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ABSTRACT

Aims: Inflammatory cytokines as well as exogenously invading antigens among others are keenly
involved in the generation of oxidative stress such as reactive oxygen species, reactive nitrogen
species capable of causing related diseases. hence this study aimed at evaluating the In-vivo
antioxidant modulatory properties of Justicia carnea aqueous leave extract on sheep red blood
cells immunized mice.

Study Design: The animals were grouped into six with five animals per group (Vehicle; distilled
water 10 mL/Kg, Sheep Red Blood Cells 0.2 mL/Kg, Justicia carnea 125 mg/Kg, 250 mg/Kg and
500 mg/Kg, and Levamisole 7.5 mg/Kg )

Place and Duration of Study: The animals used for this study were breed, feed and housed at
ambient temperature and well-ventilated animal house of the Basic Medical Sciences in Delta State
University, Abraka and Emma-maria laboratory Abraka. The study lasted for two (2) weeks.

*Corresponding author: E-mail: bolosben@gmail.com, biwetan@delsu.edu.ng;
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(Determination of Superoxide Dismutase,

were carried out.

immune related diseases.

Methodology: All groups were immunized at day zero and day 5 with SRBC inducing immune
response except for the VEH group that was not immunized. Treatment of the various groups with
respective treatment agents commenced on day 3 to day 9. On day 10 the antioxidant enzymes
Catalase,
Glutathione Peroxidase, Nitric oxide and Xanthine Oxidase) of the brain, liver, kidney and Spleen

Results: The findings in this study reveal the antioxidant enhancement by the plant Justicia carnea
being significant when compared to the Vehicle and Sheep Red Blood Cells. Levamisole a
standard immunostimulants drug also has significant antioxidant potentials.

Conclusion: The study was able to showcase the antioxidants activities of the plant Justicia
carnea. Pharmacological antioxidants may be developed from the plant, which might be helpful in

Myeloperoxidase, Malondialdehyde,

Keywords: Immunized; Immunostimulant; antigenic; antioxidants; free-radicals; Justicia carnea

1. INTRODUCTION

Uncontrolled immunological expression may be
characterized by the level of stress expressed by
the organism, which result from the stressors
such as Reactive Nitrogen Species (RNS),
Reactive Oxygen Species (ROS), Free-radicals
and other inducers that might be exogenously
introduced antigens. ROS is linked to
hyperactivation in inflammation that can cause
tissue damage and related disease conditions

[1].

Nevertheless, ROS is demanded for the
activation of T cells, NADPH oxidase in
conjunction with mitochondria activates ROS
generation which have direct effect on the
activation of B cells production and proliferation
upon interaction with the receptor of B cell (BCR)
[2]. In other words, T cell receptor (TCR) and
BCR transduction pathways needs ROS
generation to illicit well-established inflammatory
response.

These findings have been revalidated following
in-vivo studies. The engine room for the ROS
generation has highly been attributed to the
mitochondria [3]. Strategically maneuvering the
mitochondria using pharmacological and genetic
modification approach can reduce the activation
of T cells in-vitro and in-vivo.

Adaptively, upon sensing the presence of
pathogens, T and B pathogen’s-specific cells are
proliferated to meet the demand of precipitating,
presenting and deactivation of the pathogens. In
vitro experimental investigation reveals use of
pharmacologic antioxidant as being suppressive
to the production and proliferation of IL-2 as a
result of activated T cell receptor (TCR) [4]. IL-2
is a player in inflammation processes, whose
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regulation is required in antiflammatory
therapeutic goal.
The endogenous antioxidants namely,

Superoxide dismutase (SOD) [5], Catalase (CAT)
[6], Myeloperoxidase (MPO), Malondialdehyde
(MDA) [7], Glutathione peroxidase (GPx) [8],
Nitric oxide (NO) [9] and Xanthine Oxidase (XO)
[10], are enzymes responsible for the clearance
or modulation of oxidants such as ROS, RNS
and possibly measure the extent of lipid
peroxidation. However, these oxidants are
required to initiate certain cellular physiological
processes like inflammation, apoptosis, and
mutagenesis [11].

Sheep Red Blood Cells (SRBCs) known to be
antigenic might elicit immune reactivity that will
eventually generates oxidants capable of
inducing oxidative stress, a process suspected to
occur [12]. Studies have shown that oxidative
stress have substantiating correlation with
obesity and its related disease conditions. Most
times selective organs such as the Brain, Liver,
Kidney and Spleen are the targets through which
these disease conditions are primarily
expressed. The need to modulate the immune
response to foreign invaders (antigenic agents
such parasitic bacterial, fungi and virus) to aid
their clearance and also maintain normal
physiological functions cannot be downplayed
[13].

The plant Justicia carnea popularly called
“hospital too far” phytochemical analysis supplied
by previous studies have indications of
antioxidant secondary metabolites such as
flavonoid, phenol, vitamin C and E and other
medicinal enrich phytochemicals [14]. Going by
the phytochemical constituents, the plant might
have cytoprotective properties against possible



cytotoxic damage by SRBC-induces oxidative
stress [12]. Levamisole (LEV) is a standard drug
used in most research as immunostimulant,
primarily used pharmacological in the past as
antihelminth. The objective is to study the
influence of immunomodulators such as the
standard drug (LEV) and Justicia carnea on
possible SRBC instigated oxidative stress in an
immunological response paradigm.

2. MATERIALS AND METHODS

2.1 Determination of Aqueous J. carnea
Extract Yield

Cool Maceration Extraction Technique; in a
suitable loosely covered containers 10 g weight
of 600 um of particle sizes of the pulverized
leaves was submerged in distilled water such
that the volume of water was noted. The filtrate
after 24 hours of soaking was concentrated at
60°C until a paste-like semi-solid extract was
obtained. It was then stored in an air thigh
container and was stored in the refrigerator at
4°C unstill further used [15].

The plant Justicia carnea was authenticated by
Dr. Akinnibosun Henry Adewale of the
Department of Plant Biology and Biotechnology,
Herbarium Unit, with Specimen Voucher
Number: UBH-J386.

The concentrated extract was weighed and noted
as the Yield, and the Percentage (%) Yield was
calculated as follows;

Equation 1; % Yield of Aqueous J. carnea
Extract

Percentage Yield =
Yield (g)

Weight of Pulverized plant leaves

X 100

2.2 Phytochemical Analysis

Phytochemical analysis of the plant was carried
out according to the methods described by
Rahman, [16] to determine the presence of
anthraquinones, tannin, saponins, flavonoids,
glycosides, terpenoids, steroids and
phlobatannins was presence determined by
Ejikeme, [17]. Reducing sugar was determine by
the method describe by Pedreschi, [18].

Toxicity; Acute LDsy, Determination

Lorke’s method was used for
determination of the plant extracts [19].

the LDsg
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Preparation of Drugs and Plant Extract.

2.3 Preparation of Levamisole (Lev 4
mg/mL)

The drug levamisole hydrochloride is in tablet
dosage formulation (40 mg) that was obtained
from Pharmacy Unit of the Health Centre of Delta
State University. Levamisole hydrochloride tablet
is formulated in 40 mg. A stock concentration of
4 mg/mL was prepared by dissolving 1 tablet it in
10 mL of Distilled water using 50 mL beaker

stirring continuously until the dissolution is
ascertained.
2.4 Preparation of Aqueous J. carnea

Extract Stock Concentration

The quantity of aqueous J. carnea extract stock
concentration was prepared in accordance to the
demand at moment of it use. The doses are
related to body weight of the mice. A stock
solution of 20 mg/mL was prepared by weighing
200 mg of paste-like aqueous J. carnea extract
and dissolving it in 10 mL of Distilled water using
50 mL beaker stirring continuously until the
dissolution is ascertained. Individual volume of
extract administration was calculated following
the formula;

Volume of Extract to be administered =
Dose(mg/Kg) X Body Weight of mice (G)
Extract Conc.(mg/mL) X 1000

2.5 Preparation of Antigen

Sheep Red Blood Cells (SRBCs) was the antigen
used in this study. SRBCs is obtain aseptically
with a 5 mL syringe from the left ear lobe of a
male sheep into an anticoagulant sample
container. The SRBCs were washed with
sterilized normal saline in 1:3 ratio (SRBCs:
Normal Saline) by centrifugation at 3000 rmp for
10 minutes. This process was repeated for three
times. The washed cells were suspended in
normal saline adjusted to 1 X 10° Cells/mL. This
suspended solution of SRBCs was used
subsequently for the immunization exercise
according to the experimental design [20].

2.6 Preparation of Animals

The animals used for this study were breed, feed
and housed at ambient temperature and well-
ventilated animal house of the Basic Medical
Sciences in Delta State University, Abraka. They
were allowed to acclimatize in their respective
groupings in accordance with the experimental



design for two (2) weeks. The animals were
handled in compliance with the animal use Act as
approved by Research Ethics Committee
(UPH/CEREMAD/REC/MM74/003) of the
University of Port Harcourt. The total of 73 mice
weighing (17 — 34 g) were used [21].

2.7 Administration and

Collection

Samples

All groups were immunized on day zero and day
5 with SRBC in other to induce immune response
except for the VEH group that was not
immunized. Treatment of the various groups with
respective treatment agents commenced on day
3 to day 9 and on day 10 the animals were
sacrificed. The animals were humanely sacrificed
via cervical dislocation and surgical peritoneum
was done with sterile dissecting Kits, the organs
(brain, liver, kidney and Spleen) were carefully
collected, weighed and placed into a well labelled
sample container with cooled phosphate buffer
(pH 6.8) solution. The antioxidant enzymes
{Determination of Superoxide Dismutase (SOD);
Catalase (CAT); Myeloperoxidase (MPO);
Malondialdehyde (MDA); Glutathione Peroxidase
(GPx); Nitric oxide (NO) and Xanthine Oxidase
(XO)} were carried out.

2.8 Tissue Homogenization Technique

The test tube was halve-way submerged in an
ice-Berge parked beaker, the tissue in the test
tube was homogenized with an electrical hand
drilling device with a smooth tightly fitted plastic
cork [22]. The homogenate is centrifuge at
3000rpm for 10 minutes and supernatant is
filtered with whatman (90 mm) filter paper into a
well labelled container and kept in refrigerator for
subsequent analysis.

Determination of the Average Body Weight of
Animals.

The animals’ average body weight was
calculated for each group (n=5) for Day 0, 2, 4, 6,
8, and 10 follows the formula;

Average body weight of the individual animal =
(Sum of individual body weight of animal taken over the duration of study)

(the number of time interval the weights were taken)

Note; this process was done for all groups in the
study, data were further analyzed using statistical
tools such as ANOVA also multiple comparison
using TurkeyHSD post hoc.

Determination of the Percentage (%) Change in
Body Weight.
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From the animal weight taken the % change in
body weight of the experimental animals was
calculated as:

The % change in body weight of the experimental animals
__ Final body weight—initial body weight X 100

final body weight

Note that, subsequent day interval weight of the
animal (day 2, 4, 6, 8, 10) was regarded as the
final body weight peculiar to that day — day 0 of
the same animal was regarded as initial body
weight / weight of subsequent day interval of the
animals (day 2, 4, 6, 8, 10).

Determination of the Percentage (%) Relative
Organ Weight.

The Experimental animals (mice) in their
respective grouping under study were humanely
sacrificed via Cervical Dislocation as stated
earlier, and organs (Brain, Liver, Kidney and
Spleen) were carefully harvested, weighed (in
grams) and transported into Phosphate Buffer of
pH 6.8 at temperature of 4°C in the sample
container, immediately were homogenized as
explained earlier and then undergo biochemical
analysis [23]. The formula to determine
Percentage Relative Organ Weight is as follows;

% Relative Organ Weight =
Organ weight
. S X 100
Live Body Weight of the Animal

In-vivo Antioxidant Biochemical Analysis.

2.9 Determination of Superoxide
Dismutase (SOD) Activities

SOD activities on Homogenate of Tissue are
spectrophotometric based, principled on indirect
inhibition of the substrate epinephrine oxidation
to adrenochrome by 50% for every of its 1 unit.
This reaction occurs over 60 seconds. As
describe by Sun and Zigma, [24].

2.10 Determination of Catalase (CAT)
Activities

The catalase activity was determined by
spectrophotometric at 620 nm and was
expressed as umoles of H,O, consumed/min/mg
protein at 25°C [25].

2.11 Determination of Myeloperoxidase
(MPO) Activities

Myeloperoxidase (MPQO) activity of supernatant
of tissue homogenates were determine following
Bradley methods [21].



2.12 Determination of Malondialdehyde
(MDA) Activities

MDA determination was described by Gutteridge
and Wilkins as pinpointed by lipid peroxidation
product a Thiobarbituric Acid Reactive
Substance (TBARS) that can be measured
spectrophotometrically [26]. The principle of this
test is premise on the fact that lipid peroxidation
generates the generation of Malondialdehyde
(MDA) from polyunsaturated fatty acid (PUFA)
which is reactive with barbituric acid forming red
coloration that is measured at wavelength 532

nm. The formed MDA concentration is

proportional to absorbance.

2.13 Determination of Glutathione
Peroxidase (GPx) Activity

Glutathione Peroxidase (GPx) Activity of

supernatant of tissue homogenates were

determine as described Lawrence and Burk [27].
2.14 Scavenging of Nitric oxide Assay

The chelating of nitric oxide ability of the
supernatant of tissue homogenate was adopted
from the method explained by Green, and
colleagues [28]. The principle behind this method
is the synthesis of nitric oxide from Sodium
nitroprusside in an aqueous physiological pH
environment. The nitric oxide reaction with
oxygen produces nitrite ions that forms coloration
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with Griess measured

spectrometrically.

reagents

2.15 Determination of Xanthine Oxidase
Activities

Xanthine Oxidase (XO) Activity of supernatant of
tissue homogenates were determined following
the description of Hideharu (2013) which is
continuous spectrophotometric rate
determination [29].

3. RESULTS
3.1 The Yield of J. carnea

A vyield of 15% of the aqueous leave extract of J.
carnea was obtained.

3.2 Phytochemicals Analysis Result of J.
carnea

The Phytochemicals present in the aqueous
leave extract of J. carnea are; Reducing sugar,

Glycosides, Flavonoids, Saponins, Alkaloids,
Terpenoids, Tannins, Phlobatannins and
Steroids

3.3 Acute Toxicity

The Lock’s method results of the acute toxicity
revealed that no death occurred at all doses of
the aqueous leave extract of J. carnea as well as
the vehicle (distilled water).

3.4 The Results Presentation of Body Weight of Animals and Percentage Relative

Organs Weight of respective Groups

3.4.1 The body weight of animals of respective groups

301

20

10

Body Weight (g)

&#
&#

Treatment

Fig. 1. The average body weight of animals of various groups
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n =5), * &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively
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Fig. 2. % Body Weight Change of Various Groups
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n =5), ™ &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively

3.4.2 The percentage relative organ weight

The percentage relative organ weight of Brain, Liver, Kidney and Spleen were considered, the results
are presented Table 1 below.

Table 1. Percentage relative organs weight of mice

Treatment / Dose  Brain (%) Liver (%) Kidney (%) Spleen (%)
Mean + SEM Mean + SEM Mean + SEM Mean + SEM
VEH (10 mL/Kg) 1.5 + 0.08 4.7 +0.04 1.5 + 0.06 0.79 + 0.03
SRBCS (0.2 mL/Kg) 1.3 +0.06" 3.9 +£0.04° 1.5 + 0.05 0.43 + 0.02°
JC (125mg/Kg) 1.6 + 0.07°% 41 +0.09 1.0 + 0.04'% 0.32 +£0.017
JC (250 mg/Kg) 1.5 + 0.02%* 4.9 + 0.04% 1.7 £0.22 0.62 + 0.01°%*
JC (500 mg/Kg) 1.6 +0.09%* 4.9 +0.12% 1.4 +0.05 1.5 + 0.03°%
LEV (7.5 mg/KQ) 1.3+ 0.05 4.2 +0.18 1.5 4 0.08 1.0 + 0.05°

VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n = 5), *, &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively

3.5 Biochemical (In-vivo Antioxidants) Analysis

The biochemical assay results presented are as follows; Superoxide dismutase (SOD), Catalase
(CAT), Myeloperoxidase (MPO), Malondialdehyde (MDA), Glutathione Peroxidase (GPx), Nitric Oxide
(NO), and Xanthine Oxidase (XO).

3.5.1 Superoxide dismutase (SOD)

40
W vEH (10 mL/Kg)

M srRBC (0.2 mL/Kg)

w
=3

M ic (125 mgiKkg)
M ic (250 mg/kg)

JC (500 mg/Kg)

SOD (Unit/mg Tissue)
~
o

M Lev (7.5mg/Kg)

10

Brain Liver Kidney Spleen

Treatment

Fig. 3. SOD of brain, liver, kidney and spleen homogenate
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n =5), *
indicate significant to VEH
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3.5.2 Catalase (CAT)

150
Il VvEH (10 mL/Kg)

I srBC (0.2 mL/Kg)

B sc (125 mg/Kg)

[,
o
o

B ic (250 mg/Kg)

[ sc (500 mg/kg)

50

CAT (Unit/mg Tissue)

B .Ev (7.5mg/Kg)

Brain Liver Kidney Spleen

Treatment

Fig .4. CAT of Brain, Liver, Kidney and Spleen homogenate
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n =5), ™, &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively

3.5.3 Myeloperoxidase (MPO)

60
~ W VvEH (10 mL/Kg)
2 M srBC (0.2 mL/Kg)
2
';40 M sc (125 mg/Kg)
£ B ic (250 mg/Kg)
= I sc (500 mg/Kg)
~ 20
o M Lev (7.5mg/Kg)
o
=

Brain Liver Kidney Spleen

Treatment

Fig. 5. MOP of brain, liver, kidney and spleen homogenate
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n =5), =, &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively

3.5.4 Malondialdehyde (MDA)

M VvEH (10 mL/Kg)
I srRBC (0.2 mL/Kg)
B isc (125 mg/kg)
B Jc (250 mg/Kg)
[ Jsc (500 mgikg)

M Lev (7.5mg/Kg)

Malondialdehyde (mmol/MDA mg wet tissue)

Brain Liver Kidney Spleen

Treatment

Fig. 6. MDA of brain, liver, kidney and spleen homogenate
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n =5), *, &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively
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3.5.5 Glutathanione Peroxidase (GPx)

25
I VEH (10 mL/Kg)

s 20 Il srRBC (0.2 mL/Kg)

z2 B sc (125 mg/Kg)

> 15

E M Jc (250 mg/Kg)

510 ™ Jc (500 mg/Kag)

X M Lev (7.5mg/Kg)

o 5

Brain Liver Kidney Spleen

Treatment

Fig. 7. GPx of brain, liver, kidney and spleen homogenate
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n = 5), *, &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively

3.5.6 Nitric Oxide (NO)

Il vEH (10 mL/Kg)
Il srBC (0.2 mL/Kg)
M sc (125 mg/Kg)
M ;c (250 mg/Kg)
¥ Jc (500 mg/Kg)

I Lcv (7.5mg/Kg)

NO (Unit/mg Tissue)

Brain Liver Kidney Spleen

Treatment

Fig. 8. NO of brain, liver, kidney and spleen homogenate
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n = 5), *, &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively

3.5.7 Xanthine Oxidase (XO)

151
B vEH (10 mL/Kg)

M srBC (0.2 mL/Kg)
M Jc (125 mg/Kg)
o @ . B sc (250 mg/Kg)
ol [ Jsc (500 mg/Kg)
B Lev (7.5mgiKg)

*#
& #

101

*&

XO (Unit/mg Tissue)
*&#

Brain Liver Kidney
Treatment

Fig. 9. XO of brain, liver and kidney homogenate
VEH; Vehicle, JC; Justicia carnea, LEV; Levamisole, SRBCs; Sheep Red Blood Cell. Mean + SEM (n =5), *, &,
and #’ indicate significant to VEH, SRBCs, and LEV respectively
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3.6 The Body Weight of Animals and
Percentage Relative Organs Weight of
Respective Groups

3.6.1 The average body weight of animals of
respective groups

In Fig. 1 the body weight of the treatment group
shows that there is no significant difference
between the vehicle versus SRBCS, JC 250
mg/mL, and JC 500 mg/mL. However, there was
significant difference between the vehicle versus
JC 125 mg/mL and Lev 7.5 mg/mL. In addition,
there is also significant difference between
SRBCS versus JC 250 mg/mL, JC 250 mg/mL,
JC 500 mg/mL and Lev 7.5 mg/mL. The latter is
significant to JC 250 mg/mL, JC 250 mg/mL, JC
500 mg/mL. The statistical analysis was done at
P < 0.05.

Fig. 2 All groups showed significantly reduced %
Body Weight Change when compared to the
VEH group except for JC 125 mg/mL group that
is not significant at P < 0.05. However, there are
significant difference between JC 125 mg/mL
group versus SRBC and LEV groups as well as
JC 500 mg/mL group versus SRBC and LEV
groups at P < 0.05.

3.6.2 The percentage relative brain weight

The Percentage Relative Brain Weight was
computed with respect to life animal weight in all
groups at P < 0.05. The comparative studies
among the various treatment groups are to
compare the effect of the treatments on the
weight of the brain as shown in (Table 1). All
groups are showed to be significant to the VEH
group except for JC 250 mg/Kg that is
statistically non-significant. However, the SRBC
and LEV groups are significantly lower in their
Percentage Relative Brain Weight compared to
the VEH group. Meanwhile the three (3) doses of
the plant extract have relatively higher
Percentage Relative Brain Weights compared to
the SRBC and LEV groups.

3.6.3 The percentage relative liver weight

The Percentage Relative Liver Weight
comparative studies among the various groups
was done at P < 0.05 as presented in (Table 1).
SRBC, JC 125 mg/mL and LEV groups
Percentage  Relative  Liver Weight are
significantly lower compared to the VEH group,
while JC 250 mg/mL and JC 500 mg/mL groups
are statistically non-significant to the VEH group.
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However, JC 250 mg/mL and JC 500 mg/mL
groups are increasingly significant to both SRBC
and LEV groups.

3.6.4 The percentage relative kidney weight

All groups tend to show that there is non-
significant effect of Percentage Relative Kidney
Weight among the various groups except for JC
125 mg/mL that is significantly reduced
compared to the VEH, SRBC and LEV groups at
P < 0.05 as expressed in (Table 1).

2.6.5 The percentage relative spleen weight

The Percentage Relative Spleen Weight
comparative studies among the various groups
was done at P < 0.05 see (Table 1). All groups
are significant to the VEH group. JC 125 mg/mL,
JC 250 mg/mL and JC 500 mg/mL are significant
to LEV and while JC 250 mg/mL and JC 500
mg/mL are both significant to SRBC group.

3.6.6 Biochemical
analysis

(In-vivo  Antioxidants)

Superoxide Dismutase (SOD): Statistically at P
< 0.05 as presented in (Fig. 3). SOD activities
were relatively nonsignificant among the various
treatment group when compared with VEH and
SRBC in the Brain, Kidney and Spleen. However,
the various treatment groups were significantly
lower when compared to the VEH.

Catalase (CAT): Statistically at P < 0.05 as
presented in (Fig. 4). The CAT activities of the
SRBC group were significantly reduced in the
Brain and Liver and nonsignificant in Kidney and
Spleen when compared with VEH. However, the
CAT activities of plant extract were significantly
lower in the Brain and Liver, significantly higher
in the Kidney and nonsignificant in the Spleen
when compared to the SRBC and VEH groups.

Myeloperoxidase (MPO): Statistically at P <
0.05 as presented in (Fig. 5) MPO activities of
the SRBC group was significantly high in Brain,
nonsignificant difference in Liver and Kidney and
significantly lower in Spleen when compared to
VEH. In all organs the plant extract was able to
significantly reduce MPO activities when
compared with SRBC and VEH.

Malondialdehyde (MDA): Statistically at P <
0.05 as presented in (Fig. 6) MDA activities of
the SRBC group was significantly increased in
the Brain and Spleen when compared to the



VEH, whereas there was decrease in the Liver
and Kidney that was significant only in the latter
when compared to the VEH. Extract of Justicia
carnea was able to significantly reduced MDA
activities in the Brain. However, MDA activities of
the extract and standard drug LEV was
significantly high in the Liver when compared to
VEH and SRBC. The plant extract was
significantly  higher than the SRBC but
nonsignificant when compared to VEH. The plant
extract was nonsignificant when compared to
SRBC in the Spleen but significantly higher than
the VEH.

Glutathanione Peroxidase (GPx): Statistically
at P < 0.05 as presented in (Fig. 7) GPx activities
were significantly reduced by SRBC in the Brain,
Liver and Kidney except for Spleen where there
was significant increase when compared to the
VEH. The plant extract was shown to significantly
increase the GPx activities in the Brain, Liver,
Kidney and Spleen with respect to VEH and
SRBC.

Nitric Oxide (NO): Statistically at P < 0.05 as
presented in (Fig. 8) NO in the SRBC group
indicates no significant difference in the Brain
and Spleen when compared to the VEH.
However, there was significant increment of NO
in the SRBC group of the Liver and Kidney.
Furthermore, the plant extract (Justicia carnea)
was able to significantly reduce NO in later two
organs mentioned.

Xanthine Oxidase (XO): Statistically at P < 0.05
as presented in (Fig. 9) Xanthine Oxidase activity
of SRBC was significantly increased when
compared to the VEH. However, the plant extract
displays significant reduction of XO of the Brain,
Liver and Kidney.

4. DISCUSSION
4.1 Phytochemicals

The phytochemicals screening indicates the
presence of ample of phytochemicals which are
in accord with previous research findings of
leaves extract of Justicia carnea [30,14].

Flavonoids are phytochemical present in Justicia
carnea its claim of having antioxidant property
was recently reported. The anti-inflammatory
property of flavonoids was premised on the fact
that they can exterminate free radicals such as
superoxide anions, hydroxyl radicals and lipid
peroxy which might have resulted from
metabolism and oxidative stress. It helps in the
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immunity of the human body as the case maybe
by modifying, enhancing and increasing
response to allergens and other disease-causing
mediators like viruses and carcinogenic agents
[31,32,14,33].

Phenolic compounds are highly implicated in
antioxidant activities, while the flavonoids are
quite effective in anti-inflammatory actions. Both
phytochemicals are present in the aqueous
extract of the plant as showed in the result which
was in accordance with the findings of Udedi and
colleagues [33].

4.2 Discussion of Acute Toxicity Findings

Acute toxicity testing by Lock’s method results
revealed no death at all doses including the
highest dose (5000 mg/Kg) of the aqueous
leaves extract of Justicia carnea which was in
line with the works done by Alozie and
colleagues [34]. In accordance with the United
State Environmental Protection Agency (U.S.
EPA) Toxicity of Chemicals Classification,
Justicia carnea is considered as Not Acutely
Toxic. Similar research done with rat reveal
same, even though different laboratory animal
(Rat) was used.

4.3 Discussion of
Weight
Groups

the Average Body
of Animals of Respective

From the research the average body weight of
the animals at termination day (day 10) pattern
shows a stepwise increase which might not
necessarily indicate the true change in body
weight of the groups. The relative change in
weight indicate that there was weight lost with
respect to the plant extract at JC 500 mg/Kg.
Similarly, weight lost was also recorded in the
SRBC group. However, the vehicle and JC 125
mg/Kg groups were observed to gain weight.
With increase in dose of the plant extract the
relative change in weight moves to the negative
scale, an indication of weight lost. These pattern
of the results suggest that the plant might have
antiobesity property. In addition, previous
research have made notable correlation between
oxidative stress to obesity as well as its related
disease conditions [35,14].

4.4 Discussion of the Percentage Relative
Organs Weight

The gain in Percentage Relative Brain Weight
with respect to the various doses of plant extract



indicates its effect(s) on the organ which might
be a possibility of the folk central nervous system
protection as previously reported [36]. The need
to carryout investigation on the behavioral
performances on SRBC immunized mice treated
with the plant extract might reveal the effects of
the mentioned agents on brain functionality.
Since SRBC might be possibly considered as
clinical toxicosis based on the criteria explained
by Nayakwadi and colleagues as well as other
bioanalysis such as the possible oxidative
stressors expressed that may be used to
establish the degree of functionality of the brain
[14,35]. It also can be hypothesized that the plant
extract might have the tendency of either
accessing the brain or aid the passage of
substances that promote neuronal cells growth.
Considering the effect of SRBC and LEV groups
where brain atrophy occurred might be attributed
to the immunizing agent (SRBC) the resultant
effect recognized as an attribute of clinical
toxicosis, upon a close comparison with VEH
group. Taking a cue from the relative weight lost
that occurred also with the SRBC group at the
terminal day (day 10). In other words one can
said that relative weight lost was experienced in
both body mass and the brain tissue in the SRBC

group.

The reduced weight of the liver observed in
groups treated with SRBC, JC 125 mg/mL and
LEV groups deducing that there might be lost of
hepatic cells as a result of the immune
responses of a sort regarded as one of the
possible clinical toxicosis as explained by
Nayakwadi and colleagues [35]. And the group
treated with JC 250 mg/mL and JC 500 mg/mL
groups was able to show some kind of
hepatoprotective  properties by maintaining
baseline value of Percentage Relative Liver
Weight in spite of the fact that SRBC was used to
stimulate the immune reaction noticed in the
group administered SRBC alone. The
hepatoprotective properties claim may be
support by the liver function test result as well the
work done by Udedi, and colleagues [33]. Be
mindful of the fact that all the groups except the
VEH were immunized at Day 0 and Day 5. While
the plant extract and standard drug were given at
Day 4 through to Day 9.

The reduced Percentage Relative Kidney Weight
cannot be clearly explained for the fact that the
SRBC group which serves as the antigen for the
Negative Control is statistically increasingly
significant to the JC 125 mg/Kg, meaning the
activities of the Kidney in this group might be
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alter in some kind sort which was the exceptional
case to the works done by Onyeabo, and
colleagues [30] in which there was no significant
difference in relative percentage weight of the
organs.

There was spleen significant weight gain in JC
500 mg/mL group probably due to the trapping of
antigens as well as increase in size to meet with
the challenge of getting rid of the antigens in
circulation. This was also the case observed in
the standard drug. The spleen happens to be an
organ in the immune response process. The
findings which was similar to the works done by
Onyeabo, and colleagues [30].

4.5 Biochemical
Analysis

(In-vivo  Antioxidants)

In summary, the SOD activities were not
significantly altered in all the organs except for
the liver. Research have pointed out that SOD
expression in the Brain is lower as reported by
Crapo [5] which was in line with the findings of
this research, also reported was the work done
by Ragip and colleagues [37]. The liver is a
major player in the immunological responses in
the human body and as well as in animal models.
The enzyme NAPDH oxidase is activated in the
presence of antigen that leads to the production
of superoxide in attempt to attack the antigen or
any other process that produces SOD to
dismutate the ROS in other to produce hydrogen
peroxide (H,O,) [38].

Catalase enzymes can covert H,O, to H,O and
0O,. The degree of this enzymatic action
determines its activities [38]. However, enzymes
other than catalase such as GPx can as well
breakdown H,O, [6]. In addition, it is expected to
have H,O, turnover from SOD activities for CAT
and GPx to be optimally functional as will be
indicated by the level of activities of these two
enzymes. As earlier explained, the brain catalase
enzymes might be competing for the substrate
with other enzymes sharing the functional role
with that of the CAT [6]. CAT activities were more
in the JC 500 mg/kg in the kidney, indicating
selectivity in expression of activities probably due
to decrease activities of other enzymes that can
initiate same actions in the kidney [6]. In addition,
the dose of the extract appears to contribute to
the activities of the enzymes as also witnessed in
the study done by Udedi and colleagues [33].
The spleen as an immune organ shows no
significant H,O, production increased. It seems
catalase activities was relatively within the



physiological baseline SRBC

immunization.

despite

Catalase activities tends to be higher in the brain
organ compared to other organs. This increased
activities as noticed in the SRBC group in the
brain compared to that of other organs and also
the VEH in the brain compared to other VEH of
other organs. The SRBC groups in all organs
respectively did not indicate higher CAT activities
compared to their respective VEH which
indicated that less H,O, was available for it to
breakdown.

In the Brain at lesser concentration such as JC
125 mg/kg MPO expression was high which
means that there might be increase in the
production of HOCI while as the concentration of
dose of the plant extract increases there was
lesser MPO activities associated with the plant
extract groups in a dose-response related
fashion where as the standard drug (LEV) group
which appears to have the lowest MPO activities
[38]. The increase in HOCI might create an
unconducive environment for the brain cells most
especially the structural integrity of the vascular
walls [39].

Interestingly, the Liver function test for JC 500
mg/kg and LEV groups show that the liver is
functional and was protected from possible
dysfunctional tendency as indicated in SRBC
group compared alongside with the VEH group.
MPO activities were lowered by the plant extract
at JC 500mg/kg and LEV groups.

Meanwhile, in the Kidney MPO activities was at
baseline with the VEH group in which no
intervention was made. The generation of H,0,
and in the presence of halides to generate toxic
chemical such as HOCI is highly decreased
when the various doses of the plant extract was
used which happens to be protective to the
kidney, also acknowledged by the works done by
Ragip and colleagues using antioxidant such as
Vitamin C [37].

The spleen being an immune organ expressing
high activites of MPO as we have in JC
125mg/kg group can help in destroying trapped
antigen and again it can also be detrimental to
the spleen by the possible cytotoxic generated
hypochloride. However, in JC 500mg/kg and Lev
groups have a lowered MPO activities which
might possibly be devoid of hypothesized
cytotoxic attack. Going by this hypothesis the
spleen becomes protected in either high or low

Ilwetan et al.; JPRI, 34(43B): 58-74, 2022; Article no.JPRI.86962

69

dose of the plant extract against the SRBC
stimulated immune-derived cytotoxic generated
compounds as carbon tetrachloride induces
increased generation of MPO in reports of Ragip
and colleagues [37]. Meaning SRBC stimulated
immune-derived cytotoxicity might have similar
consequence to that induced by CCl, as
recorded by Ukpoabi-Ugo, and colleagues [40]
and also clinical toxicosis based on the
explanation by Nayakwadi and colleagues [35].

The activites of MPO decreases as the
concentration of the plant extract increases
across all organs which might be protective.
Significant increase of MPO was found in the
brain tissue meaning SRBC was able to alter the
MPO baseline activity as observed in SRBC
group alone as well as that of the JC 125 mg/kg

group.

The innate immunity might be enhanced by the
increased MPO activities which might lead to the
generation highly reactive compounds capable of
attenuating foreign substance (antigen). This
phenomenon was expressed by the plant extract
at JC 125 mg/Kg in all tissue examined.
However, the higher doses of the plant extract in
a dose-dependent fashion implying the concept
explained by Odobasic and colleagues [41] might
be able to improve the adaptive immunity since
the activities of MPO was reduced or inhibited.
These abilities can be associated with the plant
extract as the result have shown.

Lipid Peroxidation estimation using MDA as the
end product has been a yardstick for
measurement. In this study the SRBC instigate
lipid peroxidation in the brain which was reduced
by the plant extract at both JC 250 mg/kg and JC
500 mg/kg significantly to baseline. There was
also significant reduction of lipid peroxidation of
the plant extract at the later doses when
compared to the standard drug. The plant
extract reversed the lipid peroxidation that
occurred when SRBC was administered which
was in line with the works done by Udedi, and
colleagues [33] using alloxan to induced diabetic
in rat.

Even though result showed increased lipid
peroxidation in the liver at JC 500 mg/kg and the
standard drug groups, the phenotypical
expression in terms of liver functionality appears
to be normal, data not supplied. This goes to say
that it might be that the trapped antigen
underwent peroxidation responses which might
be the expression measured.



There was significantly increased lipid
peroxidation in the kidney observed in the plant
extract groups as well as the in the standard drug
when compared to the SRBC group. However,
the increase in lipid peroxidation in these groups
did not exceed the baseline peroxidation
observed in the VEH group. The kidney function
test appears normal for the plant extract group,
data not supplied.

This result showed that there are peroxidation
activities at the spleen level. It should be
however be noted that the spleen is an immune
organ responsible for the breakdown of antigen
tripped.

In summary, MDA is an indication of peroxidation
in lipid which was observed in liver and spleen at
JC 500mg/kg and Lev groups. The increased
activities of MDA of the various tissues might be
a sense of concern for consideration most
especially in the case of hepatic cells functions,
the question will be if the integrity of the organ is
intact or it was a mere peroxidation of antigen
[42].

GPx an antioxidant that can break down H,O,
which is an oxidant capable of causing oxidative
stress. The plant extract at JC 250mg/kg, JC
500mg/kg and as well as Lev were able to show
case their antioxidant properties in a dose-
response relationship fashion in the brain.

There was more expression of GPx in the liver in
the plant extract at JC 250 mg/kg and JC
500mg/kg groups as well as Lev group.
Indicating the protection of the liver by the
antioxidant, which may be further validated by
the function of the liver assay.

In the kidney the GPx activities are significantly
reduced beyond baseline in the group immunized
with SRBC and also treated with the plant extract
and the standard drug. However, the plant
extract at doses JC 250mg/kg and JC 500mg/kg
are both at the same level with the SRBC
expression of GPx.

The spleen been an immune organ, expression
of GPx actions is significant in JC 250mg/kg and
Lev indicating spleen antioxidant properties
enhanced by the plant extract and as well as the
standard drug ‘Lev’.

GPx was well expressed in the all organs in dose
dependent fashion for the groups treated with the
plant extract compared to the SRBC group. This
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implies that the organ might be protected by the
antioxidant (GPx) activities enhanced by the
plant. GPx increased activities can be said to be
protective to the various organs which was
reduced by the SRBC used in immunized
animals. The plant extract was able to reverse
oxidant activities posed by the SRBC. This
protection is witnessed in a dose-response
related fashion. This finding corroborates with the
work done by Jaqueline and colleagues [8].

The slight increase in NO in the plant extract
related groups as well as the standard drug Lev
is an indication that the brain is challenged with
possible stressors. Stressors such as NO might
be of merit or demerit, depends on the duration
and target on the antigen or pathogen in focus
with strict restriction against bystanders [43].

The result reveals that NO production is
significantly increased in the liver by the SRBC
which was reduced by the plant extract at JC 500
mg/kg as well as the standard drugs. The
standard drugs are statistically non-significant to
JC 500 mg/kg.

The NO production was significantly increased
by the immunizing agent (SRBC) compared to
the Vehicle group which was significantly
reduced by the JC 500mg/kg and the standard
drugs Lev groups. However, the reduction was
not entirely to baseline as we will have in the
VEH group.

The result reveals the suppressive property of
the plant extract on NO production in the spleen.

Statistically there was no significant difference in
the production of NO by SRBC compared to the
VEH in the brain and spleen respectively.
However, in the liver and kidney the NO
production was high in the SRBC group which
might be attributed to the body response to the
presence of antigen this response might be of
benefit and the same time cytotoxic if not
regulated. The plant extract tends to reduce the
NO expression which is a function of nitric-oxide-
synthase, as noticed in the plant extract groups
and also the standard drug group. Following the
claim that Isonicotinic acid N-oxide present in
ethanolic extract of Justicia carnea, having nitric-
oxide-synthase inhibitory effect serves as an
antidote for anaphylactic reaction, buttresses the
findings of this research [43].

The plant extract is distinct in its ability to
suppress the activities of XO instituted by the



SRBC. However, there was no significant
difference in the level of XO activities in the VEH
group compared to the SRBC alone. This means
that SRBC did not alter the synthesis of NO in
the brain.

The expression of XO in the liver by SRBC is
significantly increased compared to the VEH
group. There was significant reduction of XO
activities by the plant extract as well as the
standard drug.

The activities of XO were non-significantly
altered by JC 500mg/kg of the plant extract when
compared to the VEH. In this case the kidney
shows relatively lower activities of XO instituted
by SRBC. The fact that XO activities helps in the
generation of superoxide that requires catalase
or glutathione peroxidase to breakdown, which in
this case was not beyond the baseline.

Xanthine oxide is implicated in the production of
superoxide O, which in this result have revealed
that xanthine oxidase activities are reduced in
the brain, liver significant but remain the same in
the kidney with that of the VEH (i.e., unaltered).
This suppressed xanthine oxidase activities
might be attributed to the presence of anti-
nutrition factors such as phytate in the plant J.
carnea as reported by Orjikor and colleagues
[14]. Xanthine Oxidase (XO) enzyme can
facilitate the generation of superoxide from
oxygen in the process, hypoxanthine is
converted to xanthine, and is further converted to
uric acid [14]. Whereas SOD needs the
generated superoxide to be converted to
hydrogen peroxide. In other words, SOD activity
is partly a function of xanthine oxidase. The
dose-dependent response observed is in line
with the research done by Udedi, and colleagues
[38] using the ethanol extract of plant’s leave was
able to show significant reduction of MDA in
alloxan induced diabetic rat and also was able to
increase in activities of SOD and CAT. This
implies partly that if the activities of xanthine
oxidase increase the activities of SOD will also
increase provided the enzyme is efficiently and
sufficiently available. The relevance of the
suppression of xanthine oxidase are emphasized
in the oxidative stress patients such as
cardiovascular related diseases; stable angina,
coronary spasm and inflammatory gout as a
result of increase uric acid production.

5. CONCLUSION

However, the study was able to reveal that at
higher concentration of the plant extract, MPO
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and MDA activities were decreased in the
respective organs, which are key components in
both innate and adaptive immune responses.
There was dose-dependent increase in GPXx
activities connoting the enhanced antioxidant
activities of the plant extract. The plant extract in
a dose-response related fashion was able to
reduce the activities of xanthine oxidase.
Increase in NO was established by the SRBC
which was reversed by the plant extract and as
well as the standard drug in their respective
groups’ organs such as liver, kidney and spleen.
The study was able to showcase the antioxidants
enhancing activities of the plant Justicia carnea
as evaluated. Pharmacological antioxidants may
be developed from the plant that may be helpful
in immune related diseases. With further focus
on the plant, as substantial source for vaccine
adjuvants development.
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