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Abstract 

Plasmodium species and acetylcholinesterase (AChE) is implicated in cerebral malaria, which is the cause of 12% of 

psychiatry disorder and a leading cause of death in sub-Saharan Africa. In this study we examined the AChE activity in the 

blood of mice infected with plasmodium berghei (P. berghei) and treated with leaf extracts of T. occidentalis, V. doniana, V. 

amygdalina, O. basilicum and Artesunate respectively. The parasitemia level and PCV evaluated; and the AChE activity in 

each mouse were determined using acetylthiocholine as substrate. There was significant (p˂ 0.05) increase in AChE activity in 

the extracts groups (0.0491-0.1573, 0.0431-0.2061, 0.0327-0.2031, 0.0513-0.0992 × 10
-3

 µmol ACTC min
-1

mg protein
-1

 

respectively) and the standard drug (0.044-0.147 × 10
-3

 µmol ACTC min
-1

mg protein
-1

) of mice infected and treated for 7 days 

compared with the Normal and Disease control groups (0.3898-0.3898 and 0.156-0.0888 × 10
-3

 µmol ACTC min
-1

mg protein
-1

 

respectively). The parasitemia level in the disease control group increases with days, which significantly (p˂ 0.05) reduces in 

groups that received plant extracts and Artesunate treatment. The PCV was stabilized in the treatment groups after an initial 

reduction. This finding reveals that the blood AChE activity decreases during infection of P. berghei, which was reversed upon 

administration of plant extracts and Artesunate. The increase in enzyme activity inversely correlates with reduction in parasite 

load. The findings have major implications for understanding how the plant extracts interact to enhance resistance to P. 

berghei proliferation in the body system. 
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1. Introduction 

Malaria is an infectious disease that arises from the presence 

of parasitic protozoa of the genus plasmodium within the 

RBC [1]. In 2016, an estimated 216 million cases of malaria 

occurred worldwide, leading to 445,000 deaths [2]. The 

disease remains the most prevalent malaria parasite in the 

tropical and sub-tropical regions of the world and is 

transmitted by the female anopheles mosquito [1, 2]. It is one 

of the oldest and greatest health challenges affecting 40% of 

the world’s population, making it a major global health 

problem with high mortality and morbidity [3, 4]. The 

disease causes a remarkable economic burden in many 

developing nations, and treatment of these parasitic diseases 

is by use of drugs as there are no approved vaccines in the 

market [5, 6]. 

Malaria parasite is one of the most thoroughly studied 

intracellular parasites, yet relatively little is known of the 

metabolic and regulatory interaction between the parasite and 

the host cell [7]. Infection of mice with Plasmodium berghei 
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and Plasmodium yoelii is one of the first models used to test 

efficacy of antimalarial agents [8]. 

Cholinesterases are large family of enzymatic proteins 

widely distributed in both neuronal and non-neuronal tissues, 

with the principal role of rapid hydrolysis of acetylcholine, 

thus terminating cholinergic nerve impulses [9, 10]. Recent 

findings support the enzyme’s role in mediating the 

processing and deposition of Aβ peptide by colocalizing with 

Aβ peptide deposits in the brain of Alzheimer’s disease 

patients and promoting Aβ fibrillogenesis through the 

formation of stable AChE-Aβ complexes [11]. The formation 

of these complexes promotes Aβ aggregation as an early 

event in the neurodegenerative cascade of Alzheimer’s 

disease [12], and results in cognitive impairment in doubly 

transgenic mice expressing human amyloid precursor protein 

(APP) and human AChE [13, 14]. While the physiological 

role of AChE in neural transmission has been intensively 

studied and its functions in health and disease condition 

recognized, it is still the focus of pharmaceutical research 

targets in the treatments of myasthenia gravis, alzheimer and 

many other diseases [15, 16]. 

Synthetic drugs such as artesunate, has been proven and 

validated for use in the management of malaria infection. 

However, the emergence and spread of artemisinin-resistant 

Plasmodium falciparum is a major concern for malaria 

control [17] thus, antimalarial research continues due to the 

resistance of malaria parasite to mainstay antimalarial drugs. 

According to WHO, about three quarters of the world 

population depends on traditional remedies for the health 

care of its people. In Africa, for example up to 80% depends 

on traditional herbs [18]. The new health agenda in Nigeria 

and in Africa focuses on the institutionalization of traditional 

medicine in parallel with orthodox medicine into natural 

health care scheme, in order to advance the health agenda, 

since effective health care may not be achieved in Africa by 

orthodox medicine alone [19]. One of the widely used plants 

for traditional medicine is Telfairia occidentalis, Vitex 

doniana, Vernonia amygdalina and Ocimum basilicum. 

2. Materials and Methods 

2.1. Chemicals 

Acetylthiocholine (ATC), 5, 5-dithiobis [2-nitrobenzoic acid] 

(DTNB), were obtained from Sigma (St. Louis, MO). All 

analytical-reagent grades were purchased from Merck 

(Darmstadt, Germany). 

2.2. Animals 

Swiss Albino mice weighing 16 – 30g of both sexes were 

obtained from the Animal House of the College of Health 

Science, Benue State University, Makurdi, Nigeria, and the 

guide for the care and use of Laboratory Animal, 1996 of the 

Institute of Laboratory Animal Research Commission on life 

Science, was duly followed. The animals were kept in 

standard cage and acclimatized for 14 days under ambient 

environmental conditions. They had free access to chick 

grower’s mash and water ad libitum. 

2.3. Malaria Parasite 

The malaria parasite (Plasmodium berghei) was obtained 

from the Department of Parasitology, Ahmadu Bello 

University, Zaria, Nigeria, were a stabilate was maintained. 

Parasitized erythrocyte was obtained from donor mice by 

cardiac plexus puncture and was diluted with tri-sodium 

citrate prior to intraperitoneal inoculation with 0.3 mL blood 

suspension containing 10
5
 - 10

6
 parasitized erythrocytes on 

day 0. 

2.4. Experimental Design 

A total of 35 mice were used. The mice were randomly 

divided into 7 groups of 5 mice each, and labeled 1, 2, 3, 4, 5, 

6 and 7. Group 2 was inoculated with plasmodium berghei 

parasitized erythrocytes and not treated. Group 3 was 

inoculated with the parasitized erythrocytes for 5 days, 

followed by treatment with 100mg of Artesunate. Group 4, 5, 

6 and 7, were inoculated with parasitized erythrocytes for 5 

days, followed by treatment with 50mg of T. occidentalis, V. 

doniana, V. amygdalina and O. basilicum respectively. 

Group 1, was the normal control mice which was not 

inoculated and not treated, but only given vehicle of 

administration. 

2.5. Determination of Packed Cell Volume 

(PCV) 

Blood was drawn from the tail of the mice in the different 

groups using heparinized capillary tubes. Duplicate 

determinations of the hematocrit packed cell volume were 

done to determine the relative volume of blood occupied by 

erythrocyte using the equation below: 

PCV =
Volume of erythrocytes in a volume of blood

Total blood volume
 

2.6. Parasitemia Determination 

A smear film of thin blood were made from blood collected 

from the tail of each mouse during and after the experiment 

in accordance with the method described by Fidock et al. 

[20]. The smear made on microscopic slides were fixed in 

methanol and stained with Giemsa, and the numbers of 

parasitized erythrocytes in each 10 – 60 field were counted 

thrice and the average was taken to represent the parasitemia 

level of each mouse. 
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2.7. Acetylcholinesterase Activity 

Determination in the Blood 

AChE enzymatic assay was carried out in the blood cells, by 

introducing small modifications to the method described by 

Srikumar et al. [21]. 

Exactly 3.0ml of blood cells (in 0.1M phosphate buffer, pH 

7.0) was added into cuvette containing 25µL of DTNB and 

was incubated for 2 minutes. The content was mixed 

thoroughly by bubbling air and the absorbance measured at 

436 nm using spectrophotometer. When absorbance reached 

a stable value, it was recorded as the basal reading. 20µl of 

substrate (acetylthiocholine) was added and change in 

absorbance was recorded for a period of 10 mins at interval 

of 2 mins. Change in the absorbance per minutes was 

determined. 

The activity of the enzyme was calculated using the formula: 

Specific activity �
ΔA412   VolT   1000

1.36   104   light path   Vols   &Protein'
 

∆A436 = change in absorbance per minutes 

VolT = total assay volume (DTNB + sample + ACT) 

1.36 × 10
4
 = extinction coefficient of DTNB (M

-1
 cm

-1
) 

Light path = 1cm 

Vols = sample volume (ml) 

[Protein] = concentration of protein (mg/ml) 

2.8. Protein Determination in Blood 

Homogenate 

Protein concentrations of the homogenates were determined 

by methods described by Bradford, [22]. Using bovine serum 

albumin as the standard. 1.0ml of the blood homogenate was 

separately mixed with 3.0ml Bradford reagent and the 

absorbance measured at 595nm. The absorbance was used to 

extrapolate the concentration of protein from the standard 

curve of protein prepared with BSA. 

2.9. Data Analysis 

Results were presented as mean±SEM. Within and between 

groups, comparisons were performed by the analysis of 

variance (using SPSS 20.0 for windows computer software 

package). Significant differences were compared by 

Duncan’s new Multiple Range Test, with significance 

difference set at p<0.05 [23]. 

3. Results 

The results indicate that, animals in the infected, untreated 

groups showed increases in parasite load with a 

corresponding reduction in AChE activity as the infection 

progressed. The 7-day suppressive treatment carried out with 

50mg of the plant extracts and 100mg/kg artesunate 

presented a marked reduction in parasite load when 

compared with the infected, untreated controls (Figure 1). 

 
Figure 1. Percentage parasitemia profile of experimental animals. 

Packed cell volume (PCV), which is the volume percentage 

(%) of red blood cells was significantly reduced as shown in 

Table 1. The infected, untreated experimental controls mice 

present reduction in packed cell volume when compared with 

the normal control group, as the days of infection increases. 

However, administration of plant extracts and artesunate to 

infected groups ameliorated the drastic reduction in PCV 

when compared with the initial values.  
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Figure 2. The AChE activity in the blood homogenates. 

Table 1. Packed Cell Volume (%) profile of experimental animals. 

Groups Day 5 Day 10 Day 15 

Normal control 40.5±6.5a 40.5±6.5a 40.5±6.5a 

Disease control 28.5±2.5a 22±3b 25.5±5.5b 

Standard drug 39±1a 47.5±2.5b 47.5±1.5b 

T. occidentalis 29.5±7.5a 37±2b 40±1.0b 

V. doniana 25±1a 52±3b 47±2b 

V. amygdalina 36±0a 31±1.2b 39±1.2a 

O. basilicum 20±0a 37.5±2.5b 37.5±7.5b 

Values are expressed as mean ± SEM of five determinations. Values with 

different superscripts along the rows are significantly different at p<0.05. 

Figure 2 presents the AChE activity in the blood of infected 

and uninfected mice. It was discovered that AChE activity 

decreases with an increase in progression of parasite load/day. 

However, the decrease in enzyme activity was significantly 

(p˂0.05) halted upon administration of plant extracts and 

artesunate as compared with the control group, thus, Vitex 

doniana provides the best activity. 

4. Discussion 

Acetylcholinesterases (AChE) terminate neurotransmission at 

cholinergic synapses by splitting the neurotransmitter 

acetylcholine (ACh). The enzyme demonstrates a high degree 

of variability in distribution, with its notable presence in non-

neuronal tissues [24]. Therefore, estimating the AChE 

activity provides valuable information on cholinergic 

functions. The mechanism of action of the plant extracts in 

this experiment may be similar to that of Artesunate, a 

standard antimalarial drug which induces the destruction of 

the asexual forms of the plasmodium parasite. Artesunate in 

this study was observed to decrease the plasmodium 

organisms in the infected mice. 

The findings showed that the PCV decreased after infection 

with Plasmodium berghei. This is an indication of anaemia, 

due to haemolysis. Anaemia is a consistent finding in blood 

protozoan parasites infection. Some earlier investigators have 

observed a progressive fall in PCV values in plasmodium 

infections [25]. In the present study, the PCV values appear 

to improve with the plant extracts and artesunate treatment 

which may be due to the inhibitory effect of the plants/ 

standard drug on the plasmodium organisms. Substances with 

antianemic properties are known to stimulate increased 

production of RBC and improve the values of PCV [26]. 

In the present study, the significant decrease in the specific 

activity of AChE in the blood of infected untreated mice with 

P. berghei, suggest possible reduction in the enzyme activity. 

Thus, an increased in the amount of ACh that persist in the 

synapses, similar report was corroborated by Noor, [27]. The 

decrease in the activity of AChE in the blood of infected 

mice was sustained with the duration of untreated infection, 

and this could probably explain the elimination of motor dis-

coordination and paralysis seen in animals infected with 

cerebral malaria [28]. However, upon treatment with the 

plant extracts and Artesunate, there was increased in the 

enzyme activity which corresponded to decreased parasites 

load. 

The efficacy of plant extracts and several other standard 

drugs such as Artesunate has been reported, using validated 

animal models to suppress parasitemia to undetectable levels 

in mice infected with P. berghei [5, 20, 30], which agrees 

with the present study. Artesunate often produces a rapid 

clinical and parasitological response to infections which led 

to immense interest for its use in the management of malaria 

[30]. In this study, the treatment of P. berghei infected mice 

with 50mg plant extracts and 100mg/kg of artesunate showed 
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potency in suppressing parasitemia level, and inversely 

boosting acetylcholinesterase activity in the blood of infected 

mouse, thus accounting for ameliorating effect. 

5. Conclusion 

This result can be utilized to predict the action of the plant 

extracts, as well as a variety of antimalarial drugs. The 

findings have major implications for understanding how the 

plant extracts and artesunate interact to enhance resistance to 

P. berghei proliferation in the body system. Our opinion at 

this time is that the antimalarial potential of the plant extracts 

and artesunate could in part be linked to the enhancement of 

AChE activity. 
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