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ABSTRACT 

The seed of Dodonaea angustifolia and root bark of Bersama abyssinica 

are traditionally used for the treatment/prophylaxis of malaria in some 

malarous areas in Ethiopia. The aim of this study is to evaluate 

antiplasmodial activity and study acute toxicity of Dodonaea angustifolia 

and Bersama abyssinica in P. berghei infected mice. In the present study, 

aqueous and methanol extracts of D. angustifolia and B. abyssinica were 

investigated for their antimalarial activity using Peters’ 4-day suppressive 

test against P. berghei infection in mice. The crude extracts and the 

fractions of the most active extract were orally administered to screen 

their antimalarial properties. The extracts significantly inhibited 

parasitemia and prevented PCV fall (p <0.05) dose-dependently. They 

increased the survival time of the infected mice. However, the extracts 

from both plants did not prevent body weight loss. 

 

The aqueous extract of D. angustifolia was found to be most active 

producing 35.79% chemosuppression. From this extract, three fractions 

were produced and tested in vivo against P. berghei in mice. The butanol 

fraction was found to be the most active producing percentage inhibition 

of 48.6% at 100 mg/kg. This fraction was also found to prevent PCV, 

body weight and temperature reduction significantly. The test substances 

showed only low toxicity (LD50=5044 mg/kg for B. abyssinica and no 

mortality for D. angustifolia up to 4500 mg/kg).  The results obtained 

from the present work support the traditional use of these plants for 

treatment of malaria. 

 
Key words: Malaria, Drug resistance, Dodonaea angustifolia, Bersama  

                abyssinica, Plasmodium berghei and LD

 
50 
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1. INTRODUCTION 
1.1. Epidemiology of malaria 

Malaria is one of the biggest health Problems in the world. At present, 

around 3.2 billion people are at risk of malaria each year (WHO, 2005), 

with about 500 million people proceeding to clinical disease, and 2-3 

million deaths occurring (Snow et al., 2005). 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 

(Rowe and Kyes, 2004).  

 
Malaria is one of the most important diseases affecting Ethiopia. It is one 

of the leading causes of high morbidity and mortality. The annual 

number of clinical cases is 4 to 5 million, with approximately 70,000 

deaths (Betemariam and Yayeh, 2002). 

 
The clinical course of malaria is likely to differ according to the 

transmission in the area. 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 (Himeidan et al., 2005). 

  
Malaria is distributed in tropical areas, afflicting the developing 

countries, where it becomes an important obstacle to the efforts made for 

economic development (Kondrachine and Trigg, 1997). Transmission 

occurs in about 107 countries in the world (WHO, 2005). Regions include 
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Africa, Asia, islands of the South, west, and central Pacific Ocean, Latin 

America, certain Caribbean islands, and Turkey. These areas, all 

between 45o N and 40o

  
             Figure1. Global distribution of malaria in 2004 (WHO, 2005). 

 
1.2. Etiology and Transmission of Malaria 

 S latitude (Figure 1) possess tropical or 

subtropical zones where anopheline mosquito habitats exist (Lamar et 

al., 2007).  

The parasites that cause malaria are protozoan organisms that also 

infect many animal species including rodents, primates, lizards and 

birds. Four Plasmodium species are responsible for human malaria: P. 

falciparum, P. vivax, P. ovale and P. malariae. P. falciparum is the most 

virulent parasite, and is responsible for the majority of malaria related 

mortality and morbidity (WHO, 2005). In Sub-Saharan Africa over 90% of 

 

Areas where malaria transmission occurs 
Areas with limited risk 
No malaria 
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human malaria infections are due to P. falciparum infection. P. falciparum 

is associated with severe morbidity and mortality. The other three species 

cause milder illness. Mixed infections involving more than one species 

may also occur (Ntsaluba, 2003). 
 
Malaria is transmitted to humans by the bite of an infected female 

anopheles mosquito. Transmission intensity depends on the prevalence 

and infectiousness of gametocytes that circulate in peripheral blood and 

the number of Anopheles mosquitoes in the area (Sauerwein, 2007). 

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). The principal malaria vector in Africa 

(Anopheles gambiae) is very efficient in transmitting malaria. The 

combination of abundant numbers of efficient mosquito vectors and a 

large reservoir of infected persons will result in a high turnover of 

parasites and infection pressure (Sauerwein, 2007

As indicated in Figure 2, the life cycle of malaria parasite involves two 

hosts. 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. In P. 

vivax and P. ovale malaria infections, a dormant stage (hypnozoites) can 

persist in the liver and cause relapses by invading the bloodstream 

weeks, or even years later. After this initial replication in the liver (exo-

erythrocytic schizogony), the parasites undergo asexual multiplication in 

the erythrocytes (erythrocytic schizogony). The ring stage trophozoites 

). 
  
1.3. Life Cycle of Malaria Parasite 
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mature into schizonts, which rupture, releasing merozoites. Some 

parasites differentiate into sexual erythrocytic stages (gametocytes). 

Blood stage parasites are responsible for the clinical manifestations of 

the disease (Ntsaluba, 2003; Lamar et al., 2007). Following 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. 

 
Figure 2:  Life cycle of malaria parasites in human and mosquito                    

(Ntsaluba, 2003).  
 
1.4. Clinical Features and Pathology 

Clinical symptoms and signs of malaria occur shortly before or at the 

time of red blood cells lysis. Fever is caused by the release of merozoites, 

malarial pigment, parasite proteins and cellular debris. Chills or rigor, 

followed by high fever occur in a cyclical pattern in infections due to P. 
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vivax, P. ovale, and P. malariae, but not P. falciparum, which show 

continuous fever with intermittent temperature spikes. Clinical signs and 

symptoms described are those experienced by non immune patients 

(Lamar et al., 2007). 

 
The falciparum infection often leads to the development of multi-organ 

damage including cerebral malaria, renal failure, and pulmonary 

dysfunction. In contrast, the P. vivax type is called benign malaria 

because it is relatively non-lethal, but is often accompanied by 

debilitating conditions. High fever is usually accompanied with 

headache, shivering, intense perspiration and other symptoms such as 

abdominal pain, diarrhea, slight jaundice, cough, enlarged liver and 

spleen, and vomiting (Chiang et al., 2006). The clinical features and 

pathogenesis of severe malaria as summarized by Mackintosh et al. 

(2004) include shock, impaired consciousness, respiratory difficulty, 

anemia (destruction of erythrocytes), acidosis, and hypoglycemia.  

 
1.5. Malaria Diagnosis    

A crucial element of effective treatment of malaria is proper diagnosis of 

the disease. In most of African countries, diagnosing malaria based on 

symptoms alone is a normal practice. However, this method of diagnosis 

is very inaccurate, as symptoms of malaria are non-specific and may 

indicate the presence of other febrile infectious diseases (Luxemburger et 

al., 1998). 

 
Worldwide, microscopy remains the tool of choice for diagnosing malaria. 

Microscopic examination of peripheral blood stained with Giemsa, 

Wright’s and Field’s stains permits species identification (MSF, 2003). 
After the presence of malaria parasites on a blood smear is detected, the 

parasite density should be estimated by looking at a monolayer of RBCs 
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on the thin smear. The slide should be examined where the RBCs do not 

overlap. Parasite density can be estimated from the percentage of 

infected RBCs (Zucker and Campbell, 1993). 
 
In addition to microscopy, other laboratory diagnostic tests are available. 

Parasite nucleic acid detection using PCR are more sensitive and specific 

than microscopy but can be performed only in reference laboratories. 

Serologic tests can be used to assess past malaria experience but not 

current infection (CDC, 2004). 
 
1.6. Management of Malaria 

1.6.1. Treatment Overview 
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 (CDC, 2004). 

 
Patients diagnosed with malaria are generally categorized as having 

either uncomplicated or severe malaria. Patients diagnosed with 

uncomplicated malaria can be effectively treated with oral antimalarials. 

 However, patients with manifestations of severe disease (complicated 

malaria) should be treated aggressively with parenteral antimalarial 

drugs (WHO, 2000).  
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1.6.2. Antimalarial Drugs  

Two groups of drugs are used to treat malaria. Blood schizonticides, 

which attack parasites in red blood cells, are used in acute infection to 

prevent or terminate clinical attack of the disease. Tissue schizonticides 

are medications that act on the exoerythrocytic parasite stages (forming 

merozoites and hypnozoites) in liver cells to bring about prophylaxis or 

prevent relapse. Treatment with tissue schizonticides, known as “radical” 

cure, is required for infections of P. vivax and P. ovale (Lamar et al., 

2007). 

 
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 et al., 2003).  

 
Historically, national malaria control programs have relied primarily on 

monotherapy with drugs, such as chloroquine, amodiaquine, or 

sulfadoxine-pyrimethamine (SP), as their first-line treatment for malaria, 

but increasing drug resistance has forced many programs to seek 

alternative regimens ideally ACTs (WHO, 2005).  
 
1.7. 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 (Alessandro, 1998).  
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1.7.1. Current Status of Antimalarial Drug Resistance 

Resistance to antimalarial drugs has been described for two of the four 

species of malaria parasites that infect humans, P. falciparum and P. 

vivax. P. falciparum has developed resistance to nearly all antimalarials 

in current use (WHO, 2001), although the geographical distribution of 

resistance to any single antimalarial drug varies greatly (Table 1).  
 
CQ resistant P. falciparum malaria has been described where ever P. 

falciparum is transmitted except limited areas of the Middle East and 

Central Asia (WHO, 2001). Widespread resistance of P. falciparum to SP 

has been documented in many areas of the world, including sub-

Saharan Africa, Southeast Asia, South Asia, Oceania, and the Amazon 

basin (Ryan, 1999). SP resistance is becoming more prevalent in Africa 

as this 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 (Mockenhaupt, 1995).  

 
Morbidity and mortality due to malaria in Africa has risen, primarily due 

to increasing resistance to chloroquine and SP in Plasmodium faciparum 

(Snow et al., 2001). P. falciparum in Ethiopia is resistant to chlroquine 

and resistance to SP is also highly prevalent (WHO, 2001). Resistance to 

SP has been reported with in vivo failure rates of 68 and 78% in different 

localities of Ethiopia (Checchi et al., 2006).  
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Table 1: Geographical distribution of malaria drug resistance (molecular 

surveillance) (Jelinek et al., 2002).  

 
 
Region 

 
Number 

 
% 

Central Africa 39 11.6 
East Africa                                                                        53 15.7 
Southern Africa 20 5.9 
West Africa 198 58.8 
Madagascar & African islands  3.0 0.9 
Central America 1.0 0.3 
Caribbean 2.0 0.6 
South America 0.0 0.0 
West Asia 0.0 0.0 
Indian Subcontinent                                                         5.0 1.5 
Indonesia 14 4.2 
South East Asia                                                               2.0 0.6 
East Asia 0.0 0.0 
Oceania 0.0 0.0 
Total 337 100 

 
1.7.2. Mechanisms of Antimalarial Drug Resistance 

The mechanism of emergence of resistance can be discussed in terms of 

initial genetic event, which produces the resistant mutant, and of the 

subsequent selection pressure in which the survival advantage in the 

presence of the drug leads to preferential transmission and the spread of 

resistance (White and Pongtavornpinyo, 2003). 
 
The efficacy of medication depends on the concentration of the drug in 

relation to the parasite’s sensitivity and the time over which the 

concentration above this threshold is maintained. A small fraction of the 

original parasite population might always survive to the drug but 

eventually removed by the immune system. However, the infection will 

not be cleared if the surviving fraction is too large either due to reduced 

sensitivity or sub critical drug concentrations (Alessandro, 1998). 
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Readily absorbed drugs with a long half-life, like mefloquine and SP, can 

permit effective single dose treatment of malaria and the following 

chemoprophylactic period prevents infection for several weeks. However, 

these drugs are likely to exert undesirable drug pressure for a long time 

once their concentrations drop below the critical threshold and may 

select for resistant parasites (Watkins et al., 1997). 

 
Chloroquine Resistance (CQR) 

Chloroquine resistant (CQR) parasites were originally discovered in Asia 

and Latin America in the late 1950’s and subsequently spread to all 

malaria endemic areas (Payne, 1987). This was disastrous for the control 

of malaria as chloroquine was the most effective, safe and most 

affordable treatment available at that time. The gene for pfcrt is a 

significant contributor for CQ resistance (Su et al., 1997). Currently there 

are two hypotheses as to the function of PfCRT in CQ resistance. The 

first of these proposes that PfCRT actively removes CQ from the DV, 

either as an ATP-dependent pump or as a secondary active transporter. 

Alternatively, the charged drug leak model proposes that diprotonated 

CQ leaves the DV via mutated PfCRT passively down its concentration 

gradient. Both theories are in agreement that CQ is transported out of 

the DV which is the key mechanism of CQ resistance (Biagini et al., 

2005). 

 
Antifolate Resistance 

The antifolate drug combination SP was introduced in the late 1970s 

following the wide spread failure of chloroquine. This drug disrupts the 

folate synthesis pathway of P. falciparum by targeting DHPS 

(sulfadoxine), and DHFR (pyrimethamine). Consequently, point 

mutations arose in the genes encoding these enzymes and allowed the 
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rapid development of resistance to the combination of the two drugs 

(Sims et al., 1999). Introducing combination therapies may slow the 

evolution of resistance because multiple mutations do not occur as often 

as single mutations do (Mackinnon, 2005). 

 
1.7.3. Detection of Antimalarial Drug Resistance 

Four basic methods have been routinely used to study or measure 

antimalarial drug resistance: in vivo, in vitro, animal model studies, and 

molecular characterization. In vivo test consists of the treatment of a 

group of symptomatic and parasitaemic individuals with known doses of 

drug and the subsequent monitoring of the parasitological and/or 

clinical response over time. In case of in vitro test, parasites obtained 

from a finger prick blood sample are exposed in microtitre plates to 

precisely known quantities of drug and observed for inhibition of 

maturation into schizonts. The animal model study is an in vivo test 

conducted in a non-human animal model. Molecular tests use PCR to 

indicate the presence of mutations encoding biological resistance to 

antimalarial drugs (WHO, 2001). 

 
1.7.4. Switching to ACT 

ACT is the simultaneous use of two or more drugs with independent 

modes of action and different biochemical targets, of which one 

component must be artemisinin or its derivative. It can be co-formulated 

or co-administered. The rationale of combination is to improve treatment 

and to reduce or delay the development of anti-malarial resistance. The 

probability of resistant mutations arising to two drugs with different 

modes of action is very low. The benefit of using artemisinin or its 

derivative in the combination is that it works quickly to clear infection 
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and yet there is no reported resistance to the artemisinin component 

(Ryan, 1999; MSF, 2003). 

 
There is general consensus that it is unacceptable to use a first-line 

antimalarial treatment with a treatment failure rate higher than 25% in 

which case a second line treatment should be used, and that steps must 

be taken to make plans for replacement of treatment well before 

treatment failure reaches this level (WHO, 2002). In countries where 

Plasmodium falciparum malaria is resistant to chloroquine and 

sulfadoxine-pyrimethamine, combining the rapid schizontocidal activity 

of artemisinin derivatives (artesunate, artemether or dihydroartemisinin) 

with a longer-half-life partner drug is recommended (WHO, 2006). 

 
1.8. Prevention and Control of Malaria 

In most countries, especially those in Africa with the highest burden, two 

approaches to reduce mortality and morbidity based on effective and low 

cost interventions can be applied to give full coverage (WHO, 2002). 

 
1.8.1. Vector Control 

The most effective way to prevent malaria is through the selective and 

safe use of measures that reduce contacts between mosquitoes and 

human beings. There are two primary options for this: insecticide treated 

nets (ITNs) and indoor residual spraying (IRS) (WHO, 2005). 

 
Insecticide Treated Nets (ITN): Trials of insecticide treated bed nets 

(Plate 1) have consistently shown reductions in overall childhood 

mortality. Unfortunately, bed net use in Africa is low. A survey of 34 

African countries in 1999 to 2004 showed that only 3% of children bellow 

five year of age sleep under bed nets. Some countries such as Malawi 

have seen substantial progress with ITN (WHO, 2005).  
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Plate 1: Insecticide treated nets (ITN) as vector control strategy in malaria 

prevention and control (WHO, 2004

The role of chemoprophylaxis in malaria control has been considerably 

reduced in the last two decades. In the past, WHO recommended that 

pregnant women and young children in malaria-endemic areas should 

receive a full antimalarial treatment followed by weekly 

chemoprophylaxis with chloroquine. However, the implementation of this 

). 

 
Studies covering the spectrum of transmission intensities in Africa have 

shown that the use of ITN reduces overall child mortality by about 20%. 

In situations where bed nets are being introduced for the first time for 

very poor populations, nets may need to be provided at no-charge or be 

heavily subsidized to initiate wide demand (WHO, 2002). 

 
Other Vector Control Methods: indoor residual spraying (IRS) is 

effective in some situations, especially for prevention and control of 

epidemics. However, the development of vector resistance has rendered 

many affordable insecticides ineffective. Larval control, including 

environmental management, is relatively site-specific and has limited 

applicability in Africa, where use of ITN is the standard method of 

malaria vector control (WHO, 2002). 

 
1.8.2. Prompt Access to Treatment/Chemoprophylaxis 
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policy was limited by a number of factors, including the spread of drug 

resistance, poor compliance, adverse drug effects, contraindication and 

cost. Chemoprophylaxis is now only recommended, as a short term 

measure for international travelers to malaria endemic areas and for 

soldiers, police and labor forces serving in highly endemic areas (WHO, 

2005).  

 
In areas endemic for malaria, P. falciparum infection during pregnancy 

increases the likelihood of complications. One of the most important 

recent developments for preventing these complications is intermittent 

preventive treatment (Plate 2) with sulfadoxine-pyrimethamine 

administered at least twice during pregnancy. It is widely agreed that to 

have a significant effect on the burden of malaria it is necessary to 

implement strategies for treatment and prevention in combination (WHO, 

2002).  

                            
Plate 2: Intermittent preventive treatment with SP in pregnant women 

(WHO, 2004

There are four species of rodent malaria parasites, P. berghei, P. 

chabaudi, P. vinckei and P. yoelii. Each species has unique biological 

characteristics that make it valuable as a model in the study of human 

malaria (Thomas et al., 1998). 

). 

 
1.9. Rodent Model of Malaria for antiplasmodial activity Test  
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These four rodent malaria parasites are principally parasites of thicket 

rats. They have been shown to have a wide range of infectivity. The range 

of hosts experimentally infected by the inoculation of sporozoites of P. 

berghei and P. yoelii include albino mice, laboratory rats, and hamsters. 

The range of infectivity of sporozoites of P. vinckei and P. chabaudi is less 

wide. Laboratory rats and hamsters are not susceptible, but mice are 

readily infected (Killick-Kendrick, 1978).  

 
Rodent malaria parasites are not of direct practical concern to human 

being or domestic animals. The interest of rodent malaria parasites is 

that they are practical models for the experimental study of mammalian 

malaria. These parasites are proved to be analogous to human malaria in 

most essential aspects of structure, physiology and life cycle. Rodent 

malaria parasites are recognized as useful model parasites for the 

investigation of the developmental biology of malaria parasites, parasite-

host interactions, vaccine development and drug testing and resistance 

(Carter, 1977). 

  
In rodent malaria, resistance to the antifolate drug pyrimethamine arised 

by mutation. Resistance to chloroquine in rodent malaria seems to take 

several forms. P. yoelii isolates are innately resistant to the drug, whereas 

P. berghei and P. vinckei are sensitive. P. vinckei developed stable 

chloroquine resistance by drug selection in laboratory but resistance 

developed in this way in P. berghei

P. berghei is the most widely used rodent malaria, as it was isolated and 

distributed earlier than the other species (Thomas et al., 1998). This 

parasite is one of the many species of malaria parasites that infect 

mammals other than humans. Mice infected with P. berghei usually die 

 is usually unstable (Rosario, 1976). 
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7-9 days post infection being in a state of hypothermia and coma 

associated with cerebral malaria (Piguet et al., 2001)).  

 
1.10. Traditional Medicine in the Treatment of Malaria 

Medicinal plants have been used virtually in all cultures as a source of 

medicine. 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).  
 
WHO estimates that 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 (Kong et al., 2003). 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). 

 
Medicinal plants have been used to treat malaria for thousands of years 

and are the source of the two main groups (quinine and artemisinin 

derivatives) of modern antimalarial drugs. With the problems of 

increasing levels of drug resistance and difficulties in poor areas of being 

able to afford and access effective antimalarial drugs, traditional 

medicines could be an important and sustainable source of treatment 

(Wilcox and Bodeker, 2004). In Africa, the use of indigenous plants still 

plays an important role in malaria treatment and these plants might be 

interesting sources for the detection of novel antiplasmodial compounds 

(Hilou et al., 2006).  
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Studies conducted on antimalarial activity of several traditionally claimed 

Ethiopian medicinal plants indicated significant antimalarial effect for 

Bersama abyssinica (Kassa et al., 1996), Vernonia amygdalina and 

withania somnifera (Bogale and Petros, 1996) and Asparagus africanus 

(Dikasso et al., 2006a).  

 
Dodonaea angustifolia L.F. (Sapindaceae), Vernacular name ‘kitkita’ 

(Amharic) is a small tree or shrub, commonly 2-8 m high, widely 

distributed throughout the tropics and subtropics (Friis, 1992). This 

plant has a wide range of therapeutic applications since ancient times 

against pneumonia and other pulmonary diseases including 

tuberculosis. A decoction of the plant is used as a purgative and the 

young twigs are used as tonic (Watt and Breyer-Brand Wijk, 1981). Due 

to the presence of the insecticidal property, D. angustifolia could be used 

as a botanical pesticide after exploring its toxicity (Ghosh and 

Ulaganathan, 2004). According to Cook (1995), the most frequent 

application of this plant was as a medicine to treat infections followed by 

musculo-skeletal and digestive system disorders, pregnancy disorders 

and injuries. D. angustifolia is also reported to have analgesics and 

antipyretic (Amabeoku et al., 2001), antiretroviral (Asres et al., 2001a) 

and antimalarial (Lemordant, 1971) activities. This medicinal plant is 

also traditionally claimed to have antimalarial activity in Yemen (Ali et 

al., 2004). D. angustifolia is also reported to have in vitro antiplasmodial 

activity in India (Simonsen et al., 2001), and South Africa (Clarkson et 

al., 2004) with IC50 values of 16 and 15.5 µg/ml respectively. According 

to verbal communication made with traditional healers, D. angustifolia 

L.F. is traditionally used for prophylaxis against malaria in Ethiopia. 
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Bersama abyssinica Fresen, (Melianthaceae), vernacular name “Azamir” 

(Amharic) is an East African medicinal plant, with wide distribution from 

Zimbabwe to Ethiopia. This plant is traditionally used for treatment of 

malaria (Kassa et al., 1996) and a decoction of the bark is also used as 

anthelmentic for children (Watt and Breyer-Brand Wijk, 1962), decoction 

of the leaves is drunk and applied to the bitten area/whole body in snake 

bite (Kitula, 2007). The root bark of B. abyssinica was reported to exhibit 

antitumour activity, a strong antifeedant effect on the cotton pest insect 

and also showed antibacterial activity against Bacillus subtilis (Steyn and 

Van Heerden, 1998). According to Asres et al. (2001a), Bersama 

abyssinica has antiretroviral activity. Ethanol extract of the root bark 

and the leaves also possess significant antimalarial activity in an in vitro 

test with IC50 of 2 and 4 µg/ml respectively, however, its toxicity and in 

vivo antimalarial activity are not studied (Kassa et al.,1996). The 

methanol extract of its leaf also has significant free radical scavenging 

activity (Asres et al., 2006).  

 
D. angustifolia and B. abyssinica (Plates 3 and 4 respectively) are 

traditionally claimed to have antimalarial activity and significant 

antimalarial effect in vitro where their in vivo antimalarial effect and 

toxicity not studied. 

                                                                           
 
Plate 3. D. angustifolia, L.F.             Plate 4. B. abyssinica, Fresen   
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2. OBJECTIVE OF THE STUDY 
General Objective  

The objective of this study is to evaluate the antiplasmodial activity, and 

to study acute toxicity of the crude extracts and some fractions of the 

seed of Dodonaea angustifolia and root bark of Bersama abyssinica in 

vivo.  

 
Specific objectives  

• To screen the antimalarial activity of the crude extracts of the 

claimed medicinal plants for further evaluation by fractionation;  

• To determine the percentage of parasite inhibition due to the 

antiplasmodial effect of extracts of these plants;  

• To evaluate the effect of the extracts on PCV, body weight, 

temperature and survival time of the P. berghei infected mice; 

• To identify the active fraction responsible for the antiplasmodial 

activity of the most active extract; and   

• To study acute toxicity (establish LD50)

 

 

 

 

 

 

 

 

 

 of the crude extract of these 

medicinal plants. 
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3. MATERIALS AND METHODS  
3.1. Plant Material Preparation 

The seeds of Dodona angustifolia L.F. (Sapindaceae) and the root bark of 

Bersama abyssinica Fresen (Melianthaceae) were collected from North 

Shoa around Debresina during February-March 2007. These plants were 

selected on the basis of their use in folk medicine for malaria 

treatment/prophylaxis and their promising IC50

The coarsely powdered plant materials were weighed by sensitive digital 

weighing balance (Scientech balance) and repeatedly extracted in 

alcoholic and aqueous solvents in maceration flasks (Erlenmeyer flask). 

The powdered plant materials were soaked separately in distilled water 

and 80 % methanol (hydroalcoholic) for 72 hours by shaking using an 

orbital shaker at 130 rpm. After 72 hours, the extract was separated 

from the marc by filtration (Whatman filter paper number 1 with pore 

size 0.7µm). This procedure was repeated three times. In case of 

 values from previous in 

vitro studies. The taxonomic identity of the plants was verified at the 

department of Biology, Addis Ababa University. Voucher specimens of 

the plants (voucher number HM02/2006 for D. angustifolia and 

HM01/2006 for B. abyssinica) were kept at the national herbarium, 

Science Faculty, Addis Ababa University.  

 
The collected plant materials were brought to the Department of Drug 

Research in Ethiopian Health and Nutrition Research Institute where the 

study was conducted. The plant materials were then cleaned, reduced to 

small fragments, air dried under shade at room temperature and 

coarsely powdered by using a grinding mill (Hamburg 76 West Germany). 

The powdered plant materials were packed in plastic bag and kept until 

extraction.  
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hydroalcoholic extraction, the methanol was removed by evaporation 

under reduced pressure by rotary evaporator (Buchi Rota vapor) in 

distillation flask at 45 rpm and temperature 40 oC to obtain the crude 

extracts of each plant. The extract was further concentrated to dryness 

in a water bath. For aqueous extract, the filtrate was frozen in 

refrigerator overnight and then it was frozen and dried in a lyophilizer at 

-40 oC and vacuum pressure (200 mBar) to obtain a freeze dried product. 

The methanol crude extracts were stored in a refrigerator at 4 oC in air 

tight plastic containers until used for this study. The weight of the dry 

extract was expressed as percentage of the total mass of dry plant 

powder to determine the percentage yield.   

 
3.2. Phytochemical Screening 

A combination of several methods was used to identify the 

phytochemicals of these medicinal plants. Standard 

The study was conducted on male albino mice 8 weeks old; weighing 

30.77 ± 2.98 grams which were obtained from the laboratory animal unit 

of Ethiopian Health and Nutrition Research Institute (EHNRI). The mice 

were randomly assigned to treatment groups and maintained on a 12-h 

light/dark cycle and given ad libitum access to food and water. Six mice 

screening tests using 

conventional protocol, procedure and reagents shown in section 8.1, 

were used for detecting the major secondary metabolites present in the 

plants. A preliminary phytochemical screening of the powdered plant 

materials of both medicinal plants was carried out employing the 

standard procedures (Debella, 2002) and revealed the presence of 

saponins, flavonoids, alkaloids, tannins, and phenolic glycosides, etc.  

 
3.3. In Vivo Antimalarial Screening of Crude Extracts  

3.3.1. Experimental Animals 
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were used in each group, and each animal was used only for one 

experiment. 

 
3.3.2. Experimental Protocol 

A modified method described by Peters and Robinson, 1992 was used for 

this test. The study was animal based experimental study where a total 

of 30 mice were randomly assigned into three treatment groups and two 

controls (one negative and the other positive control) with six mice per 

group for each extract (Table 2).  

 
Table 2: Experimental design of the study  
 

Group       Number of Mice extract/drug/dose (mg/kg) 

I 6 100 

II 6 200 

III 6 400 

IV 6 distilled water 1 ml (negative control) 

V 6 chloroquine 10 mg/kg (positive control) 

 
3.3.3. Parasite Inoculation  

Plasmodium berghei was obtained from Drug Research Department of 

EHNRI. Albino mice previously infected with P. berghei having variable 

parasitaemia were used as donor. The parasitemia of the donor mice was 

first determined. The donor mice were then sacrified by head blow and 

blood was collected by severing the jugular vein in a petridish having 0.5 

% trisodium citrate (TSC) added as anticoagulant. The blood was then 

diluted with physiological saline (0.9%).  The dilution was made based on 

the parasitemia of the donor mice and the RBC count of normal mice 

(4.5x109 RBC/ml) (Waako et al., 2005) in such a way that 1ml blood 

contains 5x107 infected erythrocytes. Each mouse was administered 



 

 23 

intraperitoneally with 0.2 ml of this diluted blood which contains 1x107

Peters’ 4-day suppressive test against P. berghei infection in mice was 

employed. This is the most widely used preliminary test, in which the 

 

P. berghei infected erythrocytes. To avoid variability in parasitemia, the 

blood collected from all donor mice was pooled together. The parasite was 

maintained by weekly passage to other mice. 

  
3.3.4. Extract Administration 

Three hours after inoculation of the parasite (Trager and Jensen, 1976), 

the mice in the three treatment groups were administered with the 

extracts in doses of 100, 200, 400 mg/kg for four consecutive days by 

dissolving the extract in 1 ml distilled water for each mouse. Two control 

groups were used in each experiment, the negative control mice daily 

administered with distilled water for four consecutive days and the 

positive control mice daily administered with chloriquine phosphate 

(BNo.6215C1RJB, Ipca laboratory), a standard antimalarial drug, at 10 

mg/kg/day. The drug, the vehicle, and the extracts used in this study 

were administered by oral route with the aid of an oral needle. 

 
3.3.5. Determination of Body weight Change  

The body weight of each mice in all the groups was measured before 

infection (day 0) and on day 4 by a sensitive digital weighing balance 

(Scientech balance).  

 
3.3.6. Measurement of Body Temperature  

The rectal temperature of the mice in all the groups was measured by a 

digital thermometer before infection, three hours after infection and then 

daily up to day 4 to see the effect of the extracts on body temperature.  

 
3.3.7. Determination of Parasitemia 
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efficacy of a compound is assessed by comparison of results in treated 

and untreated mice (Trager and Jensen, 1976).  On day 4 of the 

experiment, thin smears were prepared from tail blood on microscopic 

slides, dried and fixed with methanol. The blood films were stained with 

Giemsa for 30 minutes, washed, dried and examined under oil emersion 

microscope. The parasitemia was determined by counting minimum of 

three fields per slide with 100 RBC per field (Zucker and Campbell, 

1993). The percentage suppression of parasitaemia was calculated for 

each dose level by comparing the parasitaemia in infected controls with 

those of treated group. According to the modified method of Peters and 

Robinsion, 1992, percent parasitemia and inhibition were calculated as: 

% Parasitiemia = Number of parasitized RBC X100 
         Total number of RBC  
 
Parasite inhibition % was calculated by the following formula: 

Parasistemia in negative control- Parasitiemia intreatment  X100 
                Parasitemia in negative control group  

 
3.3.8. PCV Determination  

The packed cell volume (PCV) of each mouse was measured before 

infection and on day 4 after infection. For this purpose, blood was 

collected from tail of each mouse in heparinized microhaematocrit 

capillary tubes up to 3/4th of their length. The tubes were sealed by 

crystal seal and placed in a microhematocrit centrifuge (Hettich 

haematokrit) with the sealed ends out wards. The blood was centrifuged 

at 12,000 rpm for 15 minutes. The volume of the total blood and the 

volume of erythrocytes were measured and PCV was calculated as: 

PCV =   Volume of erythrocytes in a given volume of blood

 

 X100  
Total blood volume 
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3.3.9. Determination of Mean Survival Time  

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

incoculation of the parasite up to death was recorded for each mouse in 

the treatment and control groups throughout the follow up period. The 

mean survival time (MST) for each group was calculated as: 

                  MST= 

For acute toxicity study, the study mice were fasted over night. The mice 

were then randomly assigned into 4 groups of 10 mice each (5 males and 

5 females), caged separately and the weight of each mouse was 

Sum of survival time of all mice in a group (days) 
                                     Total number of mice in that group 
 
3.4. Fractionation  

The extract with the most antiplasmodial activity was fractionated. 

Accordingly, 14 g of aqueous extract of D. angustifolia was weighed by a 

sensitive analytical balance and dissolved in 350 ml distilled water in 

separatory funnels. This was subjected to fractionation by using two 

additional solvents of increasing polarity (chloroform and butanol). The 

chloroform and butanol fractions were concentrated in a Rota vapor to 

obtain the respective fractions. The aqueous residue was freeze dried to 

get the aqueous fraction.  

 
3.5. Antimalarial Activity Test with Fractions 

The chloroform, butanol and aqueous fractions were evaluated for their 

antimalarial effects by following the same method and data collection 

procedure described for the crude extracts. The three fractions were 

administered at 50 mg/kg body weight. The butanol fraction which 

showed better activity was again administered to P. berghei infected mice 

at doses of 25 and 100 mg/kg of body weight.  

 
3.6. Acute Toxicity Test 
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determined. According to the method of Weil, 1952, the extracts were 

orally administered at doses of 2000, 3000, 4500 and 6750 mg/kg to all 

groups. A fifth group of 10 mice (5 males and 5 females) was orally 

administered with distilled water used as negative control. Signs of acute 

toxicity and mortality in each group within 24 hours after administration 

of the extracts were recorded.   

 
3.7. Data Management and Analysis 

Data were analyzed using SPSS version 13 for windows software. 

Statistical analysis was undertaken by one-way analysis of variance 

(ANOVA) tests coupled to Least Significant Difference (LSD) to compare 

result between doses and among treatment and control groups. Mean 

PCV and body weight before and after infection and treatment were 

compared by two-tailed paired t-test. The data were calculated by 

Microsoft-excel 2003 and expressed as mean ± SD for each dose level. 

The result was considered statistically significant at 95% confidence level 

and P-value<0.05. LD50 

 

was calculated with the aid of SPSS software 

employing probit analysis of the dose and the respective mortalities. 
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4. RESULTS 
4.1. Yields from Plant Materials  

Percentage yields of crude extracts of D. angustifolia seeds and B. 

abyssinica root bark are presented in Table 3. The aqueous and 

hydroalcoholic extract yields of D. angustifolia were 10.6 and 10.1%, 

respectively. The aqueous and hydroalcoholic extraction of B. abyssinica 

produced percentage yields of 10 and 14.65%, respectively. Better yield 

was obtained with B. abyssinica hydroalcoholic extraction (14.65%). The 

crude hydroalcoholic extracts were moist semisolid, and the aqueous 

extracts were freeze dried powder. 

 

Table 3: Percentage yields of crude extracts of D. angustifolia and  
B. abyssinica. 
 
Plant sample Solvent Dry 

powder (g) 
solvent 

(ml) 
yield  
(g) 

yield  
% 

D. angustifolia 
seeds 

Distilled water 163 1500 17.3 10.6 
Methanol 80% 250 1150 25.24 10.1 

B. abyssinica root 
bark 

Distilled water 400 1700 40.0 10.0 
Methanol 80% 700 2175 102.55 14.65 

 
4.2. Phytochemical Screening 

The result of general phytochemical screening of powdered plant 

materials of D. angustifolia and B. abyssinica showed the presence of 

many secondary metabolites (Table 4). The result revealed the presence 

of tannins, alkaloids, phytosteriods, saponnins and polyphenols in D. 

angustifolia, and tannins, flavonoids, phenolic glycosides, phytosteriods, 

and saponnins in B. abyssinica.                           
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Table 4: Phytochemical screening of D. angustifolia and B. abyssinica.  
 
Test  Color D.angustifolia B.abyssinica 
Polyphenols Green blue + - 
Cynogenic glycosides No change - - 
Saponnins Foam  + + 
Anthranides White - - 
Phytosteroids Reddish brown + + 
Carotinoids White - - 
Phenolic glycosides White - + 
Anthraquinone White - - 
Flavonoids Whitish - + 
Cardiac glycosides No change - - 
Tannins Yellow + + 
Alkaloids Orange/white + - 
Anthraquinone 
glycosids 

Dark brown - - 

+; secondary metabolite present 
-; secondary metabolite absent 
 
4.3. In vivo Antimalarial Screening of Crude Extracts 

4.3.1. Effect of Crude Extracts on Body weight 

Tables 5 and 6, show a significant (p<0.05) loss of body weight between 

days 0 and 4 in both negative controls and extract treated groups of 

mice. Treatment with crude extracts did not prevent body weight loss due 

to parasitemia. 
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Table 5: Effect of crude seed extracts of D. angustifolia on body weight of 
P. berghei infected mice.  
 
Extracts Dose (mg/kg)      Body weight  (g)  

% change D0 D4 
Hydroalcoholic 
 
 
Distilled water 
Chloroquine 

100 
200 
400 
1ml 
10 

29.83±1.25 
32.08±1.17 
31.68±2.25 
30.23±1.13 
29±2.6 

             25.08±1.56 
26.16±1.43 
24.22±1.02 
26.08±1.26 
27.55±2.47 

-15.92 
-18.45 
-23.55 
-13.73 
-5.00 

Aqueous 
 
 
Distilled water 
Chloroquine 

100 
200 
400 
1ml 
 10 

34±0.87 
32.9±1.44 
32.62±1.49 
33.08±3.01 
28.12±2.85 

              31.42±1.64 
              28.74±2.44 
              27.56±1.66 
              29.91±2.8 
              28±2.06 

-7.59 
-12.64     
-15.51 
-9.58              
-0.43 

Body weight expressed as mean ± SD, n=6 
 
Table 6: Effect of crude extracts of B. abyssinica root bark on body 
weight of P. berghei infected mice. 
  
Extracts 
 

Dose 
(mg/kg) 
 

Body weight (g)   
% change D0                      D4 

Hydroalcoholic 
 
 
Distilled water 
Chloroquine 

100 
200 
400 
1ml 
10 

32.48±3.09 
29.92±3.61 
30.72±2.38 
32.6±3.45 
29.55±1.98 

25.72±3.08 
23.89±4.19 
23.45±1.83 
25.56±2.63 
28.49±1.09 

-20.81 
-20.15          
-23.67                         
- 21.6    
- 3.59   

Aqueous 
 
 
Distilled water 
Chloroquine 

100 
200 
400 
1ml 
10 

33.88±1 
32.03±3.5 
33.5±1.16 
33.08±3.01 
28.12±2.85 

28.02±2.25 
27.14±3.83 
26.69±2.39 
29.91±2.8 
28.67±2.66 

-17.3     
-15.27 
-20.33  
-9.58    
-0.43      

Body weight expressed as mean ± SD, n=6 
 
4.3.2. Effect of Crude Extracts on Body Temperature  

Figures 3 and 4 show the effect of the test extracts on body temperature 

of P. berghei infected mice. The extracts from both plants reduced body 

temperature as compared with the negative and positive controls.  

 
 
 
 
 
 
 
 



 

 30 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
       
              Pretreatment; time of parasite inoculation 
                 0; three hours after parasite inoculation 
 
Figure 3: Effect of D. angustifolia seed (a) hydroalcoholic crude extract 
and (b) aqueous crude extract on rectal temperature of P. berghei infected 
mice.  
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(a) 

 
(b) 

 

 
      Pretreatment; time of parasite inoculation 
       0; three hours after parasite inoculation 
 
Figure 4: Effect of B. abyssinica root bark (a) hydroalcoholic crude 
extract and (b) aqueous crude extract on rectal temperature of P. berghei 
infected mice.  
  
4.3.3. Effect of Crude Extracts on Parasitemia and Survival Time 

The results of the 4-day suppressive test of the extracts at different dose 

levels on parasitemia and survival time in mice infected with Plasmodium 

berghei are summarized in Tables 7 and 8. The results are expressed as 

the percent reduction of parasitaemia with reference to non-treated mice. 

The extracts caused varying degrees of chemosuppressive effect in a dose 

dependent manner. The crude extracts of both medicinal plants partially 
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reduced parasitaemia and prolonged survival time of mice infected with 

P. berghei. The aqueous extract of D. angustifolia and the hydroalcoholic 

 extract of B. abyssinica were the more active of the four crude extracts 

tested and caused 35.79 and 30.01%  reduction of parasitaemia, 

respectively, at doses of 400 mg/Kg on day 4 (P < 0.05). The aqueous 

extract of D. angustifolia exhibited highest antiplasmodial activity. The 

aqueous extract of B. abyssinica did not show significant antiplasmodial 

activity compared to that of the hydroalcoholic extract. The parasitemia 

of the mice in the extract treated groups on day 4 was significantly lower 

(p<0.05) than that of the mice in the negative control group.  
 
Table 7: Effect of crude extracts of D. angustifolia seed on parasitemia 
and mean survival time of P. berghei infected mice. 
  
Extracts Dose 

(mg/kg) 
Parasitemia Average chemo- 

suppression (%) 
Survival time  (day) 

Hydroalcoholic 
 
 
Distilled Water 
Chloroquine 

100 
200 
400 
1ml 
10 

37.25±3.98 
28.88±3.9 
26.45±3.51 
38.58±2.33 
 0.00 

                     3.45 
25.14 
31.44 
0.00 
100 

9±0.89 
8.67±0.82 
8.17±0.41 
7.67±0.52 
14.83±2.23 

Aqueous 
 
 
Distilled Water 
Chloroquine 

100 
200 
400 
1ml 
10 

       31.58±4.39 
27.93±6.44 
24.45±4.61 
38.08±0.66 
 0.00 

                      17.07 
26.65 
35.79 

 0.00 
100 

              9.67±2.25 
              9.83±2.04 
              10.5±2.07 

8.5±0.55 
              14.33±1.51 

Parasitemia and survival time expressed as mean ± SD, n=6 
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Table 8: Effect of crude extracts of B. abyssinica root bark on parasitemia 
and mean survival time of P. berghei infected mice. 
 
Extracts Dose 

(mg/kg) 
Parasitemia Average chemo- 

suppression (%) 
Survival time  (day) 

Hydroalcoholic 
 
 
Distilled Water 
Chloroquine 

100 
200 
400 
1ml 
10 

31.5±7.15 
30.83±3.66 
29.57±7.23 
42.25±7.58 

   0.00 

25.44 
27.03 
30.01 

  0.00 
  100 

9.17±1.94 
         9.5±2.07 

11.5±1.05 
         7±0.63 

  18.33±5.47 

Aqueous 
 
 
Distilled Water 
Chloroquine 

100 
200 
400 
1ml 
10 

      36.86±0.99 
32.66±1.56 

 30.5±1.52 
38.08±0.66 
 0.00 

                       3.2 
14.23 
19.91 

   0.00 
  100 

          8.5±0.84 
          9±1.1 

10.17±2.4 
8.5±0.55 
14.33±1.51 

Parasitemia and survival time expressed as mean ± SD, n=6 
 
4.3.4. Effect of Crude Extracts on PCV  
The effect of the crude extracts of both plants on PCV on days 0 and 4 is 

indicated in Figures 5 and 6. There was no statistically significant 

difference (p>0.05) in the mean PCV on days 0 and 4 indicating that the 

extracts prevented significant PCV reduction.  
 

 

                                                                                                                                                                                                                                                                                                                     
Figure 5: Effect of D. angustifolia seed (a) hydroalcoholic crude extract 
and (b) aqueous crude extract on PCV of P. berghei infected mice on days 
0 and 4.   
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Figure 6: Effect of B. abyssinica root bark (a) hydroalcoholic crude 
extract and (b) aqueous crude extract on PCV of P. berghei infected mice 
on days 0 and 4. 
 
4.4. Yields of the Fractions of D. angustifolia aqueous extract 
The percentage yields of D. angustifolia aqueous extract fractions are 

expressed in Table 9. The chloroform, butanol and aqueous fractions 

produced percentage yields of 7.79, 31.2 and 57.14 %, respectively. The 

highest fraction of this extract was the aqueous residue (57.14 %).  

  
Table 9: Percentage yields of fractions of D. angustifolia aqueous extract. 
 
Plant sample Solvent Weight of 

extract (g) 
Volume of 

solvent (ml) 
Yield 

(g) 
% Yield 

D. angustifolia 
 

Chloroform  
      14 

350 1.09 7.79 
Butanol 300 4.37 31.2 
Distilled water 350 8 57.14 

 
4.5. Effect of Fractions on Body Weight, Temperature, Parasitemia    
       and Mean Survival time  
Chloroform and butanol fractions of D. angustifolia prevented significant 

body weight reduction (p>0.05) (Table 10). The prevention of body weight 

reduction in the case of butanol fraction was observed to be dose 

dependent. The mice treated with the butanol fraction had significantly 
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higher body weight (p<0.05) than the mice treated with aqueous residue 

and the vehicle.    

 
Table 10: Effect of the fractions of D. angustifolia on body weight of P. 
berghei infected mice.  
 

Fractions 
 

Dose (mg/kg) 
 

Body weight (g)   
% change D0 D4 

Chloroform 
 Butanol 
 Aqueous residue 
 Distilled water 
Chloroquine 

50 
50 
50 

 1ml 
    10 

29.18±1.73 
30.58±1.94 
27.95±2.33 
30.83±2.85 
27.55±3.54 

 28±1.23 
 29.26±2.87 
26.03±1.68 
26.63±2.53 
27.08±2.65 

-4.04 
-4.32 
-6.87 

-13.62 
-1.71 

 Butanol 
 

    25 
    50 

100 

30.33±2.08 
30.58±1.94 
28.27±1.85 

28.56±3 
29.26±2.87 
26.12±1.3 

-5.84 
-4.32 
-7.61 

Body weight expressed as mean ± SD, n=6 
 
The effect of D. angustifolia seed aqueous extract fractions on daily 

temperature change is shown on Figure 7. The mean rectal temperature 

 of the study mice on day 4 in the extract treated and negative control 

groups was not significantly different; however the mice treated with 

chloroform and butanol fractions had significantly higher temperature 

(p<0.05) than that of the aqueous residue treated group. There was no 

significant difference in rectal temperature between days 0 and 4 in the 

mice treated with butanol and aqueous fractions of D. angustifolia seed. 

The mean rectal temperature of the butanol fraction treated mice and 

negative controls on day 4 was not significantly different. The rectal 

temperature on days 0 and 4 after administration of D. angustifolia seed 

aqueous extract butanol fraction indicated that this fraction prevented 

significant temperature reduction (p<0.05) at some doses (25 and 50 

mg/kg).  

  



 

 36 

(a) 

 
(b) 

 
 
      Pretreatment; time of parasite inoculation 
       0; three hours after parasite inoculation 
 
Figure 7: Effect of D. angustifolia seed (a) aqueous extract fractions and 
(b) butanol fraction on rectal temperature of P. berghei infected mice. 
 
The percentage inhibition of P. berghei after administration of D. 

angustifolia aqueous extract fractions is shown in Table 11. The butanol 

fraction of D. angustifolia aqueous extract was the fraction with the 

highest antiplasmodial activity (inhibition=44.38 and 48.6% at 50 and 

100 mg/kg, respectively), followed by the chloroform fraction with 

percentage inhibition of 22.18% at 50 mg/kg. The butanol fraction of D. 

angustifolia aqueous extract prolonged survival time of the study mice 

(10.17 ± 2.93 days) as compared with that of the mice in the negative 
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control group (8.33 ± 1.03 days). The percentage inhibition of P. berghei 

after administration of D. angustifolia aqueous extract butanol fraction at 

different dose levels is indicated in Table 11. This inhibition was in a 

dose dependent manner. The extracts prolonged the mean survival time 

of the treated mice as compared with the negative controls. However the 

mice in all the groups were not cured from the infection. 

 
Table 11: Effect of D. angustifolia seed aqueous extract fractions on 
parasitemia and mean survival time of P. berghei infected mice. 
 
Fraction/drug Dose (mg/kg) Parasitemia Average chemo 

suppression % 
Mean Survival time   

Chloroform 
Butanol 
Aqueous residue 
Distilled water 
Chloroquine 

50 
50 
50 
1ml 
10 

46.17±1.72 
33±4.65 
51.5±9.91 
59.33±6.31 
0.00 

22.18 
44.38 
13.2 
0.00 

100 

9±2.28 
10.17±2.93 
8.17±0.75 
8.33±1.03 
16±4.2 

Butanol  
 

25 
50 
100 

 43±5 
33±4.65  

 30.5±2.88 

 27.52 
         44.38  

 48.6 

   9±2.28 
10.17±2.93 

    10±2  
Parasitemia and survival time expressed as mean ± SD, n=6 
 
Effect of D. angustifolia fractions on PCV is shown in Figure 8. The 

chloroform and butanol fractions prevented significant PCV reduction 

(p>0.05). The aqueous residue did not prevent PCV reduction 

significantly. The mice treated with the butanol and chloroform fractions 

had significantly higher PCV (p<0.05) than the mice in the negative 

control and aqueous residue groups (Figure 8). There was statistically 

significant difference (p<0.05) in the mean PCV of the mice among the 

different dose levels of butanol fraction. 
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Figure 8: Effect of D. angustifolia seed (a) aqueous extract fractions and 
(b) aqueous extract butanol fraction on PCV of P. berghei infected mice 
on days 0 and 4.  
 
 4.6. LD50 of the Crude Extracts 
The aqueous extract of D. angustifolia was tolerated by the study mice 

when administered orally. No death was observed in the animals 

receiving D. angustifolia aqueous extract up to a dose of 4500 mg/kg 

body weight which is about 11 times the maximum effective dose tested 

(400 mg/kg). This shows that the LD50 is greater than 4500 mg/kg body 

weight. Some abnormalities observed in the extract treated mice include 

depression, weakness and rough hair coat.  

 
B. abyssinica hydroalcoholic extract showed signs of acute toxicity 

including diarrhea, gasping, abdominal writhing, muscle weakness (signs 

of paralysis), rough hair coat and depression. The LD50 of B. abyssinica 

was calculated to be 5044 mg/kg body weight (Figure 9) which is about 

12.6 times the maximum effective dose tested (400 mg/kg). Male mice 

were more resistant (mortality 20%) than the female mice (mortality 32%) 

in B. abyssinica toxicity.  
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Figure 9: Probit Transformed Dose response of B. abyssinica LD50
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5. DISCUSSION  

The extracts of D .angustifolia and B. abyssinica contain different classes 

of secondary metabolites that have antiplasmodial activity in other plants 

(Abdulelah and Zainal-Abidin, 2007). Tannins (Asres et al., 2001b), 

alkaloids (Saxena et al., 2003), and phenols (Hilou et al., 2006) which 

have been implicated in antiplasmodial activity of other plants were also 

detected in these plant extracts. The antiplasmodial activity observed in 

many plants (Okokon et al., 2005) and also in this study could have 

resulted from single or combined action of these metabolites.   

 
According to Saxena et al. (2003), several classes of secondary 

metabolites are responsible for antimalarial activity, but the most 

important and diverse biopotency has been observed in alkaloids, 

quassinoids and sesquiterpene lactones. Alkaloids are one of the major 

classes of compounds possessing antimalarial activity. One of the oldest 

and most important antimalarial drugs, quinine, belongs to this class of 

compounds. The antiplasmodial activity of D .angustifolia might also be 

attributed to the presence of alkaloids that have also been detected in 

this plant. The phenols present in these plants which have antioxidant 

effect (Alexandru et al., 2007) may also contribute to the antimalarial 

activity. Antioxidative activity can inhibit haem polymerization as haem 

has to be oxidized before polymerization, and the unpolymerised haem is 

very toxic for the intraerythrocytic plasmodia (Taramelli et al., 1999).  

 
The anti-malarial activities exhibited by these extracts may also be due 

to the presence of other active compounds. These plants contain 

phytosteroids and flavonoids, which are metabolites that have been 

proved to possess potential immunomodulatory effects in other plants 
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(Aherne et al., 2007), which as a consequence might have some impact 

on the host-parasite interrelationship.  

 
Body weight loss is one feature of rodent malaria infections (Perlmann 

and Troye-Blomberg, 2007); however, the crude extracts in this study 

caused significant decrease in body weight. The loss of body weight in 

the extract treated mice is possibly due to depressing effect of the crude 

extracts on feed intake/appetite. In a similar study by Chinchilla et al. 

(1998), mice treated with crude extracts of some plants showed a lower 

body weight pattern as compared with the non-treated ones which is in 

agreement with our results. However, the result of the present study on 

body weight is not in agreement with the findings of Dikasso et al. 

(2006a) where the crude extracts of Asparagus africanus prevented body 

weight loss of P. berghei infected mice.  

 
Aneamia, hypoglycemia, body weight loss, and body temperature 

reduction are the general features of malaria-infected mice (Perlmann 

and Troye-Blomberg, 2007). A decrease in the metabolic rate of infected 

mice occurred just before death and was accompanied by a 

corresponding decrease in internal body temperature (Hansen and 

Pappas, 1977). In this study, however, the extracts reduced body 

temperature as compared with the vehicle and standard antimalarial 

drug. This is attributed to the effect of the extracts as they may have 

hypothermic effect on the treated mice.   

 
Extracts of D. angustifolia seed and B. abyssinica root bark showed 

moderate anti-malarial activity against P. berghei infection in mice. As 

shown from the results of the in vivo antiplasmodial studies, aqueous 

extract of D .angustifolia exhibited higher suppressive activity on P. 

berghei than its methanol extract. According to Bhat and Surolia, (2001), 
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different solvent extracts of three medicinal plants (Carica papaya, 

Swertia chirata, and Citrus sinensis) showed different antimalarial 

activities. A compound is considered active when reduction in 

parasitemia is ≥ 30% ( Carvalho et al., 1991) supports the result of 

parasite inhibition in the present study. The plant extracts are less 

effective when compared to that of the standard antimalarial drug, 

chloroquine phosphate. The effects on parasitemia in this study are 

similar to the ones reported by previous studies such as on Asparagus 

africanus (Dikasso et al., 2006a), Amarantus spinosus (Hilou et al., 2006), 

Withania somnifera (Dikasso et al., 2006b) and Clerodendrum myricoides 

(Muregi et al., 2007) with percentage inhibitions of 27.84, 30.94, 33.75, 

and 31.7 respectively. However, relatively higher antiplasmodial activities 

than the present result have been reported on Nigella sativa (Abdulelah 

and Zainal-Abidin, 2007), Croton zambesicus (Okokon et al., 2005), 

Anonna senegalensis (Ajaiyeoba et al., 2006), Boscia angustifolia 

(Muthaura et al., 2007), and Azadirachta indica (Valecha et al., 2001) 

with percentage inhibitions of 55.88, 80.7, 76.3, 60.12, and 52.32 

respectively.  

 
According to Taylor and Hurd, (2001), the effect of rodent malaria on PCV 

as measured by haematocrit was parasite-induced fall down to 43–44%, 

which occurred approximately 48 hours post-infection. P. berghei 

infected mice suffer from anaemia because of RBC destruction, either by 

parasite multiplication or by spleen reticuloendotelial cell action as the 

presence of many abnormal RBC stimulates the spleen to produce many 

phagocytes (Chinchilla et al., 1998). In this study, the extracts of both 

plants prevented significant PCV reduction in a dose dependent manner.  
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The extracts prolonged the mean survival time of the study mice 

indicating that the extracts suppressed P. berghei and reduced the 

overall pathologic effect of the parasite on the study mice. However, 

neither the extracts nor the standard drug cured the infection. This 

could be recrudescence of P. berghei parasites after apparent cure due to 

development of CQ resistance where parasitemia rises to detectable level 

in the blood of chloroquine treated mice. Our result on mean survival 

time is in agreement with similar studies done on extracts of Boscia 

angustifolia (Muthaura et al., 2007), Momordica foetida (Waako et al., 

2005), and Nigella sativa (Abdulelah and Zainal-Abidin, 2007) with mean 

survival times of 12.22, 13.1, and 10.3 days respectively.   

 
Fractions of D. angustifolia aqueous extract showed varying degrees of 

antiplasmodial activity. The butanol fraction was found to be the most 

active. This fraction also prevented body weight loss, temperature 

reduction, and PCV fall significantly. The mean survival time of mice 

treated with this fraction was longer than the mice treated with other 

fractions. This might lead to the hypothesis that the active components 

responsible for the antiplasmodial activity of this plant might be more 

concentrated in this fraction. This could indicate the significant potential 

for isolating pure compounds with much higher antimalarial activity 

from this fraction (Bhat and Surolia, 2001). However, this is not always 

true as the antiplasmodial activity of plants could be due to synergistic 

activity of the components.  

 
As explained by Dowe et al. (1999), discrepancies are observed in the in 

vitro and in vivo antimalarial activities of some plants. Some traditionally 

claimed antimalarial plants may show neither in vivo nor in vitro activity. 

Different explanations could be given for this discrepancy. One of the 
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possible reasons could be that the antimalarial action is species specific 

as in the case of immunomodulation or interference with the invasion of 

new red blood cells by parasites (Andrade-Neto et al., 2003; Murata et al., 

1999). 

 
Although medicinal plants are assumed to be safe, many of them are 

potentially toxic (Ajaiyeoba et al., 2006). The absence of mortality up to a 

dose equal to 11 times the maximum effective dose, and no serious signs 

of toxicity in aqueous extract of D .angustifolia, and high LD50 in 

hydroalcoholic extract of B. abyssinica which is 12.6 times the maximum 

effective dose tested hints that the plants could safely be used to 

treat/prevent malaria. D. angustifolia did not cause mortality up to a 

dose of 4500 mg/kg, which is much higher than the minimum effective 

dose tested (100 mg/kg). If a test substance has LD50 

 

higher than 3 

times the minimum effective dose, it can be a good candidate for further 

studies (Hill, 1950) which supports the results of the present study on 

acute toxicity. 
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6. CONCLUSION AND RECOMMENDATION 
6.1. CONCLUSION  

• Extracts from D. angustifolia and B. abyssinica possessed 

significant antiplasmodial activity as seen in their ability to 

suppress P. berghei infection in mice. 

 
• Aqueous extract of D. angustifolia and hydroalcoholic extract of B. 

abyssinica had better antiplasmodial activity. 

 
•  Both plants have minimal acute toxicity. 

 
• These plants could represent potential source of lead molecule for 

the development of a new drug for treatment or prophylaxis against 

malaria. 

 
• The present study confirmed the claim by traditional practitioners 

for the use of the plants against malaria. 

 

6.2. RECOMMENDATIONS  

Based on the present work, the following studies are recommended to be 

undertaken:  

• Isolation and characterization of the active principle; 

 
• Evaluation of antimalarial effect of isolated components of the 

plants to identify the active ingredients responsible for 

antipasmodial activity; and 

 
• Chronic toxicity tests on the rude extracts and isolated fractions. 
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8. ANNEXES 
8.1. Phyochemical Screening 

Test for polyphenols (Aqueous 2)  
2ml Con. Aqueous Extract + 3 Drop  

[A mix of 1ml 1% FeCl3 & 1ml 1% K3Fe (CN)6
                 Result  

Formulation of Green Blue Color  

] 

Test for Cynogenic Glycosides

(Form thick mass) 
 

A piece of Filter Paper Dipped  
In 1% Aq. Picric Acid & 10% Na

 (Aqueous 3)  
0.5gm Plant Material + Macerated with Water  

2CO

                               Result  

 
Formation of Brick Red Color 

On The Filter Paper 

3 
Suspended Above Tthe Thick Mass  

Test for Saponines

Distilled water 
 

Heat 5 Min  

 (Aqueous 4) 
3gm Plant Material + 30ml 

10ml Filtered Sol. In 25ml measuring cylinder (shake vigorously)  

                                                                             Result 

Formation of Honey comb forth  

0.2g Material + 5ml 0.5N KOH + 0.5ml 5%H

Test for Anthranides 

2O

Filtrate + 6 Drope HAC (check to PH of 4 to 5)  
 

Add 5 ml toluene  

            The upper layer separated with pipette to test tube 

2 

                                                Boil 2 min., Cool & Filter 

 

Add 2ml 0.5N KOH  

   Red Color (Comparision 2ml 0.5N KOH + 0.05% emodin)  
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Phytosteroides and Withanoides

Petroleum Ether  
  

Concentrated Extract + Dissolved in  

 (Petroleum ether 1) 

1gm plant material + Macerated with  

CHCl3 + Con H2SO4 (3 to 5 Drop) 
 

Result 
 

Production of Red, Reddish brown, or 
Violet colour  

* Steroidal compound  
 

Test for Corotenoides

of Antimony Tricioride (5 Drops)  
  

                                                                                                                 Result 

 (petroleum Ether 2) 
Hexane extract + Saturated Soln. 

                                          Formation of Blue   Red 

Test for phenolic glycosides

Ferric Sulfate 
 

                                                    Result 
                               Formation of dark violet color (ppt) 

 

 (ETOH 1)  

1ml ETOH extract + a crystal of  

Test for Free Antraqunones

(Shake vigorously)  

 

Filtrate + 10% NH

 (ETOH 2) 

0.1g 80% ETOH extract  

 + 10ml C6H6 

3

(Shake vigorously)  

                                                                          Result  

Pink, Red or violet color in Ammonia Phase 

 Soln. 5ml 
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Test for Flavonoids

2% Lead acetate 
 

Resut  

Development of yellow 
Or Orange color 

 

 (ETOH 3) 

2ml Alcoholic extract + 5 Drop 

Test for Cardiac glycosides

(Macerated, filtered, and concentrated)  

 (ETOH 4)  
1gm material + 80% ethanol  

 

 

 

 

 

 

     Result    Result    Result   Result  

Violet color           Thick blue color   Rose color     Rose color  

Violet & Blue 

Reddish brown      Reddish brown     

        Interface                   Greenish blue  

Brownish yellow  

  

White crystalline solid (ppt)   

Test for Tannines
                                                       OR 

 (ETOH 5) 

 

 

 

 

 

Kedde reagent Keller rxn Salkowski Liberemann 

0.1gm extract + 50% 
2ml methanol + 2ml 5.7% 
NaOH + 10drop 1% 3,5 dinitro 
benzoic cid  
 

3ml glacial HAC + 1ml 
con. H2SO4 + 3 drop 1%    
FeCL3 
 

0.1g + 2ml CHCL3 + 
Con. H2SO4 

(From lower layer) 
 

3ml glacial HAC + mix 
acetic anhydride & Con. 
H2SO4 
 

Alcohol extract + 3 drop 1% K3 (FeCN)6 

            3 drop Con. NH3 

 
 

                        Result 

              Formation of color 

                  2ml alcohol extract +few 
              Crystal of sodium Nitrate +   
                   3 drop of 0.1 N  HCl  

 
                          Result  
 
 

Brown color shows presence of Hydrolysable  
Tannins are present  
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Test for alkaloids
2gm materials + 10ml 1% HCl 

Heat (30min) 

 (Acid 1) 

Filtered through cotton  

 

  A       B 

 
 
 

Add 5 drops    Add 5 drops     

Dragendroff 's reagent   Mayer's reagent 

 

Result     Result       

 

Yellow orange ppt   Whitish ppt 

 

B from the above test, treated with drops of saturated Na

Confirmatory Test for Alkaloids 

2CO3 to PH 8-9  

                                                           Fractionated   three times with 4ml CHCl3

      Aqueous layer                Chloroform layer 

    add acetic acid                                                                               extract 3 times with      
                                                                                                           2ml of 1% HCl 

                                               

                                                                                                                                                        
  

 

 
5 drops                       5 drops               5 drops of                              5 drops  
Dragendroff’s                      Mayer's              Dragendroff’s                       Mayer's 
 reagent                                reagent            reagent                                   reagent  

          Result     Result        Result                            Result  

 
  orange ppt                       white ppt            orange ppt                           white ppt 
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Test for Antraqnone Glyosides
5g materials + 10ml 2N HCl  

                                                                                 Boil 1 hr 

 

Filter & Cool + 10ml C

 (Acid 2) 

6H
 
 
 
 

5ml Filter + 5ml10% NH

6 

3
(Shake Vigorously) 

 

Result  

Pink, red, or violet color in  

Ammonium phase (aq. phase)  
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8.2. ANOVA Table  
 
8.2.1. ANOVA on body weight of P. berghei infected mice on day 4. 
 

Plant Extract/fraction 

 

Source of variation 
(SOV) 

SS DF MS F Sig. 

B. abyssinica Methanol B/G 23.864 3 7.955 .853 .482 
W/G 186.565 20 9.328   

Aqueous B/G 36.469 3 12.156 1.458 .256 
W/G 166.701 20 8.335   

D. angustifolia 

 

Methanol B/G 15.228 3 5.076 2.858 .063 
W/G 35.522 20 1.776   

Aqueous B/G 48.858 3 16.286 3.379 .039 
W/G 96.398 20 4.820   

D. angustifolia 

 

Solvent fractions B/G 37.565 3 12.522 2.631 .078 
W/G 95.196 20 4.760   

Butanol fraction B/G 40.940 3 13.647 2.149 .126 
W/G 127.033 20 6.352   

 
8.2.2. ANOVA on temperature of P. berghei infected mice on day 4. 
 

Plant Extract/fraction 

 

Source of variation 
(SOV) 

SS DF MS F Sig. 

B. abyssinica Methanol B/G 1.610 3 .537 1.553 .232 
W/G 6.910 20 .346   

Aqueous B/G 14.321 3 4.774 7.803 .001 
W/G 12.235 20 .612   

D. angustifolia 

 

Methanol B/G 7.938 3 2.646 5.659 .006 
W/G 9.352 20 .468   

Aqueous B/G 10.368 3 3.456 4.991 .010 
W/G 13.850 20 .693   

D. angustifolia 

 

Solvent fractions B/G 6.431 3 2.144 2.182 .122 
W/G 19.645 20 .982   

Butanol fraction B/G 2.795 3 .932 1.634 .213 
W/G 11.405 20 .570   

                 
                  SS= Sum of Squares                                B/G=between group  
                  DF=Degrees of Freedom                           W/G=within group 
                  MS=Mean Square 
                  F=F-value 
                  Sig.=Level of Significance 
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8.2.3. ANOVA on parasitemia of P. berghei infected mice on day 4. 

Plant Extract/fraction 

 

Source of variation 
(SOV) 

SS DF MS F Sig. 

B. abyssinica Methanol B/G 618.835 3 206.278 4.736 .012 
W/G 871.022 20 43.551   

Aqueous B/G 226.766 3 75.589 49.204 .000 
W/G 30.725 20 1.536   

D. angustifolia 

 

Methanol B/G 653.472 3 217.824 17.882 .000 
W/G 243.627 20 12.181   

Aqueous B/G 611.585 3 203.862 9.899 .000 
W/G 411.871 20 20.594   

D. angustifolia 

 

Solvent fractions B/G 2208.333 3 736.111 18.094 .000 
W/G 813.667 20 40.683   

Butanol fraction B/G 3081.125 3 1027.042 43.442 .000 
W/G 472.833 20 23.642   

 
8.2.4. ANOVA on PCV of P. berghei infected mice on day 4. 
 

Plant Extract/fraction Source of variation 
(SOV) 

SS DF MS F Sig. 

B. abyssinica Methanol B/G 303.828 3 101.276 8.811 .001 
W/G 229.890 20 11.495   

Aqueous B/G 139.822 3 46.607 8.011 .001 
W/G 116.357 20 5.818   

D. angustifolia 

 

Methanol B/G 33.463 3 11.154 2.282 .110 
W/G 97.761 20 4.888   

Aqueous B/G 107.768 3 35.923 10.850 .000 
W/G 66.219 20 3.311   

D. angustifolia 

 

Solvent fractions B/G 872.571 3 290.857 17.139 .000 
W/G 339.415 20 16.971   

Butanol fraction B/G 984.067 3 328.022 31.062 .000 
W/G 211.207 20 10.560   

 
8.2.5. ANOVA on mean survival time of P. berghei infected mice. 
 

Plant Extract/fraction Source of variation 
(SOV) 

SS DF MS F Sig. 

B. abyssinica Methanol B/G 61.125 3 20.375 8.519 .001 
W/G 47.833 20 2.392   

Aqueous B/G 11.125 3 3.708 1.862 .169 
W/G 39.833 20 1.992   

D. angustifolia 

 

Methanol B/G 6.125 3 2.042 4.298 .017 
W/G 9.500 20 .475   

Aqueous B/G 12.458 3 4.153 1.201 .335 
W/G 69.167 20 3.458   

D. angustifolia 

 

Solvent fractions B/G 14.833 3 4.944 1.284 .307 
W/G 77.000 20 3.850   

Butanol fraction B/G 13.458 3 4.486 .953 .434 
W/G 94.167 20 4.708   

                   
                   SS= Sum of Squares                                B/G=between group  
                   DF=Degrees of Freedom                           W/G=within group 
                   MS=Mean Square 
                   F=F-value 
                   Sig.=Level of Significance 
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8.3. Paired T-Test Result  
 
8.3.1. Paired t-test result of body weight of P. berghei infected mice on day 0 and day 4  
          after administration of D. angustifolia crude extract. 

Extract dose Mean Body Weight (g) t DF Sig. 
Day 0         Day 4 

Hydroalcoholic 100 29.8267 25.0767 7.782 5 0.001 
200 32.0783 26.1633 11.053 5 0.000 

400 31.6800 24.2183 9.928 5 0.000 
Distilled water 1 ml 30.2250 26.0750 13.715 5 0.000 

Chloroquine 10 mg/kg 29.0000 27.5500 5.679 5 0.002 
Aqueous 100 34.0000 31.4167 6.405 5 0.001 

200 32.9000 28.7400 2.888 5 0.034 

400 32.6167 27.5600 6.367 5 0.001 
Distilled water 1 ml 33.0833 29.9050 7.976 5 0.000 

Chloroquine 10 mg/kg 28.1217 28.0033 .312 5 0.768 
 
8.3.2. Paired t-test result of body weight of P. berghei infected mice on day 0 and day 4  
         after administration of D. angustifolia aqueous extract  fractions. 
 

Extract /fraction Fraction dose (mg/kg) Mean Body Weight (g) t DF Sig. 
Day 0         Day 4 

Aqueous Chloroform 50 29.1783 27.9950 1.639 5 0.162 

Butanol 50 30.5833 29.2633 1.680 5 0.154 

Aqueous 50 27.9500 26.0333 4.982 5 0.004 
Distilled water 1 ml 30.8317 26.6300 16.639 5 0.000 
Chloroquine 10 mg/kg 27.5517 27.0750 .700 5 0.515 

Butanol fraction 25 30.3317 28.5633 2.294 5 0.070 

50 30.5833 29.2633 1.680 5 0.154 

100 28.2733 26.1183 2.165 5 0.083 
Distilled water 1 ml 30.8317 26.6300 16.639 5 0.000 
Chloroquine 10 mg/kg 27.5517 27.0750 .700 5 0.515 

 
                                                         t= t-value 

DF=Degrees of Freedom 
  Sig.=Level of Significance 
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8.3.3. Paired t-test result of body weight of P. berghei infected mice on day 0 and day 4  
          after administration of B. abyssinica crude extract. 
 

Extract dose Mean Body Weight (g) t DF Sig. 
Day 0         Day 4 

Hydroalcoholic 100 32.4783 25.7150 14.740 5 0.000 
200 29.9233 23.8917 7.300 5 0.001 
400 30.7167 23.4500 7.469 5 0.001 

Distilled water 1 ml 32.6033 25.5600 11.825 5 0.000 
Chloroquine 10 mg/kg 29.5483 28.4900 1.951 5 0.109 

Aqueous 100 33.8833 28.0200 5.186 5 0.004 
200 32.0333 27.1417 12.227 5 0.000 
400 33.5000 26.6883 8.485 5 0.000 

Distilled water 1 ml 33.0833 29.9067 7.973 5 0.001 
Chloroquine 10 mg/kg 28.1217 28.0033 .312 5 0.768 

 
8.3.4. Paired t-test result of rectal temperature of P. berghei infected mice on day 0 and  
           day 4 after administration of D. angustifolia crude extract. 
 

Extract dose Mean  rectal temperature 
(o

t 
C) 

DF Sig. 

Day 0         Day 4 
Hydroalcoholic 100 37.6833 35.9000 3.325 5 0.021 

200 37.9000 36.0167 11.925 5 0.000 
400 37.9667 34.8167 16.195 5 0.000 

Distilled water 1 ml 37.5667 36.3500 3.720 5 0.014 
Chloroquine 10 mg/kg 37.1167 37.2167 -.389 5 0.713 

Aqueous 100 36.1667 36.7667 -6.211 5 0.002 
200 35.8333 36.5500 -1.682 5 0.153 
400 35.8167 35.5167 .638 5 0.552 

Distilled water 1 ml 36.7000 37.3333 -1.686 5 0.153 
Chloroquine 10 mg/kg 35.9000 36.3167 -1.858 5 0.122 

 
8.3.5. Paired t-test result of rectal temperature of P. berghei infected mice on day 0 and  
         day 4 after administration of D. angustifolia aqueous extract  fractions. 
 

Extract /fraction Fraction dose (mg/kg) Mean  rectal temperature 
(o

t 
C) 

DF Sig. 

Day 0         Day 4 
Aqueous Chloroform 50 37.3000 36.3833 3.776 5 0.013 

Butanol 50 37.3000 36.4833 1.191 5 0.287 
Aqueous 50 36.3833 35.1833 2.203 5 0.079 
Distilled water 1 ml 37.1000 36.2000 1.485 5 0.198 
Chloroquine 10 mg/kg 36.4167 35.6833 2.641 5 0.046 

Butanol fraction 25 36.7333 35.7833 1.456 5 0.205 
50 37.3000 36.4833 1.191 5 0.287 

100 36.4000 35.6167 3.191 5 0.024 
Distilled water 1 ml 37.1000 36.2000 1.485 5 0.198 
Chloroquine 10 mg/kg 36.4167 35.6833 2.641 5 0.046 

 
                                                        t= t-value 
                                                        DF=Degrees of Freedom 

Sig.=Level of Significance 
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8.3.6. Paired t-test result of rectal temperature of P. berghei infected mice on day 0 and  
          day 4 after administration of B. abyssinica crude extract. 
 

Extract dose Mean  rectal temperature 
(o

t 
C) 

DF Sig. 

Day 0         Day 4 
Hydroalcoholic 100 37.5333 35.6833 6.018 5 0.002 

200 37.4000 36.3333 5.137 5 0.004 

400 37.1833 36.2500 2.165 5 0.083 
Distilled water 1 ml 37.1167 35.9333 5.209 5 0.003 
Chloroquine 10 mg/kg 36.6667 36.2000 1.758 5 0.139 

Aqueous 100 36.0000 35.9333 .120 5 0.909 

200 36.9500 37.0333 -.234 5 0.824 
400 37.1000 35.4500 3.200 5 0.024 

Distilled water 1 ml 36.7000 37.3333 -1.686 5 0.153 
Chloroquine 10 mg/kg 35.9000 36.3167 -1.858 5 0.122 

 
8.3.7. Paired t-test result of PCV of P. berghei infected mice on day 0 and day 4 after  
         administration of D. angustifolia crude extract. 
 

Extract dose Mean PCV (%) t DF Sig. 
Day 0         Day 4 

Hydroalcoholic 100 53.9983 50.0667 4.368 5 0.007 
200 51.6517 50.3167 .676 5 0.529 
400 53.6167 52.7317 1.248 5 0.267 

Distilled water 1 ml 53.2450 49.7500 4.408 5 0.007 
Chloroquine 10 mg/kg 56.1000 55.2767 1.891 5 0.117 

Aqueous 100 53.6067 54.2250 -.556 5 0.602 
200 55.9183 55.5183 .621 5 0.562 
400 55.9383 55.7667 .235 5 0.823 

Distilled water 1 ml 57.3000 50.4667 9.694 5 0.000 
Chloroquine 10 mg/kg 56.8450 56.5333 .174 5 0.869 

 
                                                         t= t-value 

DF=Degrees of Freedom 
   Sig.=Level of Significance 
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8.3.8. Paired t-test result of PCV of P. berghei infected mice on day 0 and day 4 after  
         administration of D. angustifolia aqueous extract fractions. 
 

Extract /fraction Fraction dose (mg/kg) Mean PCV (%) t DF Sig. 
Day 0            Day 4 

Aqueous Chloroform 50 52.1117 50.1833 2.024 5 0.099 
Butanol 50 55.4183 53.6000 1.124 5 0.312 
Aqueous 50 49.8783 42.8333 2.810 5 0.038 
Distilled water 1 ml 51.2467 38.2333 6.776 5 0.001 
Chloroquine 10 mg/kg 55.9167 55.1833 1.573 5 0.176 

Butanol fraction 25 51.3250 46.2000 3.502 5 0.017 
50 55.4183 53.6000 1.124 5 0.312 

100 56.0900 53.8333 1.093 5 0.324 
Distilled water 1 ml 51.2467 38.2333 6.776 5 0.001 
Chloroquine 10 mg/kg 55.9167 55.1833 1.573 5 0.176 

 
 
8.3.9. Paired t-test result of PCV of P. berghei infected mice on day 0 and day 4 after  
         administration of B. abyssinica crude extract. 
 

Extract dose Mean PCV (%) t DF Sig. 
Day 0         Day 4 

Hydroalcoholic 100 57.5300 53.3833 3.828 5 0.012 
200 57.0683 55.2333 .927 5 0.397 
400 57.4833 56.3000 1.551 5 0.182 

Distilled water 1 ml 58.4150 47.1167 4.801 5 0.005 
Chloroquine 10 mg/kg 56.6783 55.9167 .916 5 0.402 

aqueous 100 58.7200 56.5500 1.161 5 0.298 
200 58.5450 56.0500 .984 5 0.370 
400 56.7567 55.1667 .952 5 0.385 

Distilled water 1 ml 57.3000 50.4667 9.694 5 0.000 
Chloroquine 10 mg/kg 56.8450 56.5333 .174 5 0.869 

 
                                                         t= t-value 

DF=Degrees of Freedom 
   Sig.=Level of Significance 
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