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THERAPEUTIC POTENTIALS OF Azadirachta indica AND 

Ocimumgratissimum, AND THEIR SYNAGISTIC EFFECTS IN TREATMENT 

OF Plasmodiumberghei INFECTED ALBINO MICE 

ABSTRACT 

Antimalarialresistanceis a major challenge for effective control of malaria. This 

triggered the need to monitor the efficacy of Azadirachta indica and 

Ocimumgratissimunin the disease management. The present study compared 

antimalarial activities of the leaf extracts of the individual plants and evaluated their 

combined effects on malaria infected mice. The leaves of the different plants were 

extracted with absolute ethanol (BDL 95%) for the test. Clean albino mice were 

experimentally infected intraperitoneally with chloroquine-sensitive Plasmodium 

berghei Nk65 strain. Parasitaemia level was determined before parasite inoculation 

and at 24 hours post treatment period.Efficacy of the leaf extracts was tested on the 

infected mice usingPeter’s 4-days suppressive and curative tests, and secondary 

biological assessment procedures.Infected mice treated with leaf extracts of the plants 

and their combinations produced significant dose-dependent activity against the 

parasite (P<0.05). Highest reduction of parasitaemia was observed on day 4. 

Maximum parasitaemia reduction (78.65%) was attained with 30mg/kg of the 

combination of the extracts on the 7
th

 day. These observations indicate better anti-

malarial activity of the combination therapy as compared with the individual extracts 

of the plants, and also show their good antimalarial potentials. 

Key Words: Malaria Treatment, Drug resistance, Phytochemicals, Leaf 

extraction,Synergism of phytochemicals. 

 

 

 

 

1. INTRODUCTION 

Malaria is an infectious and life-threatening disease caused 

byPlasmodiumspecies and vectored by the female Anophelesmosquitoes (; (Sitali et 

al., 2019; Sato, 2021). Of over forty recognized species of the Plasmodium parasites, 

five species namely: Plasmodium vivax, P. ovale, P.malariae, P.falciparum, and 

P.knowlesihave been reported to infect humans (WHO, 2019; Woldearegaiet al., 

2019; Kotepuiet al., 2020). A few other species such asP.  Berghei, P. yoelii, 
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P.chabaudi, and P. vinckei,have also been reported to be infective in other mammals 

like rodents, and monkeys (Larsonet al., 2019).  

According to the World Health Organization (WHO), approximately 219 

million cases and 440 thousand deaths were reported due to malaria in 2018 (WHO, 

2018). Nigeria accounts for more malaria cases and deaths than any other country in 

the world and there were an estimated 68 million malaria cases with over 194,000 

deaths in 2021 (WHO, 2023). Plasmodium falciparum, the most virulent of the 

malaria parasites, is responsible for the vast majority of the mortality and morbidity 

associated with malaria infections in Nigeria.Pregnant women and children less than 

five years are most vulnerable to malaria attack (WHO, 2019; Iwuchukwu and 

Vincent, 2021).  

The widespread resistance of malaria parasites against many antimalaria drugs 

is a factor in the economic constraints of malaria control. There is evidence of 

resistance against most antimalarial drugs which is worsened by the emergence of 

chloroquine-resistant strains of P. falciparum, the malaria parasite responsible for 

most of the death cases every year. This led to the use of artemisinin combination 

therapy (ACT) and further search for new phytotherapeutic agents (Osonwaet al, 

2017; Afolabi et al., 2021) 

If not promptly treated with effective medicines, malaria can cause severe 

illness that is often fatal (WHO, 2019). Hence, treatment of malaria with combination 

drug regimens have become the practice of choice because of their increased 

therapeutic efficacy over monotherapy and the other benefits including decreased 

cytotoxicity, delay or prevention of the development of drug resistance (Nwankwoet 

al., 2022).  
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 But affordability and accessibility limit the use of artemisinin combination 

therapyand these can lead to poor treatment practices, production of substandard 

forms of the drug, inadequate patient adherence to prescribed antimalaria regimen, 

which may in turn lead to treatment failures. Following the problems associated with 

the implementation of ACT, majority of the populations depend on traditional medical 

remedies (Omaghaet.al., 2021), mainly from plants. The traditional herbal medicines 

are often more available, affordable, and sometimes perceived as being more effective 

than conventional anti-malarial drugs including artemisinin combination therapy 

(ACT) (Nigussie and Wale 2022). 

Traditional herbs have been used to treat malaria for thousands of years. Most 

of these plants are used in the form of monotherapies and only a few plants are taken 

in combined therapies (Millon, et al., 2022). Antimalarial plants used in combination 

may promote the effectiveness of each plant, with efficacy being achieved by the use 

of a lower dose of each plant extract. This would profer pharmacological benefits, 

asone extract of the plants clears infection from one body system, and the other clears 

it from a different site of the same body (Nigussie & Wale, 2022). Also, synergism 

with antimalarial agents could be utilized to prevent or delay the emergence in vivo of 

resistant populations of the parasite (Erhirhieet al., 2021).  

 Azadirachta indica (Neem) plants from the Meliaceae family are extensively 

used as traditional medicinal remedies against malaria in the tropics 

(Yarmohammadiet al., 2021; Achiet al., 2018; and Mbugiet al., 2021). Several studies 

demonstrated that A. indica leaf, seed and stem bark extract possess in vivo inhibitory 

activity on P. falciparum asexual stages (Achiet al., 2018; Afolabiet al., 2021; 

Annetteet al., 2019). Antimalarial activity of Ocinumgratissimum(African basil/clove 
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basil) has also been demonstrated (Nwankwoet al., 2022). Although these plants are 

used in the traditional treatment of malaria, there is the need to scientifically assess 

the efficacy of the individual plant extract and their combinations in the treatment of 

malaria. 

  The main aim of the present study was to compare the antimalarial effects of 

AzadirachtaindicaandOcimumgratissimum extracts with chloroquine in Plasmodium 

berghei- infected mice. The specific objectives were to assess theeffects of the 

ethanolic leaf extracts of A. indica, O. gratissimum, and their combined extracts in 

reducing parasitaemia in the albino mice; and thesynergistic or inhibitory effects of 

the combined extracts in treating rodent malaria. 

 

 

 

 

 

 

 

2. MATERIALS AND METHODS  

2.1 Study Area 

 This study was undertaken in Owerri at the Federal Medical Centre 

Laboratory. Owerri is the capital city of Imo State of Nigeria, located between 

latitudes 5
0
 31

1
 and 6

0 
27

1
 N and Longitudes 7

0
 00

1
 and 7

0
05

1
, and approximately 100 

square kilometers (40sq miles) in area, and consists of three Local Government Areas 

including Owerri Municipal, owerri North, and Owerri West (Fiqure 1). Owerri has 
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an estimated population of 1,401,873 according to the 2006 census. It is bordered by 

the Otamiri River to the East and the Nworie River to the South (Alex et al., 2008). 

Owerri has an annual temperature of 20
0
C-30

0
C, relative humidity of 71%, 

rainfall distribution of 113.5m. Tropical rainforest is the predominant vegetation in 

Owerri although its density has drastically reduced due to anthropogenic activities 

such as urbanization, deforestation and agricultural activities.  
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Figure 1: Showing the Map of Owerri 

 

 

 

 

 

 

 

 

2.2 Ethical Considerations 
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Approval for the study was obtained from the Ethical Committee, Public 

Health Unit of the Owerri Municipal Council(OWMC), Owerri, Imo State, Nigeria. 

The caring and experimental use of the mice was in accordance with the National 

Institute of Health Guidelines for care of Laboratory Animals. 

2.3 Study Design 

The work was an experimental study aimed at investigating the in vivo 

antimalarial effects of ethanolic leaf extracts of A. indica and O. gratissimum in 

Plasmodium berghei-infected Swiss albino mice (Mus musculus L: Muridae), using 

chloroquine as the standard drug. The parasites and the mice were sourced from the 

National Institute of Medical Research (NIMR), Yaba, Lagos, Nigeria. The plant 

materials (A. indica and O. gratissimum) were collected from the Botanical Garden of 

the Ministry of Agriculture and Natural Resources,Owerri, Imo State, Nigeria. 

Assessment of parasitaemia, and antimalarial effects of the plant extracts were done 

using standard laboratory analytical procedures at the Federal Medical Centre,Owerri.  

2.4 Preparation of Plant Materials 

 Two kilogrammes (2kg) of each plant materialwas harvested, washed twice in 

clean water, and allowed to drip dry. The plants leaves were air-driedseparatelyin the 

laboratory at room temperature for three weeks to a constant weight before 

pulverizing. A 100g each, of the pulverized leaves of the plants was measured and 

soaked in 500ml of absoluteethanol(BDL 95%) for 24 hours. The mixture was then 

filtered using Watman 2.0 filter paper. The filtrate was evaporated to dryness in a 

Rotary evaporator at a temperature of 40
o
C. The extracts were kept in a tightly closed 

bottle in a refrigerator until needed for anti-malaria testing.  
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 The stock solution of each plant filteratewas prepared by dissolving 10g of the 

extract in 100ml of distilled water to give a stock concentration of 0.10g/ml (Ejebeet 

al., 2011). 

 

2.5 Maintenance of Study Animals.  

One hundred and seventeen mature Swiss albino mice(Mus musculus) (25-

30g) of either sex free from infection, were used. The animals were housed in 

mosquito screened-cages lined with wood chip beddings and were stabilized for ten 

days in the laboratory before being used for the experiments. The mice were 

maintained on a standard rat diet (Pfizer) and water ad libitum. They were kept at 

ambient room temperature of 12hour light and dark exposure cycles.  

  

2.6 Maintenance of Parasites 

 Plasmodium berghei(NK65 strain) was used as the rodent malaria parasite in 

the study. The chloroquine sensitive cyropreserved parasites stored at -80
0
C were 

revived, stabilized and maintained by serial passage of blood from infected mice to 

clean mice that served as donor mice in the study.  

 

2.7 Collection,Preparation of Inoculum, Parasite Inoculation and Establishment 

of Infection 

 The blood of a donor mouse was collected in heparinized syringe and diluted 

in phosphate buffered saline to 10
8
 parasitized erythrocytesperml.  

The infection of mice was initiated by needle passage of the P.berghei parasite 

preparation from the donormousetohealthy test mice via an intraperitoneal route 
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(Peter and Anatoli, 1998). Parasitaemia was monitored by microscopic examination of 

Giemsa-stained thin blood smears. The number of parasitised erythrocytes in each of 

the ten such fields was counted thrice and the average count was computed to give the 

level of parasitaemia of each mouse (Peter and Anatoli, 1998; Dewit et al., 2006).  

 The drug chloroquine was administered intramuscularly while the plant 

extracts and distilled water were administered orally with the aid of an intravenous 

medicut/mediflon cannula used as an improvised oral cannula (Ejebeet al., 2009) 

 

2.8 Experimental Set up and Treatments.    

The mice were divided into three experimental groups for the assessment of 

the efficacy of the plant materials. These were  

Group 1 or Primary Biological Assessment Group 

Group 2 or Secondary Biological Assessment Group and 

Group 3 or Curative / Therapeutic Group 

In Group 1, fifty four mice were used and they were divided into six (6) 

groups (A,B,C,D,E and F) of nine (9) mice each. The nine (9) mice in each group 

were sub- grouped into three (1,2,3), of three (3) mice in each subgroup to represent 

the experimental mice and control mice (i.e positive and negative controls). The mice 

were infected by method described by Peter and Anatoli (1998), and David et al 

(2004), with 0.2ml of diluted (10
8
)parasitised erythrocytes/ml) infected blood each 

intraperitoneally (i.p), except those in group F that formed control group. Treatment 

of mice in experimental groups A to E commenced 2 hours after infection at a dose of 

10mg/kg body weight for the individual/single plant extracts, and 10ml/kg for 

chloroquine and each of combined plant extracts, and treatment was repeated daily 

with the same dose for 72 hours. Percentage parasitaemia was assessed beginning 
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from 24 hours post treatment, and was repeated on daily basis throughout the 

treatment period. 

Group A  - Control (Infected with no treatment). 

Group B - Infected and treated with chloroquine (CHQ) (10ml/kg) 

Group C       - Infected and treated with A. indica leaf extract (10mg/kg). 

Group D   - Infected and treated with O.gratissimum leaf extract (10mg/kg). 

Group E    - Infected and treated with combined extract each of A indica and 

O. gratissimum leaf extracts (10mg/kg). 

Group F    - Not infected (Normal Control).  

 Twenty four hours after the last treatment (96 hours post-infection) blood 

smears from all the mice were prepared and stained with Giemsa stain for assessment 

of parasitaemia. 

In Group 2, fourty five mice were used and they were divided into fifteen 

groups of 3 mice per group as follows: 

 

Group A      - Infected with no treatment (negative control) 

Group B      - Infected and treated with 10ml/kg chloroquine (standard 

control) 

Group C1     - Infected and treated with 20mg/kg A. indica leaf extract  

Group C2     - Infected and treated with 30mg/kg A. indica leaf extract  

Group C3    - Infected and treated with 40mg/kg A. indica leaf extract 

Group C4    - Infected and treated with 50mg/kg A. indica leaf extract  

Group D1    - Infected and treated with 20mg/kg O. gratissimumleaf extract  

Group D2   - Infected and treated with 30mg/kg O. gratissimumleaf extract 

Group D3   - Infected and treated with 40mg/kg O. gratissimumleaf extract  

Group D4   - Infected and treated with 50mg/kg O. gratissimumleaf extract  

Group E1   - Infected and treated with 15mg/kg each of A. indica and O. 

gratissimumleaf extracts 

Group E2   - Infected and treated with 20mg/kg each of A. indica and O. 

gratissimum leaf extracts 



 

11 
 

Group E3   - Infected and treated with 25mg/kg each of A. indica and O. 

gratissimum leaf extracts 

Group E4   - Infected and treated with 30mg/kg each of A. indica and O. 

gratissimum leaf extracts 

Group F    - Not infected, but administered with 10ml/kg distilled water 

(normal control). 

  

 

Treatment of mice in experimental groups A to E commenced 2 hours after infection 

at varying doses for the individual/single plant extracts and each of the combined 

plant extracts, and 10ml/kg for chloroquine . Treatment was repeated daily with the 

same dose for 72 hours. Twenty four hours after the treatment, blood smears were 

made from blood bled from the tails of the treated and untreated mice,and stained 

with Giemsa to assess parasitaemia. Parasite reduction was computed. 

In Group 3, eighteen mice were used for the experiment. Mice maintenance, 

infection, drug preparation and application were same as for the basic 4-day treatment 

protocol. Treatment commenced on day four when parasitaemia was well observed in 

the infected mice and percentage parasitaemia was assessed beginning from 24h post 

treatment. Fifty  milligram per kilogram body weight of A. indica leaf 

extract,50mg/kg body weight of O. gratissimum leaf extract, 10ml/kg body weight of 

chloroquine, and 30mg/kg body weight each of O. gratissimum leaf extract and A. 

indica leaf extract were used for the treatment. 

 

2.9 Assessment of Parasitaemia 

Before parasite inoculation and at 24hours post treatment period,the 

experimental mice were bled from their tails, thin blood smears were made by fixing 

for 5 minutes using methanol  stained with 10% Giema stain in phosphate buffer, P
H
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7.2, and examined microscopically under oil immersion at x100. Parasitaemia level 

was determined by counting the parasites observed in 10 fields of approximately 100 

erythrocytes per field. The difference between the mean values of the experimental 

group was calculated and expressed as percentage parasitaemia inhibition using the 

following equation: 

% Inhibition =  

𝐏𝐚𝐫𝐚𝐬𝐢𝐭𝐢𝐬𝐞𝐝 𝐑𝐁𝐂 𝐢𝐧 𝐍𝐞𝐠𝐚𝐭𝐢𝐯𝐞 𝐂𝐨𝐧𝐭𝐫𝐨𝐥 – 𝐏𝐚𝐫𝐚𝐬𝐢𝐭𝐢𝐬𝐞𝐝 𝐑𝐁𝐂 𝐢𝐧 𝐬𝐭𝐮𝐝𝐲 𝐠𝐫𝐨𝐮𝐩 𝐱 𝟏𝟎𝟎

𝐏𝐚𝐫𝐚𝐬𝐢𝐭𝐢𝐬𝐞𝐝 𝐑𝐁𝐂 𝐢𝐧 𝐍𝐞𝐠𝐚𝐭𝐢𝐯𝐞 𝐂𝐨𝐧𝐭𝐫𝐨𝐥
 .  

 

2.10 Data Analysis  

 Data was analysed using the statistical package for social sciences (SPSS) 

version 2.0. Tabulations, percentages and graphs were used to present results. 

Statistically significant differences were analyzed using Analysis of variance 

(ANOVA). Graphs were plotted using Microsoft excel, version 2007.  

 

 

 

 

 

 

 

 

 

 

3.0 RESULTS 

3.1 Intensity of Parasitaemia 
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Few minutes prior to infection of the mice, no malaria parasite was observed 

in the peripheral blood of all the experimental animals. Detectable parasitaemia was 

recorded from day 3 post infection (p.i). On the 4
th

 day of post infection, parasite 

intensity (Table 1), was between 1203061.83 and 12292101.61 in all the infected 

mice. Parasite intensity was not significantly different in the treatment groups B,C,D 

and E (P>0.05; P= 0.958, 1.00, 0.958, and 0.99). 

After treatment of mice with 10mg/kg body weight on the day 4 post infection, 

the parasite intensity ingroup A(infected but not treated) rose significantly 

from121741.00 to 1368911.00 (P<0.05; P=0.00). The parasite intensity of 

miceinfected and treated with chloroquine in (group B,standard control) significantly 

decreased to 3.00  0.58 (P<0.05; P=0.00). There were no significant reductions in 

parasite intensity among those treated with 10mg/kg body weight of mice with the 

extracts of A. indica andO.gratissimum separately or combined. 
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Table 1: Changes in Parasite Intensity before Infection, after Infection, and after Administration of Ethanolic Leaf Extracts of A. indica, 

andO.gratissimum in P.berghei-infected Mice (Primary Biological Assessment of A.indicaand Ogratissimum Extracts Efficacy) 

  

 

Experimental groups Parasite  intensity 

 Before infection(x10
3
) After infection (x10

3
) After treatment (x10

3
) 

A – Infected, No Treatment  0.000±  0.00 0.000 Sig P<0.05 12174.00  1.00 0.000 Sig P<0.05 136891.00  1.00 0.000 Sig P<0.05 

B – 10ml/kg of Chloroquine  0.000±  0.00 0.000 Sig P<0.05 12030.00  61.83 0.958 NS P>0.05 3.00   0.58 0.000 Sig P<0.05 

C – 10mg/kg of  A. indica  0.000±  0.00 0.000 Sig P<0.05 12267.00  274.64 0.754 NS P>0.05 3601.00  330.77 0.157 NS P>0.05 

D - 10mg/kg of  O. gratissmum 0.000±  0.00 0.000 Sig P<0.05 12292.00 101.61 1.000 NS P>0.05 4367.00  275.99 0.992 NS P>0.05 

E -  10mg/kg each of A.i&O.g 0.000±  0.00 0.000 Sig P<0.05 12224.00  22.61 0.999 NS P>0.05 1710.00 438.25 0.416 NS P>0.05 

F – Not Infected, Normal 

Control 
0.000±  0.00 0.000 Sig P<0.05 0000.00  0.00  0.000 Sig P<0.05 0.00  0.00 0.000 Sig P<0.05  

 

Key:  (A.i)=Azadirachta indica, (O.g)=Ocimumgratissimum. 
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.Table 2 indicates that few minutes before infection of the mice, there were no 

significant differences in parasite intensity in both the control groups A, B, and F, and 

treatment groups C1-C4,D1-D4 and E1-E4 (P<0.05; P=0.00). No parasite was observed 

in the peripheral blood of all the experimental mice.  

Two hours after infection, parasite intensity was between 12316656.81 and 

12705261.40 in all the infected mice. Parasite intensity was not significantly 

different in treatment groups B, C1-C4,D1-D4 and E1-E4 (P>0.05; P=1.00), that were 

infected with the parasites.  

Ninety-six hours after treatment with varying doses (10ml/kg, 15mg/kg, 

20mg/kg, 25mg/kg, 30mg/kg, 40mg/kg, and 50mg/kg) body weight of the mice, 

parasite intensity in group A (infected but not treated) rose significantly from 

12467611.01 to 312526 (P>0.05; P=1.00). The parasite intensity in group B 

(infected and treated with chloroquine) significantly decreased to 3.000.58 (P>0.05; 

P=1.00). There were non-significant reductions in parasite intensity among those 

treated with the plant extracts of A. indica and O. gratissimum and their combined 

regimens (P>0.05; P=1.00). 
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Table 2: Changes in Parasite Intensity before Infection, after Infection, and after Administration of Ethanolic Leaf Extracts of A. indica and O. 

gratissimum in P. berghei-infected Mice at different Concentrations (Secondary Biological Assessment of A. indica andO. gratissimumExtracts 

Efficacy).  

Experimental  groups Parasite  intensity 

 Before infection(x10
3
) After infection(x10

3
) After treatment (x10

3
) 

A -  Infected, No Treatment 0.000±  0.00 0.000Sig 

P<0.05 
12467.00  611.01 1.000 NS P>0.05 312526.00  

149404.59 

0.000 Sig  

P<0.05 

B -  10ml/kg of chloroquine  0.000±  0.00 0.000Sig 

P<0.05 
12316.00  656.81 1.000 NS P>0.05        3.00  0.58 1.00. NS  P>0.05 

C1 - 20mg/kg of A. indica  0.000±  0.00 0.000Sig 

P<0.05 
12439.00  356.31 1.000 NS P>0.05 3929.00  53.15 1.00. NS  P>0.05 

C2 - 30mg/kg of A. indica  0.000±  0.00 0.000Sig 

P<0.05 
12504.00  517.04 1.000 NS P>0.05 3614.00  16.70 1.00. NS  P>0.05 

C3 - 40mg/kg of A. indica 0.000±  0.00 0.000Sig 

P<0.05 
12450.00  671.38 1.000 NS P>0.05 3372.00 25.51 1.00. NS  P>0.05 

C4 - 50mg/kg of  A. indica  0.000±  0.00 0.000Sig 

P<0.05 
12363.00  469.67 1.000 NS P>0.05 3115.00  13.01 1.00. NS  P>0.05 

D1 - 20mg/kg of A. indica  0.000±  0.00 0.000Sig 

P<0.05 
12472.00  408.24 1.000 NS P>0.05 4872.00  37.02 1.00. NS  P>0.05 

D2 - 30mg/kg of O. 

gratissimum 

0.000±  0.00 0.000Sig 

P<0.05 
12658.00  415.44 1.000 NS P>0.05 4646.00  45.13 1.00. NS  P>0.05 

D3 - 40mg/kg of O. 0.000±  0.00 0.000Sig 

P<0.05 
12508.00  370.66 1.000 NS P>0.05 4422.00  10.50 1.00. NS  P>0.05 
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gratissimum 

D4 - 50mg/kg of O. 

gratissimum 

0.000±  0.00 0.000Sig 

P<0.05 
12625.00  341.15 1.000 NS P>0.05 4129.00  91.35 1.00. NS  P>0.05 

E1 - 15mg/kg each of A.i&O.g. 0.000±  0.00 0.000Sig 

P<0.05 
12551.00  155.38 1.000 NS P>0.05 2785.00  20.59 1.00. NS  P>0.05 

E2 -  20mg/kg each of A.i&O.g. 0.000±  0.00 0.000Sig 

P<0.05 
12705.00  261.40 1.000 NS P>0.05 2576.00 12.50 1.00. NS  P>0.05 

E3 -  25mg/kg each of 

A.i.&O.g. 

0.000±  0.00 0.000Sig 

P<0.05 
12578.00  241.33 1.000 NS P>0.05 2321.00  16.56 1.00. NS  P>0.05 

E4 - 30mg/kg each of  

A.i.&O.g. 

0.000±  0.00 0.000Sig 

P<0.05 
12396.00  221.74 1.000 NS P>0.05 2106.00  31.76 1.00. NS  P>0.05 

F-Not Infected,Normal Control 0.000±  0.00 0.000Sig 

P<0.05 

0.000 Sig P<0.05 0.000 Sig P<0.05 0000.00 0.000 0.00 Sig P<0.05 
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Table 3 shows that few minutes prior to infection, there were no significant 

differences in parasite intensity in both the control groups A,B,.and F, and treatment 

groups C, D, and E, (P<0.05; P=0.00). No parasite was observed in the peripheral 

blood of all the experimental mice. 

Twenty-four hours after infection, parasite intensity was between 

1368531022.01 and 138633852.31 in all the infected mice. Parasite intensity was 

not significantly different in treatment groups B,C,D, and E (P>0.05; P=0.995, 0.599, 

0.9902, and 1.00), that were infected with the parasites.  

Twenty-four hours after last treatment with 30mg/kg and 50mg/kg body 

weight of the mice, parasite intensity in groups A (infected but not treated) rose 

significantly from 1380831.00 to 181358.001.00 (P<0.05; P=0.00). The parasite 

intensity in groups B (infected and treated with chloroquine) significantly decreased 

to 3.000.58 (P<0.05; P=0.00). There were non-significant reductions in parasite 

intensity among those treated with plant extracts of A indica,andO. gratissimum and 

their combined regimens (P>0.05; P=1.00).  
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Table 3:   Changes in Parasite Intensity before Infection, after Infection, and after Administration of Ethanolic Leaf Extracts ofA. indica, and O. 

gratissimum in P. berghei-infected Mice (Therapeutic Effects of A. indica and O. gratissimum). 

 

Experimental groups Parasite intensity 

 Before infection(x10
3
) After infection (x10

3
) After treatment (x10

3
) 

A – Infected, No Treatment  0.000  0.00 0.000 Sig 

P<0.00 

138083.00  1.000  0.000 Sig P<0.05 181358.00  1.00  0.000 Sig 

P<0.00 

B – 10ml/kg of Chloroquine  0.000  0.00 0.000 Sig 

P<0.00 

138633.00  

852.31  

0.995 NS P> 0.05 3.00  0.58 0.000 Sig 

P<0.05 

C – 50/mg/kg A. indica  0.000  0.00 0.000 Sig 

P<0.00 

136853.00  

1022.01 

0.599 NS P> 0.05 1957.00  694.54 0.137 NS 

P>0.05 

D - 50mg/kg of O. 

gratissimum 

0.000  0.00 0.000 Sig 

P<0.00 

137971.00   

903.51 

0.9902NSP> 0.05 3083.00  93.54 0.625 NS 

P>0.05 

E -  30mg/kg each of A.i&O.g 0.000  0.00 0.000 Sig 

P<0.00 

137634.00  

2301.11 

1.000 NS P> 0.05 1235.00   111.53 0.172 NS 

P>0.05 

F – Not Infected, Normal 

Control 

0.000  0.00 0.000 Sig 

P<0.00 

            0.00 0.00 0.000 Sig P< 0.05 0.00  0.00 0.000 Sig 

P<0.05 

 

Key:  (A.i)=Azadirachta indica, (O.g)=Ocimumgratissimum 
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3.2 Antimalarial Effects of Different Dosages of the Plants Leaf Extracts 

The treatment of animals with different dosages of ethanolic leaf extracts of 

the plants showed a different response to increased dosage in line with protection 

against infection (Figure 2). The parasitaemia in the infected but untreated group 

increased with days of infection while the parasite-infected and treated groups had 

significant reduction (P<0.05; P=0.00, 0.009, 0.002, and 0.00) in parasitaemia level 

from day one to seven. From day 1 to 7 of the treatment period, all groups showed 

significant difference in parasitaemia levels as compared to the untreated control 

group (P>0.05; P=0.122, 0.060, and 0.088).   

The extract of A. indica at 20mg/kg, 30mg/kg, and 40mg/kg 

showedparasitaemia reduction of 57.80%,59.0%, and 60.10%;and 62.50%, 63.60%, 

and 64.50% on days 4 and 7 respectively, while the 50mg/kg of A. indica treated 

group recorded 61.40% parasitaemia reduction on day 4 and66.00% on day 7. Values 

observed with 20mg/kg, 30mg/kg and 40mg/kg of O.gratissimum were 49.08%, 

52.70%,and 55.10%;and54.10%, 57.00%, and59.88 % on days 4 and 

7,respectively,while 50mg/kg of O. gratissimumgave 56.88% and 61.10% reduction 

on days 4 and 7,respectively. Combinationdoses of 15mg/kg, 20mg/kg, 25mg/kg and 

30mg/kg of each of the plant leaf extracts gave a significantly higher reduction in 

parasitaemia as compared to combined treatments with 40 and 50mg/kg. Maximum 

reduction of 78.65% parasitaemia was attained for the extracts combinations of 

30mg/kg of each plant extract on the seventh day, indicating synergistic action of the 

extracts. By the twenty-eight day post treatment, the parasitaemia had gone below 

detectable levels in all treated groups.  The plant extracts showed increase in 
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parasitaemia inhibition with increase in dose administered on the infected animals, 

i.edose-dependent inhibition of parasitaemia, and even at the higher dosages, the 

animals survived longer than the chloroquine treated ones. 

The therapeutic effect of the leaf extracts of the plants on the infected animals 

(Figure 3) showed that the animals responded to the extracts within the first seven 

days of treatment with 69.89% reduction ofparasitaemia for O. gratissimum treated 

group, 71.11% for A. indica treated group, and 82.70% for combined extracts of A. 

indica and O. gratissimum treated groups before the parasitized red blood cells started 

to increase which later led to the deterioration of the health condition of the 

animals.The antimalaria action of the combined leaf extracts of A. indica and O. 

gratissimum (82.70%) was close to that of chloroquine (97.98%).  
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Figure 2a: Effects of Different Doses of A. indica Extract on Parasitized RBC of 

P.berghei Infected Mice 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2b: Effects of Different Doses of O. gratissimum Extracts on Parasitized 

RBC of P. berghei Infected Mice 
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Figure 2c: Effects of Different Doses of Combined Extracts of A. indica and O. 

gratissimum on Parasitized RBC of P. berghei Infected Mice 

 

 

Figure 2d: Effects of chloroquine on Parasitized RBC of P. berghei Infected Mice 
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Figure 3: Therapeutic Effect of Ethanolic Extracts of the Plants Leaves on albino Mice 

Infected with P. berghei 

 

 

4.0 DISCUSSION 

 

 The in vivo antimalarial activities of A. indica and O. gratissimumleafextracts were 

studied in P. berghei-infected mice to determine the treatment outcomes of the extracts from 

January to March, 2021.  

Before parasite inoculation and at 24 hours post treatment period, parasitemia was 

monitored by microscopic examination of Giemsa-stained thin blood smears in all the 

experimental mice. The experimental mice were placed into various groupsfor the assessment 

of the efficacy of the plant materials used in the study. The significant increase in the level of 

parasitaemia in the infected untreated group recorded from day 1 to day 7, as symptomised by 

the enlargement of the red blood cells, anaemia, loss of appetite, and loss of weight as major 

clinical signs observed during the course of treatment is in tune with the view that 

parasitaemia increases progressively after infection until the point of death if no suitable 

treatment is administered (White, 2017; Iwuchukwu and Vincent, 2021). There were 
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significant increases in parasitaemia reduction with increase in doses of the extracts 

administered in the treated groups. This indicates that as the dose increases,the strength of the 

antiplasmodial activity of the plant extracts also increases. 

 The reduction in parasitaemia was highest in the group administered with the 

combined extracts of A. indica and O. gratissimum (Figure 3, [82.70%]) than those 

administered with single plant extracts. This may be attributed to the antiplasmodial activities 

of the various ethanolic extracts, on one hand, and result of the synergistic effect of the 

compounds or their metabolites on the other hand. These findings agree with the reports of 

Alehegn et al (2020), Ceravolo et al (2021), Maximus et al (2021), Oladeji et al (2022), Singh et al 

(2023), Ekpo and Ekanemesang (2016), and Cissy et al(2016),which indicate that 

phytochemicals are responsible for the antimalarial activities of many plants.Also,these 

metabolites may be acting individually or in synergy with one another to produce antimalarial 

activity.This is attributable to the ability of the plant extracts to reduce the intensity of 

parasitaemia in the infected and treated groups, which is in tune with studies reported by 

Chaniad et al (2022), Joseph & Samson (2020) and Osonwaet al  (2017).  The activity of the 

combined leaf extracts of A. indica and O. gratissimum was also observed to be better than 

the individual/separate extracts of A. indica and O. gratissimum, which corroborates the 

results observed in their antiplasmodial activity (Ekasari et al (2022); Osonwaet al.,2017; and 

Anigboroet al.,2018). 

Conclusion 

From observations, the individual leaf extracts of A. indica and O. gratissimum have 

been shown to be effective in the treatment of malaria parasite in mice by reducing the 

parasite intensity.All the therapeutic observations were more pronounced in the combined 

extracts treatments indicating synergistic action of the extracts. It is therefore recommended 

that the coadministration of these locally used plants, especially at the concentrations 
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investigated in this study be taken for the treatment and management of malaria fever as their 

action is very close to that of the antimalarial drug, chloroquine which was the standard drug 

used in this study.    

References 

 

Achi, N.K., Onyeabo C., Nnate, D.A., Ekeleme-Egedigwe, C.A., Kalu, I.K., Chibundu, I.C. 

and Wokoma, G.C. (2018). Therapeutic effects of Azadirachta indica A. juss. leaves 

in malaria-induced male wister rats. Journal of Pharmacy and Pharmacognosy 

Research, 6(3), 191-204. 

Adeyemo-Salami, O.A., Farambi, E.O. and Ademowo, O.G. (2014). An investigation into the 

antimalarial effect of methanolic extract of Paullinaipinnata leaves in P. berghei 

infected mice and course of infection.  African Journal of Medicine and Medical 

Sciences43(1), 93-94. 

Afolabi, O.J., Simon-oke, I.A. and Oladokun, O.I. (2021). Antiplasmodial Activity of 

Ethanolic Extract of Neem Leaf (Azadirachta indica) in Albino Mice Infected with 

Plasmodium berghei. International Archives of Clinical Pharmacology,7, 2572-2578. 

Alehegn, A. A., Yesuf, J. S., & Birru, E. M. (2020). Antimalarial activity of crude extract and solvent 
fractions of the leaves of Bersama abyssinica fresen.(Melianthaceae) against Plasmodium 
berghei infection in Swiss albino mice. Evidence-based Complementary and Alternative 
Medicine, 2020.  

Alex, D.W.A. and Okorie, P.U. (2008). “Water quality studies of Nworie Rivers in Owerri, 

Nigeria.” Journal of Mississipi Academy of Sciences, 20(1), 55-60. 

Alkadi, H.O. (2007). A review.Journal of Chemotherapy, 53, 385-391. 

Alven, S. and Aderibigbe, B. (2019) Combination therapy strategies for the treatment of 

malaria.Molecules, 24(19), 3601-3609. 

Amaratunga, C., Sreng, S., Mao, S., Tullo, G.S., Anderson, J.M., Chuor, C.M. and Fairhurst, 

R.M. (2014). Chloroquine remains effective for treating Plasmodium vivax malaria in 

Pursat province, Western Cambodia. Journal of Antimicrobial Agents and 

Chemotherapy, 58, 6270-6272. 

Amazu, L.U., Ebong, O., Azikwe, C.C.A. and Unekwe, P.C. (2009). Effects of methanolic 

seeds extracts of Carica papaya on Plasmodium berghei infected mice. Asian Pacific 

Journal of Tropical Medicine,7I, 65-70 

Anigboro, A. A., Onakurhefe, P., Tonukari, N.J., Avwioroko, O.J. and Egbeme, E. 

(2014).Quantitative determination of some phytochemicals (phenol, flavonoid, 

saponin and alkaloid) in twenty-two Nigeria medicinal plants.Nigerian Journal of 

Science and Environment, 13(1), 86-93. 



 

27 
 

Annette, H., Barbara, P., Sofia, T., Judith, N. and Fabrizio, B. (2019). Effects of Azadirachta 

indica seed kernel extracts on early erythrocytic schizogony of Plasmodium berghei 

and proinflammatory response in inbred mice. Malaria Journal,18, 35-43. 

Ceravolo, I. P., Aguiar, A. C., Adebayo, J. O., & Krettli, A. U. (2021). Studies on activities and chemical 
characterization of medicinal plants in search for new Antimalarials: a ten year review on 
Ethnopharmacology. Frontiers in Pharmacology, 12, 734263.  

 
Chaniad, P., Techarang, T., Phuwajaroanpong, A., Horata, N., Septama, A. W., & Punsawad, C. (2022). 

Exploring potential antimalarial candidate from medicinal plants of Kheaw Hom remedy. 
Tropical Medicine and Infectious Disease, 7(11), 368.  

Chesbrough, M. (2006).District laboratory practice in tropical countries.Cambridge 

University Press. 

Cizzy, N., Engeu, O.P., Berna, O., Norbert, A. and Esther, M. (2016). Artemisia annua L. and 

VenoniaamygdalinaDel: A potential Herbal Artemisinin Combination Treatment 

against malaria. British Journal of Pharmaceutic Resources, 14(3), 1-7.  

David, A.F., Lip, J. R., Simon, L.C., Rato, B. and Solomon N. (2004). Antimalarial drug 

discovery: efficacy models for compound screening. Nature review 16, 522-528. 

Dawit D., Eyassu, M., Asfaw, D., Dawit,A., Kelbessa, U., Wallelign, M., Daniel, M., 

Ashenafi, A. and yared, M. (2006). In vivo antimalaria activity of hydrocoholic 

extracts from Asparagus africanus Lam. In mice infected with Plasmodium berghei. 

Ethiopian Journal of Health Development 20(2), 112-118. 

Ejebe, D.E., Emudianohwo, J.O., Ozoko, T.., Simialayi, I.M., Esume, C.O. and Maduodi, 

U.V. (2011). An Investigation into the antiplasmodial effect of the ethanol extract of 

the leaves of Helliantusannus in Swiss Albino mice. Global Journal of 

Pharmacology, 5(2), 92-96. 

Ejebe, D.E., Siminialayi, I.M., Emudainowho, J.O.T., omakporaye, S.L., Ojeih, A.E., 

Akonoghrere, R., Odekuma, I.E. and Ahatty, G.C. (2009).An improved technique for 

the oral administration of solutions of test substances to experimental rats using 

mediflon.medicut intravenous cannula.American Journal of Biotechnology, 8(6),60-

96. 

 
Ekasari, W., Mahardiani, A., Putri, N. T., Wahyuni, T. S., & Arwati, H. (2022). Toxicological evaluation 

and protective effects of ethanolic leaf extract of Cassia spectabilis DC on liver and kidney 
function of Plasmodium berghei-infected mice. Veterinary Medicine International, 
2022.  https://doi.org/10.1155/2022/6770828.  

 

Ekpo,D.E. and Ekanemesang, M.U. (2016). Antiplasmodial/antimarlarial effect of ethanol 

extracts of leaves of Vernoniaamygdalina and Gongronemalatifoliumon the activity 

of catalase in Plasmodium berghei-parasitized mice. International Journal of BCRR, 

10(4), 1-9. 



 

28 
 

Erhirhie, E.O., Ikegbune, C. and Okonkwo, O.B. (2021). Antimalarial herbal drugs: a review 

of their interactions with conventional antimalarial drugs. International Journal of 

Phytomedicine and Physiotherapy, 7, 4-10. 

Idowu, O.A., Soniran, O.T., Ajayi, O.I. and Olubi, I.C. (2014). Effect of 

Morindamorindiodeson organs of mice infected with Plasmodium berghei. Nigerian 

Journal of parasitology, 35(1-2), 31-40.  

Iwuchukwu, I.C., and Vincent C.N (2021).Studies on prevalence of malaria and its adverse 

foetal outcomes in FMC, Owerri, Imo State, Nigeria.Archives of Community Medicine 

and Public Health, 7(2), 151-163. 

Joseph, A. O., & Samson, O. T. (2020). Antiplasmodial Efficacy of Anacardium occidentale in 

Albino MiceInfected with Plasmodium berghei. Journal of Family Medicine and Disease 

Prevention. DOI: 10.23937/2469-5793/1510123. 

Kellick-Kendrick, R. (1978). Taxonomy, Zoography and Evaluation. In: Rodent Malaria, 

kellick-kendrick,R. and W. Peters (Eds). Academica Press, London, pp:1-52. 

Kotepui, M., Kotepui, K.U Millanez, G.D. and Masangkau, F.R. (2020). Severity and 

mortality of severe Plasmodium ovaleinfection: a systematic review and meta-

analysis. PLoS ONE, 15, e0235014.  

Larson, B., Barthelemy, N., Stephan, N., Nancy-Diamela, M., Francois, R., Virginie, R. and 

Frank, P. (2019). Rodent Malaria in Garbon: Diversity and Host range. International 

Journal of Parasitology, 10, 117-124. 

Maximus, M. T., Tukan, G. D., Prajogo, B. E., & Mangestuti, A. (2021). Antiplasmodial activity and 
phytochemical constituents of selected antimalarial plants used by native people in west 
timor Indonesia. Turkish Journal of Pharmaceutical Sciences, 18(1), 80.  

 

Mbugi, E.V., Sife, A.S., Mboni, R., Grace, E. P.M., Bestina, D. and Edda, T.L. (2021). 

Effectiveness of Azadirachta indica (neem tree) on prevention and treatment of 

clinical human malaria: A systematic review. Journal of East Africa Science,3, 1-4. 

Million, E., Mulugeta, T. and Umeta, B. (2022). Traditional Medicine Practice and its Role in 

the Management of Malaria in Jimma Town, Oromia, Ethiopia. Journal of Infection 

and Drug Resistance, 15, 2187-2198. 

Nigussie, G. and Wale, M. (2022). Medicinal plants used in traditional treatment of malaria 

in Ethiopia: a review of ethnomedicine, anti-malarial and toxicity studies. Malaria 

Journal, 21, 262-266. 

Nwankwo, E.N., Ezekwesili, O.O. and Chude, C.M. (2022). In vitro antiplasmodial and in 

vivo toxicity potentials of Mentha piperita and Ocimumgratissimum essential oils and 

their synergistic effect with conventional antimalarial drugs against Plasmodium 

falciparum.International Journal of Mosquito Research,9(1), 114-122. 



 

29 
 

Oladeji, O. S., Oluyori, A. P., & Dada, A. O. (2022). Genus Morinda: An insight to its 
ethnopharmacology, phytochemistry, pharmacology and Industrial Applications. Arabian 
Journal of Chemistry, 15(9), 104024.  

 

Omagha, R., Idowu, E.T. and Adeneye, A.K. (2021). Survey of ethnobotanical cocktails 

commonly used in the treatment of malaria in southwestern Nigeria. Future Journal 

of Pharmaceutical Sciences, 7, 152-158. 

Osonwa, E.U., Mbonu, D.O., Eluu, C.S. and Oli, A.N. (2017).Antiplasmodial and 

biochemical effects of combination of ethanolic leave-extract of 

AzadirachtaindicaandOcimumgratissimum on Plasmodium berghei-infected 

mice.African Journal of Pharmaceutical Sciences and Pharmacy, 5, 1-6. 

Peter, I.T. and Anatoli, V.K. (1998).The current global malarial situation.Malaria parasite 

biology, pathogenesis, and protection. American Society for Microbiology, 

Washington DC,pp.11-22. 

Sato, S. (2021). Plasmodium – a brief intro to the parasites causing human malaria and their 

basic biology. Journal of physiology/Anthropology, 40, 1-5. 

 
Singh, N., Chatterjee, A., Chanu, W. K., Vaishalli, P. M., Singh, C. B., & Nagaraj, V. A. (2023). 

Antimalarial activity of Toona ciliata MJ Roem aqueous methanolic leaf extract and its 
antioxidant and phytochemical properties. Journal of Traditional and Complementary 
Medicine, .  

Sitali, L., Miller, J.M., Mwenda, M.C., Bridges, D.J., Hawela, M.B. and Hamainza, B. 

(2019).Distribution of Plasmodium species and assessment of performance of 

diagnostic tools used during a malaria survey in southern and western provinces of 

Zambia.Malaria Journal, 18,130-133. 

 
White, N. J. (2017). Malaria parasite clearance. Malaria journal, 16(1), 88.  

WHO (2018).World malaria report.World Health 

Organization.https://www.who.int.publications.report.  

 
WHO (2023). Report on malaria in Nigeria 2022. https://www.afro.who.int/publications/report-

malaria-nigeria-
2022#:~:text=Malaria%20is%20a%20major%20public,the%20country%2C%20all%20year%20
round. 

Nigussie, G., & Wale, M. (2022). Medicinal plants used in traditional treatment of malaria in Ethiopia: 
a review of ethnomedicine, anti-malarial and toxicity studies. Malaria journal, 21(1), 1-16.  

 

Woldearegai, T.G., Lalremruata, A., Nguyen, I.T., Gmeiner, M., Veletzky, L. and Tazenda-

kuitsouc, G.B. (2019).Characterisation of Plasmodium infections among inhabitants 

of rural areas in Gabon.Journal of Scientific Reports,9(1), 41597-41599. 

World Health organization.(2017). Malaria.Fact Sheet, No-94. 

https://www.who.int.publications.report/


 

30 
 

World Health Organization/RBM.(2019). Documentation of the socio-economic impact of 

malaria epidermics in Afric.Final 

report.www.rollbackmalaria.org.seim2019/(WHO/HTM/MAL/2019.1102).  

Yarmohammadi, F., Mehri, S., Najan, N., Salar, A.S. and Hosseinzadeh, H. (2021). The 

Protective Effect of Azadirachta indica (Neem) against Metabolic Syndrome: A 

Review. Iran Journal of Basic Medical Sciences, 24(3), 280-292. 

 

http://www.rollbackmalaria.org.seim2019/(WHO/HTM/MAL/2019.1102)

