Research Journal of Pharmacognosy (RJP) 10(3), 2023: 15-23
Received: 2 Oct 2022

Final revision: 5 Feb 2023

Accepted: 14 Feb 2023

Published online: 6 May 2023 Original article
DOI: 10.22127/RJP.2022.363698.1987

Vitex doniana, in Vitro Antioxidant, Membrane Stabilization Potential and
Protective Impact Against Plasmodium berghei-Passaged Mice

Oche Okpe'?{), Parker Elijah Joshua®, Bonaventure Chinonso Obi***{:) Okwesilieze Fred
Chitelugo Nwodo?

'Department of Biochemistry, College of Biological Sciences, Federal University of Agriculture, Makurdi,
Nigeria.

’Department of Biochemistry, Faculty of Biological Sciences, University of Nigeria, Nsukka, Nigeria.
3School of Nutrition Sciences, Faculty of Health Sciences, University of Ottawa, Ontario, Canada.
“Department of Pharmacology and Toxicology, Faculty of Pharmaceutical Sciences, University of Nigeria,
Nsukka, Nigeria.

Abstract

Background and objectives: Vitex doniana Sweet (Lamiaceae) is used to treat various ailments,
including respiratory infections, liver diseases, anaemia and jaundice. This study assessed the in vitro
antioxidant and membrane stabilization potential, as well as the protective impact of semi-purified
solvent fractions of V. doniana leaves against Plasmodium berghei-passaged mice. Methods: Dried
leaves were extracted with ethanol, followed by fractionation using a solvent-gradient system of
increasing polarity (hexane, ethyl acetate, and methanol), and the concentrated fractions were obtained.
Forty-two mice were randomly divided into seven groups as: group 1 (normal control), group 2
(disease control, untreated), while groups 3 to 7 received the standard drugs (artequick and
chloroquine) and combined V. doniana fraction (VDF, 100 mg/kg) at varying ratios. Results:
Comparatively to V. doniana extract, the fractions (F6, F8) displayed considerable antioxidant activity
by scavenging O,”, OH" and DPPH radicals, and effectively reduced Fe*" to Fe®*. VDF (1:1) at
different concentrations (200, 400, 600 pg/mL) inhibited erythrocyte haemolysis by 91.29+3.61%,
80.52+0.13%, 75.68+1.45% and 80.57+0.94%, respectively. Also, the VDF in synergy with artequick
and chloroquine decreased parasitaemia levels by 4.25+0.25% and 4.65+0.28% compared to the
disease control (7.93+1.61%). The combined fractions significantly normalized the plasma calcium
concentration (1.85+0.17 mg/dL, 1.65+0.21 mg/dL, 1.72+0.23 mg/dL, 1.65+0.22 mg/dL) for groups 3
to 6 compared to the disease control (1.30+0.09 mg/dL), while the bodyweights presented no
significant change in all experimental groups. Conclusion: The results indicate the promising
potential of V. doniana as a drug candidate in managing malarial infection.
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Introduction

Malaria is a vector-borne parasitic infection ovale, P. malariae, and P. knowlesi. From
caused by Plasmodium species and remains a epidemiological studies, differences in the
deleterious infectious disease worldwide [1,2]. patterns of malaria cases, disease severity, and
The disease mainly resulted from five mortality rate exist across diverse geographical
Plasmodium species: P. falciparum, P. vivax, P. regions [3]. In 2019, the world recorded 229

*Corresponding author: obona058@uottawa.ca
© 2023. Open access. This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by-nc/4.0/)


https://orcid.org/0000-0002-2751-8040
https://orcid.org/0000-0001-5412-8737

Okpe O. et al.

million malaria cases, resulting in 409,000 deaths.

Although malaria cases are reported in 87
countries globally, Africa had about 94% of the
total malaria cases and deaths, especially in sub-
Saharan Africa [4]. The disease claims more than
400 thousand lives each year, largely in Africa,
and children below 5 years old are the most
vulnerable and die from this curable disease [5].
With a record of 60 million malaria cases,
Nigeria has contributed 27% of malaria cases and
23% of malaria deaths worldwide, the highest
rate among malaria-endemic countries. Both
malaria cases and deaths increased in 2019
compared to 2018, a trend that is normally
observed in countries with high malaria
incidences [4].

The pathophysiology of malaria has been
suggested to be in part influenced by oxidative
stress [6]. To maintain cellular integrity, red
blood cells infected with the Plasmodium parasite
must eliminate reactive oxygen species (ROSS).
The parasite produces a large number of redox-
active species during its growth and
multiplication. By using these redox-active
compounds, the parasite produces free heme
(Fe/ferroporphyrin IX-FP), as well as reactive
oxygen and nitrogen species (ROSs, RNSs).
Additionally, the host immune system produces
ROS during malaria infection, contributing
significantly to oxidative stress [7]. Antioxidants
are molecules that donate electrons to electron-
deficient compounds or molecules, protecting
them from the damaging effects of reactive
oxygen species (ROS) [8]. It is widely known
that plants contain antioxidant molecules,
especially those that have high amounts of
phenolic compounds. Hence, natural antioxidants
from foods, particularly fruits and vegetables, are
becoming increasingly studied. Studies on
animals have shown that plants and compounds
with antioxidant activity may ameliorate malarial
infection from progressing by inhibiting parasite
growth and preventing subsequent complications
[9].

The use of natural and traditional medicines is
widespread in malaria-endemic countries [10].
Plant-based bioactive compounds have remained
a major source of biologically active compounds,
and indigenous remedies have developed many
significant drugs [11]. In recent times, the
scientific validity of several medicinal plants for
malaria treatment has been established by in vitro
or in vivo tests [12]. In Nigeria, Vitex doniana

Sweet (Lamiaceae), commonly known as black
plum (Figure 1), is a common herbal condiment
and contains potential drug compounds. In
different regions of Nigeria, the local
preparations of V. doniana are used as
medications to treat various diseases, including
liver disease, anemia, and jaundice [13,14].
Studies have shown that V. doniana possesses
properties such as antimicrobial, induction of
aphrodisiac, analgesic and anti-inflammation,
antioxidant, hypoglycaemic, anti-hypertensive, as
well as  anti-hyperglycaemic and  anti-
hyperlipidaemic activities [15-18]. Generally, the
important steps to utilize biologically active
compounds from plant sources are extraction,
pharmacological  screening, isolation and
characterization of  bioactive  compounds,
toxicological, and clinical evaluation [19].
Therefore, investigating the pharmacological
properties of natural products from herbal plants
may pave way for discovering novel compounds
[20,21]. Hence, the present study seeks to
evaluate the in vitro antioxidant and membrane
stabilization potential of V. doniana leaves
fractions, as well as its anti-plasmodial impact
against P. berghei infection.

Figure 1. Vitex doniana leaf (photograph by authors)

Material and Methods

Ethical considerations

All animal experiments were conducted in
accordance with the US National Institutes of
Health Guide for Care and Use of Laboratory
Animals (NIH Publication no. 85-23, revised
1996) and were approved by the Institutional
Animal Research Ethics Committee, University
of Agriculture Makurdi, Nigeria
(BCH/UAM/21/0008).

Chemicals

The chemicals used in this study were of
analytical grade, and were purchased from
Sigma-Aldrich® (St. Louis, MO, USA).
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Plant material

Fresh Vitex doniana Sweet leaves were collected
randomly from the site in Makurdi, Benue State,
in 2021. They were identified at the Department
of Botany, Federal University of Agriculture,
Makurdi, Nigeria and authenticated at the
International Centre of Ethnomedicines and
Drugs Development, Nigeria (voucher specimen
InterCEDD/207). The fresh leaves were shade-
dried for several days and pulverized into fine
powder. The pulverized material (500 g) was
macerated in ethanol (2.5 L) for 48 hours, filtered
with a Whatman No. 1 filter paper and the filtrate
was concentrated using a rotary evaporator
(ILK.A., Germany) at an optimum temperature of
40 °C. The extraction process was repeated thrice
more. Using SiO, gel column (100-200 mesh),
the Vitex doniana crude extract was column
partitioned and eluted using a solvent gradient-
system (CHs(CH,),CH, EtOAc and MeOH) of
increasing polarity (Table 1). Vitex doniana
fractions (F6, F8), which gave the best results in
the preliminary activity-guided study, were
concentrated and used in this study.

Table 1. Solvent-gradient for column chromatography

Solvent system Ratio \Volume (mL) Fraction

=

Hexane 100% 200

Hexane: ethyl acetate 75%: 25% 200 2
Hexane: ethyl acetate 50%: 50% 200 3
Hexane: ethyl acetate 25%: 75% 200 4
Ethyl acetate 100% 200 5
Ethyl acetate: methanol 75%: 25% 200 6
Ethyl acetate: methanol 50%: 50% 200 7
Ethyl acetate: methanol 25%: 75% 200 8
Methanol 100% 200 9

Animals

Swiss albino mice weighing between 20 g and 28
g of either sex were used for the study. The
animals were housed at 25+2 °C under a 12-h
light/dark cycle maintained on standard chick
grower's pellet (Guinea Feed Nigeria, Ltd.) with
free access to water ad libitum. The animals were
allowed to acclimatize for 14 days prior to the
study.

In vitro antioxidant study

The extract and fractions (F6, F8) of V. doniana
leaves were evaluated for antioxidant activity
using established in vitro models. The
scavenging activity of DPPH (2, 2-diphenyl-1-
picrylhydrazyl) free radicals was determined
using the method described by Chowdhury et al.
[22]. The superoxide radical scavenging activity
was determined by the method described by

Kavimani et al. [23]. The hydrogen peroxide free
radical scavenging activity was determined by
the previously described method of Gulcin et al.
[24]. The ferric-reducing power capacity was
determined by the method described by Benzie
and Strain [25].

In vitro membrane stabilizing study

The membrane stabilizing activity of combined V.
doniana fractions (VDF) of F6 and F8 (1:1, w/w)
was evaluated following the previously described
method [26]. In brief, twelve centrifuge tubes
containing 5 mL graded doses (200, 400 and 600
ug/mL) of V. doniana fractions dissolved in
isotonic phosphate buffer solution were arranged
in quadruplicate sets (4 sets per dose). Then, 0.5
mL of healthy human erythrocytes suspension
was added to each tube and gently mixed. The
control tubes contained 5 mL of RBCs mixed
with isotonic phosphate buffer solution and 5 mL
of 10 pg/mL of piroxicam, respectively. A pair of
tubes was incubated at 54 °C for 20 min in a
regulated water bath, whereas the other pair was
maintained at —4 °C in a freezer for 20 min.
Thereafter, the tubes were centrifuged at 3000 g
for 10 min and absorbance of the supernatant was
recorded at 540 nm using the spectrophotometer.
The percentage inhibition of hemolysis was
calculated using the following equation:

% Inhibition of haemolysis =
1 — A absorbance of test sample (heated- unheated) x 100
A Absorbance of control sample (heated)-test sample
(unheated)

Anti-plasmodial study

Based on the in vitro findings, VDF (F6 and F8,
1:1, w/w) was investigated further in vivo to
establish the protective impact against P. berghei
infection using the method described by Ibezim
et al. [27]. In brief, the chloroquine-sensitive
strain, Plasmodium berghei (Nk65) was obtained
from the Department of Parasitology, Faculty of
Veterinary Medicine, Ahmadu Bello University
(ABU), Zaria, Nigeria, and was kept under
standard conditions prior to experiment. Forty-
two infected mice were randomly divided into 7
groups (n=6) and treated as shown below:

Group 1: normal control; group 2: disease control
(untreated); group 3: received artequick
(artemisinin- 62.5mg + piperaquine-375 mg) +
VDF (100 mg/kg) for 7 days; group 4: received
chloroquine (1000 mg/kg) + VDF (100 mg/kg)
for 7 days; group 5: received artequick
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(artemisinin- 62.5mg + piperaquine-375 mg) for
7 days; group 6: received chloroquine tablet
(1000 mg/kg) for 7 days; group 7: received VDF
(100 mg/kg) for 7 days.

Preparation of the inoculum from donor mice
with P. berghei parasitaemia was established by
microscopic examination of a thin blood film
under oil immersion at x100 magnification and
measured as percentage erythrocytes [28]. Each
mouse was infected with an inoculum of
approximately 10" parasitized erythrocytes
suspension in normal saline (0.3 mL) from a
donor mouse. Animals were treated for 7
consecutive days and were monitored with
constant checking of the percentage of
parasitemia after one day intervals. Artequick
(artemisinin- 62.5mg + piperaquine-375 mg) and
chloroquine tablet (1000 mg/kg) were used as the
standard control of the experiment. All treatments
were given orally by using a standard intragastric
tube.

Determination of percentage parasitized
erythrocytes

A thin smear of blood film was made from blood
collected from the tail of each mouse. The smears
made on the microscopic slides were fixed in
methanol and stained with Giemsa, pH 7.2. The
numbers of parasite erythrocytes in each field
were determined thrice, and the average was used
to calculate the percentage parasitaemia level of
each mouse.

The percentage value of the parasitized red cells
was calculated as follows:

Percentage parasitized =
Total number of infected erythrocytes x 100
Total number of uninfected erythrocytes

Estimation of plasma calcium concentration

The calcium ion concentration (Ca’*) was
determined using the modified Arsenazo Il
method, as previously described [29]. Reagent
1(O-cresolphthalinecomplexone 0.16 mM/L, 8-
hydroxyquinoline 17 mM/L, and preservative)
and reagent 2(amino-2-methyl-1-propanol (AMP)
buffer (pH 10.4) at 500 mM/L) are mixed in
equal proportion for working a reagent. Then 1
mL of working reagent was pipetted into three
clean, dry tubes as blank, standard, and test
samples. Afterwards, 10 pL of calcium standard
and test samples were added into the respective
test tubes keeping the blank with distilled water
and mixed properly. The mixture was incubated
at 37 °C for 5 min. The absorbance of test

samples and standard were measured against the
reagent blank at the wavelength of 630 nm; hence,
the calcium concentration was calculated from
the formula:

Plasma calcium concentration (mg/dL) =
Absorbance of test sample x100
Absorbance of standard

Statistical analysis

Results were expressed as mean + SEM using the
Statistical Product and Service Solutions (SPSS)
software (version 21.0, SPSS Inc., USA). This
was followed by the one-way Analysis of
variance (ANOVA) to determine differences
between means, and the new Duncan's multiple
range test was used for multiple comparisons of
the means [24]. Values of p<0.05 were
considered significantly different from each other.

Results and Discussion

Figure 2 depicts the antioxidant activity of extract
and fractions of V. doniana leaves. In the DPPH
assay, the V. doniana extract scavenged free
radicals by 13 %, followed by 18 % and 14.2%
for F6 and F8, respectively. The combined V.
doniana fractions (VDF) of F6 and F8 (1:1, w/w)
showed an increase in electron-donating abilities
with FRAP values of 606.3 pMFe* and 651.5
HUMFe?*, respectively, compared to the extract
(393.9 pMFe?"). Results showed OH" scavenging
activity of 18.7% for the extract, 39% and 19.3%
for F6 and F8, respectively. F6 and F8 showed
O, radical scavenging activity of 34.0% and
23.4%, respectively, compared to the extract
(18.7%).

With a FRAP value of 1137.4 uMFe”, VDF
showed the highest electron donation and radical
scavenging ability against DPPH (42.8%), OH’
(49.2%), and O, (48.4%). Table 2 depicts the
membrane stabilizing effect of fractions of V.
doniana leaves. Vitex doniana fractions showed
marked protection against heat-induced lysis of
human erythrocyte membranes, as demonstrated
by the high percentage of haemolysis
inhibition. VDF at different concentrations (200,
400, and 600 pg/mL) showed haemolysis
inhibition (%) of 80.52+0.13, 75.68+1.45 and
80.57+0.94, respectively, while the standard,
piroxicam exhibited the highest inhibition of
heat-induced erythrocyte haemolysis by a factor
of: 91.29+3.61.

Table 3 depicts the effect of fractions of Vitex
doniana leaves on percentage parasitaemia in P.
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berghei-passaged mice. The parasite load of V.
doniana fractions treated mice significantly

weight of the treated animals compared with the
control group.

(p<0.05) reduced compared to the disease control
(group 2). However, groups 3 and 4, which
constituted artequick and chloroquine in
combination with VDF, exhibited the highest
(p<0.05) reduction in parasite load compared
with disease control. There was a significant
(p<0.05) increase in  plasma  calcium
concentration in the treated groups compared to
the disease control (group 2). No significant
(p>0.05) changes were observed in the body

Our study clearly demonstrated considerable
antioxidant potential and protective impact of V.
doniana leaves against P. berghei infection in
mice. Generally, research conducted so far has
revealed the plant as one of the medicinally
important plants utilized in folklore medicine to
treat various disease conditions in Nigeria. This
may be attributed to the presence of various
functional components; hence, the observed
effects are a consequence of the synergistic
action of these components.
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Figure 2. In vitro antioxidant activity of Vitex doniana leaf extract and fractions. Results are expressed as mean + SD of three
replicates; p< 0.05 when compared with V. doniana extract (VDE); Vitex doniana fractions (F6 and F8).

Table 2. Effect of Vitex doniana leaves fractions on heat-induced haemolysis of HRBCs

Treatment Concentration (ug/mL) Inhibition of haemolysis (%)
ontrol - -
Piroxicam 10 91.29+3.61°
200 80.52+0.13°
VDF 400 75.68+1.45
600 80.57+0.94°

Values are presented as mean+SEM of three replica determinations. Different superscripts down the column are significantly
(p<0.05) different compared to control. VDF: combined V. doniana fractions of F6 and F8 (1:1, w/w).

Table 3. Effect of Vitex doniana leaves fractions on percentage parasitaemia, plasma calcium concentration and body weight in
Plasmodium berghei-passaged mice

Groups Parasitaemia (%) Plasma calcium (mg/dL) Body weight (g)
Group 1 - 1.80+0.20° 29.00+1.47°
Group 2 7.93+1.61° 1.300.09° 25.50+1.89%
Group 3 4.25+0.25° 1.85+0.17° 29.00£3.24°
Group 4 4.65+0.28° 1.65+0.21° 29.00+0.41°
Group 5 5.23+0.08 1.72+0.23° 26.25+1.25°
Group 6 5.47+0.03% 1.65+0.22° 24.75+1.38°
Group 7 5.08+0.13% 1.43+0.25% 29.00+2.74°

Results are means + SEM of three replicate determinations. Values with different superscripts down the column are significantly
(p<0.05) different. Group 1 = normal control; group 2 = disease control; group 3 = artequick + VDF; group 4 = chloroquine +
VDF; group 5 = artequick; group 6 = chloroquine; group7 = combined V. doniana fractions (VDF) of F6 and F8 (1:1, w/w).
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Antioxidants play a crucial role in neutralizing
and scavenging free radicals, protecting against
infections and degenerative diseases [30].
According to Gazdik et al. [31], the intake of
high amounts of flavonoids, or compounds with
antioxidant, antiproliferative, and anti-
inflammatory activities, has a positive impact on
human health, especially in the prevention of
cancer and inflammatory diseases. The
antioxidant activity of the fractions of V. doniana
leaves was assessed in various in vitro models.
DPPH, known to be a stable free radical, is
widely accepted as a means for estimating
antioxidants' free radical scavenging ability.
DPPH receives an electron or hydrogen radical to
assume a stable diamagnetic molecule [32]. The
result showed the DPPH scavenging activity of
fractions of V. doniana leaves. Superoxide
radicals are produced in vivo and are harmful to
cellular organelles and are precursors to other
reactive species [33]. The result showed fractions
of V. doniana leaves as scavengers of superoxide
radicals. Similarly, hydrogen peroxide is among
the most reactive oxygen radicals and induces
severe damage to adjacent biomolecules [34];
therefore, the removal of hydroxyl radical is
important for antioxidant defense in the cell, as
demonstrated by fractions of V. doniana leaves.
Iron (Fe**) reduction is often used as an indicator
of electron-donating activity; hence, an important
mechanism of antioxidant action as previously
reported [35]. Thus, this study demonstrated the
transformation of Fe** to Fe*" by fractions of V.
doniana leaves, which correlates strongly with its
observed antioxidant properties.

Membrane stabilizing assessment evaluates the
stability of the erythrocyte membrane to osmotic
stress, which may be internal or external [36].
This study evaluated membrane permeability as a
potential biomarker of oxidative membrane
damage in pathologic conditions and xenobiotic-

induced oxidative membrane damage in
erythrocytes [37].
Plasmodium  parasite  remodeling  during

intraerythrocytic development alters the host
RBC physiology, leading to increased
permeability and haemolysis. In the case of P.
falciparum, the change includes disruption of the
cytoskeleton by proteins inserted into RBC
membranes and an increase in plasma membrane
permeability which leads to the spherical shape
of the infected RBCs [38]. The structural change
compromised the integrity of the host RBC and

thereby reduced the osmotic stability of
Plasmodium-infected RBCs, as observed in this
study. The consequence of this reduction is an
increased tendency of infected cells to be
destroyed in circulation via splenic clearance and
intravascular haemolysis [39,40]. Therefore,
compounds capable of membrane stabilization
are potent anti-inflammatory agents; hence,
membrane stabilization assay is a means to
investigate the anti-inflammatory abilities of
biological compounds [28]. The present study
observed a significant reduction in osmotic
inhibition of RBC membrane haemolysis, using
varying concentrations of fractions of V. doniana
leaves. According to Anosike et al. [41] and
Amin et al. [42], the methanol extract of garden
egg (Solanum aethiopicum) and Gardenia
coronaria leaves, respectively, possess anti-
inflammatory activity through mechanisms of
membrane stabilization. Furthermore, the in vitro
anti-inflammatory effect of extracts of Polyalthia
longifolia leaves was reported to ameliorate
membrane fragility [43]. The above studies attest
to the protection of the human erythrocyte
membrane from induced heat haemolysis as
observed in this study. Hence, the fraction of V.
doniana leaves possessed anti-inflammatory
properties.

For Plasmodium infection, the key event in the
life cycle is regulated by changes in cellular
levels of calcium ions, which link closely with
other second intracellular messengers to form
signaling networks that control important
processes during pathogenesis and mosquito
transmission [44]. From studies, hypocalcaemia
has a prognostic correlation with malaria as it
indicates complicated malaria or higher
parasitaemia, and its return to normal plasma
levels may indicate clinical recovery and parasite
clearance [45]. In this study, the plasma calcium
concentration increased in the V. doniana treated
groups compared to the control group regarding
the level of parasite load. The reduction in
calcium levels in the disease control could be
attributed to the trophozoites form of the parasite
that accumulates calcium in its internal
compartment for metabolism and gliding
movement or is due to digestive and renal
complications arising from malaria and an
enhanced influx of calcium ions into the
intracellular compartment by the Plasmodium
parasite. The molecular process adopted by
fractions of V. doniana leaf extract to prevent
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calcium reduction in the treated groups could be
adduced to the prevention of membrane
haemolysis. Literature review has shown calcium
ion operation as an intracellular indicator for
different growth factors and hormones; hence, its
homeostatic disturbance results in overload
leading to alteration of cell function and death.
Normally, calcium ion homeostasis is sustained
by keeping cellular transport and
compartmentalization systems in sync [46];
however, impairment of the processes during cell
injury as observed in heat-induced membrane
haemolysis results in enhanced calcium ion
influx, release of calcium from intracellular
storage, and inhibition of calcium ion extrusion at
the plasma membrane [47]. Hence, an
uncontrolled sustained rise in cytosolic calcium
ion concentration differs from the temporary
rapid physiological increase in response to
hormones.

Conclusion

In vitro studies demonstrated that V doniana leaf
fractions exhibited antioxidant properties and
anti-inflammatory  effects via  membrane
stabilization. In combination with artequick and
chloroquine, V. doniana fractions synergistically
enhanced plasma calcium concentration and
reduced levels of plasmodium parasites. The
findings indicate that the plant offers promising
potential as a drug candidate for malarial
infection. Further pharmacological studies are
needed to determine the precise nature of the
active  constituents and the mechanisms
underlying the reported action.
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