSL anti-inflammatory mechanisms of action could be through
interference with phase 2 inflammatory stressors, upregulation of cytoprotective genes, stabilization of inflammatory
cell membranes and immunomodulatory activity.
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Background
Medicinal plants have been used since time immemorial
to relieve symptoms and treat diseases. It has played a
vital role in health care systems where a substantial
population of the world depends on the use of herbs as
medicine [1]. Nowadays, there is an increasing interest
among researchers to investigate the pharmacological
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effects and potential mechanisms of action of sundry
medicinal plants using in vitro and in vivo models [2, 3].
Justicia secunda Vahl. which belong to the family of
Acanthaceae is commonly known as “bloodroot” and
“sanguinaria” in Barbados and Venezuela respectively [4,
5]. In South-Eastern Nigeria, it is locally called “obara
bundu”. The Ogbia people of Otuoke-Otuaba, Bayelsa,
Niger-Delta region of Nigeria calls it “asindiri” or “ohowaazara”. Justicia secunda grows in humid soil around
rivers or creeks and can be located in tropical and pantropical regions of the world [6].
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In folklore medicine, J. secunda leaves are used for treatment of wound, anemia, and pain within the abdominal
region [7]. The leaf decoction of J. secunda is consumed in
some parts of Nigeria, Cote-d’Ivoire, and Congo for the
purpose of improving hematocrit count [8]. Justicia
secunda leaves have been demonstrated to possess antisickling, antimicrobial, antihypertensive and hematinic
activities [4, 6, 8, 9]. The anti-inflammatory potential of J.
secunda leaves in animal model for 24 h was reported by
Onoja et al. [5]. Phytochemical evaluation of J. secunda
leaves detected alkaloids, polyphenols, flavonoids, tannins,
leucoanthocyanins, quinones and anthocyanins [8]. In
addition, quindoline, luteolin, auranamide, secundarellone
A, B and C, aurantamide acetate, and pyrrolidone derivatives have been documented for J. secunda leaves [10].
Inflammation is the body’s protective mechanism elicited in response to mechanical injuries, microbial infections, burns, and other deleterious stimuli that may
threaten the host health [11]. It can be classified as either
acute or chronic inflammation. Acute inflammation
occurs as an immediate response to trauma, usually
between two hours while chronic inflammation occurs as
an ongoing response to a longer-term medical condition
[12, 13]. Chronic inflammation has been claimed to cause
the most significant death in the World [14]. Clinically, inflammation is defined as a pathophysiological process
characterized by pain, redness, edema, heat, and loss of
tissue function [15]. This process involves changes in
blood flow, increased permeability of vascular tissues, and
tissue destruction via the activation and migration of
leucocytes with the synthesis of reactive oxygen species
(ROS), and local inflammatory mediators, including prostaglandins, leukotrienes, and platelet-activating factors
induced by phospholipase A2, cyclooxygenases, and lipoxygenases [16, 17].
Conventional steroidal anti-inflammatory drugs and
non-steroidal anti-inflammatory drugs (NSAID) used in
the treatment of acute inflammatory disorders have been
unsuccessful in the treatment of chronic inflammatory
disorders including rheumatoid arthritis. These conventional anti-inflammatory drugs have also been associated
with unwanted side effects [18, 19]. This has led to the
search for an alternative remedy, especially from medicinal plants to treat these inflammatory disorders.
Therefore, the aim of this study was to evaluate the antiinflammatory effects of MEJSL, using in vitro and
in vivo inflammation models with the rationale to provide an insight into the potential anti-inflammatory
mechanisms of action.

Methods
Plant material

Justicia secunda leaves were obtained in fresh condition
from a farm at Usaka-Umuofor, Isiala Ngwa North, South-
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Eastern, Nigeria. The plant was identified and authenticated at Forestry Research Institute of Nigeria, Ibadan, Oyo
State with voucher specimen number 112177.
Extraction procedure

Justicia secunda leaves were washed and dried in a hot
air-oven at 40 °C for 48 h. They were pulverized using a
mechanical blender and sieved to obtain the fine powder
form. Eighty grams of pulverized J. secunda leaves was
steeped in 640 mL 70% methanol (1:8), shaken intermittently for 48 h. The obtained suspension was filtered
using Whatman No.1 filter paper and the filtrate concentrated in a rotary evaporator (Buchi Rotavapor RE-3;
Buchi Labortecknic AG, Switzerland) at 40 °C. The obtained concentrate yield was 8.16 g, stored at 4 °C until
further use.
Evaluation of in vitro anti-inflammation activity
Inhibition of heat-induced bovine serum albumin
denaturation assay

Effect of methanol extract of J. secunda leaves (MEJSL)
on heat-induced bovine serum albumin (BSA) denaturation assay was carried out using a method described by
Chandra et al. [20] with minor modifications. The reaction mixtures consist of varying concentrations (100,
200, 300 and 500 μg/mL) of MEJSL or reference drug
diclofenac sodium (2-[(2,6 dichlorophenyl)amino] benzene acetic acid sodium salt) (an NSAID), 1% w/v BSA
and phosphate buffered saline (PBS, pH 6.4) separately
while PBS was used as control. The reaction mixtures
were incubated at 37 °C for 20 min and the temperature
was increased to keep the samples at 70 °C for 5 min.
After cooling, turbidity was measured at 660 nm using
UV-visible spectrophotometer (Schimadzu Double Beam
UV-2600, Japan). The control represents 100% protein
denaturation. The percentage inhibition of BSA denaturation was calculated as stated below:
h  .
%inhibition of BSA denaturation ¼ 100  1− A2

i
A1

Where A1 = absorbance of the control, and A2 = absorbance of the test sample.
Erythrocyte membrane stabilization assay

The effect of MEJSL on hypotonicity-induced erythrocyte membrane hemolysis assay was performed following
the method adopted by Shinde et al. [21] and modified
by Oyedapo et al. [22]. Whole blood sample (5 mL) was
obtained from human by venipuncture using a syringe
and immediately transferred to an ethylenediaminetetraacetic acid (EDTA) bottle. The blood sample was centrifuged for 10 min at 3000 rpm (rpm) and the supernatant
was carefully removed while the packed red blood cells
were washed in freshly prepared isosaline solution
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(0.85% NaCl). Subsequently, the blood was washed and
centrifuged repeatedly until the supernatant became
clear. Stock red blood cell (10% v/v) was prepared in isosaline solution. The assay mixture contained 1 mL sodium phosphate buffer (pH 7.4, 0.15 mol/L), 2 mL
hyposaline solution (0.36% w/v NaCl), 0.5 mL stock red
blood cell suspension (10%, v/v) with 0.5 mL of MEJSL
or diclofenac sodium (reference drug) of varying concentrations in test tubes. For the control, distilled water replaced hyposaline solution to induce 100% hemolysis.
The different test tubes were incubated at 56 °C in a
water bath for 30 min and then centrifuged at 5000 rpm.
The hemoglobin content in each tube was estimated
using UV-visible spectrophotometer (Schimadzu Double
Beam UV-2600, Japan) at 560 nm.

%stabilization ¼ 100−


optical density of extract
 100
optical density of control

Experimental animals

Fifty (50) male albino rats (Wistar strain) weighing between 100 and 180 g were purchased from the Animal
Facility, Babcock University. The rats were allowed to
acclimatized and fed with commercial pellet rat chow
and water for 14 days. The rats were housed in plastic
cages and maintained following the National Institute of
Health (NIH) documentation on the guide for the care
and use of laboratory animals [23].
Experimental animal design

The rats were randomly distributed into 10 groups by a
feature of weight, for two separate investigations, consisting of 5 rats per group.
Experiment 1: carrageenan-induced inflammation model

Effect of MEJSL on carrageenan-induced inflammation
was carried out as described by Winter et al. [24]. This
experiment involved five groups of five rats each, the
rats were fasted overnight and had free access to water
prior to the day of the experiment. The experimental
design was as follows: Group I: rats were orally administered with 1 mL 0.9% NaCl only (normal group); Group
II: rats were orally administered with 1 mL 0.9% NaCl +
induction of arthritis using carrageenan (control group);
Group III: rats were orally administered with 10 mg/kg
body weight (b.w.) diclofenac sodium + induction of
arthritis using carrageenan (standard group); Group IV
and V: rats were orally administered with 100 and 300
mg/kg b.w. MEJSL + induction of arthritis using carrageenan (test groups). Prior to the treatments, the initial
paw edema of each rat was measured using a micrometer screw gauge. One hour after treatment, paw edema
was induced by injecting 0.1 mL 1% solution of
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carrageenan into the left hind paw just beneath the plantar of aponeurosis. Subsequently, the increase in left paw
edema was measured at an hour interval for 6 h posttreatment. The percentage inhibition of inflammation
was calculated as stated below:

%inhibition of inflammation ¼


Vt
1−
 100
Vc

Vt is the mean paw edema in the treated groups while
Vt is the mean paw edema in the control group.
Experiment 2: formaldehyde-induced inflammation model

Effect of MEJSL on formaldehyde-induced inflammation
assay was carried out by following a modified method described by Agnel and Shobana [25]. The study involved
five groups of five rats each, the rats were fasted overnight
and had free access to water prior to the day of the experiment which lasted for 7 days. The experimental design
was as follows: Group I: rats were orally administered with
0.2 mL 0.9% NaCl only (normal group); Group II: rats
were orally administered with 0.2 mL 0.9% NaCl + induction of arthritis using 2% v/v formaldehyde (control
group); Group III: rats were orally administered with 10
mg/kg b.w. diclofenac sodium + induction of arthritis
using 2% v/v formaldehyde (standard group); Group IV
and V: rats were orally administered with 100 and 300
mg/kg b.w. MEJSL + induction of arthritis using 2% v/v
formaldehyde (test groups). In the first and third days of
treatment, 0.02 mL 2% v/v formaldehyde was injected into
the left hind paw of rats just beneath the plantar of aponeurosis to induce arthritis. The increase in paw edema
was measured using a micrometer screw gauge. This was
done 30 min before the induction of arthritis, and every
24 h for 7 days. The percentage inhibition of inflammation
was calculated as stated below:

%inhibition of inflammation ¼


Vt
1−
 100
Vc

Vt is the mean paw edema in the treated groups while
Vt is the mean paw edema in the control group.
Biochemical assays

On the eight-day of the formaldehyde-induced inflammation model study, blood samples were collected by
using 5 mL hypodermal syringes through cardiac puncture and transferred into EDTA bottles and heparin bottles to avoid clotting. The whole blood samples in
heparin bottles were spun in a centrifuge (UNICO C856
Power Spin™ Model LX, United States) at 3500 rpm for
5 min to obtain plasma which was used for liver and kidney function analysis while blood samples in EDTA bottles were used for hematological analysis.
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Liver function analysis

Effect of MEJSL on aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) activities were assayed
according to the method outlined in the Randox kit (Randox, United Kingdom).
Kidney function analysis

Effect of MEJSL on plasma creatinine and urea concentrations were measured following the quantitative colorimetric methods as outlined in the Randox kit (Randox,
United Kingdom).

denaturation in a concentration-dependent manner.
MEJSL (IC50 = 186.20 ± 2.25 μg/mL) significantly (P <
0.05) exhibited a higher inhibition of heat-induced
BSA denaturation than diclofenac sodium (IC50 =
215.50 ± 4.11 μg/mL). Furthermore, Data in Table 2
showed that the 250–2000 μg/mL MEJSL and diclofenac sodium stabilized erythrocyte membrane against
hypotonicity-induced hemolysis in a concentrationdependent manner. The MEJSL (480.40 ± 1.47 μg/mL)
significantly (P < 0.05) stabilized erythrocyte membrane against hypotonicity-induced hemolysis than
diclofenac sodium (637.40 ± 2.69 μg/mL).

Hematological analysis

Hematological analysis was performed using whole blood
samples in EDTA bottles to determine red blood cell
(RBC), hematocrit (HCT), hemoglobin (HGB), platelet
(PLT), white blood cell (WBC), lymphocyte (LYM), granulocyte (GRAN), basophil, eosinophil, and monocyte
(EBM) counts using an autoanalyzer (Swelab Alfa 3-Part
Hematology Analyzer, Boule Medicals, Spanga, Sweden) at
Babcock University Teaching Hospital Medical Laboratory.
Statistical analysis

Data were expressed as mean ± standard error of mean
(SEM) (n = 5). Sample T-test analytical method was used
to evaluate the difference between means in the in vitro
anti-inflammatory experiments. Linear regression was
performed to determine 50 % inhibitory concentration
(IC50). The difference between the experimental and
control groups was determined using GraphPad Prism®
version 7.0, the comparison carried out using one-way
analysis of variance (ANOVA). The significant difference
in the experimental groups was assessed using the least
significant difference (LSD) post-hoc analysis to test the
significance at P < 0.05.

Results
In vitro anti-inflammation assays

Data in Table 1 showed that 100–500 μg/mL MEJSL
and diclofenac sodium inhibited heat-induced BSA

In vivo anti-inflammation assays
Carrageenan-induced inflammation model

Data in Fig. 1 showed that 100 and 300 mg/kg b.w. μg/
mL MEJSL and 10 mg/kg b.w. diclofenac sodium treated
animals induced with inflammation using carrageenan
significantly (P < 0.05) inhibited paw edema in a dosedependent manner when compared with the untreated
control group for a period of 6 hours. Diclofenac sodium
(10 mg/kg b.w.), 100 and 300 mg/kg b.w. MEJSL suppressed paw edema of rats at the sixth hour by 0.58 ±
0.03 mm (71.14%), 0.34 ± 0.09 mm (83.08%) and 0.22 ±
0.07 mm (89.05%), respectively when compared with
those of untreated control group.
Formaldehyde-induced inflammation model

Data in Fig. 2 indicated that orally administered 100 and
300 mg/kg b.w. MEJSL and 10 mg/kg b.w. diclofenac sodium to experimental animals induced with inflammation using 2% v/v formaldehyde significantly (P < 0.05)
inhibited paw edema of rats when compared with the
untreated control group in a dose-dependent manner.
The 100 and 300 mg/kg b.w. MEJSL suppressed paw
edema of rats by 74.73% (1.15 ± 0.30 mm) and 76.48%
(1.07 ± 0.40 mm) which was found to be comparable
with the animals treated with 10 mg/kg b.w. diclofenac
sodium that inhibited paw edema by 75.53% (1.25 ± 0.33
mm), respectively.

Table 1 Effect of methanol extract of J. secunda leaves on heat-induced BSA denaturation
Test samples

Concentration (μg/mL)

Inhibition (%)

IC50 (μg/mL)

Methanol extract of J. secunda leaves

100

25.00 ± 0.01

186.20 ± 2.25

200

32.73 ± 0.01

300

36.21 ± 0.01

500

37.71 ± 0.03

100

2.70 ± 0.05

200

19.57 ± 0.01

300

40.35 ± 0.05

500

45.71 ± 0.01

Diclofenac sodium

Data were expressed as mean ± SEM
IC50 50 % inhibitory concentration, BSA bovine serum albumin

215.50 ± 4.11
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Table 2 Effect of methanol extract of J. secunda leaves on hypotonicity-induced hemolysis erythrocyte membrane
Test samples

Concentration
(μg/mL)

Stabilization (%)

IC50 (μg/mL)

Methanol extract of J. secunda leaves

250

89.98 ± 0.03

480.40 ± 1.47

500

93.65 ± 0.03

1000

94.56 ± 0.01

2000

94.45 ± 0.03

250

89.60 ± 0.03

500

91.94 ± 0.01

1000

93.57 ± 0.01

2000

95.26 ± 0.01

Diclofenac sodium

637.40 ± 2.69

The data expressed were expressed as mean value ± standard error of mean (SEM)
IC50 50 % inhibitory concentration

Liver function analysis
Plasma alanine aminotransferase (ALT) activity

Data in Fig. 3 showed that untreated control animals
(10.24 ± 0.55 U/l) had a significantly (P < 0.05) elevated
plasma ALT activity when compared with the normal
group (7.37 ± 0.48 U/l). Animals induced with inflammation using formaldehyde and treated with 100 mg/kg
b.w. MEJSL (8.84 ± 0.37 U/l), 300 mg/kg b.w. MEJSL
(7.94 ± 0.44 U/l), and diclofenac sodium (7.40 ± 0.28 U/l)
had significantly (P < 0.05) reduced plasma ALT activity
when compared with those of untreated group (10.24 ±
0.55 U/l). The MEJSL exhibited a dose-dependent reduction in plasma ALT activity. In addition, the plasma

ALT activity in animals treated with 300 mg/kg b.w.
MEJSL was comparable to those of diclofenac treated
group.
Plasma aspartate aminotransferase (AST) activity

Data in Fig. 4 showed that animals induced with inflammation using formaldehyde and treated with 100 mg/kg
b.w. MEJSL (27.10 ± 2.31 U/l), 300 mg/kg b.w. MEJSL
(22.40 ± 0.73 U/l) and 10 mg/kg diclofenac sodium
(30.98 ± 2.68 U/l) had significantly (P < 0.05) reduced
plasma AST activities when compared with untreated animals (52.55 ± 3.41 U/l). Furthermore, MEJSL exhibited a
dose-dependent decrease in plasma AST activity. Animals

Fig. 1 Percentage inhibition of carrageenan-induced paw edema in rats treated with 100 and 300 mg/kg methanol extract of Justicia secunda
leaves. Data expressed as mean ± standard error of mean
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Fig. 2 Change in paw edema by different doses of methanol extract of Justicia secunda leaves in rat induced with inflammation
using formaldehyde

treated with 300 mg/kg b.w. MEJSL (22.40 ± 0.73 U/l) had
a significantly (P < 0.05) reduced plasma AST activity
when compared with diclofenac sodium treated group
(30.98 ± 2.68 U/l).

Kidney function analysis
Plasma urea

Data in Fig. 5 showed that the untreated control group
(40.40 ± 2.50 mg/dL) had a significantly (P < 0.05) higher
plasma urea concentration when compared with the
normal group (29.23 ± 2.54 mg/dL). Animals induced
with inflammation using formaldehyde and treated with
100 mg/kg b.w. MEJSL (25.24 ± 2.14 mg/dL), 300 mg/kg
b.w. MEJSL (26.12 ± 0.98 mg/dL) and 10 mg/kg b.w.
diclofenac sodium (30.9 ± 1.68 mg/dL) had significantly
(P < 0.05) decreased plasma urea concentrations when
compared with the untreated control group. Furthermore, animals treated with MEJSL had significantly (P <
0.05) reduced plasma urea concentration when compared with diclofenac sodium treated group.

Plasma creatinine

Figure 6 showed that the untreated control group (1.62 ±
0.22 mg/dL) had a significantly (P < 0.05) elevated plasma
creatinine concentration when compared with the normal
group (0.95 ± 1.10 mg/dL). However, animals induced with
inflammation using formaldehyde and treated with 100
mg/kg b.w. MEJSL (1.33 ± 0.13 mg/dL), 300 mg/kg b.w.
MEJSL (1.08 ± 0.06 mg/dL) and 10 mg/kg b.w. diclofenac
sodium (1.04 ± 0.13 mg/dL). The MEJSL treated animals
exhibited a dose-dependent reduction in plasma creatinine
concentrations. The 300 mg/kg b.w. MEJSL treated animals had comparable plasma creatinine concentration
when compared with diclofenac sodium treated animals.
Hematological analysis

Results in Table 3 indicated that 100 and 300 mg/kg b.w.
MEJSL treated animals induced with inflammation using
formaldehyde had significantly (P < 0.05) higher red
blood cell (RBC), hematocrit (HCT), hemoglobin (HGB)
and platelet (PLT) counts when compared with the untreated control group. However, there was no significant
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Fig. 3 Effects of methanol extract of J. secunda leaves on plasma alanine aminotransferase (ALT) activity in normal and formaldehyde-induced
arthritic rats. MEJSL-indicates methanol extract of Justicia secunda leaves. Different letters indicate significantly different at P < 0.05

difference (P > 0.05) in RBC, HCT, HGB and PLT counts
between 10 mg/kg b.w. diclofenac sodium treated animals and untreated control group. Furthermore, 100 and
300 mg/kg b.w. MEJSL treated animals had significantly
(P < 0.05) reduced white blood cell (WBC), lymphocyte
(LYM), granulocyte (GRAN), eosinophil, basophil and
monocyte (EBM) counts when compared with untreated
control animal. However, WBC, LYM, GRAN and EBM
counts in animals treated with diclofenac sodium were
not significantly different (P > 0.05) when compared with
untreated control animals.

Discussion
Identification and isolation of medicinal products from
plants have been an ever-increasing area of interest in
the field of drug discovery [26]. In this present study, the
anti-inflammatory potential of methanol extract of J.
secunda leaves (MEJSL) using in vitro and in vivo inflammation models were evaluated.
The different concentrations of MEJSL exhibited high
inhibition of heat-induced protein denaturation and
stabilization of erythrocyte membrane against hypotonicityinduced hemolysis, when compared with those of
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Fig. 4 Effects of methanol extract of J. secunda leaves on the plasma aspartate aminotransferase (AST) activity in normal and formaldehydeinduced arthritic rats. MEJSL-indicates methanol extract of Justicia secunda leaves. Different letters indicate significantly different at P < 0.05

diclofenac sodium. These data indicate that MEJSL could
contain an anti-inflammatory property. Previous studies
have demonstrated that plant extracts with antiinflammatory property possess the capacity to inhibit protein denaturation and stabilize cell membrane against lysis
[27, 28]. Protein denaturation is a biochemical reaction that
occurs during chronic inflammatory response which could
result into loss of tissue function [29, 30]. In addition, lysis
of lysosomal membranes during chronic inflammation has
been proven to release pro-inflammatory markers including
activated neutrophils, proteases and histamines at the local
site of tissue damage [31, 32]. Hence, medicinal plant

extract that inhibit protein denaturation and stabilize cell
membrane against lysis could serve as a potential source of
lead anti-inflammatory drug candidates.
Furthermore, the in vivo anti-inflammatory potential
of MEJSL was evaluated using two animal models: carrageenan and formaldehyde induced inflammations. In
carrageenan and formaldehyde-induced inflammation
models, the animals that were orally administered with
100 and 300 mg/kg b.w. MEJSL had substantially suppressed paw edema thickness when compared with
those of untreated control animals. This indicates that
MEJSL possesses anti-inflammatory activity in vivo.
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Fig. 5 Effects of methanol extract of J. secunda leaves on the concentration of plasma urea in normal and formaldehyde-induced treated rats.
MEJSL-indicates methanol extract of Justicia secunda leaves. Different letters indicate significantly different at P < 0.05

These findings supported the data from the in vitro
anti-inflammatory study that purported MEJSL to possess anti-inflammatory property. Previously, it has been
documented that carrageenan and formaldehyde are
agents that have the capacity to elicit the release of
inflammatory stressors including prostaglandin, serotonin,
protease, lysosome, cytokine, and histamine in animal
models [15]. Hence, it is suggested that the capacity of
MEJSL to suppress rat paw edema in carrageenan and formaldehyde induced inflammation rat models might be
through mitigation of the release and migration of inflammatory stressors to the site of tissue damage. Furthermore,
bioactive compounds present in MEJSL could be responsible for the anti-inflammatory action. Previous studies
reported that J. secunda leaves contain polyphenolic compounds, which have been shown to potentially exhibit
anti-inflammatory effects [5, 8, 33].
In addition, the anti-inflammatory property of MEJSL
in the animal models might be through activation of
nuclear factor-erythroid 2 p45 related factor 2 (Nrf2)
signaling pathway. Several studies have demonstrated
that Nrf2 signaling pathway is a key target in the discovery of anti-inflammatory bioactive compounds. Nrf2
orchestrates the activation of anti-inflammatory and
antioxidant gene expressions through the Keap (Kelch-

like ECH-associated protein) 1/Nrf2/ARE (antioxidant
response element) signaling pathway and inhibits the
progression of inflammation, thereby protecting cells
from injuries [34, 35]. A supplementation with hydroxytyrosol, a polyphenolic compound had been shown to
reduce the inflammatory stressors in mice fed with high
fat diet through activation of Nrf2 pathway and downregulation of nuclear factor kappa B (NF-κB) [36, 37].
NF-κB has been shown to induce transcription of proinflammatory mediators which includes interleukins, cytokines and cyclooxygenase-2 (COX-2) [38]. Hence,
plant bioactive compound that target and inhibit NF-κB
could serve as anti-inflammatory agent. More so, a plant
polyphenol, kaempferol has been demonstrated to attenuate interleukin (IL)-6-induced COX-2 expression in
human monocytic THP-1 cells suggesting its beneficial
role in chronic inflammation [39].
In this present study, experimental animals induced with
inflammation using carrageenan and formaldehyde models
were found to exhibit a biphasic inflammatory response to
tissue damage. Previous studies stipulate that the first phase
of inflammatory response in carrageenan-induced inflammation is usually due to the release of substance P, kininlike substances, serotonin and histamine with enhanced
production of prostaglandins at the localized site of tissue
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Fig. 6 Effects of methanol extract of J. secunda leaves on plasma creatinine concentration in normal and formaldehyde-induced arthritic rats.
MEJSL-indicates methanol extract of Justicia secunda leaves. Different letters indicate significantly different at P < 0.05

damage within 2 h, while the second inflammation phase is
characterized by the release of bradykinin, leukotrienes,
prostaglandins, and proteases [40]. Based on this premise, it
can be deduced from the carrageenan-induced inflammation model that suppression of the first inflammatory phase
at 2nd hour by MEJSL might be due to inhibition of early
pro-inflammatory mediator’s release, including histamine
and serotonin. The suppressive effect noted during second
inflammatory phase might be the resultant effect of cyclooxygenase inhibition by MEJSL [41]. It was also thought
that the membrane-stabilizing property of MEJSL could
prevent the release of proteases from lysosomes, thereby
mitigating the release of pro-inflammatory factors.

Furthermore,
the
biphasic
phenomenon
in
formaldehyde-induced inflammation model has been
reported to be both neurogenic (first phase) and antiinflammatory (second phase) [40]. MEJSL suppressed
paw edema starting from the 2nd day of animal treatment. This further strengthens the claim that MEJSL
possesses anti-inflammatory property. Previous studies
have shown that the first phase of an inflammatory response results from the stimulation of pain receptors
and it is usually insensitive to anti-inflammatory agents.
This could account for the increase in rat paw thickness
in all experimental groups from the time of treatment
until “day 2” when suppression was noticed among the
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Table 3 Effects of methanol extract of J. secunda leaves on hematological parameters of rats induced with inflammation using
formaldehyde
Parameters

Normal

Untreated control

10 mg/kg b.w. Diclofenac sodium

100 mg/kg b.w.
MEJSL

300 mg/kg b.w.
MEJSL

RBC (1012/L)

6.43 ± 0.69

6.19 ± 0.04α

6.16 ± 0.75α

7.09 ± 0.53β

7.87 ± 0.10β

α

HCT (%)

41.96 ± 5.84

38.30 ± 1.42

HGB (g/dl)

13.50 ± 1.07

12.36 ± 0.94α

9

α

β

40.60 ± 1.13

12.56 ± 0.31α
α

44.92 ± 1.31β

42.14 ± 1.09

14.36 ± 0.87β
α

619.40 ± 36.44 β

PLT (10 /L)

489.00 ± 67.32

339.40 ± 72.58

335.20 ± 83.65

WBC (109/L)

9.22 ± 3.26

11.18 ± 0.12Ω

9.66 ± 0.16€

9.04 ± 0.26*

8.46 ± 1.53*

Ω

7.50 ± 1.63€

7.40 ± 0.78*

7.10 ± 1.39*

Ω

€

0.84 ± 0.21

0.62 ± 0.06*

0.44 ± 0.07*

1.32 ± 0.35€

1.02 ± 0.15*

0.92 ± 0.13*

9

LYM (10 /L)
9

7.06 ± 2.11

8.25 ± 0.99

GRAN (10 /L)

1.40 ± 0.85

0.74 ± 0.12

EBM (109/L)

0.76 ± 0.32

2.79 ± 0.10 Ω

527.80 ± 48.36

14.66 ± 0.36 β
β

RBC red blood cells, HCT hematocrit, PLT platelet, WBC white blood cells, HGB hemoglobin, LYM lymphocytes, GRAN granulocytes, EBM eosinophil, basophil, and
monocyte, MEJSL methanol extract of Justicia secunda leaves
Different symbols across row indicate significantly different at P < 0.05

MEJSL and diclofenac sodium treated groups. More so,
anti-inflammatory agents have been demonstrated to
prominently block the second phase than the first phase
in formaldehyde-induced inflammation model [42, 43].
The second phase of an inflammatory response is
dependent on peripheral inflammation due to changes
in the pain receptors by chemical mediators including
prostaglandin-like substances [40]. Hence, evidence
from this present study suggests that MEJSL may be
suppressing the chemical mediators associated with inflammation. This data seems to be in agreement with
the previous claim that J. secunda leaves could possess
an anti-inflammatory activity [5].
Furthermore, MEJSL treated animals had reduced
plasma AST and ALT activities when compared with untreated control animals. This revealed that MEJSL could
possess hepatoprotective effect. It has been previously
shown that elevated plasma AST and ALT activities are
indicators of tissue damage which are measured clinically
as a diagnostic evaluation of liver function [44]. Hepatocellular damage resulting from formaldehyde-induced oxidative and inflammatory stressors could cause leakage of
cytoplasmic enzymes into the plasma with concomitant
increase in plasma enzyme activities. This observed hepatoprotective effect of MEJSL might be due to the presence
of bioactive compounds with antioxidant activity against
ROS-induced tissue damage. Previous data had shown
that J. secunda leaves possess antioxidant compounds [5].
It could also be due to the presence of electrophilic compounds in J. secunda leaves that activate Nrf2 signaling
pathway. The activated Nrf2 is translocated to the nucleus
where it transactivate ARE which in turn triggers the upregulation of cytoprotective antioxidant and drug detoxifying genes, thereby protecting tissues against oxidative and
inflammatory stressors [34].
Furthermore, animals treated with MEJSL had reduced
plasma urea and creatinine concentrations when

compared with untreated control animals. The reduced
plasma urea and creatinine concentrations could be indicative of MEJSL nephroprotective activity. Plasma urea
and creatinine concentrations are measured primarily to
assess kidney function where their elevation is indicative
of under-excretion capacity of the kidney, suggesting kidney impairment [45]. Hence, findings from this present
study connotes that MEJSL contains bioactive compounds
with nephroprotective property. Previous report has also
shown that plant polyphenols could elicit a chemoprotective effect against kidney damage [46].
Hematological analysis revealed that animals induced
with inflammation using formaldehyde and treated with
100 and 300 mg/kg b.w. MEJSL had elevated RBC, HCT,
and HGB counts when compared with the untreated control and normal groups. This suggests that MEJSL could
possess erythropoietic property. Previous study had indicated the J. secunda leaves could contain blood-boosting
principles and this perhaps account for its ethnobotanical
use in the management of anemia [5, 8]. In addition, the
elevated platelet count in the MEJSL treated animals could
be indicative of its wound healing property. Platelet cells
had been demonstrated to play a major role in the healing
process of damaged tissues [47].
Further investigation showed that animals treated with
MEJSL and diclofenac sodium had reduced WBC, LYM,
GRAN, and EBM counts when compared with untreated
control animals. This suggests that MEJSL could possess
immunomodulatory activity. An elevation in the immunological/inflammatory cells has been reported to indicate a heightened inflammatory response to the local
site of tissue damage [15, 48]. More so, cellular response
played by infiltrating cells through the release lysosomal
contents at the local site of tissue damage would aggravate the inflammatory stressors [49, 50]. During inflammation, immunological/inflammatory cells generate ROS
that damage macromolecules and also produce large
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amount of pro-inflammatory mediators including cytokines, chemokines and prostaglandins. These proinflammatory markers further recruit macrophages and
directly activate multiple signal transduction cascades
and transcription factors such as NF-κB, MAPK (mitogen-activated protein kinase), and JAK (janus kinase)STAT (signal transducers and activators of transcription)
associated with inflammation signaling pathways [15].
The clinical use of non-steroidal anti-inflammatory
drugs have also been reported to exhibit immunomodulatory activity on infiltrating cells at the local site of
tissue damage [51].

Conclusions
This study suggested that the methanol extract of J.
secunda leaves possess anti-inflammatory, hepatoprotective, nephroprotective and immunomodulatory activities. It also showed that the anti-inflammatory
mechanisms of action might be through direct inhibition of phase 2 pro-inflammatory signals, activation of
Nrf2 signaling pathways, upregulation of cytoprotective
genes and stabilization of inflammatory cell membranes. Furthermore, it provides some scientific insight
into the ethnobotanical use of J. secunda leaves in folklore medicine. It is recommended that MEJSL could be
considered as a choice candidate in pharmaceutical
anti-inflammatory drug development.
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