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Abstract 
Background: Combretum molle (Combretaceae) seed has been traditionally used for treatment 

of malaria and other aliments in Gambella region, Ethiopia. Thus, aim of this study was to 

evaluate in vivo cytotoxic and anti-plasmodial activities of C. molle plant using mice.  

Methods: The acute toxicity study was conducted using single dose administration of crude seed 

extract of the plant at different doses. Also effect of the extract on hematological and 

biochemical parameters, and tissues of different organs were assessed. Furthermore,anti-

plasmodial activity of the seed crude extract, its chemo-suppressive potential, and protection 

against some clinical symptoms was assessed. 

Results: Acute toxicity study didn‟t show any observable effects in mice under all doses. The 

crude seed extract of C. molle showed 63.5% of parasite suppression in Swiss albino mice 

infected with Plasmodium berghei ANKA (PbA) parasite at dose 125mg/kg. Relatively survival 

time of mice treated with the same dose showed significant increment compared to the negative 

control. But, significantly lower than mice treated with standard drug, chloroquine (CQ). On the 

day-4 post-infection (p.i) the plant extract showed significant (P<0.05) protection against body 

weight reduction, high rectal temperature and haemolysis of RBC at relatively lower doses. 

However, it was not significantly different from mice group treated with CQ. Findings from 

haematological study showed that seed extract of C. molle did not cause significant effects on 

most red blood cells indices, while except eosinophil all white blood cells (WBCs) indices 

showed significant reduction (P<0.05) under use of almost all doses. Also, level of liver enzymes 

such as glutamic oxaloacetate transaminase (sGOT) and glutamic pyruvic transaminase (sGPT), 

showed significant increment (P<0.05) in mice treated with different doses of the plant extract, 

while level of albumin was significantly reduced (P<0.05). Similarly, significant increament 

(P<0.05) in levels of kidney function indicators: urea and creatinine was observed. 

Conclusion: The study revealed thatat lower dose (125mg/kg) crude extract of C. molleseed has 

lower toxicity on haematological, biochemical and immunological parameters. Also at this dose, 

high chemo-suppressive activity against murine malaria parasite (PbA) was documented. Thus 

further isolation andin vivo evaluation of active components of the plant is recommended.  

 

Keywords: anti-plasmodial, C. molle, biochemical,hematological, histology, murine malaria. 
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1. Introduction 

1.1. Background and justification 

Combretum molle is one of the herbal plants belongs to the family Combretaceae which includes 

20 genera and about 600 species (Miaffoet al., 2015).C. molle is distributed especially in 

savannah vegetation that cuts across from Senegal to West Cameroon, but generally exists in 

tropical and subtropical Africa regions (Burkill, 1985).  Documented species distribution of  

Combretum molle is native  to Botswana, Central African Republic, Congo, Democratic 

Republic of Congo, Djibouti, Eritrea, Ethiopia, Gabon, Kenya, Lesotho, Namibia, Senegal, 

Somalia, South Africa, Sudan, Swaziland, Tanzania, Uganda and  Zambia (Orwa et al, 2009). 

 

This plant is popularly used in South Africa for the treatment of stomach pains, dysentery, 

gastric ulcers, abdominal disorders, and other illnesses (Eloff et al., 2008). Also, roots of C. 

molle seem to have a variety of uses against hookworm, stomach pains, snake bite, leprosy, 

fever, dysentery, general body swellings, and abortion as well as for swelling of the abdomen, 

sterility and constipation(Fyhrquistet al., 2012).  

 

This plant bark and root in vitro tested in different African countries for treatment of bacteria  

(Ragusa and Araya, 2012). Also seed of the plant tested against fungi and bacteria, (Masokoet 

al.,2007;Amare and Tadesse, 2016),and leaf againsthelminths(Ademola and Eloff,2010). In 

addition,C. mollebark extract was tested for its in vitro antimicrobial activities (Ragusa and 

Araya, 2012;Amareand Tadesse, 2016).  

 
 

In fact, most of the plants are used indiscriminately without adequate information on toxicity 

risks, it has become imperative to assess the safety of plants used for medicinal purposes for 

possible toxicity( Miaffo et al., 2015).Thus, the only part such as leaf and twigs of this plant 

toxicologically studied in animal model. 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Regassa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22207479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Araya%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22207479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Regassa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22207479
https://www.ncbi.nlm.nih.gov/pubmed/?term=Araya%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22207479
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Moreover,different species of Combretum plant havebeen reported to have in vitroanti-

plasmodial activity against chloroquine sensitive Plasmodium falciparum strains(Karouet 

al.,2003,Ancolioet al.,2002; Salonet al.,2013).However,tannin, stem bark, seed and leave extract 

of C. molle plant have revealed in vitro activity against P. falciparum (Asreset al., 1998;Asreset 

al, 2001;Gansaneet al., 2010). 

 

Almost every part of these plants (roots, leaves, seeds, twigs, and stem barks) have been used in 

African traditional medicine for the treatment of various ailments and diseases (Miaffoet al., 

2015),Similarly, seed of this plant is widely used by traditional practitioners in Ethiopia, mainly 

among rural residents in Gambella region, for treatment of malaria, HIV and other aliment 

(personal communication). Also, most of the traditional practitioners in the region claim that 

Combretum molle seed is one of the potential traditional medicinal plants with broad healing 

property. However, although seed of C. molle plant widely used by local residents of Gambella 

region for treatment of malaria, and shows good in vitro antiplasmodial activity, it‟sin vivo 

cytotoxic and cytotoxic and anti-plasmodial activities of seed of the C. molle plant using mice as 

animal model. 

 

1.2. Significance of the study 

The findings of this study will serve as a base line data for researchers working on designing of 

anti-malarial drugs from traditional medicinal plants (C.molle) both nationally and 

internationally. Moreover, results from the cytotoxic activity study will helps to know dose-

effect relation of seed extract of the plant. This knowledge is crucial for the researchers to predict 

the possible side effects of using seed of the plant and quantify optimum effective dose that 

would not cause harmful effects.  

 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Asres%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11746844
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1.3. Objective of the Study 

1.3.1 General Objective 

 To evaluate the in vivo cytotoxic and anti-plasmodial activities of C. molle seed 

extractusing Swiss albino mice 

1.3.2 Specific objectives 

 To investigate cytotoxic effect of seed extracts of C. molle in Swiss Albino mice, 

 To estimate effect of seed extracts of C. molle on hematological and biochemical 

parameters of Swiss albino mice, 

 To assess in vivo immunomodulatory activity of seed extracts of C. molle using Swiss 

albino mice 

 To assess the in vivo antimalarial activity of the seed extracts of C. molle against 

chloroquine sensitive Plasmodium berghei ANKA (PbA),  

 To determine the effect of seed extracts of C. molle on PCV, body weight, rectal 

temperature and survival time of the PbA infected mice, 
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2. Literature Review 

2.1 Epidemiology of malaria 

According to Gilman and Goodman.,2001, Malaria is a disease that is widespread in many  parts  

of  the  world,  mainly  in tropical  and subtropical  regions.  It is caused by protozoan  parasites  

belong  to  the  genus  Plasmodium and  represented  by  over  120  species  and  infectious  to  

man, simians,  rodents,  birds  and  reptiles  (Krettliet  al.,2001).    Malaria in humans is caused 

by five species of parasites belonging to genus Plasmodium. Four of these (P. falciparum, P. 

vivax, P. malaria and P. ovale) are human malaria species that are spread from one person to 

another via the bite of female mosquitoes of the genus Anopheles (WHO, 2015). In recent years, 

human cases of malaria due to P. knowlesi have been recorded. This species causes malaria 

among monkeys in certain forested areas of South-East Asia. Current information suggests that 

P. knowlesi malaria is not spread from person to person, but rather occurs in people when an 

Anopheles mosquito infected by a monkey then bites and infects humans (zoonotic transmission) 

(WHO, 2015).     

 

In Africa, Malaria accounts for 10 % of the total disease burden; Over 90% of deaths occur in 

sub-Saharan Africa (WHO, 2005). The burden of morbidity and mortality is inclined towards 

children, not yet immune (Snow et al., 2005), and pregnant women where malaria parasites are 

sequestered in the placenta (Roweand Kyes, 2004). According to, Muregiet al.,(2003), the 

burden of mortality in sub-Saharan Africa is accounted for 89% of the deaths where5% of 

children die from the disease before reaching 5 years of age.  Generally,  in  the  countries  of  

the  sub-Saharan  tropical  zones,  this disease kills out of the  million peoples per year, and this 

mortality is very important in the children  of  less  than  five  years. 

 

It is the most killer infectious disease with an estimated 3.3 billion people at risk in 2010 and the 

first prioritized tropical disease of the WHO (World Malaria Report, 2011). Vogel, (2010) 

reported that about half of the world‟s population is at risk of malaria and one to two million 

annual deaths, mostly among African children,  can be attributed to malaria alone.  Malaria has 

become the main concern of the World Health Organization as a result of its re-emergence and 

expansion of its distribution to previously non-endemic areas (Alemuet al., 2013). 
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2.2. Transmission of Malaria 

 

The transmission intensity depends on the prevalence and infectiousness of gametocytes that 

circulate in peripheral blood and the number of Anopheles mosquitoes in the area was result in a 

high turnover of parasites and infection pressure (Sauerwein 2007).  The causative agent,  is 

transmitted by the female Anopheles mosquito species, which has also  developed resistance 

against insecticides, such as dichlorodiphenyltrichloroethane (DDT), and chemoprophylaxis has 

not often yielded the expected results (White, 2004). Additionally, the disease causing 

protozoans have developed resistance against most of the drugs currently used to treat malaria 

(Kang et al, 2014) and spread to previously malaria free areas because of changes in the climate 

(Deressa et al., 2003). 

Areas with high rainfall have increased malaria incidence because of an increase in breeding 

sites; elevation along with cooler temperatures and lower humidity is also a factor as 

transmission rarely occurs above 2000-2500 meters (Lamar et al., 2007).  In areas where malaria 

transmission is seasonal and unstable, the disease burden is confined to a wide age range, and 

adults as well as children suffer severe morbidity.  In areas with intense transmission, however, 

the burden of disease is confined to the youngest age groups, as adults would have already 

developed immunity and the highest incidence would be among children under 5 years old 

(Himeidanet al., 2005).  

 

2.3. The life cycle of malaria parasite 

The general features of the following parasitic life cycle in (Figure 1) apply to all Plasmodium 

species. During a blood meal, a malaria infected female anopheles mosquito inoculates 

sporozoites into the human host.  Sporozoites infect liver cells and mature into schizonts, which 

rupture and release merozoites into the blood stream where they infect red blood cells (Mueller, 

2007). According to Lamar et al., (2007), blood stage parasites are responsible for the clinical 

manifestations of the disease. In case of infection during a mosquito blood meal; there is an 

asymptomatic incubation period of approximately 7 to 30 days while the parasites develop in the 

liver and during the initial multiplication in the blood. 
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Figure 1 Life cycle of Malaria parasite (NIH, 2013) 

 

2.4. Malaria Diagnosis 

The widely used method to diagnose malaria is made on the basis of clinical history, signs, or 

symptoms. In many endemic areas without adequate diagnostic capacity, patients with a febrile 

illness are likely to receive the diagnosis of malaria. In most endemic areas, microscopic slide 

examination of peripheral blood remains the most widely used test as well as the gold standard 

for detecting malaria parasitemia (Michaeland Wilson, 2013).  To prepare a thick blood film for 

Microscopic diagnosis, a blood spot is stirred in a circular motion with the corner of the slide, 

and allowed to dry without fixative.  A thin blood film is prepared by immediately placing the 

smooth edge of a spreader slide in the drop of blood, adjusting the angle between slide and 

spreader to 45°, and then smearing the blood with a swift and steady sweep along the surface and    

staining blood films   Giemsa stain (20-30 min), Leishman stain (45 min), and   rapid Field stain 

method (10 sec) (Chotivanich, 2007)       
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2.5. Prevention & control 

Malaria transmission can be reduced by preventing  mosquito bites due to distribution  of  

mosquito  nets  and  insect repellents,  or   mosquito-control  measures  such  as  spraying  

insecticides  and  draining  standing  water  (where mosquitoes breed)  (Kilama,   and  Ntoumi, . 

2009). Control activities approaches include the reduction in mosquito breeding grounds 

(environmental modification), target the larva stages with chemical or biological agents, and 

massive insecticide spraying for the adult mosquitoes. Biological control methods include the 

introduction of fish which eat the mosquito larvae), and bacteria (eg, Bacillus thuringiensis) 

which excrete larval toxins. Case detection and treatment is another potential control method. 

Identifying and treating infected persons, especially asymptomatic individuals, will reduce the 

size of the parasite reservoir within the human population and can lower transmission rates 

(Makar, 2011).     

2.6. Treatment 

The first antimalarial drug was quinine, isolated from the bark of Cinchona species (Rubiaceae) 

in 1820. It is one of the oldest and most important antimalarial drugs, which is still used today. In 

1940, another antimalarial drug chloroquine was synthesized and used for the treatment of 

malaria until recently (Saxena S,et al., 2003).Once the diagnosis of malaria has been confirmed, 

appropriate treatment must be initiated immediately and specific treatment regimen depends on 

whether the case is diagnosed as complicated or uncomplicated malaria (Lamar et al., 2007).  

 

Treatment should be guided by three main factors: the infecting Plasmodium species, the clinical 

status of the patient, and the drug susceptibility of the infecting parasites as determined by the 

geographic area where the infection was acquired. Knowledge of the geographic area where the 

infection was acquired provides information on the likelihood of drug resistance of the infecting 

parasite and enables the treating clinician to choose an appropriate drug or drug combination and 

treatment course. Chemoprophylaxis includes taking chloroquine when in chloroquine-sensitive 

areas (Basiret al.,2012). In areas with chloroquine-resistant P. falciparum, quinine sulphate, 

mefloquine, or atovaquone /proguanilis suggested World Malaria report.  
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P. vivax malaria should be treated with chloroquine in areas where this drug is effective; an 

appropriate ACT (not artesunate plus sulfadoxine-pyrimethamine) should be used in areas where 

P. vivax resistance to chloroquine has been documented World Malaria report   (WHO, 2011). 

Chemoprophylaxis agents do not eliminate P. vivax and P ovale (forms of the parasite that 

remains in the liver), primaquine phosphate treatment is recommended when living in endemic 

areas (Aribodoret al., 2016). Consequently, new drugs or drug combinations are urgently needed 

today for the treatment of malaria. These drugs should have novel modes of action or be 

chemically different from the drugs in current use (Ramalheteet al., 2008).  

2.7. Antimalarial drug resistance 

Drug resistance of malaria parasites has been defined as the ability of a parasite strain to multiply 

or survive in the presence of concentrations of a drug that normally destroy parasites of the same 

species or prevent their multiplication.Resistance to antimalarial drugs has been described for 

two of the four species of malaria parasite that naturally infect humans (P. falciparum and P. 

vivax)(Aribodoret al., 2016 ).    

2.7.1.   Drug resistance of P. falciparum 

P. falciparum has developed resistance to nearly all antimalarial drugs in current use, although 

the geographical distribution of resistance to any single antimalarial drug varies greatly.  

Chloroquine-resistant P. falciparum malaria have been described everywhere that is transmitted 

except for non malarious areas of Central America (north-west of the Panama Canal), limited 

areas of the Middle East and Central Asia(Tekaet al., 2008).  

 

Sulfadoxine pyrimethamine (SP) resistance occurs frequently in South-East Asia and South 

America.  SP resistance is becoming more prevalent in Africa as that drug is increasingly being 

relied upon as a replacement for chloroquine. Mefloquine resistance is frequent in some areas of 

South-East Asia and has been reported in the Amazon region of South America and sporadically 

in Africa (Aribodoret al., 2016 ).    
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In Ethiopia, the first report on the emergence of chloroquine resistant P. falciparum was made in 

1986 after isolation of chloroquine resistant P. falciparum from patients in areas  bordering  the 

neighbouring  countries  (Sudan, Somalia,  and  Kenya)  (FMOH, 1999). Since then, studies 

conducted in different parts of the country showed that chloroquine resistant P. falciparum has 

spread to all malarious area of the country(Aribodoret al., 2016 ).    

 

Between  1985  and  1990,  the  treatment  with  mefloquine,  combined  with  sulfadoxine 

/pyrimethamine was started, but by the year 1990 the cure rate had fallen to 71% in adults and 

50% in children and could no longer be used due to resistance (Price et al., 1997).Faster drop in 

therapeutic efficacy of SP for the treatment of uncomplicated falciparum malaria enforced the 

adoption of Artemether-lumefanthrine (Coartem) (AL) in place of SP as a first line treatment in 

2004 (FMOH, 2004).  

 

While artemisinin-based combination treatments (ACTs) have played an effective role in 

controlling the disease in many malaria endemic areas, the appearance of resistant parasites to 

artemisinin derivatives in wide area of Southeast Asia encompassing south Vietnam to central 

Myanmar underscores the fragility of malaria treatment measures (Rope, 2011 ).   

2.7.2.   Drug resistance of P. vivax 

 

P. vivax infection acquired in some areas has been shown to be resistant to chloroquine and/or 

primaquine (Murphy et al., 1993).  Unequivocal evidence exists with high-grade chloroquine 

resistance on the islands of New Guinea and Indonesia, is evidence of accumulating for declining 

chloroquine efficacy in many other P vivax-endemic areas (Ratcliff, 2007).  

 

Yeshwondim, (2010) was reported that chloroquine resistant P. Vivax malaria (CRPv) is coming 

from different malaria endemic areas of Ethiopia.  The treatment failure (13%) associated with 

drug resistance reported in Ketemaet al., (2011) was relatively the highest as compared to earlier 

few reports from Ethiopia and Africa is a good indicator of the emergence and spread of 

chloroquine resistant P. vivax strains in malaria endemic area of Ethiopia.    
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According to Tekaet al, (2008) malaria surveillance report confirms that P. vivax malaria is 

responsible for 40% of malaria cases in Ethiopia. Getachewet al, (2015) study on Chloroquine 

efficacy for Plasmodium vivax malaria treatment in southern Ethiopia highlights evidence of 

clinical treatment failure due to CQ resistance emerging in three (Shone, Guba and Batu)  out of 

four sites (Shele, Shone, Guba and Batu )in southern Ethiopia which calls for increased drug 

resistance monitoring and re-evaluation of malaria treatment guidelines. The chloroquine 

treatment on P.vivax failure reported in Ketemaet al (2011) study (13%) was relatively the 

highest as compared to earlier few reports from Ethiopia and Africa as the reporter‟s concluded 

and forwarded.  This report is a good indicator of the emergence and spread of chloroquine 

resistant p. vivax strains in malaria endemic area of Ethiopia.   

2.8. Antiplasmodial activities of Traditional Medicinal Plants 

2.8.1 Global perspective 

Traditional medicine has been defined by WHO as therapeutic practices that has been in 

existence before the development and spread of modern scientific medicine and is still in use 

today (Sofowora.,1996). According to WHO (2011) estimates, up to 80% of the rural population 

in the developing world still relies on herbal medicine. The long tradition of herbal medicine 

continues to the present day in China, India, and many countries in Africa and South American 

(Konget al., 2003). 

  

Medicinal plants have been the focus of many drug studies and also considered as alternative 

sources of antimalarial agents since long ago (Attiso, 1983).  WHO  addressed the need for 

research and policy  on  the  prophylactic  and  therapeutic effects  of antimalarial medicinal 

plants, through formation  of  linkages  between  researchers  working  on  traditional  

antimalarial  methods (Bodekerand Willcox, 2000).  Previous  studies  have  shown  that  more  

than 1200  medicinal  plants  from  160  families  are  used  worldwide  to treat  malaria  

(Willcox  and  Bodeker,  2004).   

 

According to Kaushiket al. (2015), seventeen medicinal plants known for South Indian 

traditional medicinal usage and pharmacological activities were evaluated for their 

antiplasmodial activity against CQ-sensitive P. falciparum (3D7) and CQ-resistant P. 
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falciparum(INDO) strains and their toxicity against HeLa cell line.   Among the seventeen plants 

studied, seven have been tested (in vitro) for their antiplasmodial activity against both the 3D7 

and INDO strains for the first time.  Five of these seven plants showed promising (Pf3D7 IC50 

6μg/ml to 20μg/ml) anti-plasmodial activity. Interestingly four of these plant extracts showed 

greater potency against the CQ-resistant INDO strain than against the CQ-sensitive 3D7 strain. 

2.8.2. Practice of Anti-plasmodial medicinal plant use in Africa 

In Africa, traditional medicine is part of the culture, and is practiced by a variety of traditional 

medicine practitioners, including herbalists, bone setters, and birth attendants as it is less 

expensive, accessible and acceptable (Sofowora, 1996). In Ghana, Mali, Nigeria and Zambia, the 

first line of treatment for 60% of children with high fever resulting from malaria is the use of 

herbal medicines at home. In  China,  for  example, traditional  herbal  preparations  account  for  

30-50%  of  the  total  medicinal  consumption  (WHO, 2012).  

 

The increasing prevalence and distribution of malaria mainly attributed to the emergence and 

spread  of  drug  resistant  parasites,  have  recently  led  to  the  study  of  medicinal  plants  with 

claimed  antimalarial  activities  compared  to  those  used  empirically  to  treat  other  diseases (   

Clarksonet  al.,  2004).  Efforts have been directed towards the discovery and development of 

new chemically diverse antimalarial agents and a number of in vitro antimalarial tests have been 

conducted in many African countries.  

 

Med, (2008), noted as two  Mozambique traditionally used plants have promising antimalarial 

activity with lowest IC50 values were found for the ethyl  acetate extracts of 

Momordicabalsamina(IC50= 1.0 ±0.1 µg/mL) and Pittosporumtobira(IC50= 4.8 ±1.8 µg/mL )  

for further investigations anti plasmodial drugs. A remarkable number of investigations have also 

been conducted on medicinal plants traditionally used in African traditional medicine and other 

traditional health care systems (Banzouziet  al.,  2004)  has  been  reported  that  about  two  

hundred  thirty-nine  Madagascan  medicinal  plants  have been identified as having antimalarial 

properties. 
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An in vitro study of seven plants from the Democratic Republic of  Congo  has  indicated  

antiplasmodial activities,  a  study  of  134  plants  from  South  Africa and  that  of  18  plant  

species  from Venezuela  have  also  reported  the  in  vitro anti-plasmodial  activities  (Tonaet 

al., 2004). Other  in vitro studies from eight Ivorian medicinal plants and fifty-five extracts from 

eleven plants in malaria therapy in Kenya were reported  to  have  anti-plasmodial  activities  

both  on  chloroquine  sensitive  and  chloroquine resistant strains of P. falciparum (Tran et al., 

2003).  

Table-1: Some traditional medicinal plants that have moderate to good anti-plasmodial 

activities in Africa including Ethiopia. 

Plant 

types 

Family   Genus and 

species name 

 Part of 

plant used 

Type of assay % of 

parasite 

suppression 

Reference 

Perenni

al shrub 

Liliaceae Asparagus 

africanus Lam 

 

Root 

In vivo 

(mice model) 

27.84% (Dikasso et 

al.,2006) 

Shrub Meliaanhc

eae 

Bersama 

abyssinica 

Fresen 

 

Root bark 

In vivo 

(mice model) 

30.01% (Berhane, 2008) 

Shrub Sapindace

ae 

Dodona 

angustfolia L.F 

 

Seed 

 In vivo 

(mice model) 

37.79% (Berhane, 2008) 

Tree Combertac

eae 

Terminaliamolli

s 

 

 Root bark 

In vivo 

(mice model 

44%    (Mugangaet al., 

2014) 

 Tree Rutaceae Zanthoxylumch

alybeum 

 

 Root bark 

In vivo 

(mice model 

37% (Muganga et al., 

2014) 

 Herb Phytolacca

ceae 

Phytolaccadodo

candra 

 

Leave  

In vivo 

(mice model) 

33.60% (Getinet, 2014) 

Herb Lamentace

ae 

Fuerstiaafrican

a 

 

Leave 

In vivo 

(mice model) 

(>70%) (Mugangaet al., 

2014) 

 Shrub Fuphorbia

ceae 

Croton 

zambesicus 

 

Leave 

In vivo 

(mice model) 

80.7% (Okokonet al., 

2005) 

 Tree Meliaceae Azandirachita 

indica 

 

Leave 

In vivo 

(mice model) 

52.32% (Valechet al., 

2001) 
1.  
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In Cameroon, a large number of plant species have been identified as antimalarial medicinal 

plants. Pure products have been isolated from some of these plants amongst which are those 

whose antimalarial activities are comparable to or more active than chloroquine on sensitive and 

resistant strains of P. falciparum (Builders et al., 2011 andTaneet al., 2005). Several Nigerian 

medicinal plants have been found to  demonstrate  an  interesting antimalarial  potential  in  the  

search  for  a  cure  against  various species  of  resistant  antimalarial agents (Ibrahim et al., 

2012). 

 

According to criteria used Nite (2014)a pure compound was considered highly active if IC50< 

0.06μM, being active with 0.06μM ≤IC50 ≤ 5μM, weakly active when 5μM≤ IC50≤10μM and 

compounds with IC50>10μM were considered inactive. The inhibition percentages were proposed for 

in vivo activity of antimalarial extracts at a fixed dose of 250 mg kg
−1

day
−1

: 100-90% (very good 

activity); 90-50% (good to moderate); 50-10% (moderate to weak); 0% (inactive).   

2.8.3. Tradition of use of anti-plasmodial plants in Ethiopia 

Ethno botanical studies reported 8 insecticides and 11species of plants used as anti-malarial 

agents in one of the districts in West Gojam, Ethiopia. These species of plants are among the 

widely used plants for medical purposes. Since malaria is a serious disease in Ethiopia and many 

developing countries, the list of traditionally used plants to control it must be backed by 

phytochemical studies to develop an appropriate phytomedine (Abiyotet al., 2006).A number of 

studies have also been conducted on the in vitro evaluation of the anti-malarial activity of several 

Ethiopian traditional medical plants. It has been reported that extracts from plants such  as  

Hageniaabysinica  and Berssamaabysinica(Kassa,  et  al.,  1996),  Asparagus africanus (Dikasso 

et al., 2006)  ,Croton machrostachys,  Calpurina aura,  Dodniaangustifolia(Solomon, 1992),  

Withania somenifera, Vernonia amygdalina (Bogale and Petros, 1996), Artemesiaafra,  

Artemesiarehanand, Ajugaremota (Kassa et  al.,  1998),  have  significant  antimalarial  activity  

against  P. falciparum.  Asmare and Kesara (2015) reviewed on ethnopharmacology study of the 

commonly used antimalarial herbal agents for traditional medinepractice in Ethiopia. These are 

Phytolaccadodecandra(Getinet, 2014), JuniperusproceraHochst and Eucalyptus 

camaldulensis(Hedberget al., 2005) and Calpurnia aurea(Hedberget al., 2005). 
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3.  Materials and Methods 
 

3.1. Plant material Preparation 

The seed of C. molle was collected from the vicinities of Gambella Region, Agnua zone, Gog 

woreda (about 886 km south west of Addis Ababa). The Voucher specimen [CM7 (Combertum 

molle No.7)] was identified by Mr. ZewdieAchiso and deposited at the Herbarium of the 

Department of Biology, Jimma University, Ethiopia.Seed of the plant part was collected and 

dried in the processing room and then powdered, kept at room temperature in a well-closed and 

amber bottle until extracted. 

 

The dried and powdered plant material (600g) was extracted by maceration (100 g of dried plant 

seed powder of the C. molle in 300 mL of 80% methanol) for three consecutive days (72hr) at 

room temperature. The extraction process was facilitated by using frequent shaking(Tiwari et al., 

2011). The mixture was first filtered using cotton wool and then with Whatman filters paper No. 

1 (Whatman®, England). The residue was re-macerated for another 72hr twice and filter. The 

combined filtrate was then dried by rotary evaporator (Buchi Rota vapor, Switzerland) at a 

temperature of 40°C and 45 rpm. After dried in water bath, a total dry extract was harvested and 

the dried extract kept at −20°C in a tightly closed bottle in a refrigerator until used for in vivo 

cytotoxicity, and anti-plasmodial testing.   

3.2. Experimental Animals and Protocol 

A total of 65 Swiss albino mice were used for acute toxicity, cytotoxic and antiplasmodial 

activity testing of C. molle seed extract. Accordingly, both sex mice, age 8 to 10 weeks,  and 

weighed of 30 to 40 g were maintained at temperature of 22±3°C, relative humidity of 40-50% 

and 12 h light/12 h dark cycle(WHO, 2012). The animals were housed in transparent plastic cage 

with SS sipper 250 mL water bottle. Wood shaving was used as bedding and it was replaced 

every morning after the cage was cleaned and disinfected with 70% alcohol. The animals were 

kept under unlimited access to food and water. The mice were allowed to acclimatizing to the 

laboratory environment for at least one week before being subjected to the experiments.  
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3.3. Acute toxicity determination 

Mice were randomly arranged into four groups (each group containing 5non-infected)for acute 

toxicity testing of the crude extract of C. molleseedat different dose levels (500 mg/kg, 1000 

mg/kg, and 2000 mg/kg), and the last group, considered as control(Ketema T, et al., 2015).The 

acute toxicity was carried out in accordance to OECD guidelines.The mice were acclimatized 

and then fast forabout three hours. The extract was administered to the animals orally after it 

dissolved in 20% of Tween 80 in saline. The control groupreceived 0.5mL of 20% of Tween 80 

in saline through the same route. Any acute sign of toxicity and mortality of each group within 

24 hours after administration of the extract was recorded. Toxicity signs such as death, changes 

in physical appearance, and behaviour including loss of appetite, hair erection, lacrimation, 

tremors, convulsions, salivation, and diarrhoea, and other signs of overt toxicity were observed 

for 72 hr. The feeding condition (consumption of pellet and water) was recorded for 14 days. 

3.4. Animal treatment and blood sample collection 

 

Animals were randomized into four groups (I-IV) each containing four mice grouped for 

haematological and biochemical study. Doses of the extract used for this assay was 100mg/kg 

(group I), 250mg/kg (group II) and 500mg/kg (group III) and 0.5 mL 20% of Tween 80 in saline 

(group IV or negative control). Animals were sacrificed 24 hours after the last doses were 

administered (orally) lasted seven days. The mice at the time of sacrifice were weighed and then 

terminally anaesthetized. Blood sample was collected through cardiac puncture and collected in 

EDTA coated tubes. The abdominal cavity was opened through a midline abdominal incision and 

theliver and kidney were immediately removed and placed in fixative and processed for 

histological study.  

3.5. Haematological and biochemical assay 

 

About 0.2mL blood sample collected in EDTA tubewas used for quantification of total WBC, 

lymphocytes, monocytes, basophils eosinophil, neutrophils, RBCs, Haemoglobin (Hb), 

Haematocrit(HCT), platelets, mean corpuscular volume (MCV), mean corpuscular haemoglobin 

concentration (MCHC) and mean corpuscular haemoglobin (MCH) using CBC machine. About 
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1mL of the remaining blood sample was centrifuged at 10,000 rpm for 10 min. The supernatant 

(plasma) was transferred into new eppendorf tube and followed by measurement of liver 

enzymes, serum glutamic oxaloacetate transaminase (sGOT) and serum glutamic pyruvic 

transaminase (sGPT), albumin (Alb); indicators of kidney function such as creatinine (Cr) and 

urea; inflammation test, C-reactive protein (CRP) using LAMBDA 750 UV/Vis/NIR 

Spectrophotometer. 

3.6. Histological study 
 

For histological analysis, liver, and kidney of the sacrificed mice were collected in 10% buffered 

neutral formaldehyde; paraffin-embedded liver, and kidney tissues were labelled and stained 

with hematoxylin and eosin. Slides were coded and scored for histological evidence of liver and 

kidney damages.  

3.7. In vivo anti-plasmodial tests 

For in vivo anti-plasmodial activity tests a 4-day suppressive methods was used in accordance to 

Peters(Peters W.,1967). Hence, rodent malaria parasite Plasmodium berghei ANKA (PbA), 

chloroquine sensitive strain, was used to infect Swiss albino mice for the four day suppressive 

test. The parasite was obtained from Ethiopian Public Health Institute (EPHI). For this study, a 

donor mouse with a rising parasitemia level of 20%-30% was sacrificed by decapitation and its 

blood was collected in a slightly heparinized syringe from the auxiliary vessels containing 0.5% 

trisodium citrate. The blood was then diluted with physiological saline solution (0.9%) into 5 × 

10
7
 infected RBCs (Nardos A and MakonnenE.,2017).  

3.7.1.Parasite Inoculation and Extract Administration 

The infected blood was diluted with normal saline with the intention that each 0.2 mL contained 

approximately 1 × 10
7
PbA parasitized erythrocytes. 15 female and 10 male Swiss albino mice 

(n=25) weighing 30-40g in each group were inoculated on the first day (D0), intraperitoneally, 

with 0.2 mL of infected blood. The mice were then divided randomly into five groups of five [3 

female and 2 male, (n=5)] mice for each group.Three groups of the animals were assigned as the 

test groups and the other two groups were used as control (positive and negative). Three hours 
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after infection with PbA, the three test groups were orally administered with 125, 250 and 

500mg/kg/day doses of the C. molle seed crude extract. Chloroquine at the dose of 10mg 

base/kg/day (orally) and an equivalent volume of vehicle (0.5 ml of 0.9% of saline) was 

administered to the positive and negative control groups respectively, for four consecutive days 

(D0 to D3). 

 

3.7.2. Monitoring of clinical and physical changes 

The body weight of each mice in all the groups was measured before infection (day 0) and on 

day 4 using a sensitive digital weighing balance. Also, the rectal temperature of the mice in all 

the groups was measured using a digital thermometer before infection and then daily up to day 6. 

3.7.3. Determination of Parasitemia 

On the fifth day (D4), thin smears were made from the tail nip blood of each mouse, fixed with 

methanol and stained with 10% Geimsa pH 7.2 for 15min. The stained slides were then washed 

gently using distilled water and air dried at room temperature. The duplicate stained slides for 

each mouse was examined under microscope with an oil immersion objective of 100X 

magnification. The parasitemia level was determined by counting the number of parasitized 

erythrocytes out of 100 erythrocytes in random fields of the microscope. Average percentage 

parasitemia was calculated using the formula (Hilou et al.,2006):                       

% Parasitemia =     Number of infected RBCs x 100 

 Number of non-infected RBCs  
 

Mean percentage of parasite suppression was calculatedper the following formula (Kalraet al., 

2006):    

% Suppression=       Parasitemia in Negative Control - Parasitemia in Test Group 

Parasitemia in Negative Control 

3.7.4. PCV Determination 

Heparinized capillary tubes were used for collection of blood from tail of each mouse. The 

capillary tubes were filled with blood up to ¾
th

 of their volume and seals at the dry end with 

sealing clay. The tubes were then placed in a micro-haematocrit centrifuge with the sealed end 

outwards and centrifuge for 5min at 11,000 rpm. The tubes were then taken out of the centrifuge 
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and PCV was determined using a standard Micro-Haematocrit Reader. PCV was measured 

before inoculating the parasite and after infection on the 4
th

 day post infection, using the 

following formula:  

 PCV = Volume of erythrocytes in a given volume of blood 

  Total blood volume 

3.7.5. Determination of Mean Survival Time (MST) 

Mean survival time for each group was determined arithmetically by calculating the average 

survival time (days) of mice starting from date of infection over a period of 30 days (D0-D29). 

Mortality was monitored daily and the number of days from the time of inoculation of the 

parasite up to death was recorded for each mouse in the treatment and control groups throughout 

the follow up period. Then mean survival time (MST) for each group was calculated asKetema et 

al.,(Ketema et al., 2015):    

MST=       Sum of survival time of all mice in a group (days) 

                                                                Total number of mice in that group 

3.8. Data analysis 

All data was analysed using SPSS software (version 20.0) and the results were expressed as 

mean ± standard error of mean (SEM). One-way analysis of variance (ANOVA) was used to 

compare results among and within groups for differences followed by Turkey‟s HSD post-hoc 

test. Sample analysis was repeated at least three times to get solid statistical data.  

3.9. Ethical consideration 

The study was ethically approved by the Ethical Review Committee of the College of Natural 

Sciences of Jimma University, Ethiopia. Mice were handled in humane way and extreme 

precautions were taken to avoid stress induced by poor handling techniques. 
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4. Results 

4.1. Acute toxicity 

Physical characteristics such as body weight change, sign of any toxicity, regular measurement 

of water and food consumed, and any behavioral changes among the mice were assessed every 

day. Accordingly, significant body weight differences between treated and control groups over 

the observed period was not observed. Or adverse effects that require modification of the 

procedure were not encountered. Likewise, differences were not seen in amount of pellet and 

volume of water consumed between treated and control groups. 

4.2. Haematological parameters test 

Outcomes of hematological parameter showed that, use of higher doses of crude extract C. 

molleseed for seven days cause significant (P<0.05) reductionof count of RBCs, Hb and HCT 

levels compared to the control group. On the other hand relatively lower doses of the seed extract 

(100 and 250mg/kg) caused significantly (P<0.05) increased count of platelet. However, as the 

dose increased to 500mg/kg, platelet count reduced, but not significantly different from the 

control group. Other hematological parameters such as MCV, MCH, MCHC and RDW-CV were 

not affected in mice received the treatment (Table 2).  

 

Table 2 Hematological parameters of Swiss albino mice received three different doses of C.molle 

seed extract. 

NB: Values with asterisk are indicating significantly different from values of controls 

Groups 

Hematological parameters 

RBC 

(10
3
/μL) 

Hb 

(g/dL) 

HCT 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g/dL) 

RDW-

SD (fl) 

RDW-

CV (%) 

Platelet  

Control  

10.44± 

1.05 

15.36±

1.48 

50.9± 

0.51 

48.7± 

0.72 

14.7± 

1.33 

30.26±

0.39 

35.4± 

1.2 

25.06± 

2.27 

687.33± 

57.2 

100mg/kg 

9.25± 

1.12 

14.27±

1.32 

45.07±

0.203 

48.7± 

0.05 

15.45± 

1.37 

31.75±

0.32 

36.42± 

1.28 

24.3± 

2.43 

734.2± 

36.8* 

250mg/kg 

9.28± 

0.98 

14.1± 

1.35 

45.53±

0.11 

48.40±

0.79 

15.13± 

1.42 

31.29±

0.42 

35.98± 

1.17 

24.26± 

2.18 

746.5± 

18.3* 

500mg/kg 

8.98± 

1.23*  

13.54±

1.08* 

43.52±

0.22* 

48.83±

0.51 

15.2± 

1.29 

31.23±

0.43 

38.1± 

1.3* 

25.13± 

2.38 

714± 

45.7 
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RBC- red blood cells,Hb- Haemoglobin, HCT- Haematocrit platelets, MCV-mean corpuscular 

volume, MCHC-mean corpuscular haemoglobin concentration and MCH-mean corpuscular 

haemoglobin  

4.3. Biochemical tests 

The two kidney function indicators; urea and creatinine were significantly affected under use of 

higher doses of the seed extract (250 and 500mg/kg) (Figure 2). Likewise, level of liver enzymes 

were affected in mice recived relatively high dose of the seed extract. At highest dose 

(500mg/kg) level of GPT enzyme was significantly (P<0.05) elevated.  

 

Figure 2 Levels (Mean ± SEM) of kindney test indicators (urea and creatinine) of Swiss albino 

mice received C. molle seed extract for seven days. Values with asterisk are significantly 

different (ANOVA, Tukey’s HSD post-hoc test) from values of the controls 

 

While level of the other enzyme, GOT, was significantly increased in mice treated with all doses 

of the extract (100, 250, and 500mg/kg) (Figure 3). On the other hand level of albumin showed 

significant reduction in mice treated with the two higher doses (250 and 500mg/kg) (Figure 4).   
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Figure 3 Level of liver enzymes (mean ± SEM) of Swiss albino mice received C. molle seed 

extract for seven days. Values with asterisk are significantly different (ANOVA, Tukey’s HSD 

post-hoc test) from values of the controls. 

 

Figure 4 Level of albumin (mean ± SEM)of Swiss albino mice received C. molle seed extract for 

seven days. Values with asterisk are significantly different (ANOVA, Tukey‟sHSDpost-hoc test) from 

values of the controls 
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On the other hand, the plant caused substantial production of one of the inflammation reaction 

indicators. Under all doses (100, 250 and 500mg/kg) level of C-reactive protein showed 

significant (P<0.05) increment (Figure 5).  

 

Figure 5 C-reactive protein (CRP) level (mean ± SEM)in Swiss albino mice received C. molle seed 

extract for seven days. Values with asterisk are significantly different (ANOVA, Tukey‟sHSDpost-

hoc test) from values of the controls. 

4.4. Effect of C. molle seed extract on immune cells 

Effect of the plant seed extract on innate immune cells such as basophils showed variability. 

Under lowest dose (100mg/kg), percentage of basophils showed significant increment (P<0.05), 

while as dose increased to 250 and then 500mg/kg, the level of this immune cell significantly 

decrease (P<0.05) compared to the control mice. On the other hand, eosinophils count showed 

consistent significant increment (P<0.05) at relatively high doses (250 and 500mg/kg). Except, at 

the lowest dose (100mg/kg) for lymphocytes count, under all doses, differences were not 

observed between the control and treated groups. Moreover, almost all immune cells showed 

significant (P<0.05) reduction under use of the highest dose (500 mg/kg) of the extract (Figure 

6). 
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Figure 6Levels of immune cells (mean ± SEM)in Swiss albino mice received C. molle seed extract for 

seven days. Values with asterisk are significantly different (ANOVA, Tukey‟s HSD post-hoc test) from 

values of the controls 

 

4.5. Histological analysis 

Higher dose of seed extract of C. molle (500mg/kg) caused necrosis of cells of kidney and liver 

(Figure 7). While, at relatively lowest doses use (100 and 250mg/kg), kidney cells were normal, 

but liver cells showed slight changes such as fatty and water charges.  
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Figure 7 Tissues of kidney (a= control, b= treated with 500mg/kg seed extract of C. molle and Liver (c= control, d= treated with 

500mg/kg seed extract of C. molle) microphotographof Swiss albino mice received C. molle seed extract. Formalin-fixed, paraffin-

embedded tissue sections stained with hematoxylin and Eosin (HE). The sections were photographed with X40 objective (bars are 

100μm).   

d 

a b

  a 

c 

https://www.google.com.et/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjHyLHWlujKAhXB6g4KHSelD9wQFggZMAA&url=http%3A%2F%2Fwww.ihcworld.com%2F_protocols%2Fspecial_stains%2Fh%26e_ellis.htm&usg=AFQjCNEn4XFr7I2TzlhJffEYL6-ZkBM7RA&bvm=bv.113370389,d.bGg
https://www.google.com.et/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjHyLHWlujKAhXB6g4KHSelD9wQFggZMAA&url=http%3A%2F%2Fwww.ihcworld.com%2F_protocols%2Fspecial_stains%2Fh%26e_ellis.htm&usg=AFQjCNEn4XFr7I2TzlhJffEYL6-ZkBM7RA&bvm=bv.113370389,d.bGg
https://www.google.com.et/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjHyLHWlujKAhXB6g4KHSelD9wQFggZMAA&url=http%3A%2F%2Fwww.ihcworld.com%2F_protocols%2Fspecial_stains%2Fh%26e_ellis.htm&usg=AFQjCNEn4XFr7I2TzlhJffEYL6-ZkBM7RA&bvm=bv.113370389,d.bGg
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4.6. Anti-plasmodial activities of seed extract of C. molle 

The mean percentage of parasitemia of mice infected with PbA and subsequently treated with 

(125 and 250mg/kg) crude seed extract of C.molle showed significant (P<0.05) reduction. 

However, as the dose increased, to 500mg/kg, parasite count was almost the same with the 

negative control (untreated but infected control mice). On the 4 post infection day, the methanol 

extracted seed of the C. molle at 125 and 250mg/kg exhibited an inhibition of 63.5% and 36.6%, 

respectively. Percentage parasite inhibition/suppressionof the seed extract was significantly 

(P<0.05) higher at relatively lower doses (125 and 250mg/kg), but significantly (p<0.05) lower 

than the standard drug (chloroquine 10 mg/kg/day), which showed 85.23% chemo-suppression. 

As the dose of seed extract of the plant increased, its parasite suppression potential was 

decreased. Although, the survival time of the seed extract treated group (125mg/kg) post 

infection was significantly (P<0.05) higher (12 days) than the negative control (9 days), it was 

much shorter than that of the standard drug, chloroquine treated group (Table 3).  
 

Table 3 Percent parasite suppression and mean survival time of mice (n=5) infected with PbA 

and treated with crude seed extracts of C. molle 

 

Data are expressed as mean ± SEM; a = compared to control, b = to CQ (10mg/kg); 
1
p< 

0.05; 
2
p<0.01, 

3
p<0.001, p.i. = post-infection, Numbers in the first column refer to dose in 

mg/kg, CQ= chloroquine. 

 

The comparison analysis on Packed Cell Volume (PCV) of mice treated with the seed extracts of 

C. molle (under all doses) was significantly (P<0.05) reduced on day 4 post-infection than mice 

group treated with standard drug (CQ) on the same day. But, significantly (P<0.05) increased 

than the negative control. Similarly, protection of the seed extract from body weight reduction 

was showed significant improvement in mice groups treated with different doses of seed extract 

Groups  Anti-malarial activities of the extract on day 4 post-infection 

(p.i.) 

Survival time  

(Day) 

% Parasitemia  (Mean ± SEM) % parasite suppression   

Control  35.7± 1.51 0.0 9.5 

125 15.5 ± 1.9
 a2

 63.5 ± 3.49
a1

 12
 a
 

250  26.9 ± 1.88
 a1

 36.6 ± 2.72
 a2

 10.5 

500  36.9 ± 1.4 14.47 ± 5.09 9.5 

CQ  6.28 ±0.27
b3

 85.23 ± 0.04
 b2

 >30 
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of C. molle than negative control. But did not showed significant differences from CQ treated 

mice.  On 4-day post-infection of PbA infection increment of rectal temperature was recorded in 

all mice treated with different doses of the extract, while it was reduced in CQ treated mice 

group. However, mice groups treated with 125 and 250mg/kg seed extract of the plant showed 

significantly (P<0.05) lower rectal temperature than the negative control (Table 4). 

Table 4 Temperature, weight and packed cell volume of infected mice (n=5) treated with crude 

extract of seed of C. molle in the 4 day suppressive test 

Groups 

Packed cell volume  Body weight  Temperature  

PCV-D0 PCV-D4 
% 

Change 
BW0 BW4 

% 

change 
T0 T4 

% 

Change 

Control 63.2±0.97 49.6±0.19 13.6 33.8±0.63 28.6±0.2 5.2 35.84±0.54 36.7±0.77 -0.86 

125 62.8±0.09 51.2±0.68 11.6
b2

 33.8±0.96 32.9±0.33
a2

 1.8 36.54±0.16 36.62±0.52 -0.08
 a2

 

250  61.2±0.78 51.6±0.67 9.6
 b2

 36.4±0.47 33.6±0.4
 a1

 2.6 36.88±0.19 37.02±0.13 -0.14
 a2

 

500  59.6±0.49 52±0.26 7.6
 b1

 36.1±0.91 32±0.24
 a1

 4 36.18±0.19 36.68±0.11 -0.5 

 CQ 57±0.68 53.5±0.65 3.5 34.5±0.41 32±0.16 2.5 37.6±0.34 36.45±0.45 1.15 

Data are expressed as mean ± SEM; a = compared to control, b = to CQ (10 mg/kg); 
1
p< 

0.05; 
2
p<0.01, D0 = pre-treatment value on day 0, D4 = post-treatment value on day four, CQ = 

chloroquine. Numbers in the first column refer to dose in mg/kg. 

 

Analysis of rectal temperature over five days post-infection revealed that there was a declining 

pattern of temperature after day 4-post-infection. Accordingly, as the disease progress, Day 4 to 

5, rectal temperature showed dropping, although significant differences were not observed 

(Figure 8).  

 

 

 

 

 

Figure 8 Pattern of rectal temperature of PbA infected mice treated with crude seed extract of C. 
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5. Discussion 

The majority of traditional medicines used in the developing countries have not been evaluated 

for quality, safety, and efficiency to the same standard as those in developed countries 

(Alebachew, 2013).  Recently, due to increasing emergence of drug resistant trait in plasmodium 

parasite, globally there is urgent need of novel anti-plasmodial medicine (Clarkson et al., 

2004).Despite wide use of C. molle as medicinal plant for treatment of various ailment including 

helmnthic, protozoal, bacterial and other infectious diseases in different parts of Africa 

(McGawet al., 2001, Fyrquistet al .,2002; Bussmannet al .,2006; Gronhauget al ., 2008), studies 

conducted on it‟s in vivo toxicity and animal model anti-malarial test is scanty. The agenda of 

current study is also part of the attempts on discovery of safety profiles and alternative anti-

malarial drug focused on the evaluation of oneof traditional medicinal plant which has been 

widely used by local community of Gambella region for treatment of malaria, skin problems and 

HIV infections (personal observation). Unlike the other parts of this plant used in other regions 

of Africa, seed is widely used for all medication purposes in Ethiopia, Gambella region.  

 

Traditional practitioners and indigenous people of the region collect seed of this plant, clean it, 

roast traditionally and grindthe roasted C. molle seed by traditional mortar with pistil. Finally 

boil the grinded powder of C. molle seed with small amount of water to harvest concentrated oily 

juice of the seed extract for treatment of different ailments. This local traditional extraction 

supported with the finding of Okelloet al.,( 2010) as reported as  „‟decoctions  were used to 

prepare herbal teas from the hard parts of the plants  such as root, rhizome, seeds and stem 

barks‟‟.Unlike, the traditional practice of the local community, seed of the C. molle extraction for 

this study carried out the infusion (maceration) of raw C. molle seed powder as finding 

forwarded George and Pamplona, (2000), to preserve almost all active particles and chemical 

structure with their properties. In the same manner, following the traditional practice, to mimic 

local community, after single oral doseof acute toxicity testing, seed crude extract of the plant 

was administered for seven consecutive days and cytotoxic effects determined through 

quantifying hematological parameters such as RBC indices, WBC indices and total platelet 

count; Bio-chemical assay determined the toxic effect of C. molle seed extract over kidney and 

liver function indicators and their histology.        



 

27 
 

The relative safety of the crude extract of C. molle seed was tested at the graded dose of up to 

2,000 mg/kg.As effect of C. molle seed crude extract significant body weight, rectal temperature, 

consumption of standard experimental mice food and volume of water consumption differences 

between treated and control groups over the experimental follow up period (14 days) was not 

observed. Accordingly, the crude extract of C. molle seed showed less acute toxicity(but not 

significant) even at highest dose (2000 mg/kg) compared with control group. 

 

However, C. molle seed methanol crude extract single administration showed less acute toxicity, 

it‟s longer use (seven days treatment cytotoxicity assay) even at low doses (100mg/kg) had 

negative impact on proper functioning of kidney and liver. This was observed by excess 

secretion of liver enzymes (sGPT and sGOT), and reduction in production of protein (albumin) 

by liver cells as well as excess creatinine and ureaobserved in plasma of treated mice.It is belived 

that rise in level of plasma enzymes (GPT and GOT) are the pertinent indicators for liver toxicity 

(hepatoxicity)(Singhet al.,2011).The estimation of this enzyme is a more specific test for 

detecting any liver abnormalities since it is primarily created in the liver(Amacheret al.,2002). 

Albumin is the main protein in blood and is made by the liver(Thapaet al.,2007),  and  an out 

come of hepatotoxicity leads to decrease  albumin production. So that significant reduction in 

level of albumin is direct indication for failure of liver to produce adequate level of this protein.  

 

Likewise, excess levels of creatinine and urea in plasma of mice treated with the plant extract 

was detected. Usually, kidneys maintain optimum chemical composition of the body fluids by 

acidification of urine and removal of metabolite wastes as creatinine, urea, uric acid, and ions 

(Biyaniet al.,2003).In case of deterioration of kidney function, urea and creatinin levels always 

increases in combination (Hismiogullari1 et al., 2011).Thus the observed excess kidney function 

indicators: urea and creatinine in combination has considered to be associated due to implication 

of the toxic effect of the C. molle seed crude extract on kidney. This revealed that a continuous 

use of the plant seed extract has toxic effects on vital organs. Furthermore, this was more 

revealed on histological study of tissues of different organs, where at highest dose (500mg/kg) 

intense necrosis of cells of the organs (liver and kidney) documented.   

The seed crude extract of C. molle plant caused excess secretion of CRP, an inflammation 

indicator in mice treated with even at low doses. This protein is a special type of protein (plasma 
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protein) produced by the liver cells only during episodes of acute inflammation, in response to 

pro-inflammatory cytokines called interleukin-(IL-1β), IL-6 and tumor necrosis factor alpha 

(TNF-α) (PCOSN.,2003). As a consequence, the level of CRP in plasma highly increases during 

acute phase response to tissue injury, infection, or other inflammatory stimuli (Gruyset al.,2005). 

Different in vitro studies suggested that mollic acid glucoside isolated from C. molle leaves has 

anti-inflammatory and anti-asthmatic activities (Ojewole, 2008, Shah et al.,2011 and Yeoet 

al.,2012). However, in the current in vivo study the observed elevated level of CRP, an indicator 

of systemic inflammation, could be due to the damaged liver due to the toxic effect of C. molle 

seed crude extract, since elevated liver enzymes are associated with higher CRP concentrations 

and liver is the main production site of CRP (Kerneret al., 2005). Population of Gambella region, 

Ethiopia (where the plant is collected) has a practice of using this plant for some days (seven 

days are common) continuously for treatment of different ailments (personal observation). This 

practice might prone the users for unexpected inflammation reaction even at low doses and 

increases vulnerability to various diseases, such as rheumatoid arthritis, atherosclerosis and 

asthma (Muelleret al., 2010).  

 

The most common hematology findings in toxicology studies are mild decreases in RBC count, 

hemoglobinconcentration and hematocrit (Ahmadet al.,2011). Accordingly some hematological 

parameters such as RBC count, Hb and HCT levels were significantly reduced in mice treated 

with the highest dose (500mg/kg) of theC. molle seed crude extract. It implied that at high dose 

for the long period use, seed extract of the C. molle plant could have also toxic effect on 

someRBC indices and increase susceptibility to anemic condition. Some another hematological 

parameters such as MCV, MCH, MCHC and RDW-CV were not affected in mice received the 

treatment. As an evidence it has been reported that the RBC counts, hemoglobin concentration 

and hematocrit is decreased in chronic renal failures (Suresh M et al 2012), and decrease in 

hematocrit is apparent even among patients with mild to moderate renal insufficiency.  Primary 

cause of decrease RBC count in chronic renal failure is impaired erythropoietin production and 

other factors which suppress marrow erythropoiesis and shortened red cell survival(Suresh et al 

2012). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gruys%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16252337
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On the other hand, low doses (100 mg/kg and 250mg/kg) of the plant seed extract associated 

with excess production of platelets count. The observed elevated count of platelet in mice treated 

with 250mg/kg dose might be related to the organs damage. It appears that platelet homeostasis 

is controlled by thrombopoietin, a glycoprotein hormone produced by the liver and kidney which 

regulates the production of platelets. Damaged liver and kidney might increase release of this 

hormone to the blood and increases production of platelets. This was evidenced by the renal or 

liver failure conditions associated with the increased platelet production in patients with kidney 

and liver problems (Stockelberg, et al., 1999; Linthorstet al.,2002). This is because of high level 

of thrombopoietin in blood of patients which causes abnormal production of platelets (Makaret 

al., 2013). 

Different substances used for medication or stimulation could have immune-suppressive or 

immune-stimulation property. Hence, both immune-stimulating and immunosuppressing agents 

have their own standing and search for better agents, exerting these activities is becoming a field 

of major interest all over the world (Shulaet al. 2012). Moreover, stimulatory or suppressive 

agents have been shown to possess activity to normalize or modulate pathophysiological 

processes(Nagarathnet al., 2013).In addition to this, the basic function of immune system is to 

detect and destroy the non-self and thus a defense mechanism. These system works throughout 

the body via an intricate regulation of cellular and humoral factors (Savant et al., 2014). 

In the current assessment, although many differences were not observed in number of immune 

cells at use of lower dose (100mg/kg), in mice treated with highest doses (250mg/kg and 

500mg/kg) of the crude extract, significant reduction in counts of most of the immune cells such 

as lymphocytes, neutrophils, monocytes and basophils was observed seven days administration 

of C. molle seed crude methanol extract. This implied that at the use of relatively high doses of 

the C. molle seed crude extract for longer duration can cause immune-toxicity as the same as  the 

report of Gqaleniet al., (2012)on in vitro testing of African traditional medicines for cytotoxic, 

immune-modulatory and anti-HIV activities. Similarly, these adverse events reported have been 

associated with high doses and long-term usage comparable to (Das et al., 2014) side effects and 

toxicity of Panax ginseng belongs to Araliaceae.  

 

https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Kidney
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makar%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=23913253
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In broad sense, immunity implies resistance to injury particularly by poisons, foreign proteins 

and invading pathogens (Alan and Todd, 2001) common for both adaptive and innate immunity. 

By its working capacity, adaptive or acquired immunity differs from the innate response as noted 

by Nagarathnet al., (2013), it is specific, has an element of memory (which provides long term 

immunity), and is unique to vertebrates.Under detail condition the physiology for humoral 

component of adaptive immunityis involves the proliferation of antigen-stimulated B 

lymphocytes into antibody-secreting plasma cells.  On the other hand cellular component is 

mediated by T lymphocytes and it is the predominant cell types being helper T cells (Th) and 

cytotoxic T cells (Nagarathnet al., 2013).These cells of the immune system can engulf bacteria, 

kill parasites or tumors cells, or kill viral infected cells. Often, these cells depend on the T helper 

subset for activation signals in the form of secretions formally known as cytokines,   

lymphokines, or more specifically interleukins (Meera., et al 2008)  Mainly the observed 

significant reduction of counts of lymphocytes at high dose (500mg/kg) of C.molle seed crude 

extract has direct implication on possible suppression of adaptive immunity which is critical in 

controlling different diseases. Therefore,the result of depleted immunity specially lymphocyte 

components, increases susceptibility to the infectious and non-infectious diseases (Das et al., 

2014), may afforded from taking high amount of C. molle seed for long period of time. 

In fact,several scholars has been reported about efficacy of C.molle plant against different 

microbes (Sahlu,2013;Amare and Tadesse, 2016;Masokoet al.,2007), to the best of our 

knowledge in vivo anti-plasmodial and cytotoxic study of seed extract of the plant is the first 

report in its kind. Hence, the preliminary evaluation and screening of the crude extract of C. 

molle seed showed that the plant had a good degree of anti-plasmodial activities against murine 

malaria in mice mainly under lower dose. Finding of this study supports the earlier reports about 

the in vitro antiplasmodial activity of C. molle plant.  The plant was reported as it has Saponins, 

Triterpenes, glycosides, phenols, flavonoids, phenolic compounds, saponin, and alkaloids and 

anthraquinones(Ayubaet al.,2015). Thus, the observed anti-plasmodial activity could be 

attributed to the contribution of these chemical components(Oyedemiet al.,2010;Koeviet 

al.,2015). Some of the studies conducted so far have reported that anti-plasmodial activities of 

plant extracts are mainly linked  to  the  range  of  compounds  including  terpenes,  steroids,  

coumarins, flavonoids,  phenolic  acids,  lignans,  xanthones,  anthraquinones,  berberine,   

limonoids, naphthquinones,  sesquiterpenes, quassinoids, indole and quinoline alkaloids 
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(Caraballoet al.,2004). Furthermore, secondary metabolites such asalkaloids and flavonoids have 

been known to elicit anti-plasmodial activity by blocking protein synthesis in Plasmodium 

falciparum and chelate with nucleic acid base pairing of the parasite respectively (Luiet al., 

1992, Okokonet al., 2011, Inbanesonet al., 2011). Moreover, saponin, flavonoids and tannins 

have antioxidant property they can cause oxidative damage to the PbA parasite (Davies,2000).  

 

Different observation encountered in the current study was, at lowest dose (125mg/kg), the plant 

seed extract showed better anti-plasmodial activity. Thus, the range in which the extract can 

suppress the parasite effectively without causing toxic side effects could be lower dose 

(125mg/kg) than at relatively higher doses (250 and 500mg/kg) similar with (Ritter et al., 2015) 

Pharmacokinetics range.However at lower dose chemo-suppressive activity of the plant extract 

showed significant increment with reduction of parasite load compared to the higher doses, at 

higher doses different physiological parameters were affected, and cells of vital organs 

necrotized. This phenomenon was implicated in the analysis of hematological and biochemical 

parameters. Lowest dose (100mg/kg) of seed extract of C. molle did not cause change on 

function of vital organs such as liver and kidney, count of immune cells, status of hematological 

parameters and histology of different organs. 

 

The test extracts of C. molle seed crude extract prevented a loss of body weight in infected mice 

with increasing parasitemia. The comparison analysis indicated that the extracts significantly 

prevented weight loss at all dose levels compared to the controls. Plasmodium infection is 

correlated with the incidence of high destruction of red blood cells andanemia that may result  

life threatening (Ajaiyeobaet al., 2006, and Jigamet al., 2011). During the four-day suppressive 

test, the effect of the  extract of C. molleseed crude extracton the PCV was tested to assess the 

reversing effect of the extract from infection induced anemia. The 125, 250 and 500 mg/kg body 

weight of extract showed significant prevention against PCV reductionrespectively increased 

compared to control group. This may be due to the effect of the extract in preventing PCV on 

early infection. Chloroquine showed a strong protective effect in preventing PCV reduction 

compared to extract-treated groups and negative control.Increment of rectal temperature was 

observed in the present study with C. molle seed crude extract, significant preventive effects 

were observed at all dose levels. 
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Theparasite suppression of C. molle methanol seed crude extract (63.5 ± 3.4%) at lowest dose 

(125 mg/kg) is also comparable to the reported antimalarial activity of Cassia occidentalis root 

bark and Phyllanthusniruri, which produced 60% suppression of parasitemia in vivo (Fennell  et 

al., 2004), and that of the essential oil of Cymbopogoncitratus, which produced 62.1% 

suppression at 200 mg/kg in vivo (Tchoumbougnanget al., 2005).   60.12% Bosciaangustifolia 

(Muthauraet al., 2007), 55.88% Nigella sativa (Abdulelah and Zainal-Abidin, 2007), 

52.32%Azadirachta indica (Valechaet al., 2001) In this study, the effect C. molle seed crude 

extract of medium dose (250mg/kg) on parasitemia suppression (36.6 ± 2.72%),is more effective 

than the ones reported by previous studies such as on Asparagus africanus (Dikasso et al., 2006), 

Amarantusspinosus (Hilou et al., 2006), Withania somnifera (Dikasso et al., 2006) and 

Clerodendrummyricoides (Muregiet al., 2007) with percentage inhibitions of 27.84%, 30.94%, 

33.75%, and 31.7% respectively. However, the present result at lower dose (125mg/kg)relatively 

less antiplasmodial activities than the ones reported on Croton zambesicus(Okokonet al., 2005), 

Anonnasenegalensis (Ajaiyeobaet al., 2006), and with percentage inhibitions of, 80.7% and 

76.3% respectively.     

 

According to Niteet al (2014)the following inhibition percentages were proposed for in vivo 

activity of antimalarial extracts at a fixed dose: 100-90% (very good activity); 90-50% (good to 

moderate); 50-10% (moderate to weak); 0% (inactive). Therefore, the observed parasite 

inhibition of the crude seed extract of C. molle fall in the range of good to modern (90-50%) 

when used relatively at lower dose. Thus, further fractionation of the crude extracts and re-

evaluation of each isolate compound could leads for discovery of novel antimalarial drug with 

unique mechanism of action.  
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6. Conclusion 

At relatively lower dose,C. molle seed extract didn‟t cause effects on haematological and 

biochemical parameters. However, it has good chemo-suppressive activities on murine malaria 

(PbA). As dose increased, its anti-plasmodial activity declined while, its cytotoxic effect 

increased. Thus, further isolation and evaluation of active components of the seed extracts for 

their toxicity and anti-plasmodial activity should be a priority area of investigation. 

 

7. Recommendation 

This significant suppression of parasitemia by the methanol extract of C.molle seed on day 4 was 

documented. Further fractionation of the crude extracts and re-evaluation of in vivo cytotoxic and 

antiplasmodial effect of each isolate compound could leads for discovery of novel antimalarial 

drug with unique mechanism of action. 
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