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ABSTRACT

Objectives:About 216 million cases and 445,000 deaths have been reported due to Malaria in Africa. We
hereby evaluated the anti-plasmodial activity of a polyherbal formulation that consisted of Azadirachta
indica (neem leaves), Cymbopogon ciratus (lemon grass), Morinda lucida, Enantia chlorantha (bark of
“awopa” tree), and Citrus paradisi (grape fruits) in mice infected with Plasmodium berghei Nk65.

Methods: Twenty-five (25) Swiss albino mice (13-19 g) used in this study were grouped as Group A
(Sulphadoxine/Pyrimethamine-administered), Group B (distilled water-administered) as the positive and
negative controls, respectively. Groups C, D and E were administered the polyherbal formulation at 200, 400
and 800 mg/BW. After five days, they were inoculated intraperitoneally with Plasmodium berghei NK65
strain.

Results: Percentage chemoprophylaxis against parasitaemia was observed in a dose dependent
manner:10.04%, 19.65% and 62.45% in the treatment groups C, D and E, respectively.
Sulphadoxine/Pyrimethamine exerted 100% chemoprophylaxis at 5 mg/kg body weight. Hb (g/dl)
concentrations were 14.31 £ 0.39, 12.90 + 0.44, 13.23 +£ 0.36, 13.90 £ 0.55, 13.54 £ 0.55 in Groups A-E,
respectively. The WBC and PCV equally showed no heamatological abnormalities (p < 0.05). The effects on
oxidative stress biomarkers, SOD, GSH and MDA, renal function biomarkers; creatinine and urea, and liver
function enzymes; ALT, AST and ALP equally revealed no significant changes in the treated groups
compared to the control, (p <0.05).

Conclusion: The neem-based polyherbal formulation is a potent anti-plasmodial therapeutic formula

efficient enough to combat drug-resistant malaria endemic without inducing anaemia and oxidative stress.

INTRODUCTION

Malaria has remained a global health challenge for
decades and half of the world's population is at risk of the
disease.[1] Children under the age of five and pregnant
women are the most vulnerable. This infectious disease,
caused by Plasmodium spp, which is transmitted by the
Anopheles mosquito, has caused about 445,000 deaths, with
the highest cases occurring in Africa. Previous reports
revealed the devastating effects of malaria as reflected in the
estimates, which is about one million deaths per year or 3000
deaths per day, most of these deaths occur in African
children.[2] Malaria deaths are estimated to be 1.5 to 2.7
million a year, most of which children under five years [3] and
pregnant women are the most vulnerable. In other words,
90% of these deaths occur in sub-Saharan Africa.[4] Despite
the efforts of the World Health Organization, the prevention
and control of the disease is still very challenging.

Plasmodium falciparum is the most virulent and
deadliest of all the Plasmodium species. The parasite has
grown resistance to most available drugs. Modern

pharmaceuticals are too expensive in areas where malaria is
endemic, therefore, the use of herbal remedies has become
popular as an alternative therapy.[5] Resistance to
antimalarial drugs has become one of the most significant
challenges to human health, and thus has necessitated the
quest for new and effective drugs. Consequently, over the
years, research into alternative therapy has emerged as an
obligation. Up-to-date, neem leaves have been locally used in
a variety of ways, one of which is the management of
malaria fever.[6]

Due to the development of resistance to earlier drugs,
chemotherapeutic management of the disease has remained
a global problem.[7] The use of herbs for the treatment and
prevention of diseases is as old as humanity.[8] Traditional
methods of malaria treatment could be a promising source of
new antimalarial compounds.[9] The use of medicinal plants
for the treatment of parasitic diseases is well known and
documented since ancient times.[10] Anti-malarial
compounds have been successfully isolated from plant
products.[11] Herbal treatments are the most popular form of

LASU Journal of Medical Sciences, Volume 7(1 & 2), January-December 2022; ISSN:2672-5193 93



Neem-based Poly-herbal Formulation Exerts Anti-Plasmodial Effect

traditional medicine, and are highly lucrative in the
international marketplace.[12] Chemotherapeutic agents will
continue to be in demand for the complete management of
malaria.[13] After the resistance of the parasite to
chloroquine, the first line treatment gradually changed over
time to sulphadoxine—pyrimethamine (SP), and again, most
recently, from SP to artemisinin-combination therapy (ACT).
Resistance of Plasmodium falciparum to ACT has triggered a
global concern for malaria prevention and control in
Africa.[14]

The malaria species Plasmodium vivax, Plasmodium
ovale, Plasmodium malariae, and Plasmodium falciparum
have been implicated in the etiology of the infection. [15]
However, the control of these parasites using synthetic
antimalarial drugs such as primaquine and chloroquine have
been hindered by rapid parasite resistance to these drugs over
the last few decades.[16] The drug resistance developed by
these parasites has necessitated the hunt for more effectual
antimalarial agents from natural products. In malaria
endemic countries of the world, natural and traditional
products (plants and insects/products) are commonly used to
combat malaria.[17] Therefore, there exists a thought that if
these natural products used by the traditional herbalists were
not helpful, malaria would have shattered Africa a long time
ago.[18]

The aim of this study was to prepare a polyherbal
formulation from varieties of leaves, bark and fruits of
medicinal plants, popularly called “Agbo iba”, which is
commonly used by the Yoruba tribe (south-western Nigeria),
to investigate its effect as a chemoprophylaxis malaria
therapy and to evaluate its anti-plasmodial capacity in mice
infected with Plasmodium berghei.

The polyherbal formulation used in this study
consisted of Azadirachta indica (neem leaves), Cymbopogon
ciratus (lemon grass), Citrus paradisi (grape fruit), Enantia
chlorantha bark (awopa), and Morinda lucida bark (epo
oruwo). Azadirachta indica commonly known as Neem,
Indian lilac is a tree that belongs to the Mahogany family
Meliaceae. 1t is locally known as “Dongoyaro” in Yoruba.
The leaves are referred to as the “wonder leaves” due to its
medicinal properties. It has been used for ayurvedic remedies
for many years.[19]

Cymbopogon ciratus, commonly known as lemon
grass is a tropical plant native to Southeast Asia. It belongs to
the family Poaceae. Itis locally called “ewe tea”, it has a lot of
medicinal and antioxidant activities.[20] Citrus paradise also
known as grapefruit is one of the tropical evergreen trees of
the genus Citrus, it belongs to the family Rutaceae. It is
locally called “eso girapufurutu”.

Enantia chlorantha bark (locally called “awopa”), is a
dense tropical forest tree found along Central Africa and the
west coasts of West Africa. Local names include; Awopa, Osu
pupa or Dokitaigbo (Yoruba). The bark is very rich in primary
and secondary metabolites, the ethanolic extracts from
different parts of the plant contains alkaloids, flavonoids,
tannins, saponins, phenols, steroids, cardiac glycosides,
terpenoids, anthraquinones, proteins, aldehydes/ketones, and
carboxylic acid. The tea infusion is locally used in the
treatment of Malaria.[21]

Morinda lucida is a tropical rainforest plant that
belongs to the family Rubiaceae. The bark is used in the
treatment of Malaria locally and it is called “epo oruwo”. This

bark is equally rich in primary and secondary metabolites.
The challenge of multiple-drug resistance in eradicating
malaria has remained, despite the discovery of Artemisinin-
based Combination Therapy (ACT) in the 20th century,
whose efficacy has been short-lived. Hence, there is the need
for alternative antimalarial therapy that is safe, inexpensive
and readily available.[22] Therefore, there is a need for the
present study.

MATERIALSAND METHODS
Plant collection and identification

Five freshly harvested medicinal plants were obtained
from the botanical garden, University of Lagos, Nigeria and
from an herbalist at Yaba herbal market. Azadlirachta indica
leaves (neem) and Cymbopogon ciratus (lemon grass) were
obtained at the University botanical garden, while Citrus
paradisi (grape fruit), Enantia chlorantha bark (awopa), and
Morinda lucida bark (epo oruwo) were obtained from the
herbalist. The herbs were authenticated by Professor J. O.
Olowokudejo, Department of Botany, University of Lagos.
The Voucher number is FSC/BOT/HER/21/0018.

Preparation of the polyherbal formulation

Each of the five fresh plant materials were treated
separately. They were washed with water and finally rinsed
with distilled water after which they were air-dried. The neem
leaves, lemon grass, and the two barks were air-dried at room
temperature for a week in the laboratory, after which they
were powdered separately. 100 g of each plant powder was
soaked in 1000 ml of distilled water separately for 24 hrs. with
an intermittent stirring. The resulting extracts were filtered
with a muslin cloth. Six grape fruits (Citrus paradisi), were
dry blended all together as a whole, as in the peel, fruit pulp
and the seeds, all together. The blended fruit was soaked in
distilled water, 100 g of fruit pulp was extracted in 1000 ml of
distilled water. The extract was filtered with a muslin cloth.
The five filtrates were concentrated with a rotatory evaporator
at 40°C. Each of the five extracts (400 mg) was dissolved in
10 ml of water as a cocktail mix. The solutions were mixed
together to give 50 ml of the “polyherbal” mixture.

Experiment
Twenty-five male Swiss albino mice weighing 13-19 g
aged seven (7) weeks old were obtained from the Nigerian
Institute of Medical Research (NIMR), Lagos, Nigeria. They
were housed in plastic cages with saw dust as beddings at
25°C with a 12 h dark-light cycle and acclimatized for seven
days. Food and water were given ad libitum. The mice were
handled in accordance with NIH Guide for the care and use of
laboratory animals; NIH Publication revised (1985) NIPRD
Standard Operation Procedures (SOPs). The animals were
distributed into five groups of five mice each as shown below:
® Group A (Positive control): P. berghei+25 mg/kg b.wt
of Sulphadoxine/Pyrimethamine (SP) (standard drug).
® Group B (Negative control): Mice infected with P,
berghei NK65 received distilled water and no
treatment.
L] Group C (Low dose): P. berghei + 200 mg/kg b.wt of
polyherbal formulation.
o Group D (Medium dose): P. berghei +400 mg/kg b.wt
of polyherbal formulation.
L] Group E (High dose): P. berghei + 800 mg/kg b.wt of
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polyherbal formulation.

The experimental design was approved by the College
of Medicine, University of Lagos (CMUL) Ethical Research
Committee on the handling and use of laboratory animals.
Approval number was CMUL/CHRC/01/002/025. The
dosages used were arrived at from preliminary toxicity
investigations.

Parasite preparation

The NK65 strain of P. berghei used for this study was
obtained from Biochemistry Division, Nigerian Institute of
Medical Research (NIMR), Yaba, Lagos. An infected donor
mouse with the P. berghei strain of the rodent malaria P. spp
was used for parasite inoculum preparation. Each mouse was
passaged with 0.1 ml of the infected blood containing about
1x10°P, berghei parasitized red blood cells intraperitoneally.
A sample (1 ml) of blood was taken from donor mice and
diluted with 5 ml phosphate buffer; such that 0.1 ml contained
standard inoculum of 1 x 10" infected red blood cells.[23]

Chemoprophylaxis Treatment and Parasite Study

The mice in group A were given 25 mg/kg body weight
Sulphadoxine/Pyrimethamine (SP). Those in group B were
given distilled water. The animals in groups C, D and E were
given 200, 400 and 800 mg per kg body weight, respectively,
of the polyherbal formulation every day for 5 days using an
oral cannula. On the sixth day, the mice were inoculated with
0.1 ml of the infected blood containing about 1x10°P. berghei
parasitized red blood cells intraperitoneally. The mice were
allowed to stay for 72 h post inoculation. After the seventy-
two hours post inoculation, thick and thin peripheral blood
films were prepared from blood collected from the tail of each
mouse. The smear was prepared by spreading the blood on a
cleanslide over anarea of 1.5 cm x 2.5 cm, allowed to dry and
fixed with methanol, stained with 3% Giemsa stain for 45 min
and examined with microscope under the oil immersion
objective (100x) to determine the parasite density
microscopically (Olympus CX, Japan). This was necessary
so as to monitor the level of parasitaemia. For the positive
slides, the number of parasites counted per 200 white blood
cells was recorded and used to calculate parasite density,
assuming 8000 leucocytes/pl of blood. The
chemoprophylaxis of parasitaemia in relation to the control
was assessed using the recommended formula:
Average (Av) % chemoprophylaxis =
Av% parasitaemia in control — Av% parasitaemia in test x 100

Av% parasitaemia in control

Biochemical Parameters

Blood samples were collected from the mice through
the ocular vein into heparinized sample bottles at the end of
the study (three mice per group on the 3rd day after
inoculation). Haematological parameters such as packed cell
volume (PCV), white blood cell count (WBC), neutrophils,
eosinophils and haemoglobin level (Hb) were evaluated in
accordance with standard procedures. Haemoglobin levels
were measured using the cyanohaemoglobin method, red
blood and white blood cell counts were done using
haemocytometer, while PCV was measured by the
conventional method of filling capillary tubes with blood and
centrifuging using microhaematocrit centrifuge.

Liver function enzymes, AST: Aspartate

Aminotransferase, ALT: Alanine Aminotransferase, ALP:
Alkaline Phosphatase, renal function biomarkers (urea and
creatinine) and total protein were assayed using
corresponding Randox kits. Superoxide dismutase (SOD)
was assayed utilizing the technique of Kakkar er al.[24] A
single unit of enzyme was expressed as 50% inhibition of
NBT (Nitroblue tetrazolium) reduction/min/mg protein.

Oxidative stress biomarkers, reduced glutathione
(GSH) level was determined by the method of Ellman.[25] A
measure of 0.1 ml of the supernatant was treated with 0.05 ml
of Ellman's reagent (19.8 mg of 5, 5' -dithiobis nitro benzoic
acid (DTNB) in 100 ml of 0.1% sodium nitrate) and 3.0 ml of
phosphate buffer (0.2 M, pH 8.0). The absorbance was read at
412 nm.

Lipid peroxidation as evidenced by formation of
TBARS and HP were measured by the method of Niehaus and
Samuelsson.[26] A measure of 0.1ml of serum was treated
with 2ml of (1:1:1 ratio) TBA-TCA-HCL (thiobarbituric acid
0.37%, 0.25N HCl and 15% TCA) and placed in water bath
for 15min, cooled and centrifuged at room temperature for
10min at 1,000 rpm. The absorbance of the clear supernatant
was measured against reference blank at 535 nm.

Statistical Analysis

The results of the study were expressed as mean +
standard error of mean. Differences in the mean values were
analyzed for significance by using Two-way analysis of
variance (ANOVA), Dunnett's multiple comparison test using
GraphPad Prism version 6.0 statistical software and
Statistical Package for the Social Sciences, version 13.0
(SPSS Inc.). The values of p < 0.05 were considered
statistically significant.

RESULTS
Effect of the polyherbal formulation on average %
parasitaemia in mice infected with P. berghei

Extract load of the parasite in the blood of the
experimental animals revealed the efficiency of the extract in
a concentration-dependent manner. Sulphadoxine/
Pyrimethamine (SP) standard anti-malaria drug, and distilled
water were used as positive and negative controls,
respectively. The average % parasitaemia in the groups is
presented in Figure 1A. There was an inverse relationship
between the dosage and the average percentage parasitaemia.
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Figure 1: Effect of the polyherbal formulation on (A)
percentage parasitaemia and (B) chemoprophylaxis

Group A (25 mg/kg) bw of sulphadoxine/pyrimethamine
(SP), group B (2 ml water), groups C, D and E (200 mg, 400
mg and 800 mg/kg bw respectively of the polyherbal
formulation; n=>5, (mean = SEM). * =p <0.05, **=p<0.01,
*HE*=p<0.0001.
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Effect of the polyherbal formulation on chemoprophylaxis in
mice infected with P. berghei

The percentage (%) chemoprophylaxis effect of the
polyherbal formulation and the controls are presented in
Figure 1B. As the dosage increased, the percentage
chemoprophylaxis increased with the 800 mg dosage having
the highest effect at 62.5%. The positive control,
Sulphadoxine/Pyrimethamine had 100% chemoprophylaxis,
while the negative control had 0% chemoprophylaxis.

Effect of the polyherbal formulation on Haemoglobin,
White blood cells and Packed cell volume in mice infected
with P. berghei

The effect of the polyherbal formulation on
haemoglobin concentration, white blood cell concentration,
packed cell volume in P. berghei infected mice is presented in
Table 1. There were no significant differences in the treatment
groups compared to the control, the group p-values are
0.9970,0.999,0.9979 and 0.9985 respectively.

Effect of the polyherbal formulation on liver function
enzymes in mice infected with P. berghei

The liver function enzymes measured are AST:
Aspartate Aminotransferase, ALT: Alanine
Aminotransferase, ALP: Alkaline Phosphatase. There were

no significant differences between the liver function
parameters between the control group A and treatment groups
B (p=0.4728), C (p = 0.7397), D (p = 0.7767) and E (p =
0.9834) (Table 2).

Effect of the polyherbal formulation on kidney function
parameters in the P. berghei infected mice

The measured biomarkers are Creatinine and Urea.
There were no changes in the treatment groups compared to
the control. The significant differences between the control
group A when compared with the treatment groups are; B (p =
0.2615), C (p = 0.5842), D (p =0.7312) and E (p = 0.8841)
respectively (Table 3).

Effect of the polyherbal formulation on oxidative stress
parameters of mice infected with P. berghei

There were significant differences between the
oxidative stress parameters: SOD; Superoxide dismutase,
MDA; Malondialdehyde and GSH; Glutathione in the
treatment groups compared to the control. There was a
significant decrease in the superoxide dismutase enzyme and
the oxidative stress biomarker malondialdehyde, there was
equally a significant increase in the endogenous antioxidant
glutathione compared to the control, p <0.0001, p<0.0001, p
=0.0122 and 0.0038 respectively (Table 4).

Table 1. Effect of the polyherbal formulation on Hb, WBC and PCV in P.berghei infected mice.

GROUP A B C D E

Hb (g/dl) 14.31+0.39 12.90+0.44 13.23+0.36 13.90+0.55 13.54+0.55
WBC (mm3) *3950+500 *5666+2.08 *3800+278.4 *5500+57.7  *5366.67+208.8
PCV (%) 40.33+1.45 38.69+0.2 38.30+0.9 40.0+0.6 39.3+03

Group A (25 mg/kg) bw of sulphadoxine/pyrimethamine (SP), group B (2 ml distilled water), groups C, D and E
(200, 400 and 800 mg/kg bw. respectively of the polyherbal formulation; n = 5, (mean + SEM). Hb:
Haemoglobin, WBC: White Blood Cell Concentration, PCV: Packed Cell Volume. Differences in superscript
letters indicated a significant difference. The group p values are 0.9970, 0.999,0.9979 and 0.9985 respectively.

Table 2. Effect of the polyherbal formulation on liver function enzymes in mice infected with P. berghei.

GROUP A B C D E
AST(U/L) 36.20£2.27 40.46+8.43 33.68+5.31 35.73£2.17 42.89+8.74
ALT(U/L) 65.77+1.05 69.32+1.41 69.39+£0.76 66.05+0.60 72.42+£2.53
ALP(U/L) 690.00+42.74  586.97+£69.20 621.00+£52.17 754.11+30.90 648.11+45.10

Group A (25 mg/kg) bw of Sulphadoxine/Pyrimethamine (SP), Group B (2 ml distilled water), Groups C, D and
E (200, 400 and 800 mg/kg bw. respectively of the polyherbal formulation; n = 5, (mean £ SEM). AST:
Aspartate Aminotransferase, ALT: Alanine Aminotransferase, ALP: Alkaline Phosphatase, there are no
significant differences between the liver function parameters compared to the control, the group p-values are

0.4728,0.7397,0.7767 and 0.9834

Table 3. Effect of the polyherbal formulation on kidney function parameters, Creatinine and Urea in

mice infected with P. berghei.

GROUP A B C D E
Creatinine (mg/dl) ‘1.35+£0.12  ‘0.97£0.090 °0.91+0.070  0.82+0.052  ‘1.06+0.083
Urea (mg/dl) 79.41+4.93  67.55+7.96 71.47+6.00 ‘86.82+3.56  74.64+5.26

Group A (25 mg/kg) bw of sulphadoxine/pyrimethamine (SP), Group B (2 ml distilled water), Groups C, D and
E (200, 400 and 800 mg/kg bw. respectively of the polyherbal formulation; n = 5, (mean + SEM). The

significant differences between the treatment groups
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Table 4. Effect of the polyherbal formulation on Oxidative Stress parameters of mice infected with

P. bergheiin Mice Infected with P.berghei.

GROUP A B C D E
Total protein (g/L) 29.91+8.1 69.32+1.414  6.82+1.1 47.56+5.6 33.07+£0.9
(SOD/min/mg/pro)  40.10+11.02  34.71+1.64 32.16£1.24 3537+£5.07 3583+1.74
MDA (nmol/ml) 7.23+£0.67 5.46+2.52 6.44+2.79  5.18+£0.98 6.07+1.61
GSH (umol/ml) 0.01+0.002 0.11£0.002 0.01£0.002 0.15+£0.001  0.15+0.002

Group A (25 mg/kg) bw of sulphadoxine/pyrimethamine (SP), group B (2 ml distilled water), groups C, D
and E (200, 400 and 800 mg/kg bw respectively of the polyherbal formulation; n =5, (mean+ SEM). The
significant differences between the treatment and control groups, are p <0.0001, p <0.0001, p=10.0122

and 0.0038 respectively.

DISCUSSION

With respect to a recent ethno-botanical survey carried
out on a variety of medicinal plants used in the treatment of
malaria, the use of Azadirachta indica (neem leaves),
Mangifera indica, Carica papaya, Cymbopogon citratus and
Psidium guajava either singly or preferably in combination
for malaria treatment were recommended.[30] In this study,
we made use of five medicinal plants (4zadirachata indica
(neem leaves), Cymbopogon ciratus (lemon grass), Morinda
lucida (bark of “oruwo” tree), Enantia chlorantha (bark of
“awopa” tree) and Citrus paradisi (grape fruit). We hereby
present the anti-malarial effect of the combination of these
medicinal plants, which are in form of leaves, barks and
fruits. The polyherbal formulation was efficient on the titer
value of the P. berghei in the infected mice. Other studies have
also shown the anti-plasmodial activities of Azadirachata
indica,[31] Allium sativum L., Carica papaya L., Vernonia
amygdalina Del., and Lepidium sativum L. They are some of
the most commonly reported species occasionally used as
anti-malarial plants.[32]

There were significant differences between the
malaria parasite densities between groups A, B, C, D and E,
such that Group A (positive control) which was the group
treated with the Sulphadoxine/Pyrimethamine had zero
malaria parasite density. Group B (negative control) which
was not treated at all, had the highest malaria parasite density.
Groups C, D and E which were treated with 200, 400 and 800
mg of the polyherbal formulation respectively had decreasing
malaria parasite densities with group E having the least
malaria parasite density. This is an indication of a dose-
dependent effect of the polyherbal formulation on the growth
of the malaria parasite. There was an inverse relationship
between the increased doses and the malaria parasite density.

The present results are in line with a previous study
which showed the anti-plasmodial effect of another herbal
product, Abaleria, which displayed a dose-dependent in vivo
anti-plasmodial effect, biochemical properties as well as
improvement of lipid profiles of mice infected with P,
berghei.[27] 1t is also in line with the work of Muregi et
al[28], as they showed the polyherbal effect of extracts of
four plants, Ekebergia capensis, Stephania abyssinica, Ajuga
remota and Clerodendrum myricoides which gave IC, values
below 30 pg/ml against both chloroquine sensitive and
resistant P. falciparum strains. A combination of E. capensis
and C. myricoides with chloroquine showed a synergistic
effect against the multi-drug resistant P. falciparum
isolate.[28] Neem seed-oil showed some antibacterial
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activity on Staphylococcus aureus, however, the Neem seed-
oil extract was reported to be acidic and non-edible.[29]

The Neem (Azadirachta indica) plant is valued for it
ayurvedic properties[33] it was reported to have shown
antimicrobial activities through inhibitory effect on microbial
growth and also through the potentiality of cell membrane
breakdown. The leaves also have insect repellant
property.[19] Alkaloids, flavonoids, phenolics, terpenoids,
and glycosides are the most-reported phytoconstituent with
effective activity on drug-resistant malaria,[34] the
polyherbal formulation used in this study are rich in these
phytoconstituents, whose synergistic effect enhances their
therapeutic properties.[35]

In arecent study, a combination of the leaves extract of
C. citratus, Carica papaya, A. indica and Ocimum
gratissimum was shown to have anti-plasmodial activities as
a result of the synergistic action of their phytochemicals.[36]
Our result is in line with this study, as we evaluated the effect
of neem leaves, lemon grass, along with three other herbal
formulations which the previous study did not examine.
Equally, newly synthesized neem-silver nitrate nanoparticles
were obtained using the aqueous extract of neem leaves, 4.
indica, especially for malaria therapy, this was shown to
possess anti-plasmodial activity as well.[37] Another study
showed that the ethanolic extract of A. indica has
antiplasmodial activity against P. berghei.[38] This is also in
line with the present study which made use of aqueous
extracts of the polyherbal formulation.

Morinda lucida was shown to possess anti-plasmodial
activities,[39] the leaves and bark are medicinal agents for
malaria treatment hence, could be a potential source of
antimalarial templates.[40]The anti-plasmodium effect of the
Morinda lucidaleaves was equally reported.[41] The extract
was also shown to possess a potent antioxidant and antitumor
activities.[42]

Our work is in agreement with the work of Raymond et
al, 2021,[42] which revealed the prophylactic and anti-
haemolytic effect of lemon grass. Ethanolic leaf extracts of
Cymbopogon citratus, A. sativum and R. communis was
shown to exhibit larvicidal properties.[20] However, C.
citratus was most effective followed by A4. sativum while R.
communis was the least effective. Lemon grass is a good
source of vitamins A and C, folic acid, magnesium, zinc,
copper, iron, potassium, calcium and manganese[43], this
nutritional components may have contributed to its
therapeutic effect, especially the role it plays in malaria
treatment.[44]
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Haematological abnormalities are considered a
hallmark of malaria[45] and this is reported to be most
pronounced in P. falciparum infections.[46] This study
showed that P. berghei malaria infections in mice may not
necessarily lead to significant changes in hematological
parameters. There were no significant differences in the
measured parameters, and this is not in line with the work of
Kotepui et al.,[46] where haematological parameters reduced
as an indication of malaria-induced anaemia. The reason for
the observed result in this present study could be that the
polyherbal formulation prevented the parasites from thriving,
hence, preventing the parasite from feeding on haemoglobin
which may have led to anaemia.

Renal and hepatic dysfunctions are part of the
pathological effects of malaria infection common in children
and pregnant women. Creatinine and urea are renal function
biomarkers, an increase in these biomarkers in blood is a
marker for renal dysfunction, while hepatic dysfunction is
also characterized by increase in liver enzyme activities. The
polyherbal formulation did not result into an increase in these
biomarkers which indicates its mild effect.

The existence of oxidative stress and changes in lipid
profiles during acute malaria infection has been demonstrated
in some studies. This includes depletion of antioxidants,
increased plasma lipid peroxidation and altered fluidity of
erythrocyte membrane.[47-48] Although, the oxidative stress
appears to be a common phenomenon in acute infection, it
may cause a specific consequence in malaria
pathogenesis.[48] From the present study, there were no
significant differences in the oxidative stress parameters.
This could be as a result of the effect of the polyherbal
formulation in preventing the parasites from thriving, hence,
preventing oxidative stress induced by the parasites. It could
equally be as a result of the potent antioxidative activity of the
polyherbal mixture, especially due to their synergistic effect.
This is in line with a recent study which revealed the fact that
neem and its phytoconstituents which are rich antioxidants,
play a significant role in scavenging free radical generation
and prevention of disease pathogenesis.[49]

CONCLUSION

We hereby suggest that the neem-based polyherbal
formulation evaluated in the present study which consisted of
A. indica (neem leaves), C. ciratus (lemon grass), M. lucida,
E. chlorantha (bark of “awopa” tree), and C. paradisi (grape
fruits), exhibited significant anti-plasmodial activity in mice
infected with P. berghei NK65 and equally prevented
anaemia during malaria treatment. It may be a potent
formulation for pharmaceutical drug discovery, in the quest to
combat the persistent drug resistance challenge currently
faced in the management of malaria.
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