
 

 

CHAPTER I 

 

INTRODUCTION 

      

In most developing countries, malaria stills an important public health issue. Its global 

burden and economic costs are still enormous, and causes about 225 million cases 

resulted in 781 000 deaths in 2009 (WHO, 2010). 

 

 In Malaysia, the fight against malaria, which began more than a hundred years 

ago, specifically in 1901, led to an impressive decrease in the disease prevalence from 

about 300,000 to 7000 reported cases in 2009 (WHO, 2010).
 
However, a sudden 

increase in the incidence of malaria has been reported in 2008 and this may call for an 

urgent update to the means of eliminating the disease (Kaur, 2009). 
 
Even though indoor 

residual spraying of insecticides is a good method for malaria control in Malaysia 

(Rohani et al., 2006), elimination of malaria from a community requires combining 

several measures for the implementation of that strategy. The 1998 Roll Back Malaria 

(RBM) programme, launched in Geneva by WHO, UNDP, UNICEF and the World 

Bank, is a people oriented plan that emphasises community involvement (WHO, 1998; 

Udonwa et al., 2010).  
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 The participation of the community represents one cardinal tool of malaria 

control programmes by the WHO as the improvement of understanding of transmission 

of malaria can greatly increase the realization and sustainability of malaria elimination 

programme (Nchinda, 1998; Govere et al., 2000; Hlongwana et al., 2009). 

 

 Evidence of artemisinin-resistant malaria has been reported on the Thai-

Cambodian border and there is a global call to look for new anti-malarial agents from 

medicinal plants, which represent the main ingredients of modern anti-malarial agents 

(Htut, 2009). The new drugs must exhibit efficacy and safety, be inexpensive and have 

additional properties important for the specific disease indication (Rosenthal, 2003).  

 

 Consistent with this specification, traditional medicinal plants have several 

potential advantages; they are affordable, easily accessible and there is no evidence of 

resistance to whole-plant extracts. Moreover, traditional plants have been utilized to 

cure malaria for hundreds of years and provided the human with the basic components 

of the main malaria treatments used in the present age; artemisinin and quinine 

derivatives (Willcox & Bodeker, 2004; Batista et al., 2009). Medicinal plants may 

provide anti-malarial drugs directly, as in the case for quinine from cinchona bark, or 

they may supply template molecules on which to base farther new structures by organic 

synthesis—artemisinin from Artemisia annua.  

 

 Although many communities have achieved successful ethnobotanical 

approaches in fighting malaria, very little is known about plant remedies preparation 

that are remain employed in the treatment of malaria in Peninsular Malaysia. The 

ethnobotanical approach to the search for novel anti-malarials from plant products has 

confirmed to be more prognostic compared to the random screening approach, where 
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the most important modern anti-malarial drugs are derived from the medicinal plants 

known to have ethnomedical standing (Saxena et al., 2003).  

 

 In parallel with the implementation of Malaysia's malaria elimination 

programme, this study was carried out to evaluate the community‘s awareness regarding 

malaria transmission, treatment and vector control between the aboriginal and rural 

communities in district of Lipis, Pahang state, which still represents one of the highest 

prevalence of malaria cases in Peninsular Malaysia. The present study was also carried 

out to establish a preliminary ethnobotanical database for the plants traditionally used to 

treat malaria.  

 

 In vivo anti-malarial activity of four plant species, namely, Cocos nucifera L. 

Labisia pumila (Bl.) F.-Vill., Languas galanga Stuntz. and Piper betle L. selected based 

on the ethnobotanical survey and literature were evaluated against laboratory malaria 

model Plasmodium berghei to evaluate their anti-malarial activity. The acute oral 

toxicity (LD50) was established to determine the safety of the plants extract. The 

phytochemical and antioxidant potentials of the crude extracts were also investigated to 

elucidate the possibilities of its anti-malarial effects.  

 

 

1.1  OBJECTIVES OF THE STUDY 

 

1.1.1 General Objectives: 

 

1. To investigate the household knowledge, attitude and practices (KAP) regarding 

malaria in two malaria endemic communities, forest-aboriginal and rural 

communities, in the Lipis district of Pahang state, Malaysia. 
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2. To investigate the plants traditionally used in the treatment of malaria in the two 

malaria endemic communities of the forest-aboriginal and the rural 

communities, and traditional healers. 

 

3. To evaluate the in vivo anti-malarial activities of selected medicinal plants 

traditionally used by the Malaysian people to treat malaria. 

 

1.1.2 Specific Objectives: 

 

1. To compare the awareness regarding malaria among the forest-aboriginal and 

rural communities in Lipis district, Pahang state. 

 

2. To investigate the treatment of malaria with traditional plants remedies, 

including the use, preparation and administration. 

 

3. To investigate the safety, LD50 (acute oral toxicity) of the plants extracts. 

 

4. To study the phytochemical screening of the plants extracts. 

 

5. To evaluate the radical scavenging antioxidant capacity of the tested extracts. 

 

6. To investigate the in vivo anti-malarial activity of different concentrations of the 

plants extract against P. berghei in mice. 
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1.2 HYPOTHESES 

 

1. Community knowledge, attitude and practices (KAP) regarding malaria in the 

endemic areas is inadequate. 

 

2. People in the remote and rural malaria endemic areas are using medicinal plants 

to fight the disease. 

 

3. Malaysian medicinal plants used by the remote and rural communities are safe 

and possess anti-malarial activity.  

 

4. The Malaysian folkloric medicinal application of the anti-malarial plants has a 

pharmacological basis. 
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CHAPTER II 

 

LITERATURE REVIEW 

 

2.1  INTRODUCTION TO MALARIA 

 

Malaria (from the Italian mala aria – bad air), the oldest and cumulatively the deadliest 

of the human infectious diseases, seeped into our very earliest human history. Malaria 

has infected humans since at least 20,000 years ago (Pennisi, 2001).  Hippocrates was 

the first to describe clearly the different types of malaria, some 2,500 years ago, 

depending on the periodicity of the fever—tertian and quartan fever patterns. In 

Hippocratic era, malaria was known as ‗the fever‘, to the Romans as ‗intense burning 

heat‘ (febris ardens) (Cunha & Cunha, 2008).  

 

 In the modern era, it was known to the French and English as ‗fever and chills‘ 

and ‗seasonal fevers‘, respectively. In Osler‘s time, malaria was also acknowledged as 

the fever of summer/fall (Cunha & Cunha, 2008). Significant efforts were made to find 

out the causative agent of malaria, its treatment and preventive measures against it. But 

was not revealed, until the year 1880, when Laveran discovered disease-causing 

protozoa in the blood of patients with malaria in Algeria (Schulze, 2006). Seventeen 

years later, the anopheles mosquito was confirmed to be the vector for the disease by 

Roland Ross (Burfield & Reekie, 2005; Schulze, 2006). Following this the most 

important features of the epidemiology of malaria appeared clear, and control 

procedures in progress to contain this fatal threat.  
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Plasmodia parasites are belong to the coccidian stem of the Coccidiasina sub-

class and reveal most of the representative characteristics of the Apicomplexa phylum 

(Table 2.1). Plasmodia demonstrate asexual development stages in the tissue and blood 

of the vertebrate host (intermediate host) followed by sexual development stages in the 

insect vector (definitive host). 

 

                    Table 2.1: Scientific classification of Plasmodium 

 

  

 

 

 

 

 

 

 

 

Five different species of genus Plasmodium infects humans, Plasmodium 

falciparum (the most effective parasite in causing malaria), Plasmodium vivax, 

Plasmodium ovale, Plasmodium malariae and Plasmodium knowlesi. P. knowlesi, a 

simian malaria parasite of the long-tailed macaque monkeys, was reported in Malaysia 

as a new malaria species infecting human (Singh et al., 2004).  

 

 

 

Sub-kingdom Protozoa 

Phylum Apicomplexa 

Class Sporozoasida 

Sub-class Coccidiasina 

Order Eucoccidiorida 

Sub-order Haemospororina 

Family Plasmodidae 

Genus Plasmodium 
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The life cycle of the Plasmodium genus is shown in Figure 2.1.  The 

Plasmodium species, with the exclusion of P. knowlesi and P.malariae (which may also 

infect the higher primates) are exclusively parasites of man. Only 66 out of the 380 

species of Anopheline mosquitoes can transmit malaria (Burfield & Reekie, 2005). 

 

When a human is bitten by a female anopheline mosquito, infective sporozoites 

are passed into the blood stream, traveling to the liver and hepatocytes. The sporozoites 

undergo asexual reproduction to form exoerythrocytic shizont. The shizont matures and 

bustes releasing merozoites (PNAS, 2010). 

 

Merozoites go through the bloodstream and infect red blood cells. After a few 

cycles of erythrocytic shizongony some merozoites develop into micro and 

macrogametocytes, which no longer have further activity within the human host. When 

vector mosquito feeds on the human blood the gametocytes are taken up and develop in 

its gut, where exflagellation of the microgametocytes take place to form the 

microgamete.  The microgamete fertilized macrogamete resulting is ookinete which 

penetrates the epithelial lining of the midgut, and develops into an oocyst. Sporogony 

within the oocyst generates many sporozoites and where the oocyst ruptures, the 

sporozoites migrate to the salivary gland, and ready for injection into another human 

host (PNAS, 2010).  
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Figure 2.1: The life cycle of the Plasmodium genus 

Source: PNAS (2010) 
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P. knowlesi, the fifth malaria species infecting human, occurs in most countries 

of South East Asia including Malaysia, Thailand, Philippine and Singapore 

(Jongwutiwes et al., 2004; Singh et al., 2004; Luchavez et al., 2008; Ng et al., 2008). In 

Malaysia, it is mostly reported in Sabah, Sarawak and Pahang (Indra et al., 2008). For 

diagnosis of P. knowlesi, molecular methods are necessary for confirmation since it is 

regularly misrelated as P. malariae because their RBCs stages are difficult to 

microscopically differentiated (Cox-Singh et al., 2008). In 1968, Chin et al. reported P. 

knowlesi infection as a zoonosis (animal to human) and reverse zoonosis (animal to 

human) in a laboratory setting. This emergence of zoonotic malaria parasite is of major 

public health significance especially in the rural interior region. 

 

As highlighted in the world malaria map 2010 (Figure 2.2), three regions 

significantly affected by malaria are Africa, Latin America and Asia. Globally, in 2009, 

there were 225 million cases of malaria and almost one million deaths (WHO, 2010). 

More than 80% of this mortality occurs in Africa followed by about 15% in Asia and 

Eastern Europe. Moreover, about 66% of Africa population and 49% of Asia are at risk 

of infection (WHO, 2005).  
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Figure 2.2: Malaria world map 2010 indicating the areas; (green) in which malaria 

transmission occurs, (pale green) area with limited risk, and (white) no 

malaria 

 

Source: WHO (2011) 
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2.2  MALARIA IN MALAYSIA  

 

2.2.1 The Country Profile 

 

Malaysia is a country of Southeast Asia; it has a maritime border with the Philippines 

and Indonesia from the east, west and south, and land borders with Singapore, Indonesia 

and Thailand from the east and south and north. Malaysia has an estimated land area of 

329,758 km
2
. Malaysia Federation consists of 13 states and three federal territories 

(Wilayah Persekutuan), and is divided into two parts: 11 states and two federal 

territories in Peninsular Malaysia and two states and one federal territory in East 

Malaysia (Figure 2.3). South China Sea separates West and East Malaysia by about 640 

kilometers. Kuala Lumpur is the capital city, however, Putrajaya, is being developed as 

the new governmental city.  

 

 As stated by the Department of Statistics Malaysia (2010), the population of 

Malaysia was estimated at 28,250,000. In Malaysia, there are different ethnic groups 

where Malays compose 50.4%, Chinese and Indians about 30.8%. Indigenous groups, 

include Orang Asli (Aborigines) (Peninsular Malaysia), Kadazans (East Malaysia),  

Ibans (East Malaysia) and various other groups, compose 11.0% of the total population 

whereas 7.8% is entitled as others who have chosen to make Malaysia their home. The 

population density is about 85.8/km
2
. The infant mortality rate in 2009 was six deaths 

per 1000 births, and life expectancy at birth in the same year was 75 years (UNICEF, 

2011). The population proportion below 15 years of age was 33.3% in 2005, and the 

males- female proportions are 50.9%-49.1%, respectively (Al-Mekhlafi, 2008).  
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Figure 2.3: The states and federal territories of Malaysia 

Source: Golbez & Mdzafri (2009) 
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2.2.2 Malaria Status in Malaysia 

 

In Malaysia, malaria stills an important public health issue in rural and aboriginal 

people (Orang Asli, in Malay areas). Orang Asli are the indigenous inhabitants of 

Peninsular Malaysia, living in remote forest areas and compose only 0.6% of the total 

population (Al-Mekhlafi et al., 2008). About 2.2 million people are at risk of infection 

with the disease with incidence and mortality rates of 2.01/100,000 and 0.33 %, 

respectively (VBDCP, 2008). It is endemic in Sabah and Sarawak, and some areas of 

West Malaysia (VBDCP, 2008).   

 

 Four malaria species were reported in Malaysia including Plasmodium 

falciparum, P.vivax, P.malariae and P. knowlesi (Singh et al., 2004; Jamaiah et al., 

2005; Ahmad & Mahani, 2008; WHO, 2010). A confirmed imported P. ovale case was 

detected by the Department of Parasitology, University of Malaya in the blood of a 20-

year-old Nigerian male student (Yvonne et al., 2010). Many malaria endemic areas have 

more than one mosquito vector species where each species can be either a primary or 

secondary vector of malaria transmission. Only ten Anopheles species have been 

reported as vectors namely Anopheles maculatus, An. balabacensis, An. Latens, An. 

dirus, An. letifer An. campestris, An. donaldi, An. sundaicus, An. leucosphyrus and An. 

flavirostris (Rahman et al., 1997; VBDCP, 2008; Ahmad & Mahani, 2008). 

 

 Malaria control in Malaysia, dated back to 1901, which was developed to the 

malaria eradication program in 1967 and then to the vector-borne diseases control 

program in 1986, that resulted in a great reduction in malaria prevalence from 181,495 

in 1967 to 7010 in 2009, of which 8% were imported (VBDCP, 2009; WHO, 2010) 

(Figure 2.4).  
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Figure 2.4:  Malaria burden in Malaysia 1961-2008  

Source: VBDCP, Ministry of Health, Putrajaya, 2009. 
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 Malaysia is now aiming to eliminate the disease from the country by introducing 

a malaria elimination program in the 9
th

 Malaysia Plan, in the hope to ensure there are 

no indigenous malaria cases by 2015.  However, the data received from the VBDCP, 

Ministry of Health in the 2008 showed that there was an increase in incidence of 

malaria in some rural and remote areas (Figure 2.5). One of those areas which 

demonstrated an increase in the malaria infection is Lipis district located in the state of 

Pahang (VBDCP, 2009; WHO, 2010).  

 

 The key components of malaria control in Malaysia are indoor residual spraying 

(IRS), insecticide treated bed nets (ITNs) including Long-lasting insecticidal nets 

(LLINs) and early diagnosis and treatment supplements (WHO, 2010). 

 

In 1963, malaria resistance to chloroquine was first reported in West Malaysia 

(Montgomery & Eyles, 1963), followed by several reports from East and West parts of 

the country (Clyde et al., 1973). A widespread spread chloroquine and sulfadoxine-

pyrimethamine resistant P. falciparum were also reported by Lokman et al. (1996) in 

West Malaysia. In 2001, existence of chloroquine and sulphadoxine-pyrimethamine 

combination resistance was confirmed in Terengganu and Perak states (Talisuna et al., 

2004).  

 

Furthermore, the temperature in Malaysia has been anticipated to increase by 

0.18 
O
C per decade (Chong & Mathews, 2001). Hence, tropical diseases such as malaria 

will rise as a result of that increase in the temperature, as mosquitoes prosper on these 

climatic changes. ―Global warming would increase the temperature of areas where 

mosquitoes could not live previously and infect more people with diseases‖, said, Datuk 

Seri Azmi Khalid (2007). 
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Figure 2.5: Trends in malaria cases in Malaysia, 2005–2009 

(WHO, 2010) 
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2.3 CHALLENGES FACING MALARIA CONTROL 

 

Despite substantial efforts to eradicate malaria in the last century, it remains serious 

infectious disease in most developing countries. Furthermore, this deadly disease comes 

back to some countries which had previously eliminated it, and transmitted to further 

regions such as Eastern Europe. 

 

Control of malaria depends on a combination of different means against the 

insect vector and health-control interventions to treat the disease including insecticide-

treated bed nets, indoor spraying, drainage, insect-growth regulators, and biological 

means for larval control, drug treatment and vaccination (Curtis, 1991; Takken & Scott, 

2003). While these means and interventions help to decrease the prevalence of the 

disease by break of transmission, they do not eradicate the parasite (Takken & Scott, 

2003). Moreover, it has been confirmed that it is farther complicated to eradicate an 

insect vector, and anywhere successful control has been arrived, this was often the result 

of short-term interruption of transmission to clear the human host of the parasite as has 

been the case for malarial disease (Takken & Scott, 2003). 

 

There are several aspects which contribute to these challenges including the lack 

of efficient vaccine, the drug resistance which is an increasing problem in Asia, Africa 

and South America, ineffective control of malaria mosquito vector. Furthermore, failure 

to diagnose malaria in the early stage of infection often leads to mortality that could 

have been avoided by timely therapy (Fischer & Bilek, 2002). Poverty and malnutrition 

increases the susceptibility of individual in endemic areas to malaria and increases the 

mortality rate (Sharma, 2009).   
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 Pesticides such as dichlorodiphenyltrichloroethane (DDT) are still applied in 

indoor residual spraying to control the mosquito vector in many countries. Even though 

it has to some extent useful in reducing the incidence of malaria, it has also caused 

various long-term negative affects and a resistance of mosquito vectors to DDT were 

reported (Talisuna et al., 2004).  

 

Global warming represents a new challenge facing malaria control. Conjectures 

on the prospective effect of climate change on human healthiness commonly meet on 

mosquito-borne diseases. Relevant studies proposed that higher climate temperature will 

increase the transmission rates of mosquito-borne diseases (Reiter, 2001). In the coming 

decades, forecasts indicate a massive increase in malaria cases that would happen in 

endemic areas, and the transmission would reach the higher altitudes (Reiter, 2008).  

 

Population development, urbanization, deforestation, new agricultural and 

irrigation projects and immigration have all created new breeding sites for the disease 

vector, resulted in increasing of malaria transmission and farther epidemics (Hardwicke, 

2002; Wangchuk, 2004). 

 

All these factors represent serious problems facing malaria control programmes 

in many parts of the world and leading too much higher rates of disease and deaths. 
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2.4 MALARIA DRUG RESISTANCE 

 

Malaria drug resistance is a real obstacle facing malaria control efforts. The appearance 

of drug resistance led to increasing the disease mortality rates and drugs cost. Resistance 

of P. falciparum against a variety of drugs is prevalent and showing fast decline in drug 

sensitivity for the period of the past decade. To a slight level, resistance of the others 

Plasmodium species has been reported in some countries such as Indonesia, Myanmar 

and India. Drug resistance is responsible for the extent and recurrence of malaria to new 

regions that had previously eradicated the disease and also taken part in the occurrence 

and seriousness of epidemics (Ridley, 1997).  

 

The main mechanism responsible for the emergence of resistance to anti-

malarial agents is biologically acquired genetic mutations in Plasmodium species with 

the aim to give a survival advantage for the malaria parasite. These mutations are the 

responsible for the decline that exhibited in drug sensitivity (Nagelschmitz et al., 2008). 

Medication of a high biomass infection by giving sub-therapeutic dosage or sub-

standard drug is unable to kill mutant parasites leading to a selective pressure for 

resistance. These mutant parasites with acquired resistance are subsequently transmitted 

to other hosts by vectors. Additionally, it is more likely that drug with long half-time to 

be selected in treating resistant parasites rather than low drug concentrations which only 

be able to cure sensitive species (Falade et al., 2008).  
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2.4.1 Drug Resistant P. falciparum 

 

Southeast Asia has showed a significant responsibility as a center for the growth of drug 

resistance of P. falciparum. P. falciparum resistant to chloroquine first reported almost 

at the same time in Thai-Cambodian border, Thailand and Colombia, Latin America in 

late 1950s (Spencer, 1985; Wernsdorfer & Payne, 1991). In the early sixties, the 

emergency of chloroquine resistance resulted in a considerable rise in death rate 

(Thimasarn, 1999). In the early seventies, chloroquine resistant falciparum strains had 

reached all endemic areas of Southeast Asia, South America and India (Sehgal et al., 

1973; Peters, 1987). At the end of the eighties, P. falciparum resistant to chloroquine 

was prevalent in almost all Asia, sub-Saharan Africa and Oceania (WHO, 1997).  

 

The widespread of the resistance of P. falciparum strains to chloroquine led to 

the use of other anti-malarial drugs like quinine, sulphadoxine-pyrimethamine and 

Mefloquine in the seventies. Resistance to sulphadoxine-pyrimethamine and quinine 

was early observed in 1960s from Thai-Cambodian border (Bjorkman & Phillips-

Howard, 1990; Pickard & Wernsdorfer, 2002). Since then, sulphadoxine-pyrimethamine 

and quinine resistance have been observed in several places of Southeast Asia, Western 

Oceania, South of China, South America and Africa (Aramburu et al., 1999; WHO, 

2001a; Jelinek et al., 2001; Zalis et al., 1998). In the late eighties, the sulphadoxine-

pyrimethamine resistance it was no less than 90% in Brazil (Souza, 1992),  

sulphadoxine-pyrimethamine resistance was detected in India  (Choudhury et al., 1987) 

and mefloquine resistant P. falciparum strains was first reported from the Thai-

Cambodian border (Wongsrichanalai et al., 2001).  
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Cross-resistance among halofantrine and mefloquine is proposed by reduced 

response to halofantrine when used to treat mefloquine failures (Kuile, 1993). Multidrug 

resistant is typically referring to resistance to both chloroquine and sulphadoxine-

pyrimethamine, but may also include resistance to other compounds as well (Bloland, 

2001). 

 

Artemisinin (known as qinghaosu) and its derivatives are the most recent anti-

malarial drugs. They possess the most rapid action of all current drugs against P. 

falciparum. However, evidence of artemisinin-resistant falciparum malaria has been 

reported on the Thai-Cambodian border (Pickard et al., 2003; Dondorp et al., 2009). 

 

2.4.2 Drug Resistant P. vivax and P. malariae 

 

Chloroquine resistance in P. vivax was unidentified until 1989, when Australians sent 

home from Papua New Guinea failed regular treatment (Rieckman et al., 1989). 

Following reports confirmed that finding, where chloroquine resistant P. vivax strains 

were reported from Indonesia, Myanmar and India (Schwartz et al., 1991; Marlar-Than 

et al., 1995; Dua et al., 1996). Surveys in Indonesia
 
exposed a higher risk in the east of 

the country (Baird et al., 1996; Sumawinata et al., 2002). Resistance of P. malariae to 

chloroquine was observed in Indonesia (Ridley & Fletcher, 2008). Drug resistant P. 

ovale as well as P. knowlesi parasites have not yet been documented. 
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2.5 URGENT STRATEGIES TO CONTROL MALARIA 

 

2.5.1 Combination Therapies  

 

The growth of malaria resistance holds back the anti-malarial control tactics. Anti-

malarial drugs combination to control multidrug resistant malaria is an urgent need. The 

benefits of each candidate treatment of drugs combination must suspiciously be taken 

into account for particular malaria endemic areas, where the disadvantages of the 

selection may have an effect on upcoming drug policies and ability to manage mortality 

due to this serious disease (Farooq & Mahajan, 2004). 

 

WHO (2001b) advocates all territories suffering resistance to regular mono-

therapies, for instance chloroquine and sulfadoxine/pyrimethamine, be supposed to 

employ artemisinin-based combination therapies (ACTs) used for P. falciparum.  

 

The idea of using drug combinations to delay malaria drug resistance came from 

Peters (1990). The rational for experiencing this combination is properly launched in 

tuberculosis treatment and cancer chemotherapy (Yeung et al., 2004). The curative rates 

through employing combinations can be sustained and this tactic keeps medicines in a 

mutual fashion (Olliaro & Taylor, 2004). However, the basis to success in this issue is 

to keep using these combinations against the parasites that are still sensitive to the used 

drugs (Bloland, 2001). 
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The chance of Plasmodium species developing resistant at the same time to two 

drugs is:  

Mutation frequencies/parasite × the total No. of parasites subjected to drugs 

(White, 1999; Yeung et al., 2004).  

 

The options for malaria treatment are restricted to the following drugs: 

chloroquine, sulphadoxine/pyrimethamine (SP), amodiaquine, mefloquine, 

dihydroartemisinin, artesunate, the recently registered atovaquone/proguanil, 

chlorproguanil/dapsone (LapDap), dihydroartemisinin-piperaquine, and 

artemether/lumefantrine (Olliaro & Taylor, 2004; WHO, 2006). 

 

2.5.2 New Anti-Malarial Agents from Medicinal Plants 

 

As showed above in the discussion of combination therapies to overcome malaria 

resistance, this strategy represents a delay of malaria resistance to the treatments 

currently available in the markets. Currently no single drug is successful for treating 

multi-drug resistant Plasmodium malaria. In addition resistances to artemisinin-

derivatives (Pickard et al., 2003; Dondorp et al., 2009) and to drug combination 

therapies (Wichmann et al., 2004) have already appeared. Hence, in the lack of an 

effective, safe and commonly available malaria vaccine, attempts to develop new anti-

malarial drugs continue to being urgently needed. 
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Consistent with this specification for the production of new anti-malarial agents, 

traditional medicinal plants have several potential advantages; they are affordable, 

easily accessible and there is no evidence of resistance to whole-plant extracts. 

Moreover, traditional medicinal plants have been used to cure this fatal disease for 

hundreds decades and they represent the ingredients of the two major classes of modern 

anti-malarial drugs; artemisinin and quinine derivatives (Cordell et al., 1994; Willcox & 

Bodeker 2000; Willcox and Bodeker, 2004; Batista et al., 2009).  

 

The first major research on anti-malarial activities from plant extracts was 

started in 1947 by the screening of 600 species of plants belong with 126 families but it 

was only in the mid 1980s that the testing of these plant extracts was completed 

(Phillipson, 1999). The research found several plants, particularly in two families; the 

Simaroubaceae and Amaryllidaceae were active against avian malarias (Phillipson, 

2001).  

 

2.6  FURTHER STRATEGIES TO CONTROL MALARIA 

 

Different strategies to the above are at present being studied in an effort to eradicate or 

at least contain the malaria problem. The most important of these are discussed below. 

 

2.6.1 Small interfering RNAs (siRNA) 

 

David Baulcombe's group interfers the RNA interference (RNAi) pathway by the 

addition of double stranded RNA (dsRNA) to the pertinent cells or organism (Hamilton 

& Baulcombe, 1999).  The double stranded RNA is then cleaved into smaller RNA 

fragments by RNAase III-like enzyme (Dicer) (Schulze, 2006). The mature single-
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stranded siRNA are degraded and translationally inhibited by direct them to bind to 

untranslated regions of target mRNAs (Xue et al., 2008). 

 

 Researches who take advantage of this pathway in the fight malaria are on in full 

swing. However, to date no RNA interference (RNAi) gene candidates have been 

identified in the experimental Plasmodium species, P. berghei (López-Fraga, 2008). 

 

2.6.2 Structure-Based Drug Discovery 

 

Structure-based drug discovery is a further tool to discover potent anti-malarial drugs; it 

is still in its infancy for most targets. This drug development approach involves the 

identification of practicable target proteins and detection of its three dimensional 

structure by X-ray crystallography method. Lactate dehydrogenase, triosphosphate 

isomerase and plasmepsin II Plasmodium enzymes are the most highly developed 

targets of this pathway of anti-malarial drug discovery to offer significant progress in 

better understanding the selective inhibition of these enzymes as well as mutational 

changes leading to drug resistance (Mehlin, 2005).  

 

 Protein expression remains a basic challenge facing this tool of anti-malarial 

drug development, and there is, up to now, no simple solution to this difficulty (Mehlin, 

2005). Moreover, the function of about 60% of the encoded genes of P. falciparum 

genome sequence is not understood (Gardner et al., 2002).  
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2.6.3 Genetically-Modified Mosquitoes 

 

Genetically-Modified Mosquitoes is aimed to design genetically modified mosquitoes, 

which are unable to transmit malaria parasites (Catteruccia et al., 2000; Schulze, 2006; 

Wilke et al., 2009). Recently, this was realized in the mosquito Anopheles stephensi 

Liston, which was transformed in order that binding of the malaria parasite Plasmodium 

berghei to the midgut membrane of A. stephensi and sporozoite passage through the 

epithelium of the salivary glands were considerably reduced (Ito et al., 2002). In view 

of the fact that Ito‘s trail was carried out using rodent malaria, further studies are 

required using a human model (Schulze, 2006). 

 

Perspectives works in this field is the successful application of the RIDL system 

to Drosophila melanogaster (Thomas et al., 2000) which can potentially be adopted to 

be used in mosquitoes and other vectors of human pathogens. The RIDL system has 

recently been adopted for use in Aedes aegypti, based on a non-female-specific 

construct (LA513) (Phuc et al., 2007), which produces mosquitoes that die as larvae 

without tetracycline, but can develop normally when raised in the presence of this drug 

(Wilke et al., 2009). In addition, new genetic constructs have been proposed that rely on 

the use of a promoter specifically began in immature Aedes aegypti females, known as 

Act4 (Muñoz et al., 2004). These systems have shown hopeful results in the laboratory 

and field tests are expected to have begun in Malaysia (Lee et al., 2008).  
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2.6.4 Malaria Vaccine 

 

A vaccine is hard to develop against malaria infection because of the incidence of 

antigenic polymorphism. Genetic polymorphism of the different species as well as 

stages of malaria species is a main reason behind the ability of the parasite to survive 

regardless of the immune responses produced by the human (Martin et al., 1987). 

Furthermore, the slow progress of immunity in the infected hosts residing in malaria 

endemic areas is in agreement with the suggestion that efficient immunity merely 

develops following experience to several of genetically diverse Plasmodium species 

strains (Talisuna et al., 2004).  

 

The existing clinical trials to develop vaccines against malaria utilize a number 

of stage specific antigens. The proteins targeted by the vaccines include sporozoite 

surface antigen-2 (SSP-2), circumsporozoite protein (CSP), merozoite surface antigen 

(MSA-1), apical merozoite antigen (AMA), liver stage antigen-1 (LSA-1), serine rich 

antigen (SERA), a sexual stage antigen of P. falciparum (Pfs25) and schizont export 

antigen 5.1 (Schulze, 2006). Some of these trials unfortunately met with no success.  

 

To date RTS, S/AS02A is one of the most useful vaccine efforts to develop 

important protection against Plasmodium infection. It is containing containing 

circumsporozoite protein (CSP) combined with a hepatitis B surface antigen. It affords 

limited protection against malaria in naive and hyper-immune adult volunteers (Alonso 

et al., 2004; Dubois et al., 2005; Schulze, 2006). The Walter Reed Army Institute of 

Research developed that vaccine to protect their troops sent into endemic areas of 

malaria (Bojang et al., 2001; Kester et al., 2001). The vaccine has a protective activity 

up to six months and found to be effective, safe and tolerated in clinical trials (Alonso et 

al., 2004; Schulze, 2006; Aponte et al., 2007). Many other candidate vaccines are in 
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progress, but the trial results of this one, published in the Lancet, is the most promising 

yet. This strategy is being studied further (Schulze, 2006).  

 

 

2.7 AWARENESS OF COMMUNITY REGARDING MALARIA 

 

Ignoring community‘s knowledge, attitudes and practices (KAP) about malaria has led 

to the lack of ability to attain sustainable malaria control programmes. Knowledge 

community‘s awareness of transmission, symptoms, treatment and prevention of 

malaria is a vital step to control the disease (Govere et al., 2000; Simsek & Kurcer, 

2005). The 1998 Roll Back Malaria (RBM) programme, launched in Geneva by WHO, 

UNDP, UNICEF and the World Bank, is a people oriented plan that emphasises 

community involvement (Udonwa et al., 2010). The participation of the community 

represents one cardinal tool of malaria control programs by WHO as the improvement 

of understanding of transmission of malaria can greatly increase the realization and 

sustainability of malaria elimination program (Hlongwana et al., 2009). 

 

There have been many studies regarding the knowledge, attitudes and practices 

concerning malaria in different parts of the world. Various knowledge, attitudes and 

practices (KAP) surveys show these misconceptions related to malaria exist and 

practices for the control of malaria have been inadequate (Nyamongo, 2002; Swe & 

Pearson, 2004; Oguonua et al., 2005; Xia et al., 2007; Joshi & Banjara, 2008; Udonwa 

et al., 2010). Providing efficient health education has often been showed as a potential 

response so those communities residing in malaria endemic areas are made aware of the 

transmission, the preventive measures and the seriousness of the disease. 
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Knowledge, attitudes and practices surveys to study awareness of a community 

concerning malaria are appropriate to plan and enhance malaria control programmes, 

put epidemiological and behavioural database and ascertain guides for supervising a 

programme‘s success (Macheso et al., 1994). The outcomes of these studies can be 

adopted to fit the local requirements of the community based on the information 

resulted from such survey data (Ongore et al., 1989). For instance, a community‘s 

awareness of malaria transmission, treatment-seeking behaviour and vector control can 

be applied to establish clearer knowledge, attitudes and practices of the population 

enabling the use of efficient tools for health education and improving and sustaining 

good practices for malaria prevention. (Miguel et al., 1999; Mazigo et al., 2010). 

Accordingly, the results of these types of studies will assist the health authorities into 

the decision making processes, the design of interventions with active community 

participation, and the implementation of educational schemes (Paulander et al., 2009). 

Furthermore, community awareness about a particular disease prepares the ground for 

the work of specialized studies on the disease in that community. For example, the study 

of people‘s knowledge on anti-malarial plants requires studying the community‘s 

knowledge of the disease itself. People's awareness of the disease lays the groundwork 

for any study related to the disease. In this study, this methodology has been followed. 

 

Although malaria control program in Malaysia has been going on more than a 

hundred years, but there is no survey on knowledge and practice of the population 

concerning malaria. In parallel with the implementation of Malaysia's malaria 

elimination programme, this study was carried out to investigate the knowledge, attitude 

and practices about malaria transmission, treatment and vector control between the 

hill/forest and the rural communities in Peninsular Malaysia.  
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2.8 ETHNOBOTANICAL PLANTS AS A SOURCE OF ANTI-MALARIALS   

 

The use of plants for medicinal purposes is an ancient idea, as confirmed by the earliest 

documented uses uncovered in Babylon and ancient Egypt (1770 BC and 1550 BC, 

respectively). Ancient Egyptians believed that remedial plants were even efficient in the 

life after death of their Pharoahs, as revealed by the plants recovered from the Giza 

pyramids (Veilleux & King, 1996). In the Third World, 80% of people are estimated to 

rely on plant remedies (WHO, 1993). Moreover, the medicinal plants are responsible for 

the development of many modern synthetic anti-malarial agents (Figure 2.6). 

 

Quinine is an aminoquinoline alkaloid that isolated from Cinchona species bark 

was the first anti-malarial agent of plant sources. It was discovered in 1820 by Caventou 

and Pelletier (Phillipson, 2001). The quinine molecule has been considered responsible 

for the production of synthetic drugs of 4- and 8-aminoquinolines, such as chloroquine 

and primaquine after the Second World War (Coatney, 1963). With the discovery of 

these drugs, malaria was eradicated from the developed countries and parts of the 

developing countries in South America and Asia and the seeking for novel anti-malarial 

drugs became less important for these countries (Wangchuk, 2004). 

 

Chloroquine was used as the treatment of choice against all species of malaria 

parasites for many years as a result of its high curative activity, low toxicity, low cost 

and still used to treat malaria in some areas in the developing countries where drug 

resistance has not yet reported (Krettli et al., 2001).  

 



 

32 

 

 

Figure 2.6: Structures of important anti-malarial molecules of current use to treat 

malaria 

Source: adapted from Krettli et al., 2001 and Batista et al., 2009. 
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From Tabebuia species indigenous to South America, naphthoquinones 

coumpounds were produced (Heinrich et al., 2004). They have supplied a molecule 

template on which atovaquone was developed. A combination of Atovaquone and 

proguanil was approved for clinical anti-malarial use (Edstein et al., 2005).  

 

Artemisinin is another example of a novel sesquiterpene endoperoxide anti-

malarial agent that developed in 1972 from a traditional medicinal plant, Artemisia 

annua. It is used for thousands of years to cure malaria in Chinese folkloric medicine 

(Krettli et al., 2001; Saxena et al., 2003). The isolation of artemisinin led to reiterating 

many research groups to search for new anti-malarial agents from plants that have 

enthnopharmaclogical basis and provoked the evaluation of anti-malarial activity of 

natural peroxides (Klayman, 1985; Krettli et al., 2001). 

 

Thus, it becomes clear that plants have proved to be an important basis of 

malaria treatments. Therefore, it is vital that other medicinal plants that have 

ethnobotanical standing are investigated, to ascertain their efficacy, and to reveal their 

ability as supplies of new drugs in coping with the spread of malaria parasites 

resistance.  

 

 

 

 

 

 



 

34 

 

2.8.1 Ethnobotanical Approach to Anti-Malarial Plant Selection 

 

Ethnobotany is the study of the useful association between human and plant including 

medicinal uses (Hershberger, 1896). Usage of medicinal plants by people regularly 

concerns to their importance in the community, medicinally, religiously or traditionally.  

Medical ethnobotany has great importance in drug discovery; it saves effort and 

confirms the suspicion. The plants studied through the medical ethnobotany tend to be 

safe and active and therefore laboratory tests will be mostly positive (Gottlieb et al., 

2002). Moreover, medical ethnobotanical information create a prediction by the 

researchers regarding the biological activity of plant, for example, if the designated 

plant used against malaria, and laboratory tests showed negative results that this plant 

may be has indirect effects, it may be that the plant is very useful in reducing the body 

temperature. Medical ethnobotany is very important in keeping information about the 

plants used to treat malaria and circulation these information between generations 

(Koch, 2005). Many novel drugs have been discovered through the active medical 

heritage of medicinal plants such as quinine. Thus, the search of anti-malarial drugs 

through ethnobotanical survey could lead to the discovery of new therapeutic structures 

of anti-malarial drugs.  

 

 Ethnopharmacology and medical ethnobotany: ethnopharmacology is the study 

showing a relationship among ethnic groups, their health, and how it correlates to their 

physical habits and methodology in making and using medicines (Etkin, 1996). On the 

other hand, medical ethnobotany searches for incorporate ethnobotany and 

ethnopharmacology by exploring the field study factors affecting medicinal plant 

knowledge followed by laboratory analysis of the toxicity and activity of the plants used 
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by the people to increase the plant‘s therapeutic understanding values for people who 

depend on them and for possibly discovering new drugs (Lewis, 2003; Koch, 2005). 

 

Currently, efforts to document the data about anti-malarial plants used in 

traditional plant medicine become important for the additional anti-malarial laboratory 

investigations and for isolating and identifying of new anti-malarial drugs (Cox, 1994), 

which is reflected by intensive ethnobotanical studies (Phillipson 2001; Zhang et al., 

2002; Weniger et al., 2004; Asase et al., 2005; Zirihi et al., 2005; Botsaris, 2007; 

Nguyen-Pouplin et al., 2007; Namsa et al., 2010).  

 

2.8.2 Anti-Malarial Activity of Traditional Medicinal Plants Crude Extracts 

 

The discovery of artemisinin from Artemisia annua and its successful in the treatment 

of malaria have evoked the interest in investigating medicinal plants as sources for new 

anti-malarial agents (Taylor & Berridge, 2006). Currently, efforts to study the anti-

malarial activity of plants have increased dramatically. This subheading presents some 

anti-malarial studies of crude extracts from medicinal plants that showed significant 

activity during the last years.  

 

 In Malaysia, Sahidan et al. (1994), Nik-Najib et al. (1999), Kit-Lam et al. 

(2004), Noor Rain et al. (2007) and Wan Omar et al. (2007) studied the anti-malarial 

activity of some Malaysian traditional plants crude extracts. Eurycoma longifolia, Piper 

sarmentosum, Andrographis paniculata, Tinospora crispa, Jasminium sambac, 

Xylocarpus granatum, Goniothalamus scortechinii and Goniothalamus macrophyllus 

showed considerable anti-malarial effects. 
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In Japan, Hydrangea macrophylla leaf water extract showed a potent in vivo 

anti-malarial activity against Plasmodium yoelii in mice. The treated ICR mice 

exhibited a reduction in P. yoelii parasitaemia to undetectable level following a transient 

recrudescence assay (Ishih et al., 2001). 

 

In Myanmar, Zingiber cassumunar rhizomes, Ferula foetida latex, Myristica 

fragrans whole fruits and Piper nigrum seeds (Hlaing et al., 2008) displayed good 

effects against P. falciparum in vitro. 

 

In India, in vivo anti-malarial dose of one g/kg of Aegle marmelos, Artemisia 

scoparia, Cinnamomum tamala, Enicostema hyssopifolium, Jurinea macrocephala, 

Momordica dioica, Nyctanthes arbor-tristis, and Prunus persica were found to possess 

potent schizontocidal activity (50% and above) against Plasmodium berghei in mice 

(Misra et al., 1991). The following five species used to treat fever or malaria in India 

seems to be of special significance for further anti-malarial studies: Casearia elliptica, 

Holarrhena pubescens, Pongamia pinnata, Plumbago zeylanica and Soymida febrifuga 

(Simonsen et al., 2001). In 2011, Samy and Kadarkari studied the in vivo anti-malarial 

activity of 81 plants crude extracts against P. berghei NK65 in mice, 55.5% of the 

plants extracts gave significant parasitaemia chemosuppression activity.  

 

In Brazil, in vivo anti-plasmodial activity of traditional plants species was 

evaluated experimentally in mice. The crude extracts were investigated in mice at up to 

one g/kg for four days against P. berghei.  Esenbeckia febrifuga, Acanthospermum 

australe, Tachia guianensis and Lisianthus speciosus were partially active against the 

rodent malaria (Carvalho et al., 1991). Potomorphe umbellate, traditional anti-malarial 

plant in Brazil showed strong anti-malarial activity against P. berghei subjected to the 
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4-day suppressive test at 250 and 1250 mg/kg in mice (Amorim et al., 1988). The 

essential oil obtained from leaves of Viola surinamensis caused 100% inhibition against 

development of the young trophozoites to schizonts stage (Lopes et al., 1999).  

 

Anti-malarial effect of 14 traditional medicinal plant species used as anti-

malarial and fever remedies in Central America were investigated against chloroquine 

sensitive and resistant strains of P. falciparum in vitro. Xylopia cf. frutescens, S. 

tonduziana, S. pauciflora, Siparuna andina and Piper hispidum showed significant anti-

plasmodial results (Jenett-Siems et al., 1999).  

 

Panama, Nicaragua,  Guatemala, Costa Rica, Colombia, Bolivia  and Argentina 

medicinal plants; Abuta grandifolia leaves, Acacia farnesiana leaves, Acnistus 

arborescens aerial part, Piper holtonii aerial part, Acnistus arborescens leaves, Piper 

cumanense fruits,  Monochaetum myrtoideum leaves, Croton leptostachyus aerial part, 

Bourreria huanita branch and Xylopia aromatica bark (Garavito et al., 2006; Calderón 

et al., 2010) displayed significant anti-plasmodial activity. 

 

 In Congo, curde extracts of Phyllanthus niruri, Morinda morindoides and 

Cassia occidentalis were investigated against P. berghei ANKA in mice to evaluate 

their in vivo anti-malarial activity. M. morindoides, P. niruri and C. occidentalis 

produced parasitaemia reductions of 74%, 72% and 60%, respectively (Tona et al., 

2001). Albertisia villosa is a traditional medicinal plant used in Congo against various 

diseases. Basic alkaloidal extracts of this plant revealed potent anti-plasmodial activity 

(Lohombo -Ekomba et al., 2004). 
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Of six studies carried out in Nigeria to evaluate the anti-malarial activity of 

some traditional plants used to treat malaria, it was observed that crude extracts of 

Myrtus communis (essential oil), Rosmaricus officinalis (essential oil), Cassia 

singueana (root bark), Artemisia maciverae, Xylopia aethiopica (fruits), Acacia nilotica 

(Leaves), Croton zambesicus (leaves), Cylicodiscus gabunensis (stembark) and 

Euphorbia hirta (leaves) have significant anti-malarial activity (Milhan et al., 1997; 

Adzu et al., 2003; Okokon et al., 2005;  Okokon et al., 2006; Ene et al., 2008; 

Oparaocha & Okorie, 2009).  

 

Five Cameroonian plants crude extracts (essential oils); Antidesma laciniatum, 

Hexalobus crispiflorus, Pachypodanthium confine, Xylopia aethiopica and Xylopia 

phloiodora were screened against P. falciparum. The essential oils of all five plants 

showed active anti-malarial effects against P. falciparum. The highest in vitro anti-

plasmodial activity was shown by the essential oil of H. crispiflorus (Boyom et al., 

2003). In 2005, Tchoumbougnang et al. studied in mice the in vivo anti-malarial activity 

of Cymbopogon citratus and Ocimum gratissimum essential oils used in Cameroon to 

treat malaria. C. citratus and O. gratissimum oils showed significant anti-malarial 

effects against P. berghei in the four-day suppressive assays in mice. C. citratus 

exhibited higher in vivo anti-malarial results than O. gratissimum at the same 

concentration with 86.6 % and 77.8 % suppressions of parasitaemia, respectively.  

 

Kenyan plants utilized in malaria traditional treatment were investigated in vivo 

against P. berghei to evaluate their anti-malarial efficacy. Vernonia lasiopus (root 

bark), Rhamnus staddo (root bark), Clerodendrum myricoides (root bark), Toddalia 

asiatica (root bark), Ficus sur (leaves/stem bark/root bark), Rhamnus prinoides 
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(leaves/rootbark) and Maytenus acuminata (leaves/root bark) have significant 

parasitaemia suppressions against P. berghei NK65 in ICR mice (Muregi et al., 2007). 

 

In vivo anti-plasmodial activity against rodent malaria in mice exhibited that 

Caesalpinia bonducella leaves and Tragia fuliaris roots, used traditionally for treatment 

of malaria in Tanzania have significant anti-malarial action against P. berghei (Innocent 

et al., 2009).  

 

Hybanthus enneaspermus, Croton lobatus, Nauclea latifolia, Fagara 

macrophylla, Funtumia elastica, Phyllanthus muellerianus and Rauvolfia vomitoria, 

used to treat Malaria and fever in Benin and Ivory Coast showed significant in vitro 

activity against cultured P. falciparum (Weniger et al., 2004; Zirihi et al., 2005).  

 

In the Middle East, Nigella sativa, Acalypha fruticosa, Azadirachta indica, 

Dendrosicyos socotrana, Boerhavia elegans, Solanum surattense and  Prosopis juliflora  

used in the folk medicine of Yemen and Iran, showed significant anti-plasmodial 

activity (Abdulelah & Zainal-Abidin, 2007; Alshawsh et al., 2007; Ramazani et al., 

2010). 

 

Without a doubt, with all these worldwide efforts to find plants effective against 

this fatal disease, the goal could be achieved soon. The recently developed 

pharmacological techniques of evaluation, isolation and characterization of natural 

products have caused greater attraction in plants. Thus, the search for new additional 

anti-malarial drugs source from the traditional medicinal plants must keep on combating 

the disease. 
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2.9 SCREENING OF ANTI-MALARIAL PLANT EXTRACTS 

  

 As described in 2.8.2, two methods can be used to assesses the anti-plasmodial 

activity of plant extracts; in vivo using laboratory model P. berghei (rodents malaria 

parasite) or in vitro using cultured P. falciparum (human malaria parasite). However, 

the homeostatic mechanisms and pathways found in animals are not present in vitro. 

The active anti-malarial principles of the extract could be formed by hepatic metabolism 

or as a result of gut bacteria transformation (Botsaris, 2007). Additional promising 

mechanisms of action include immunomodulation, antioxidant activity or interference 

with the invasion of new red blood cells by parasites (Daubener, 1999; Anthony et al., 

2005; Botsaris, 2007). Hence, in this study the in vivo anti-malarial assays were carried 

out. 

 

2.9.1 Anti-Malarial Tests in Mice 

 

There are numbers of animal species that can be used in the laboratory to evaluate the 

anti-malarial activity of chemical compounds and natural products including mouse, rat, 

hamster, monkey and chicken (Table 2.2). Mice are simple to reproduce, obtain, 

maintain, control and involving little amount of plant extracts to be tested, compared to 

other animals (Krettli et al., 2009).  

 

 Evaluation of in vivo anti-malarial activity of plants extract in mice represents 

the largest part of the in vivo anti-malarial tests and considered as standard procedure in 

this field (Peters 1965; Misra et al., 1991; Carvalho, 1991; Peters & Robinson 1992; 

Tona et al., 2001; Fidock et al., 2004; Tchoumbougnang et al., 2005; Muregi et al., 

2007; Krettli et al., 2009). 
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Table 2.2: Animal models and Plasmodium species used in anti-malarial tests 

Animal models Plasmodium species /strains or clones 

Mouse, Rat, Hamster. P. berghei/ NK65, NY, P, KFY, ANKA, 

K173, RC  

Mouse P. yoelii (nigeriense) / MDR, 17X,  ART, 

N67 

Mouse P. vinckei (petteri) / 279BY 

Mouse P. chabaudi /AS 

Mouse P. cynomolgi / Ro, M,  B,  

Rhesus monkey P. knowlesi / W1 

Rhesus monkey P. fragile / Ceylon 

Aotus and Saimiri monkeys, Mouse P. falciparum / Uganda Palo Alto, T24, 

Vietnam Oak Knoll  

Aotus and Saimiri monkeys P. vivax / AMRU1, Palo Alto  

Rhesus monkey P. coatneyi 

Chicken P. gallinaceum/ IOC, 8A 

 

Source: Krettli et al. (2009). 
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When using anti-malarial tests in mice, some changeable need to be taken into 

account throughout the investigation. The course of infection and lethality vary along 

with the mouse strain and the rodent malaria species and subspecies (Sanni et al., 2002; 

Fidock et al., 2004).  

 

The ICR mouse used in this study has been described by Hausckka and Mirand 

(1973). Many studies published in peer reviewed ISI journals have used this mouse 

strain to investigate the anti-malarial activity of plants extracts and new anti-malarial 

agents (Presber et al., 1991; Coleman et al., 1992; Fowler et al., 1994; Ishih et al., 

2001; Ishih et al., 2004; Muregi et al., 2007; Ill-Min et al., 2008; Won-Hwan et al., 

2008; Jong-Jin et al., 2009; Ill-Min et al., 2009). One of the most interested advantages 

of this mouse strain is its easy reproduction compared to other mice. 

 

2.9.2 Rodent Malaria Model: Plasmodium berghei 

 

Rodent malaria infects murine rodents from Central Africa (Figure 2.7). There is no 

evidence to the probability of human infection of these parasites and for this reason; 

they are recognized as valuable parasites for the study in the laboratory. They are 

comparable to human malaria in their life cycle including mosquito infections and 

match most of fundamental characteristics of structural morphology and physiology 

(Carter & Diggs 1977; Landau & Chabaud 1994; Krettli et al., 2009).  

 

 They have been authenticated in the course of the discovery of several anti-

malarial drugs including artemisinin derivatives, halofantrine, mefloquine and drug 

combinations, sulphonamides-pyrimethamine (Peters et al., 1977; Peters, 1987; Peters 

et al., 1987; Vennerstrom, 2000; Posner et al., 2003; Fidock et al., 2004). Rodent 
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malaria Plasmodium parasites also used in anti-malarial drug resistance assays, 

frequently via drug pressure with subcurative doses of drug (Peters, 1965; Walliker et 

al., 1975; Peters & Robinson, 1999). 

 

 P. berghei, P. chabaudi and P. yoelii are the most important species of rodent 

malaria models that still a valuable tool of the anti-malarials studies including liver 

stage biology, vaccine development, mechanisms of drug resistance, antigenic variation, 

plant extracts anti-malarial assays and drug screening (Table 2.3). 

 

 Some advantages to the use of P. berghei in mice for in vivo anti-malarial tests 

in addition to being safe (safe handling), it is extremely virulent to mice reducing the 

time of experiments to about one month time, where control group of mice (non-treated) 

die of rodent malaria infection in one to four weeks of infections (according to the 

mouse and parasite strains) (Krettli et al., 2009). 

 

 P. berghei is extensively used in evaluating the anti-malarial activity of plants 

extracts (2.8.2) and drug screening tests (Table 2.2). Genetically, P. berghei and P. 

falciparum complete genome sequencing demonstrate a high similarity in structure and 

gene content. In addition, genetic engineering technologies can manipulate P. berghei in 

the laboratory (Amino et al., 2005; Janse et al., 2006).  

 

It is always necessary to take into account of certain variables during the 

experimental design and interpretation as rodent malaria parasite species and strains/ 

clones can vary in the course of infection, lethality and synchronicity depending on the 

mouse strain, sex and age (Sanni et al., 2002; Fidock et al., 2004). 

 

http://en.wikipedia.org/wiki/Plasmodium_falciparum
http://en.wikipedia.org/wiki/Plasmodium_falciparum
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Genetic_engineering
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Figure 2.7: Rodent malaria species - countries of origin 

Source: From Carlton et al. (2001). 

 

 

Table 2.3:  Primary uses of rodent malaria models 

Plasmodium species Primary uses 

P. berghei Plant extracts anti-malarial assays and drug screening 

P. yoelii Liver stage biology and vaccine studies 

P. chabaudi Mechanisms of drug resistance and antigenic variation 

 

Source: adapted from Kalra et al. (2006). 
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2.9.3 In Vivo Anti-Malarial Screening Assays 

      

Plant products reducing parasitaemia by 30% or more during early malaria infection are 

considered active (Krettli et al., 2009) and a series of experiments are carried out to 

confirm their in vivo anti-malarial activities, i.e., 4-Day suppressive test, curative and 

prophylactic methods according to Peters (1965), Ryley & Peters (1970), Peters & 

Robinson (1992), Peters & Robinson (1999), Abosi & Raseroka (2003), Elufioye & 

Agbedahunsi (2004), Bapna et al. (2007), Okokon & Nwafor (2009), Ill-Min et al. 

(2009), Bassey et al. (2009), Madara et al. (2010) and Sathe et al. (2010).  

 

 In these laboratory assays, the test extracts are first evaluated in the 4-day 

suppressive tests in early malaria infection and further screened for their curative 

activity in established malaria infection and prophylactic activity in residual malaria 

infection according to Peters & Robinson (1992), Ryley & Peters (1970) and Peters 

(1965) Protocols, respectively. Most in vivo anti-malarial assays in mice can be 

performed using five animals per group (Fidock et al., 2004). The flow chart of the in 

vivo anti-malarial assays used to evaluate the activity of plant extracts shown in Figure 

2.8 were applied in this study.  

 

 Fundamentally, mice are infected intraperitoneally using a small needle 

inoculum (10
6
–10

7
 P. berghei parasitized erythrocytes) (Ishih et al., 2004). To assess 

the anti-malarial activity of the test extract, thin blood films are prepared from the tail 

blood of the infected mice. The blood films are then stained with Giemsa‘s to determine 

P. berghei parasitized erythrocytes (Peters, 1965; Ryley & Peters, 1970; Peters & 

Robinson, 1992).  
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Prophylactic activity test 

 4-day suppression test  

Curative activity test 

Extracts are tested at four 

doses 4x50 mg/kg 

 The percentage of parasitaemia was detected in random fields of the microscope 

by counting P. berghei parasitized erythrocytes out of 9,000 RBCs: 

% Parasitaemia = [No. of parasitized RBC/Total no. of RBC counted] 100 

 Average percentage chemosuppression was calculated as 

    
   

 
  

Where, A is the mean percentage parasitaemia in the control group (untreated group) 

and B is the mean percentage parasitaemia in the test group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.9.4 Phytochemical Screening 

 

Figure 2.8: Flow chart of in vivo anti-malarial activity tests in rodent malaria models 

 

 Adapted from : Fidock et al. 2004; Elufioye & Agbedahunsi, 2004; Kalra et al. 2006; 

Krettli et al. 2009 
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2.9.4 Phytochemical screening 

 

In this study, phytochemical screening was conducted on plants extract according to the 

standard procedures described by Hymete (1986), Trease & Evans (1989) and Sofowora 

(1993). This qualitative screening is of great importance in the prediction about the 

chemicals that may have caused effective suppression against malaria.  

 

 Of those chemicals are alkaloids, anthraquinones, terpenoids and flavonoids 

which are known as active constituents against parasites, protozoa and malaria (Jones & 

Luchsinger 1986; Vishwakarma, 1990; Philipson & Wright 1991; Carvalho et al., 1992; 

Francois et al., 1996; Omulokoli et al., 1997; Kim et al., 2004; Tasdemir et al., 2006). 

Other chemical constituents that recently showed significant anti-malarial effects 

include saponin, tannin, steroids and glycosides (Nandi et al., 2004; Reddy et al., 2007; 

Libman et al., 2008).  

 

 The phytochemical screening results paint a road map for future advanced tests 

of isolation and characterisation of active constituent if the preliminary results showed a 

promising activity against malaria.  

 

2.9.5 Antioxidant Capacity 

 

The immune system in human is stimulated by infections, including parasites, which 

results in the production of reactive oxygen species. On the other hand, nitric oxide 

(NO) is an effective mechanism to kill parasites, which is produced in macrophages in 

response to parasitic infection, which in turn activates the immune response against 

malaria (Daubener, 1999). The inhibition of nitric oxide leads to prepare good 
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surroundings for the development of intracellular parasite. On the other hand, these 

inhibition cause a decrease in an essential amino acid, tryptophan, which undergo to 

degradation through indolamine deoxygenase. Hence, the parasite is starved leading to 

its death (Daubener, 1999; Anthony et al., 2005). As a result, immune stimulation and 

release of reactive oxygen species, the haemoglobin in red blood cells exposed to 

degradation (Das & Nanada, 1999; Loria et al., 1999). Therefore, one of the major 

causes for the incidence of anaemia in malaria infection comes into view to be oxidative 

stress (Das & Nanada, 1999; Kremsner et al., 2000; Kulkarni et al., 2003).  

 

 Moreover, some recent studies have shown that the low level of antioxidants in 

the plasma of children with malaria may be a major cause of morbidity and mortality 

(Nmorsi et al., 2007). Accordingly, this confirms that plants that have antioxidant 

activities be able to work against the oxidative damages resulting from malaria; 

therefore, the antioxidant defence system in the Plasmodium parasites may become a 

very hopeful drug target in the near future (Botha, 2006). 

 

 DPPH radical scavenging activity, depended on the capability of an antioxidant 

to provide hydrogen radical to synthetic long-lived nitrogen radical compound DPPH, is 

one of the oldest and most commonly applied procedures to investigate the total 

antioxidant capacity of food and biological extracts (Brand-Williams et al., 1995; Meng 

et al., 2009). Recently, it was observed that there is a good correlation between potential 

DPPH radical scavenging activity and anti-malarial activity of Argan fruit extracts (El 

Babili et al., 2010). 
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2.10 MALAYSIAN ANTI-MALARIAL TRADITIONAL MEDICINAL 

 PLANTS 

  

In countries like Malaysia there is a popular interest in the search for therapeutic 

alternatives to combat the disease, both of alternative medicine based on medicinal 

plants, or by searching for some means known in the folklore of Malaysia. Government 

policies in this country supports the popular interest in alternative medicine based on 

medicinal plants as one of the most important resources of the country, as well as 

recommend widening the circle of knowledge to include the new juveniles to ensure the 

conservation and preservation of folk heritage information (Lin, 2006). Moreover, 

recent studies demonstrated the importance of cooperation with indigenous people and 

traditional healers in the search for the discovery of new drugs from medicinal plants 

(Asase et al., 2005). Therefore, the assessment of the activity and safety of traditional 

remedies is a priority in the search for new drug for malaria, as the safe traditional 

remedies may be considered as an important source in the fight against the disease 

(Asase et al., 2005).  

 

Ministry of Health of Malaysia registered around 1300 medicinal plant products, 

which are available at markets (Lin, 2006). Although many communities have achieved 

successful specific anti-malarial ethnobotanical approaches, in Malaysia few records are 

accessible about the traditional medicinal plants which are still employed to treat 

malaria by the communities residing the malaria endemic areas.  
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Several plants species including Alstonia angustiloba, Brucea javanica, Cassia 

siamea, Phyllanthus niruri, Eurycoma longofolia, Erechtites valerianaefolia, Eurycoma 

apiculata, Panicum palmifolium, Languas galanga, Tinospora crispa, Carbera odollam, 

Elaphantopus scaber are traditionally used in East Malaysia in the treatment of malaria 

and fever (Kamarudin, 1997; Kulip, 1997; Fasihuddin, 2000; Fasihuddin & Holdsworth, 

2003). 

 

Very little is known about the traditional medicinal plants which are still 

employed to treat malaria in Peninsular Malaysia. Hence, the present study was carried 

out to establish a preliminary ethnobotanical database for the plants traditionally used to 

treat malaria among aboriginal and rural communities, and traditional healers in malaria 

endemic areas in Pahang, Peninsular Malaysia. In vivo anti-malarial activity of four 

plant species, namely, Cocos nucifera L. Labisia pumila (Bl.) F.-Vill., Languas galanga 

Stuntz. and Piper betle L. selected based on the ethnobotanical survey and literature 

were evaluated against laboratory malaria model Plasmodium berghei to evaluate their 

anti-malarial activity. 

 

2.10.1 Cocos nucifera L. 

 

The tree of life, Cocos nucifera L. (coconut) of family Arecaceae (palm) is grown in 

villages and towns in Malaysia. Coconut is native to the littoral zone of Southeast Asia 

(Malaysia, Indonesia, Philippines) and Melanesia (Chan & Elevitch, 2006). It is 

pinnate-leaved (4–6 meter long/leaf) plant and can reach 20-30 meter tall; aged leaves 

escape plainly, parting the trunk silky (Pradeepkumar et al., 2008). C. nucifera fruit is 

the used part of this plant providing food for millions of people (Figure 2.9). 

 

http://en.wikipedia.org/wiki/Pinnate
http://en.wikipedia.org/wiki/Trunk_%28botany%29
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 Ethnobotanically, coconut white flesh is a folk remedy for fever, flu, gingivitis, 

scabies, rash, venereal diseases, abscesses, bronchitis, sore throat, jaundice, 

dysmenorrhea, earache, erysipelas, skin care, stress relief, digestion, hair care, stomach 

and gastrointestinal problems, typhoid, healing of cuts, injuries, burns and swellings 

(Duke & Wain, 1981; Agero & Verallo-Rowell, 2004; Cano & Volpato, 2004; Peterson, 

2009; Alanis et al., 2005; Lans, 2006; Lans, 2007) .Coconut flesh oil can also prevent 

cancer and heart diseases, regulate blood sugar and strengthen the immune system 

(Hartwell, 1984; Fife & Kabara, 2004).  

 

 The husk fibre of the coconut fruit showed several activities against helminthes 

(Oliveira et al., 2009a), leishmania (Mendonça-Filho et al., 2004) and microbes 

(Esquenazi et al., 2002). However, studies on the phytochemical screening, acute oral 

toxicity of the white flesh and its activity against malaria are non-existent in the 

literature. Hence, this study aims to investigate and find out the phytochemical 

constituents, acute oral toxicity and anti-plasmodial activity of the methanol white flesh 

extract of C. nucifera.  

 

http://www.care2.com/c2c/people/profile.html?pid=964399181
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Figure 2.9: Cocos nucifera L. fruit. Pos Betau, Kuala Lipis, Pahang, Malaysia. Layers 

of the coconut fruit: (1) Epicarp (2) Mesocarp (3) Endocarp (4) Endosperm, white flesh 

or meat (5) Embryo. 

 

The figure showing the layers of the coconut fruit is from Swathivijay (2008) 
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2.10.2 Labisia pumila (Bl.) F.-Vill. 

 

Labisia pumila or known locally as Kacip Fatimah is one of the most popular medicinal 

plants in Malaysia. Through ethnobotanical market survey, pharmacology and clinical 

trials research, one of the local herbs that have a commercial potential is Kacip Fatimah 

(Zainal Azman, 2007). L. pumila from the family of Myrsinaceae, is a small herb with a 

leaf of about 5-35cm long and 2-8cm wide (Figure 2.10). It is mainly found in the low 

land and hill forests Peninsular Malaysia at an altitude between 300 and 700 m 

(Zaizuhana et al., 2006). 

 

 Ethnobotanically, it is included in many traditional medicinal practices, in 

particular, among Malay women. It is used to induce and expedite labour; assist 

contraction of the birth channel and regain body strength and act as postpartum 

medication to relief pain as well as it is employed to delay fertility (Zaizuhana et al., 

2006; Mojiol et al., 2010). Some other traditional uses include treatment of bones 

diseases, flatulence, dysentery, dysmenorrhoea, gonorrhea and haemorrhoids (Jamia et 

al., 2003).  

 

 Labisia pumila showed many pharmacological effects including larvicidal 

activity against Aedes aegypti mosquito (Ibrahim et al., 2003), anti-bacterial 

(Fasihuddin et al., 1995), topical anti-inflammatory (Nik et al., 2002), anti-

inflammatory, anti-nociceptive and anti-pyretic (Ikujuni et al., 2010). L. pumila also 

showed anti-oedema properties (Rasadah et al., 2001), oestrogenicity activity (Jamia et 

al., 2003), platelet-activating factor receptor binding inhibition (Ibrahim et al., 1996). 
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Figure 2.10: Labisia pumila (Bl.) F.-Vill plant, Rimba Ilmu Botanic Garden of the 

University of Malaya. 
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2.10.3 Languas galanga Stuntz. 

 

Languas galanga Syn. Alpinia galanga (Linn.) Stuntz. (Zingiberaceae) is native to 

grassland areas of Southeast Asia and Southern China (Chevallier, 1996).  L. galanga is 

a robust herb and grows up to a height of 3.5 m tall. The rhizome is fragrant, copiously 

branched in light red or pale yellow (Figure 2.11). It is differentiated from other plants 

known as galangal with the common name greater galangal. In Malaysia, the rhizomes 

(Langkuas) of this plant are used as a spice for flavouring food.  

 

 Ethnobotanically, the rhizomes are used to treat a variety of sicknesses including 

coughs, headache, fever, asthma, bronchitis, inflammation, rheumatoid arthritis and 

colic (Burkill, 1966; Latha et al., 2009). 

 

 Previous biochemical studies on L. galanga have shown that the rhizomes 

contain essential anti-microbial components (Scheffer et al., 1981; de Pooter et al., 

1985; Mori et al., 1995; Charles et al., 1999; Ibrahim et al., 2004). The rhizomes exhibit 

many pharmacological properties, including anti-tumour (Itokawa et al., 1987), anti-

allergic (Matsuda et al., 2003), anti-ulcer (Mitsui et al., 1976), anti-fungal (Janssen & 

Scheffer, 1985), anti-bacterial (Oonmetta-aree et al., 2006) and anti-viral activities (Ye 

& Li, 2006). L. galanga rhizomes also exhibited anti-parasitic effects including anti-

trypanosomal (Nahoko, 2009), anti-leishmanial (Amandeep et al., 2010) and anti-

helminthic (Raj, 1975). 
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Figure 2.11: Languas galanga Stuntz plant, Rimba Ilmu Botanic Garden of the 

University of Malaya. Apparent in the lower right is the Rhizome 
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2.10.4 Piper betle L. 

 

Piper betle L. is a liana belonging to the Piperaceae family (Figure 2.12). It grows in 

most of South and Southeast Asia and prized both as a mild stimulant and medicinal 

plant remedy for a variety of sicknesses (Trakranrungsie et al., 2006; Nalina & Rahim, 

2007; Singh et al., 2009).  

 

Ethnobotanically, the leaves are used to control caries, periodontal diseases bad 

breath (Nalina & Rahim, 2007). It is also used for other purposes including improving 

appetite, tonic for brain, anti-septic for wounds and treatment for diarrhea (Pin et al., 

2010). The leaves are chewed alone or with other plant materials. In ayurvedic 

medicine, it is used to treat bronchitis, cough, asthma, pneumonia, skin diseases, fever, 

impotency, arthritis, anorexia, colic, flatulence, diarrhea and tonsillitis (Ayurvedic 

medicinal plants, 2010). 

 

Recently, the leaves extract exhibited many significant activities against bacteria 

(Nalina & Rahim, 2007), leishmania parasite (Avijit et al., 2008), filarial parasite (Singh 

et al., 2009) and fungi (Trakranrungsie et al., 2006) properties.  
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Figure 2.12: Piper betle L. liana, Institut Pertanian Kuala Lipis, Pahang, Malaysia 
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CHAPTER III 

 

MATERIAL AND METHODS 

 

3.1 STRATEGY OF THE STUDY 

 

A systematic approach was used in this study in order to identify and select the plants 

used to treat malaria in two malaria endemic communities, forest-aboriginal and rural 

communities, in the Lipis district of Pahang state, Malaysia. The study began with 

investigation of people's knowledge, attitude and practices (KAP) regarding malaria and 

collection of ethnobotanical information on plants used by these communities to treat 

malaria. Four plants were selected to evaluate their anti-malarial activity based on the 

ethnobotanical information and literature reports on plant extracts. Only those plants 

that have not been pharmacologically investigated against malaria were chosen in this 

study and they are Cocos nucifera, Labisia pumila, Languas galanga and Piper betle. 

The flow chart of this study is shown in the Figure 3.1. 
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Figure 3.1: The flows charts of the study 
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3.2 COMMUNITY’S AWARENESS REGARDING MALARIA AND 

 ETHNOBOTANICAL SURVEY   

 

3.2.1 Study Area and Population 

 

Lipis district represents the highest prevalence of malaria cases in Pahang state, 

Peninsular Malaysia. It is located 200 km north-east of Kuala Lumpur, Peninsular 

Malaysia with an area of 5,198 km
2
. The climate is tropical with 23-32°C (an average 

temperature) and 1525- 3050 mm (an annual rainfall). Two rural areas inhabited by the 

rural population (Padang Tengku and Benta) and one forest area inhabited by the 

aboriginal peoples (Pos Betau) were involved in this study (Figure 3.2). The three areas 

are situated at a distance of about 25-50 kilometers from one another. About 59 small 

villages (8-40 houses in each village) existed in these areas with approximately 1,000-

1,200 households. In terms of the structure of the houses, 90% of the aboriginal houses 

are made of bamboo and wood and have no toilets and water supply while all the houses 

of the two rural areas are made of cement blocks with toilets and water supply. The 

economy is mostly agricultural with palm and rubber plantations occupying the majority 

of the total land area. Malaria is endemic in the area and varies from one area to 

another, the highest rate of infection being in the aboriginal area (Pos Betau) followed 

by Padang Tengku. The foundations of malaria control performed by the Vector- Borne 

Diseases Control Unit in Kuala Lipis, the capital of Lipis district are impregnated bed 

nets, IRS, early diagnosis and treatment. 
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Figure 3.2: The study area of the field survey; Pos Betau, Padang Tengku and Benta, 

Lipis district, Pahang state, Malaysia. 

 

 



 

63 

 

3.2.2 Study Design and Data Collection 

 

Between October and May (2009 -2010), this cross-sectional KAP and ethnobotanical 

survey was carried out among 223 adult households; aboriginal households (house-to-

house interviews, n= 100) and rural households (interviews at outpatient clinics, n= 

123) who had or had not suffered a malaria crisis. Traditional healers (n= 10) were 

added to the studied sample to investigate them knowledge about anti-malarial plants. 

The selection of the participants was according to the availability and willingness of the 

people. Objectives of the study and the role of community were explained during the 

meeting of heads of villages and some households. Participant‘s verbal consent was 

obtained. Knowledge, attitude and practices (KAP) regarding malaria and information 

on plant preparation, application and the parts used to treat malaria were obtained. A 

pre-tested semi-structured questionnaire involved open-ended questions and constructed 

in English and translated into the local language (Bahasa Malayu) was used. All 

participants were interviewed by local trained medical officers to fill up the 

questionnaire.  

 

Semi-structured questionnaire applied in this study was flexible, allowing the 

extraction of as much as possible the answers to the disease during the interview. 

However, semi-structured questionnaire generally has a specific framework of the 

topics that are designed to be explored. Semi-structured questionnaire used in this study 

was according to the standard qualitative communication research methods (Lindlof & 

Taylor, 2002). 
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 Vouchers of the plants were collected and identified by a plant taxonomist from 

Rimba Ilmu and deposited at the Herbarium of the University of Malaya, Kuala 

Lumpur, Malaysia. The floras used for identification were Malayan wild flowers and 

Garden Plants in Singapore (Henderson, 1954; Boo et al., 2006).  

 

3.3  PLANTS SELECTION AND EXTRACTION 

 

3.3.1 Plants Selection Criteria  

 

The criteria used for selecting plants for in vivo anti-malarial investigation were based 

on: (1) traditional medicinal information (ethnobotanical survey); (2) plants used orally 

as a remedy to treat malaria and/or fever (3) literature reports on plant extracts: only 

those plants that have not been pharmacologically investigated against malaria were 

chosen in this study. From nineteen medicinal plants, four were chosen to be 

investigated; Cocos nucifera L. (Arecaceae), Labisia pumila (Bl.) F.-Vill. 

(Myrsinaceae), Languas galanga Stuntz. (Zingiberaceae)  and Piper betle L. 

(Piperaceae). 

 

 

3.3.2  Plant Materials 

 

Dried plant materials of Cocos nucifera, Labisia pumila, Languas galanga and Piper 

betle were used in this study. The plant parts were selected based on the ethnobotanical 

survey. The plants have been recorded as a curative and prophylactic anti-malarial 

remedy by the respondents. The plants were dried either at 40 °C in a hot air oven or at 

room temperature and then milled. The dried plants materials were provided by 

specialized company, Ethno Resources Sdn Bhd's, Kuala Lumpur. 
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3.3.3  Extraction of Dried Plant Materials 

  

Because most of the identified anti-microorganisms aromatic and saturated organic 

compounds of plant components were acquired during the preliminary methanol 

extraction (Fransworth, 1994; Eloff, 1998; Cowan, 1999), hence, methanol solvent was 

used in this study to extract the crude materials of the plants. 500 grams of the plants 

powder materials were soaked in absolute methanol (3.5 L) for 72 hours. The extracts 

were then filtered with Whatman filter paper No.2 on a Büchner funnel and 

concentrated using a rotary evaporator to dryness at 40 °C in vacuo. The percentage 

yield (%w/w) of the Cocos nucifera, Labisia pumila, Languas galanga and Piper betle 

dry extracts were 4.19%, 3.76%, 3.27% and 8.69%, respectively. The freeze-dried 

extracts were kept at 4 °C until used.  

 

3.3.4  Plant Extracts and Control Groups Dosages Preparation 

 

Resulting extracts were not able to dissolve in the distilled water. Therefore, an orally 

non toxic dimethyl sulphoxide (DMSO) with known LD50 of 16.5-24.6 g/kg was used as 

recommendations of OECD (2001) for vehicles other than water. The crude extracts 

were dissolved in dimethyl sulphoxide and distilled water to the desired acute oral 

toxicity and anti-malarial dosages. The concentration of DMSO in the distilled water 

and the plants extract was 10%.  The methanol extracts in DMSO/distilled water was 

orally administered to mice in the test groups, whereas the control group administered 

distilled water containing 10% DMSO (Carrico et al., 2004; Thanabhorn et al., 2005; 

Hajimehdipoor et al., 2006; Mi-Hyang et al., 2006; Adeneye & Agbaje, 2008; Innocent 

et al., 2009; Ali et al., 2009; Sampaio et al., 2009; Ramazani et al., 2010; Azra et al., 

2010; Konate et al., 2011).  
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3.4 ANTI-MALARIAL ACTIVITY OF PLANTS EXTRACTS 

 

3.4.1 Animals 

 

ICR mice were obtained from the Laboratory Animal Centre of Faculty of Medicine, 

University of Malaya. On a standard pelleted feed and water ad libitum, the mice were 

kept and maintained in standard conditions. The mice were caged of 5 animals per 

group and maintained in the animal laboratory in the Faculty of Medicine in conformity 

with the international ethics of laboratory animal use and care. 

 

3.4.2 Acute Oral Toxicity (LD50) 

 

Different extract doses (300, 2000 and 5000 mg/kg) were inoculated orally to evaluate 

the acute oral toxicity according to the accepted standard described in the OECD 

guideline No 401 and 423; ―Acute oral toxicity – acute toxic class method‖ (OECD, 

1987; 2001). The females and males ICR mice were dosed at 5000 mg/kg. Animals 

extract groups that died after giving the highest dose (5000 mg/kg) were given the rest 

of the lower doses (2000, 300 mg/kg). A total of 10 mice (five females and five males) 

were tested for each extract dose (OECD, 1987). The general behaviour of the mice, 

clinical observations and mortality were monitored during the first 60 minutes after 

dosing and during the first 48 hours following dosing. The LD50 was calculated by the 

probit analysis. 
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 Particular consideration was focused on any observation of asthenia, 

piloerection, ataxia, anorexia, salivation, urination, diarrhoea, tremors, convulsions, 

lethargy, sleep and coma. Observations once daily were carried out for the remainder of 

the study. The mice were monitored for 14 days after the inoculation. On D -1, 0, 7 and 

14, body weights were recorded. The LD50 was calculated using probit regression 

analysis in the SPSS statistical package (version 13, 2004). 

 

3.4.3 Rodent Malaria 

 

Plasmodium berghei (NK65) was obtained from Universiti Kebangsaan Malaysia 

(UKM), School of Bioscience and Biotechnology and was maintained by subpassage in 

ICR mice. P. berghei strain was tolerated to 25 mg/kg total standard dose of 

chloroquine (not completely suppress the parasitaemia). This developed resistance may 

be because of the repeated passage of the parasite from the mouse to another in the 

context of maintaining the parasite strain in the laboratory (Adzu, et al., 2003; Chawira, 

1986; Okokon, et al., 2005). On the other hand, when 20 mg/kg for 4 consecutive days 

is used to cure P. berghei infected mice, it suppressed parasitaemia to non-detectable 

levels during the 4-day suppressive test, which is also evident in this study (Ishih et al., 

2006; Muregi et al., 2007). 

 

3.4.4 Parasite Inoculum 

 

A mouse having 30% parasitaemia was used as a donor to initiate the infection to the 

test mice. The blood was obtained through cardiac puncture or tail of the donor mouse. 

The blood was diluted in Alsever‘s solution and the parasitaemia was adjusted to the 

desired points. The female ICR mice, 7-8 weeks-old of about 25-28 g weight were 

infected intraperitoneally with about 10
6
 parasitized RBCs in 0.2 ml (Ishih et al., 2004).  
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 The inoculated animals were then randomized into five mice per group and 

maintained in the Animal Room, Department of Parasitology, Faculty of Medicine, 

University of Malaya, in accordance with the internationally accepted principles for 

laboratory animal‘s use and care.  

 

3.4.5 Giemsa-Stained-Blood Film Preparation 

 

The blood film was prepared from the mice tail. The mice tail end was cleansed using 

cotton moistened with 70 % v/v alcohol.  The blood drops were obtained and thin blood 

smears were made on a completely clean (grease-free) and scratch-free slide. The dried 

blood film was stained by Giemsa‘s stain. The Giemsa stain was diluted with phosphate 

buffer saline, pH 7.2 (3% solution for 30 minutes staining). The blood film was washed 

with running water, placed in a draining rack and air dried.  

 

3.4.6 Degree of Infection (Parasitaemia) 

 

The degree of infection (parasitaemia) was estimated from the Giemsa-stained thin 

blood films by observing the
 
number of parasitized RBCs in

 
9,000 RBCs (about 20-40 

monolayer microscopic fields) using the 100x oil immersion objective. The 

parasitaemia (percentage) was determined by calculation the total number of infected 

cells per microscope field against the total number of observed red cells, using the 

following formula according to Peters (1965), Ryley and Peters (1970). 

                                                                              

       The parasitaemia percentage % = 
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3.4.7  The Percentage of Suppression (anti-malarial activity) 

  

The effectiveness of the extracts was determined by calculating the degree of 

suppression. The suppression of parasitaemia (%) was determined as stated by Peters 

(1965), Ryley and Peters (1970), Peter and Robinson (1992) as follows: 

 

Average percentage chemosuppression was calculated as 

    
   

 
  

Where, A is the mean percentage parasitaemia in the control group and B is the mean 

percentage parasitaemia in the test group. 

 

3.4.8 In Vivo Anti-Malarial Screening Assays 

 

A series of in vivo anti-malarial assays i.e., 4-day suppressive test, curative and 

prophylactic methods (APPENDIX E) were carried out to assess the in vivo anti-

malarial activities of the plant extracts at 50, 100, 200 and 400 mg/kg doses (Fidock et 

al., 2004; Elufioye & Agbedahunsi, 2004) as compared to control groups treated with 

0.2 mL distilled water (containing 10% DMSO, the solvent of the test extracts) and 

reference groups treated with chloroquine 20 mg/kg or pyrimethamine 1.2 mg/kg. 

Pyrimethamine was used during the prophylactic assay since it has a better 

chemoprophylactic activity than chloroquine (Bradley-Moore et al., 1985). Malaria 

infection was established in female ICR mice by the intraperitoneal administration of 

donor female ICR mouse blood containing about 1 × 10
6
 parasites.  
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i. 4-day suppressive activity (early malaria infection) 

 

Suppressive activity of the extract during early malaria infection was assessed as 

described early by Peters and Robinson (1992). The female ICR mice were 

intraperitoneally infected on the first day (D 0), with 0.2 mL blood containing 1×10
6
 P. 

berghei parasitized RBCs. 

 

 The infected mice were randomized into 16 extracts groups, one control and one 

reference drug groups of five mice each. Three hours after infection, the extracts-treated 

groups were treated orally with 50, 100, 200 and 400 mg/kg doses of the extracts. 

Chloroquine and distilled water (10% DMSO) were administered to the reference drug 

and control groups, respectively. The extracts and drug treatments continued daily (D0 

to D3) for four days. From tail blood, thin films were prepared on D4 (the 5th day). The 

blood films from of each mouse were stained with Giemsa and the percentage of 

suppression was then calculated. 

 

ii. Curative activity (established malaria infection) 

 

The curative test was evaluated according to the method explained by Ryley & Peters 

(1970) and Saidu et al. (2000). The mice were selected and 0.2 mL of inoculum (1x10
6 

P. berghei) was given to each mouse (i.p.). Seventy two hours later, the extract-tested 

groups were orally administered with 50, 100, 200 and 400 mg/kg doses of the extracts. 

Chloroquine and distilled water (10% DMSO) were administered to the reference drug 

and control groups, respectively. The extract and drug treatments were continued for 

five days. From tail blood of each mouse, thin blood films were prepared for five days. 

The mean differences between the test groups and control were evaluated on D6 
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according to Saidu et al. (2000). The survival time of extract-tested, reference drug and 

control groups were recorded over a period of 30 days, where the mean survival time 

differences between the test groups and control were determined. 

 

iii. Prophylactic activity (residual malaria infection) 

 

The prophylactic activity of the plants during residual malaria infection was assessed 

according to the technique described by Peters (1965). For three days (D0 to D2), each 

experimental animal in the studied groups was administered orally at 50, 100, 200 and 

400 mg/kg of the plants crude extract, pyrimethamine and distilled water (10% DMSO) 

were administered to the reference group, and control group, respectively. The 

experimental mice were then intraperitoneally infected with 1×10
6
 P. berghei on the 

fourth day. Three day after infection, the blood films from of each mouse were stained 

with Giemsa and the percentage of suppression was then calculated. 

 

3.4.9 Phytochemical Screening 

 

Standard qualitative methods for determination of chemical constituents in the plants 

extract were performed to expose the presence of alkaloids, anthraquinones, flavonoids, 

terpenoids, tannins, saponins, steroids and glycosides according to Hymete (1986) 

Trease & Evans (1989) and Sofowora (1993). 
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i. Test for alkaloids 

 

Half a gram of each plant extract in ten mL acid alcohol were boiled for 5 minutes and 

filtered. Two mL of dilute ammonia followed by five mL of chloroform were added to 

the filtrate and mix softly. To the chloroform layer ten mL of acetic acid were added. To 

the mixture, Draggendorff‘s reagent was added. The presence of alkaloids was indicated 

by the appearance of a reddish brown precipitate. 

 

ii. Test for anthraquinones 

 

In ten mL of sulfuric acid, half a gram of each plant extract was boiled for five minutes. 

The hot mixture was then filtered. Five mL of chloroform were added to the filtrate and 

mix. In another tube, one mL of dilute ammonia was added to the chloroform layer. The 

presence of anthraquinones was indicated by colour changes of the mixture to brown. 

 

iii. Test for terpenoids (Salkowski Test) 

 

Two mL of chloroform was added to half a gram of each plant extract. Three mL of 

concentrated sulfuric acid was carefully added to the mixture. The presence of 

terpenoids was revealed by the presence of a reddish brown layer. 

 

 

 

 

 

 



 

73 

 

iv. Test for flavonoids 

 

Half a gram of each plant extract was heated for three minutes in ten mL of ethylacetate 

and filtered. One mL of 1 % ammonia solution was added to four mL of the filtrate. 

After giving some time for the layers to separate in the mixture, a yellow colour in the 

ammonia layer is regards as an indication of the presence of flavonoids. 

 

v. Test for saponins (Froth test) 

 

 

In five mL of distilled water, half a gram of each plant extract was boiled for five 

minutes. The hot mixture was then filtered and further four mL of distilled water was 

added to one mL of the filtrate. The solution was mixed strongly for 30 minutes. The 

presence of saponins was revealed by the persistence of a sable forth more than 30 

minutes. 

 

vi. Test for tannins 

 

In five mL of 45 % ethanol, two 2 g of each plant extract was boiled with for five 

minutes. The cooled mixture was then filtered.  Three drops of lead sub-acetate solution 

was added to one mL of the filtrate. Formation of a cream gelatinous precipitate 

indicated the presence of tannins. 

 

vii. Test for steroid 

 

To two mL of chloroform, half a gram of each plant extract was added. To the mixture 

concentrated sulfuric acid was added (carefully). The presence steroid was indicated by 

the formation of a reddish brown layer at the interface. 
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viii. Test for glycosides 

 

To half a gram of each plant extract, five mL of dilute sulfuric acid was added and 

boiled for 15 minutes. Neutralization of the cooled mixture was performed with 20 % 

potassium hydroxide. A mixture (ten mL) of identical quantity of Fehling‘s solution A 

and Fehling‘s solution B was added.  The mixture was then boiled for five minutes. The 

presence of glycosides was indicated by the formation of a red precipitate (more dense). 

 

3.4.10 Antioxidant Capacity 

 

Determination of antioxidant capacity of the plants extract was carried according to 

Gerhäuser et al. (2003). The plants extract free radical scavenging activity against 

DPPH (1,1-diphenyl-2-picrylhydrazyl), the stable artificial free radical, was determined 

photometrically with spectrophotometer. Different concentrations (1.56, 3.13, 6.25, 12.5 

and 25 μg/mL) prepared with DPPH radical solution were incubated in a 96-well 

microplate and read at 515 nm for 3 hours at 20-min intervals. Ascorbic acid and gallic 

acid were used for comparison. The DPPH radical scavenging activity of the plants 

extract was expressed as the percentage of scavenging of the DPPH by the extract and 

was calculated as follows: 

 

DPPH radical scavenging activity (%) = {[Ab-Aa]/Ab} × 100 

Where Ab is the absorption of the blank sample, and Aa is the absorption of the sample. 

Each test was carried out three times and the mean ± S.E.M. was calculated. The DPPH 

% was presented as μg /mL of concentration. 
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3.5 DATA MANAGEMENT AND ANALYSIS 

 

The data obtained were analyzed using Statistical Program for Social Scientists (SPSS 

13.0.) and Microsoft Office Excel 2007 statistical analysis.  

 

 The Chi-square test was used to examine the KAP differences between 

aboriginal and rural participants for each of the outcome variables and P ≤ 0.05 was 

considered as the level of significance. Before data entry and analysis, questionnaires 

were checked for coding errors, completeness and consistency. 

 

 The information obtained in the course of the ethnobotanical interviews was 

analyzed using the following parameters according to Asase et al. (2005): 

1. Taxonomic diversity, preparation, application and parts of the plant used. 

2. The percentage of respondent‘s knowledge (PRK) regarding the use of plants species 

to treat malaria was estimated as following: (No. of interviewed people citing 

species/total No. of interviewed people using plants) ×100. 

3. Preference ranking (PR), in this parameter the plants were ranked to three levels (one, 

two and three) according to their efficiency in the treatment of malaria by the 

respondents. A value of three (3) was given for the most effective plant.   

 

 The iv vivo anti-malarial activity of the test extracts, reference drugs and control 

groups at different doses in mice parasitized with P. berghei were expressed as 

percentage (%) for the suppression of parasitaemia. Parasitaemia were expressed as 

mean ± S.E.M. (n = 5) and significance compared to controls. The Student‘s t-test and 

ANOVA were applied to examine the differences between the test and control groups. 

Differences between means at 5% level (P ≤ 0.05) were considered significant 

(effective).  



 

76 

 

 DPPH radical scavenging activity results represent means (± S.E.M) of 

triplicates of the different concentrations analyzed. 

 

3.6 ETHICAL CONSIDERATION 

 

The protocol of this study has been approved by the Medical Research Committee of the 

University of Malaya Medical Centre, and the Department of aboriginal Affairs, 

Ministry of Rural Development. Ethical approval was obtained from the ethical 

committee of the Faculty of Medicine, University of Malaya and Jabatan Hal Ehwal 

Orang Asli (JHEOA), Department of Aboriginal Affairs, Ministry of Rural 

Development, prior to study commencement.  

 

 Permission and approval for animal studies were obtained from the Faculty of 

Medicine, Animal Ethics committee, University of Malaya dated 05 June 2009 (Ref. 

No. PAR/05/6/2009/AHAA-R). 
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CHAPTER IV 

 

RESULTS  

 

4.1  COMMUNITY’S AWARENESS REGARDING MALARIA 

 

4.1.1 General Characteristics of Participants 

 

Out of the 260 households that participated in this survey, questionnaires were only 

completed for 223 households (100 forest-aboriginal and 123 rural). Table 4.1 shows 

the general socio-demographic characteristics of the study population. Overall, 10% of 

the aboriginal households had previously suffered from malaria compared to 1.6% of 

rural households. Almost half of the aboriginal participants had no formal education, 

and the proportion of men with formal education was significantly higher than that of 

women (χ
2
=21.549, P < 0.001). In contrast, almost all the rural participants had formal 

education and the proportion of women with formal education was significantly higher 

than that of men (χ
2
=4.922, P = 0.027). 

 

4.1.2 Malaria Knowledge 

 

Data about the participants‘ knowledge and attitudes to malaria are shown in Table 4.2. 

About half of the aboriginal participants believed that malaria is transmitted by 

mosquito bites and this was significantly associated with the educational level 

(χ
2
=4.244, P = 0.039). Aboriginal participants who had previously been infected with 
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malaria showed better knowledge of the symptoms of malaria than those with no history 

of infection (χ
2
=6.810, P = 0.009).  

 

 On the other hand, the majority (86.2%) of the rural participants have knowledge 

of malaria as a disease and 70.7% of them believed that malaria is transmitted through 

the bite of mosquitoes and this was found to be influenced by their level of education; 

participants who had better education showed better knowledge about malaria as a 

disease and malaria symptoms (χ
2
=24.037, P < 0.001; χ

2
=4.416, P = 0.036 

respectively). Moreover, Malay participants showed a higher level of knowledge about 

malaria transmission than Chinese and Indian (χ
2
=6.234, P = 0.013). The findings also 

showed that attitudes towards the severity of malaria were significantly higher among 

aboriginal participants who had previously been infected with malaria (χ
2
=4.421, P = 

0.036). 

 

4.1.3 Malaria Treatment-Seeking Behaviour and Prevention 

 

Data about treatment-seeking behaviour and prevention methods are shown in Table 

4.3. The vast majority of the rural participants (95.1%) indicated that they would seek 

treatment from health centre and this was found to be associated significantly with the 

educational level and age of the participants (χ
2
=6.236, p = 0.013; χ

2
=9.856, p = 0.002 

respectively). Similarly, the educational level, age and race of the rural participants 

were associated significantly with the practicing of effective preventive measures 

(χ
2
=4.634, P = 0.031; χ

2
=5.483, P = 0.019; χ

2
=7.965, P = 0.019, respectively). 
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 Overall, the rural participants showed a higher knowledge regarding malaria and 

its transmission than the Aborigines (χ
2
=6.746, P = 0.009; χ

2
=10.006, P = 0.002, 

respectively) (Table 4.2). On the contrary, the aboriginal participants showed a higher 

practices in their treatment-seeking behaviour for treating febrile diseases, both in terms 

of the use of medicinal plants (χ
2
=5.225, P = 0.022) or belief in witchcraft and sorcery 

(χ
2
=16.980, P < 0.001) (Table 4.3).  

 

 Regarding the knowledge about the symptoms of malaria, the attitude towards 

severity of the disease as well as the use of mosquito bednets, the two communities did 

not show significant differences. However, the knowledge and practice of different 

preventive measures to combat malaria such as insecticides and the elimination of 

breeding areas was significantly higher among the rural population than the Aborigines 

(χ
2
=23.136, P < 0.001). 

 

 However, the rural population showed significant differences higher than the 

Aborigines in the combat against malaria in different preventive measures such as the 

use of insecticides and elimination of mosquito breeding areas (χ
2
=23.136, P < 0.001). 
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Table 4.1: Socio-demographic characteristics of the participants 

Characteristics 

population 

Forest-aboriginal (n = 100) 

n (%) 

Rural (n = 123) 

n (%) 

Age (years)   

      18-40 76 (76.0) 75 (61.0) 

      >40     24 (24.0) 48 (39.0) 

Sex   

      Males 38 (38.0) 46 (37.4) 

      Females 62 (62.0) 77 (62.6) 

Religion   

      Non-religious 99 (99.0) 0 (0.0) 

      Muslim 1 (1.0) 74 (60.1) 

      Buddhist 0 (0.0) 36 (29.3) 

      Hindu 0 (0.0) 13 (10.6) 

Education   

      None   38 (38.0) 6 (4.9) 

      Kindergarten 5 (5.0) 2 (1.6) 

      Primary school 49 (49.0) 57 (46.3) 

      Secondary school  8 (8.0) 51 (41.5) 

      Tertiary 0 (0.0) 5 (4.1) 

      University    0 (0.0) 2 (1.6) 

Occupation   

      Working 31 (31.0) 38 (30.9) 

      Non-working 35 (35.0) 36 (29.3) 

      Housewife   34 (34.0) 47 (38.2) 

      Students 0 (0.0) 2 (1.6) 

Races   

     Aborigine 100 (100.0) 0 (0.0) 

      Malay 0 (0.0) 74 (60.1) 

      Chinese 0 (0.0) 36 (29.3) 

      Indian 0 (0.0) 13 (10.6) 
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Table 4.2: Participant‘s knowledge about malaria transmission and symptoms, and 

attitudes towards malaria severity 

 

 

 

Variables 

Population 

χ
2
 

significance 

Forest-aboriginal 

 (n = 100) 

n (%) 

Rural  

(n = 123) 

n (%) 

Transmission of 

malaria 

   

Mosquito bites   50 (50.0) 87 (70.7) P < 0.01 

Use of stagnant 

water 

46 (46.0) 6 (4.9) P < 0.001 

From forest 17 (17.0) 0 (0.0) P < 0.001 

Human-to- human  7 (7.0) 4 (3.3) ns 

From weather/sun  3 (3.0) 0 (0) ns 

No knowledge 16 (16.0) 26 (21.1) ns 

Symptoms of malaria    

Fever 76 (76.0) 95 (77.2) ns 

Chill and rigor 56 (56.0) 27 (22.0) P < 0.001 

Headache   30 (30.0) 24 (19.5) ns 

Vomiting 11 (11.0) 16 (13.0) ns 

Body pain/weakness 10 (10.0) 7 (5.7) ns 

Loss of appetite 9 (9.0) 9 (7.3) ns 

Red rash 8 (8.0) 18 (14.6) ns 

Abdominal discomfort 2 (2.0) 0 (0.0) ns 

No knowledge 13 (13.0) 18 (14.6) ns 

Is malaria a serious 

disease? 

   

Yes 72 (72.0) 93 (75.6) ns 

No 10 (10.0) 13 (10.6)  

No knowledge 18 (18.0) 17 (13.8)  
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Table 4.3: Participant‘s practices in malaria treatment-seeking behaviour and prevention 

methods 

 

 

 

 

 

Variables 

Population  

Forest-aboriginal  

(n = 100) 

n (%) 

Rural  

(n = 123) 

n (%) 

χ
2
 

significance 

Treatment-seeking behavior  

Go to clinic as a first line 

activity (within 24hrs of fever 

onset) 

65 (65.0) 117 (95.1) P < 0.001 

Use plant remedies   28 (28.0) 19 (15.4) P < 0.05 

Believe in Witchcraft to treat 

malaria 

13 (13.0) 0 (0.0) P < 0.001 

Take anti-malarial/anti-

pyretic medicine 

0 (0.0) 6 (4.9) P < 0.05 

Malaria prevention methods  

Use of mosquito bed nets 63 (63.0) 76 (61.8) ns 

Keep the house/surroundings  

clean 

30 (30.0) 46 (37.4) ns 

Elimination of breeding sites 0 (0.0) 8 (6.5) P < 0.001 

Use of insecticide /spraying 3 (3.0) 33 (26.8) P < 0.001 

Fumigation by smoke 7 (7.0) 28 (22.8) P < 0.01 

Use of anti-malarials 1 (1.0) 8 (6.5) P < 0.05 

Use of medicinal plants 10 (10.0) 6 (4.9) ns 

No knowledge 21 (21.0) 23 (18.7) ns 
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4.2 ETHNOBOTANICAL STUDY ON ANTI-MALARIAL PLANTS 

 

The use of anti-malarial plants was significantly higher among the aboriginal 

community (χ
2
=5.225, P=0.022). Of the 223 interviewed respondents, 28% and 15.4% 

of the aboriginal and rural participants had tried self medication with anti-malarial plant 

remedies to cure or prevent malaria infections, respectively. Traditional healers are 

rarely found in the rural areas. However, some of the religious leaders such as imams of 

mosques and temples priests are practicing and prescribing the traditional plants to the 

people. For instance, Azadirachta indica Juss. (locally known as Margosa) has been 

mentioned by an Indian priests who stated that this plant has its folkloric background in 

the treatment of fever and malaria in the ayurvedic medicine. On the other hand, Nigella 

sativa L. (locally known as Jintan hitam), which has its religious background in the 

prophetic medicine, has been mentioned by a Malay imam of mosque. 

 

 As shown in Table 4.4, a total of 19 species in 17 families used to treat malaria 

or fever were identified. Eleven of the vouchers of the plants that were identified by a 

plant taxonomist, have been previously collected and deposited at the Herbarium of the 

University of Malaya for the purposes of different studies at the university. While eight 

plants namely, Cassia siamea L., Cocos nucifera L., Languas galanga Stuntz., Nigella 

sativa L., Ocimum tenuiflorum L., Phyllanthus niruri L.,  Piper betle L., Hibiscus rosa-

sinensis L., were deposited for the first time during this study. The collection of plants 

at the Rimba Ilmu Botanic Garden of the University of Malaya, includes a large number 

of medicinal plants. The plants vouchers at the Herbarium of the University of Malaya 

are shown in the Figure 4.1. 
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Table 4.4: Plant species identification and voucher numbers 

Species Family voucher numbers 

   

1. Azadirachta indica Juss. Meliaceae KLU 33205 

2. Brucea javanica Merr.  Simaroubaceae KLU 34932 

3. Cassia siamea L.  Fabaceae   KLU 46621 

4. Cocos nucifera L.  Arecaceae KLU 47212 

5. Eurycoma longifolia Jack  Simaroubaceae KLU 03593 

6. Labisia pumila (Bl.) F.-Vill.  Myrsinaceae KLU 09386 

7. Languas galanga Stuntz.   Zingiberaceae KLU 46619 

8. Lansium domesticum Corr.  Meliaceae KLU 44528 

9. Morinda citrifolia L.  Rubiaceae KLU 45405 

10. Nigella sativa L.  Ranunculaceae KLU 47213 

11. Ocimum tenuiflorum L.  Lamiaceae KLU 46618 

12. Phyllanthus niruri L.   Phyllanthaceae KLU 46617 

13. Piper betle L.  Piperaceae KLU 46620 

14. Hibiscus rosa-sinensis L.  Malvaceae KLU 46616 

15. Tinospora crispa L.  Menispermaceae KLU 45568 

16. Aeschynanthus sp. Jack  Gesneriaceae KLU 20482 

17. Alstonia angustiloba Mig.  Apocynaceae KLU 03364 

18. Curcuma domestica L.  Zingiberaceae KLU 41829 

19. Elateriospermum tapos Bl.  Euphorbiaceae KLU 42028 

 

 

 

 

 

http://en.wikipedia.org/wiki/Meliaceae
http://en.wikipedia.org/wiki/Arecaceae
http://en.wikipedia.org/wiki/Zingiberaceae
http://en.wikipedia.org/wiki/Zingiberaceae
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Figure 4.1: Azadirachta indica Juss. (KLU 33205), Brucea javanica Merr. (KLU 

34932), Cassia siamea L. (KLU 46621), Cocos nucifera L. (KLU 47212). 
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Figure 4.1 continued: Eurycoma longifolia Jack (KLU 03593), Labisia pumila (Bl.) F. 

Vill. (KLU 09386), Languas galanga Stuntz. (KLU 46619),  Lansium 

domesticum Corr. (KLU 44528). 

 

 

 

 

 

 



 

87 

 

 

 

Figure 4.1 continued: Morinda citrifolia L. (KLU 45405), Nigella sativa L. (KLU 

47213), Ocimum tenuiflorum L. (KLU 46618), Phyllanthus niruri L. (KLU 46617). 
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Figure 4.1 continued: Piper betle L. (KLU 46620), Hibiscus rosa-sinensis L. (KLU 

46616), Tinospora crispa L. (KLU 45568), Aeschynanthus sp. Jack (KLU 20482). 
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Figure 4.1 continued: Alstonia angustiloba Mig. (KLU 03364), Curcuma domestica L. 

(KLU 41829) and Elateriospermum tapos Bl. (KLU 42028). 
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 The majority of the plant species (89.5%, 17/19) were identified through the 

interviews with the aboriginal and rural people. In spite of only 31.6% (6/19) of the 

plant species being identified through the interviews with the traditional healers, most of 

them got the highest preference ranking. Some plants were mentioned in more than one 

interviewed group and Eurycoma longifolia was the only species that was mentioned in 

all three interviewed groups. However, most of the identified plant species were 

mentioned by only one respondent (PRK 1.8). The plant species with higher PPK values 

were Eurycoma longifolia (PRK 15.8) followed by Labisia pumila (PRK 14.0) and 

Tinospora crispa (PRK 7.0), respectively (Table 4.5).  

 

 All of the identified plant remedies are used for curative purposes to cure 

malaria, and six plant species are used as curative and prophylactic remedies. Data 

obtained from the users of anti-malarial plants showed that 73.7% of the anti-malarial 

plant remedies were obtained from trees and herbs (Table 4.6).  

 

 Different parts of the plants were used in the preparation of anti-malarial plant 

remedies. In most of the species (63%), the remedies were obtained from the leaves and 

roots. Fifteen plants are used orally as decoctions or infusions, mainly three times daily 

until malaria is cured. Of the 15 plants used orally, the anti-malarial activity of four 

plants, C. nucifera, L. pumila, L. galanga and P. betle four plants are non-existent in the 

literature (Table 4.7). 

 

 Four plants decoctions are applied externally during bathing in combination of 

more than one species. In some instances, they are applied as compresses to the 

abdominal area accompanied by chanting some religious words.  
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Table 4.5 Interviewed groups, percentage and preference ranking of plants species 

Species (voucher numbers) Interviewed groups PRK PR 

 AH  RH TH   

Azadirachta indica Juss.  * * 3.5 3 

Brucea javanica Merr.   * 1.8 3 

Cassia siamea L.   *  1.8 1 

Cocos nucifera L.   *  1.8 1 

Eurycoma longifolia Jack * * * 15.8 3 

Labisia pumila (Bl.) F.-Vill. *  * 14.0 2 

Languas galanga Stuntz.  * *  3.5 2 

Lansium domesticum Corr.   *  1.8 1 

Morinda citrifolia L.  *   1.8 1 

Nigella sativa L.    * 1.8 2 

Ocimum tenuiflorum L.  *  1.8 1 

Phyllanthus niruri L. *   1.8 1 

Piper betle L.  * *  3.5 2 

Hibiscus rosa-sinensis L. *   1.8 1 

Tinospora crispa L.  * * 7.0 3 

Aeschynanthus sp. Jack  *   1.8 1 

Alstonia angustiloba Mig.  *   1.8 1 

Curcuma domestica L.  *   3.5 1 

Elateriospermum tapos Bl.  *   1.8 1 

AH: Aboriginal households, RH: rural households, TH: traditional healers, PRK: 

percentage of respondents knowledge, PR: preference ranking. 
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Table 4.6: Application, local names, growth forms and purpose of species of the plants 

Species/Application Local name Growth 

form 

Purpose 

Plants used orally    

Azadirachta indica Margosa Tree Curative 

Brucea javanica Lada pahit Tree Curative 

Cassia siamea Johor Tree Curative 

Cocos nucifera  Kelapa  Tree Curative, Prophylactic 

Eurycoma longifolia  Tongkat Ali Shrub Curative, Prophylactic 

Labisia pumila Kacip Fatimah Herb Curative, Prophylactic 

Languas galanga  Lengkuas Herb Curative 

Lansium domesticum Langsat Tree Curative 

Morinda citrifolia Peremuh/ Mengkudu  Tree Curative 

Nigella sativa Jintan hitam/ 

Habatulsawda 

Herb Curative, Prophylactic 

Ocimum tenuiflorum   Tulsi Herb Curative 

Phyllanthus niruri Dukung anak Herb Curative 

Piper betle  Sirih/Serih Liana Curative, Prophylactic 

H. rosa -sinensis Bunga Raya  Shrub Curative 

Tinospora crispa Putarwali/Batang Wali Shrub Curative, Prophylactic 

Plants used externally    

Aeschynanthus sp. Sambuk Shrub Curative 

Alstonia angustiloba Pulai getah Tree Curative 

Curcuma domestica  Kunyit Herb Curative 

Elateriospermum tapos Perah/parah Tree Curative 
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Table 4.7: Parts used, preparation and anti-malarial reported in the literatures  

Species/Applicatio

n 

Part used Preparation Anti-malarial reported in the 

literatures 

Plants used orally    

A. indica Leaves Decoction (Obaseki and Fadunsin, 1982; 

Devi et al., 2001; Isah et al., 

2003) 

B. javanica Fruits, leaves  Infusion (Pavanand et al., 1986) 

C. siamea Stem bark Decoction (Ajaiyeoba et al., 2007) 

C. nucifera  White flesh (fruit) Infusion Not reported in the literature 

E. longifolia  Root  Decoction  (Hooi et al., 1995; Ping-Chung 

et al., 2003; Kit-Lam et al., 

2004) 

L. pumila Leaves Decoction Not reported in the literature 

L. galanga (syn. 

Alpinia galanga) 
Rhizome Decoction Not reported in the literature 

L. domesticum Peel and bark Infusion (Yapp & Yap, 2003; Saewan et 

al., 2006) 

M. citrifolia Leaves and fruits Decoction (Ancolio et al., 2002) 

N. sativa Seeds Infusion (Abdulelah & Zainal-Abidin, 

2007; Wan Omar et al., 2007) 

O. tenuiflorum 

(syn. O. sanctum)  
 Leaves and seed Decoction (Devi et al., 2001. Wan Omar et 

al., 2007) 

P. niruri Whole plants Decoction (Tona et al., 2001) 

P. betle  Leaves Chewing  Not reported in the literature 

H. rosa -sinensis Flowers Infusion (Popp et al., 1967) 

T. crispa Stems, leaves or roots   Decoction  (Sahidan et al., 1994; Nik-Najib 

et al., 1999; Wan-Omar et al., 

2007) 
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4.3 ANTI-MALARIAL ACTIVITY OF THE PLANTS EXTRACTS 

 

The four selected plants were investigated at the same time, conditions and controls for 

each test are specified below  

 

4.3.1 Cocos nucifera L. 

 

i. Phytochemical screening of C. nucifera white flesh 

 

Phytochemical screening of the methanol extract of C. nucifera white flesh revealed the 

presence of terpenoids, tannins, steroids and glycosides.  

 

ii. Radical scavenging activity of C. nucifera white flesh 

 

The white flesh extract of C. nucifera showed a weak DPPH radical scavenging activity. 

At 1.56 - 25 µg/ml, the scavenging abilities of the methanol extract on DPPH radicals 

were 9.352%, 8.15%, 7.69%, 1.91% and 5.52%, respectively (Figure 4.2). Ascorbic acid 

and gallic acid showed strong scavenging abilities reaching 72.74 and 73.79% at 25 

µg/ml, respectively.  

 

iii. Acute oral toxicity of C. nucifera white flesh 

 

No effects of toxicity or mortalities were recorded in any of the 10 animals post dosing 

and during the observation period (14 days). All animals gained body weight by D 7 and 

on the end of the experiment (Table 4.8), the tests and control groups did not show any 

significant differences. Based on the above mentioned results, the acute oral LD50 in 

mice of the test extract was found to be in excess of 5000 mg/kg. 
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Figure 4.2:  DPPH scavenging % activity of C. nucifera white flesh methanol extract 

 

 

Table 4.8: Body weight gain of mice receiving 5000 mg/kg of C. nucifera white flesh 

methanol extract 

 

Mice groups Mean group weight (g) ± S.D. (g); n=5 Mean weight 

gain (g); n=5 

 D1 D0 D7 Day 14  

Control male 28.00 ± 1.11 

 

27.98 ± 1.28 30.52 ± 1.90 

 

31.80 ± 1.99 

 

3.80 ± 1.93 

 

 Test male 27.66 ± 2.42 

 

27.98 ± 2.47 

 

30.60 ± 2.53 

 

31.60 ± 2.41 

 

3.94 ± 1.94 

 
Control  female 22.44 ± 0.42 22.70 ± 0.37 24.40 ± 1.07 25.30 ± 0.72 2.86 ± 1.37 

Test female 23.38 ± 0.85 

 

23.50 ± 0.87 

 

25.32 ± 1.00 

 

 

26.04 ± 1.11 

 

2.66 ± 1.33 
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iv. Suppressive anti-malarial activity of C. nucifera white flesh 

 

C. nucifera white flesh methanol extract produced a dose-dependent chemotherapeutic 

activity in the 4-day suppressive test.  Chemosuppression effects of 44.71%, 56.86%, 

79.61% and 83.73% were exhibited for the 50, 100, 200 and 400 mg/kg extract doses. In 

comparison with the control, the 100, 200 and 400 mg/kg doses showed significant anti-

malarial activity during the early malaria infection (P < 0.05) (Table 4.9). 

 

v. Curative anti-malarial activity of C. nucifera white flesh 

 

The methanol white flesh extract of C. nucifera exhibited significant (P < 0.05) dose 

dependent reductions in parasitaemia for all the extract doses in comparison with the 

control. A daily increases in parasitaemia reaching 9.60 % on D6 of infection was 

exhibited by the control group (Figure 4.3). The mean parasitaemia for the treated 

groups on D6 of infection were 5.90%, 4.40%, 3.20% and 3.00 for 50, 100, 200, 400 

mg/kg, respectively (Table 4.10). On the other hand, the mice that received high doses 

of the extract during the established malaria infection showed a higher mean survival 

time during a period of 30 days than those received the lower concentrations. The mice 

treated with 20 mg/kg of the reference drug (chloroquine) exhibited a mean survival 

time of 27.20 days. The test mice treated with the extract at 50, 100, 200 and 400 

mg/kg/day showed 13.80, 14.60, 15.20, and 15.60 mean survival time (days), 

respectively, the increase in the mean survival time were not significant. The control 

group had a mean survival time of 13.6 days (Table 4.11).  
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Table 4.9: Suppressive anti-malarial activity of C. nucifera white flesh methanol extract 

 

* P ≤ 0.05 compared to the control group. 

 

 

 

Table 4.10: Curative anti-malarial activity of C. nucifera white flesh methanol extract 

 

 Extract/drug Dose 

 

Parasitaemia% 

(D6) 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 9.60 ± 0.93 

 
White flesh extract 50 mg/kg 5.90 ± 0.86 38.54* 

 

100 mg/kg 4.40 ± 0.97 54.17* 

 

200 mg/kg 3.20 ± 0.51 66.67* 

 

400 mg/kg 3.00 ± 0.51 68.57* 

Chloroquine 20 mg/kg 00.00 100 

* P ≤ 0.05 compared to the control group. 

 

 

 Extract/drug Dose 
Parasitaemia% 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 5.1 ± 0.33  

White flesh extract 50 mg/kg 2.82 ± 0.78 44.71 

  100 mg/kg 2.20 ± 0.49 56.86* 

  200 mg/kg 1.04 ± 0.75 79.61* 

  400 mg/kg 0.83 ± 0.47 83.73* 

Chloroquine 20 mg/kg 00.00 100 
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Figure 4.3: Comparison of parasitaemia chemosuppression of C. nucifera white flesh 

extract-treated groups and control from D3 until D7 after infection 

 

 

Table 4.11: Mean survival time of mice treated with C. nucifera white flesh methanol 

extract 

 

Extract/drug Dose Mean survival time  

± S.E.M. (n=5) 

 
Control 0.2 mL 13.60 ±0.51 

White flesh extract 50 mg/kg 13.80 ±1.69 

 100 mg/kg 14.60 ±1.21 

 200 mg/kg 15.20 ±0.66 

 400 mg/kg 15.60 ±1.36 

Chloroquine 20 mg/kg 27.20 ± 1.11* 

* P ≤ 0.05 compared to the control group. 
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vi. Prophylactic anti-malarial activity of C. nucifera white flesh 

 

Table 4.12 presents the description of the residual infection. C. nucifera showed dose 

dependent prophylactic anti-malarial activity during.  It exerted 30.43%, 43.48%, 

56.52% and 73.91% suppressions, respectively.  C. nucifera showed significant (P < 

0.05) prophylactic anti-malarial activity during the residual malaria infection by the 

highest concentrations of the extracts, 200 and 400 mg/kg doses. The 50, 100 and 200 

doses of the extract exhibited lower suppressions when compared with the 400 dose, 

which showed a prophylactic activity closed to the standard drug (Table 4.12). 
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Table 4.12: Prophylactic anti-malarial activity of C. nucifera white flesh methanol 

extract 

 

Drug/extract Dose Parasitaemia% 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 4.60 ± 0.51   

White flesh extract 50 mg/kg 3.20 ± 0.49 30.43 

  100 mg/kg 2.60 ± 0.81 43.48 

  200 mg/kg 2.00 ± 0.45 56.52* 

  400 mg/kg 1.20 ± 0.20 73.91* 

Pyrimethamine 1.2 mg/kg 1.24 ± 0.47 73.04* 

* P ≤ 0.05 compared to the control group. 
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4.3.2 Labisia pumila (Bl.) F.-Vill. 

 

i. Phytochemical screening of L. pumila leaves 

 

The presence of terpenoids, flavonoids, tannins, steroids and saponin was indicated 

through the phytochemical screening of L. pumila leaves methanol extract. 

 

ii. DPPH radical scavenging activity of L. pumila leaves 

 

 

L. pumila showed moderate DPPH radical scavenging activity. At 1.56 - 25 µg/ml, the 

scavenging abilities of the methanol extract on DPPH radicals were 6.82%, 8.80%, 

17.21%, 23.03% and 40.66%, respectively (Figure 4.4). Ascorbic acid and gallic acid 

showed strong scavenging abilities reaching 72.74 and 73.79% at 25 µg/ml, 

respectively.  

 

iii. Acute oral toxicity of L. pumila leaves 

 

 

No effects of toxicity or mortalities were recorded in any of the 10 animals post dosing 

and during the observation period (14 days). All animals gained body weight by D 7 and 

at on the end of the experiment, the tests and control groups did not show any 

significant differences (Table 4.13). Based on the above mentioned results, the acute 

oral LD50 in mice of the test extract was found to be in excess of 5000 mg/kg. 
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Figure 4.4:  DPPH scavenging % activity of L. pumila leaves methanol extract 

 

 

 

Table 4.13: Body weight gain of mice receiving 5000 mg/kg of L. pumila leaves 

methanol extract 

 

Mice groups Mean group weight (g) ± S.D. (g); n=5 Mean weight 

gain (g); n=5 

 D-1 D0 D7 Day 14  

Control male 28.00 ± 1.11 

 

27.98 ± 1.28 30.52 ± 1.90 

 

31.80 ± 1.99 

 

3.80 ± 1.93 

 

 Test male 28.16± 0.86 

 

28.74± 0.98 

 

30.12± 1.32 

 

31.3± 1.23 

 

3.14± 1.41 

 

Control female 22.44 ± 0.42 

 

22.70 ± 0.37 

 

24.40 ± 1.07 

 

25.30 ± 0.72 

 

2.86 ± 1.37 

 

Test female 22.08± 1.08 

 

22.28± 1.26 

 

23.62± 1.06 

 

 

24.42± 1.01 

 

2.34± 1.11 
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iv. Suppressive anti-malarial activity of L. pumila leaves 

 

The in vivo anti-plasmodial activity during the early malaria infection showed that only 

the 400 mg/kg dose has a significant anti-malarial activity (P < 0.05). A dose-dependent 

chemosuppressive activity which ranged between 19.61% and 50.94 % in all groups of 

mice has been exhibited (Table 4.14).  

 

v. Curative anti-malarial activity of L. pumila leaves 

 

L. pumila leaves showed active anti-malarial activity of more than 30% reduction of 

parasitaemia by the 400 mg/kg dose. However, no significant activity has been revealed.  

Chemosuppression effects on D6 were shown for the doses of the extract (Table 4.15). 

Comparison of parasitaemia chemosuppression of the extract-treated groups and control 

from D3 until D7 after infection is shown in Figure 4.5. The mean survival did not show 

significant results for this plant extract (Table 4.16). 

 

 

vi. Prophylactic antimalarial activity of L. pumila leaves 

 

The highest percentage of parasitaemia reduction caused by the leaves extract of L. 

pumila in residual malaria infection was 36.96% for the 400 mg/kg extract dose. Again, 

the prophylactic test did not show any significant results. In the Table 4.17, prophylactic 

suppression values of 02.17%, 13.04%, 21.74% and 36.96 % was exerted for the 

corresponding doses of the extract, 50, 100, 200 and 400 mg/kg. 
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Table 4.14: Suppressive anti-malarial activity of L. pumila leaves methanol extract 

 

Drug/extract Dose Parasitaemia% 

± S.E.M. (n=5) 

%Chemo 

suppression 

Control 0.2 mL 5.10 ± 0.33  

Leaves extract 50 mg/kg 4.10 ± 0.68 19.61 

  100 mg/kg 4.01 ± 1.04 21.33 

  200 mg/kg 3.10 ± 0.98 39.22 

  400 mg/kg 2.50 ± 0.63 50.94* 

Chloroquine 20 mg/kg 00.00 100 

* P ≤ 0.05 compared to the control group. 

 

 

 

 

 

 

Table 4.15: Curative anti-malarial activity of L. pumila leaves methanol extract 

 

 Extract/drug Dose Parasitaemia% 

(D6) 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 9.60 ± 0.93 

 
Leaves extract 50 mg/kg 9.40 ± 2.80 02.08 

 

100 mg/kg 8.20 ± 0.86 14.58 

 

200 mg/kg 7.40 ± 1.91 22.92 

 

400 mg/kg 5.00 ± 0.55 47.92 

Chloroquine 20 mg/kg 00.00 100 
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Figure 4.5: Comparison of parasitaemia chemosuppression of the L. pumila leaves 

extract-treated groups and control from D3 until D7 after infection 

 

 

 

 

Table 4.16: Mean survival time of mice treated with L. pumila leaves methanol extract 

 

Extract/drug Dose Mean survival time  

± S.E.M. (n=5) 

±  Control 0.2 mL 13.60 ± 0.51 

Leaves extract 50 mg/kg 13.20 ± 0.73 

 100 mg/kg 13.80 ± 1.11 

 200 mg/kg 14.40 ± 0.24 

 400 mg/kg 15.80 ± 1.39 

Chloroquine 20 mg/kg 27.20 ± 1.11* 

* P ≤ 0.05 compared to the control group. 
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Table 4.17: Prophylactic anti-malarial activity of L. pumila leaves methanol extract 

 

Extract/drug Dose Parasitaemia% 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 4.60 ± 0.51   

Leave extract 50 mg/kg 4.50 ± 0.59 02.17 

  100 mg/kg 4.00 ± 0.63 13.04 

  200 mg/kg 3.60 ± 0.93 21.74 

  400 mg/kg 2.90 ± 0.90 36.96 

Pyrimethamine 1.2 mg/kg 1.24 ± 0.47 73.04* 

* P ≤ 0.05 compared to the control group. 
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4.3.3 Languas galanga Stuntz. 

 

 

i. Phytochemical screening of L. galanga rhizome 

 

The presence of terpenoids, flavonoids, tannins, saponins, steroids and glycosides was 

indicated through the phytochemical screening of L. galanga rhizomes methanol 

extract. 

 

ii. Radical scavenging activity of L. galanga rhizome 

The methanol rhizome extract of L. galanga showed moderate DPPH radical 

scavenging activity. At 1.56–25 µg/mL, the scavenging abilities of the methanol extract 

were 10.08%, 8.63%, 15.64%, 29.34% and 37.88%, respectively, as shown in Figure 

4.6. At 25 µg/mL, ascorbic acid and gallic acid showed strong scavenging abilities 

reaching 72.74 and 73.79%, respectively.  

 

iii. Acute oral toxicity of L. galanga rhizome 

The mortality rates of orally administered L. galanga are shown in the Table 4.18. The 

most important observed behavioural indications of toxicity were asthenia, piloerection, 

ataxia, anorexia, urination, diarrhea, lethargy and coma. Asthenia, piloerection, 

anorexia, diarrhea and urination were noticed after dosing with 2,000 mg/kg and were 

more marked at the highest dose and continued until death, in particular among the male 

subjects, which showed a lethal median dose lower than that of the females. In ICR 

mice, the LD50 of L. galanga rhizome methanol extract was 4,998 mg/kg. 
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Figure 4.6:  DPPH scavenging % activity of L. galanga rhizomes methanol extract 

 

 

 

 

 

 

 

Table 4.18: Acute oral toxicity of L. galanga rhizome methanol extract in ICR mice 

 

Dose 

(mg/kg) 

Mortality        LD50  

Dead/tested mice Latency ( hour)   

0 0/10 -  

 

The median lethal dose 

determined by the 

probit analysis was 

4,998 mg/kg 

 

300 0/10 -  

2,000 1/10 >36, <60  

5,000 5/10 >24, <60  
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iv. Suppressive anti-malarial activity of L. galanga rhizome 

During early malaria infection, the rhizomes extract of L. galanga produced a dose 

dependent suppressive anti-malarial activity. The 4-day suppressive effects of 29.41%, 

49.02%, 62.55% and 64.51% were shown for the 50, 100, 200 and 400 mg/kg doses of 

the extract, respectively. After the 200 mg/kg, the anti-malarial activity of the extract 

showed only a marginal increase.  In the exception of the 50 mg/kg dose, the extract 

produced significant (P < 0.05) anti-malarial activity (Table 4.19).  

 

v. Curative anti-malarial activity of L. galanga rhizome 

 

In comparison with the control, L. galanga rhizome exhibited significant (P < 0.05) 

dose dependent curative anti-malarial activity. The parasitaemia percentages for the 

extract-treated groups on D6 of infection were 5.80%, 3.40%, 3.40% and 3.20% for 50, 

100, 200, and 400 mg/kg doses of the extract, respectively (Table 4.20). A marginal 

increase in the anti-malarial activity of the extract was exhibited over the 100 mg/kg 

dose. In Figure 4.7, parasitaemia chemosuppressions of the extracts groups and control 

from D3 until D7 after infection is exposed. The mean parasitaemia for the control 

group was 9.60. The mice group treated with the 200 and 400 mg/kg doses of the extract 

showed longer survival time, which was significantly different from the control group 

(Table 4.21).  
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Table 4.19: Suppressive anti-malarial activity of L. galanga rhizomes methanol extract 

 

Extract/drug Dose 
Parasitaemia% 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 5.10 ± 0.33  

Rhizome extract 50 mg/kg 3.60 ± 0.68 29.41 

  100 mg/kg 2.60 ± 0.37 49.02* 

  200 mg/kg 1.91 ± 0.91 62.55* 

  400 mg/kg 1.81 ± 0.89 64.51* 

Chloroquine 20 mg/kg 00.00 100 

* P ≤ 0.05 compared to the control group. 

 

 

Table 4.20: Curative anti-malarial activity of L. galanga rhizomes methanol extract 

 

Extract/drug Dose 

Parasitaemia% 

(D6) 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 9.60 ± 0.93  

Rhizome extract 50 mg/kg 5.80 ± 1.21 39.58 

 100 mg/kg 3.40 ± 0.22 64.58* 

 200 mg/kg 3.40 ± 0.78 65.58* 

 400 mg/kg 3.20 ± 0.77 66.67* 

Chloroquine 20 mg/kg 00.00 100 

* P ≤ 0.05 compared to the control group. 
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Figure 4.7: Comparison of parasitaemia chemosuppression of the L. galanga rhizomes 

extract-treated groups and control from D3 until D7 after infection 

 

 

 

 

Table 4.21: Mean survival time of mice treated with L. galanga rhizomes methanol 

extract 

 

Extract/drug Dose Mean survival time  

± S.E.M. (n=5) 

 Control 0.2 mL 13.60 ± 0.51 

Rhizome extract 50 mg/kg 14.40 ± 0.81 

 100 mg/kg 15.60 ± 0.98 

 200 mg/kg 17.60 ± 0.40* 

 400 mg/kg 18.00 ± 0.55* 

Chloroquine 20 mg/kg 27.20 ± 1.11* 

* P ≤ 0.05 compared to the control group. 
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vi. Prophylactic anti-malarial activity of L. galanga rhizome 

As summarized in Table 4.22, the results of prophylactic activity of the rhizomes extract 

during the residual malaria infection exhibited dose dependent suppression at the 50-

400 mg/kg doses, exerting 13.04%, 26.09%, 39.13% and 52.17% suppressions, 

respectively. It showed that though there were significant prophylactic activities at the 

doses with the highest concentrations (200 and 400 mg/kg), the chemosuppressive 

activity was rather low and not significant at the 100 and 50 mg/kg doses.  
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Table 4.22: Prophylactic anti-malarial activity of L. galanga rhizomes methanol extract 

 

Extract/drug Dose 
Parasitaemia% 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 mL 4.60 ± 0.51   

Rhizome extract 50 mg/kg 4.00 ± 0.55 13.04 

  100 mg/kg 3.40 ± 0.93 26.09 

  200 mg/kg 2.80 ± 0.49 39.13* 

  400 mg/kg 2.20 ± 0.37 52.17* 

Pyrimethamine 1.2 mg/kg 1.24 ± 0.47 73.04* 

* P ≤ 0.05 compared to the control group. 
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4.3.4 Piper betle L. 

 

i. Phytochemical screening of P. betle leaves 

Phytochemical screening of P. betle leaves methanol extract exposed that the leaf 

extract contains alkaloids, terpenoids, anthraquinones, flavonoids, tannins, saponins and 

steroids. 

 

ii. Radical scavenging activity of P. betle leaves 

P. betle leaves exhibited a strong radical scavenging capacity comparable to the 

controls. At the 12.5 µg/mL concentration of the methanol extract, the scavenging 

activity the leaves reached 82.56 ± 1.50 %, while at the same concentration, those of the 

ascorbic and gallic acids controls were 72.25 ± 2.44 and 73.03 ± 2.27 %, respectively 

(Figure 4.8).  

iii. Acute oral toxicity of P. betle leaves 

No deaths occurred during the observation period. Some signs were observed 1 hour 

following administration of the extract. Ataxia and piloerection were noted in males and 

females; all of which resolved by 3 hours after administration. No abnormal general 

signs were observed in the extract treated groups. All animals gained body weight on 

the end of the experiment, the tests and control groups did not show any significant 

differences (Table 4.23). 
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Figure 4.8:  DPPH scavenging % activity of P. betle leaves methanol extract 

 

 

Table 4.23: Body weight gain of mice receiving 5000 mg/kg of P. betle leaves methanol 

extract 

 

Mice groups Mean group weight (g) ± S.D. (g); n=5 

Mean 

weight gain 

(g); n=5 

 D-1 D0 D7 Day 14  

Control male 28.00 ± 1.11 

 

27.98 ± 1.28 30.52 ± 1.90 

 

31.80 ± 1.99 

 

3.80 ± 1.93 

 

 Test male 26.26 ± 0.77 

 

26.34 ± 0.82 

 

27.74 ± 2.35 

 

29.20 ± 2.72 

 

2.94 ± 1.39 

Control female 22.44 ± 0.42 

 

22.70 ± 0.37 

 

24.40 ± 1.07 

 

25.30 ± 0.72 

 

2.86 ± 1.37 

 

Test female 22.38 ± 1.31 

 

22.72 ± 1.21 

 

24.60 ± 1.31 

 

 

24.84 ± 3.05 

 

2.46 ±1.26 
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iv. Suppressive anti-malarial activity of P. betle leaves 

 

P. betle leaves methanol extract showed a dose-dependent chemosuppressive activity 

which ranged between 36.47% and 82.31% (Table 4.24). A significant high degree of 

chemosuppression was shown by the 200 and 400 mg/kg doses of the extract that 

reduced the parasitaemia of the infected mice when compared to control (P < 0.05). 

 

v. Curative antimalarial activity of P. betle leaves 

 

The results indicated that the methanol extract of P. betle leaves exhibited significant (P 

< 0.05) dose dependent chemosuppression in parasitaemia for all the extract doses in 

comparison with the control. A daily increases in parasitaemia reaching 9.60 % on D6 

of infection was exhibited by the control group (Figure 4.9). The chemosuppression 

effects for the treated groups on the D6 of infection were 37.50%, 45.83%, 66.46% and 

70.63% for the extract doses 50 to 400 mg/kg, respectively (Table 4.25). On the other 

hand, the mice extract-treated groups showed longer survival times reaching 19.00 ± 

1.22 days as compared to the control with 13.6 ± 0.51 days. The chloroquine-treated 

group had a mean survival time of 27.2 ± 2.33 days (Table 4.26).  
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Table 4.24: Suppressive anti-malarial activity of P. betle leaves methanol extract 

 

 Extract/drug Dose Parasitaemia% 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 ml 5.10 ± 0.33   

Leaves extract 50 mg/kg 3.24 ± 0.82 36.47 

  100 mg/kg 2.40 ± 0.68 52.94* 

  200 mg/kg 1.50 ± 0.63 70.51* 

  400 mg/kg 0.90 ± 0.33 82.31* 

Chloroquine 20 mg/kg 00.00 100 

* P ≤ 0.05 compared to the control group. 

 

 

 

 

 

 

Table 4.25: Curative anti-malarial activity of P. betle leaves methanol extract 

 

 Extract/drug Dose Parasitaemia% 

(D6) 

± S.E.M. (n=5) 

 

%Chemo-

suppression 

Control 0.2 ml 9.60 ± 0.93 

  

Leaves extract 50 mg/kg 6.00 ± 0.84 37.50* 

 

100 mg/kg 5.20 ± 0.92 45.83* 

 

200 mg/kg 3.22 ± 0.95 66.46* 

 

400 mg/kg 2.82 ± 0.84 70.63* 

Chloroquine 20 mg/kg 00.00 100 

* P ≤ 0.05 compared to the control group. 
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Figure 4.9: Comparison of parasitaemia chemosuppression of the P. betle leaves 

 extract-treated groups and control from D3 until D7 after infection 

 

 

 

 

Table 4.26: Mean survival time of mice treated with P. betle leaves methanol extract 

 

Drug/extract Dose 
Mean survival time  

± S.E.M. (n=5) 

 
Control 0.2 ml 13.60 ± 0.51 

Leaves extract 50 mg/kg 14.40 ± 0.93 

 

100 mg/kg 15.20 ± 1.16 

 

200 mg/kg 17.20 ± 1.56 

 

400 mg/kg 19.00 ± 1.22* 

Chloroquine 20 mg/kg 27.20 ± 2.33* 

* P ≤ 0.05 compared to the control group. 
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vi. Prophylactic anti-malarial activity of P. betle leaves 

 

The results of prophylactic activity of the leaves methanol extract of P. betle during the 

residual malaria infection exhibited significant (P < 0.05) dose dependent suppressions. 

The leaves extract exhibited 19.57, 34.78, 52.17 and 70.88% chemosuppressions, for the 

doses 50 to 400 mg/kg, respectively (Table 4.27). The chemosuppression shown by the 

400 mg/kg of the extract was comparable to the standard drug. 
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Table 4.27:  Prophylactic anti-malarial activity of P. betle leaves methanol extract 

 

Drug/extract Dose Parasitaemia% 

± S.E.M. (n=5) 

%Chemo-

suppression 

Control 0.2 ml 4.60 ± 0.51   

Leaves extract 50 mg/kg 3.70 ± 0.30 19.57 

  100 mg/kg 3.00 ± 1.34 34.78 

  200 mg/kg 2.20 ± 0.37 52.17* 

  400 mg/kg 1.34 ± 0.41 70.88* 

Pyrimethamine 1.2 mg/kg 1.24 ± 0.47 73.04* 

* P ≤ 0.05 compared to the control group. 
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CHAPTER V 

 

DISCUSSION 

 

5.1  COMMUNITY’S AWARENESS REGARDING MALARIA  

 

This study is the first to investigate the KAP on malaria in Peninsular Malaysia, which 

is directly essential to enhance community awareness of malaria. Findings of the present 

study indicated that there were significant differences between aboriginal and rural 

communities in knowledge and practices towards malaria transmission, treatment-

seeking behaviour and understanding of effective preventive measures. This could be 

explained by the better educational level and the higher number of health facilities 

reported among rural population. In addition, religious practices and cultural traditions 

among the inhabitants of remote areas may be the reason behind the inadequate 

knowledge of malaria. In general, Aborigines often attribute the illness to devil, ghosts 

or evil spirits. In this study, these practices either through the use of plants, consultation 

of traditional healers or sorcerers were demonstrated in about one third of the 

participants. 

 

 Moreover, most of the aboriginal people of this study live in houses made up of 

bamboo lacking of sanitation (APPENDIX A). There is poverty, malnutrition, high 

prevalence of intestinal parasitic infections (Al-Mekhlafi, 2008). Insufficient quality 

health care and poverty that are widespread among the aboriginal people can seriously 

hinder the elimination of malaria (WHO, 2005; Sharma, 2009).  
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 The present study also reported many mistaken beliefs about malaria particularly 

in the Aborigines where a large number of the participants demonstrated a 

misconception about its transmission. This emphasizes the need for effective 

interventions to improve the level of knowledge in this community. A noteworthy 

number of participants believed that malaria is transmitted by stagnant water, walking in 

forest, human to human via belongings and others. Although most of the participants 

associated malaria to mosquito bites, none of them knew that a parasite is the causative 

agent responsible for malaria neither how mosquitoes acquire the parasite. The role of 

mosquito vector in transmission of malaria was known to 50% and 70.7% of the 

aboriginal and rural participants, respectively. This figure was lower than that exhibited 

by respondents in a KAP study in Swaziland, Southern Africa (92.81%), a country 

earmarked for malaria elimination (Hlongwana et al., 2009).
 
Accordingly, it is clear that 

the lack of knowledge, among the target population, about the aetiology of the disease 

as well as the position of mosquitoes in causing malaria may add additional burden and 

costs for controlling the disease and may cause failure of malaria elimination 

programme.  

  

 Education plays an important role in people‘s perceptions and practices of 

treating and controlling malaria. Previous studies from Africa showed a positive 

correlation between the awareness of preventive measures to control malaria infection 

and the level of education among the community (Tarimo et al., 2000; Dike et al., 

2006). Furthermore, the use of medicinal plants to combat malaria was lower in people 

who have a higher level of formal education (Dike et al., 2006). In harmony with these 

findings, the present study showed that the better educational level of the rural 

community reflected a better knowledge and practices regarding malaria prevention and 

treatment than the aboriginal people. At the community level, the level of education 



 

123 

 

showed a significant impact on population‘s Knowledge, attitudes and practices on 

malaria. 

 

 The findings of this study showed that most people in both communities had 

information about symptoms of malaria and more than three quarters of the participants 

recognized fever, chills/rigors and headache as most common symptoms. This was in 

agreement with the previous studies in tropical and subtropical malaria endemic 

countries (Simsek & Kurcer, 2005; Swe & Pearson, 2004). It should be noted that a 

considerable number of participants in both communities showed confusion between the 

symptoms of malaria and dengue fever which is also endemic in these areas. However, 

this may not affect the disease control in terms of the mosquito control but, it may lead 

to serious complications in patients who believe that dengue fever can be cured by 

taking anti-pyretics and drinking fluids (Nalongsack et al., 2009). 

 

 Promising results about treatment-seeking behaviour were reported; almost all 

the rural participants and two thirds of the aboriginal participants seek treatment at 

health centers within twenty-four hours of the symptoms onset. Previous studies in rural 

areas in Southeast Asia showed that more than half of the population opts for self-

treatment without visiting a health facility (Sanjana et al., 2006; Joshi & Banjara, 2008). 

The better behaviour reported by the present study could be due to the availability of 

health facilities and access to its services by all Malaysians throughout the country. 

Most of the aboriginal people who use medicinal plants and believe in witchcraft as a 

treatment for febrile diseases go to health centres for treatment, either within 24 hours 

exercising this practice to support the modern treatment or within 48-72 hours after 

waiting for the outcome of traditional recipes for a short period of time and then seek 

treatment from health centres. Of reasons not to seek treatment on the first day of the 
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onset of fever is to wait until the disease worsened to the belief that febrile diseases 

resolve spontaneously (Nyamongo, 2002). 

 

 Regarding the understanding of the measures for the prevention of malaria, the 

present study showed that most of the participants were aware that malaria can be 

prevented. However, many misconceptions about malaria prevention measures were 

reported. In both communities, more than one third of the participants do not use bed 

nets to prevent mosquito bites. This could be due to the reliance of these populations on 

the government in fighting the disease without taking enough personal precautions. The 

poor usage of mosquito bed nets might also be attributed to the cost and to the lack of 

knowledge that mosquitoes are the causative agents of malaria (Minja et al., 2001; 

Oguonua et al., 2005).  

 

 The comparison between the forest-aboriginal and rural communities has a great 

benefit to determine the nature of adaptations required in the plan of future 

interventions. Public awareness programmes to promote a better understanding on 

malaria transmission and active participation of the aboriginal communities in malaria 

control activities are deemed necessary. Such awareness and participation will bring 

positive changes and adaptation in their cultural beliefs and practices and this can help 

in reducing the incidence of malaria. 
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5.2 ETHNOBOTANICAL STUDY ON ANTI-MALARIAL PLANTS 

 

The present survey has established a preliminary data base for 19 species of plant 

species used to combat malaria in Malaysia that are essential for further phytochemical 

and pharmaceutical studies. The obtained data has also revealed how different 

interviewed groups are able to enrich the information about the used plants in 

combating malaria. The majority of the species preferred by the traditional healers were 

considered to be active by the respondents, which suggests, in agreement with Asase et 

al. (2005), that traditional healers possessed a high knowledge of the medicinal plants. 

 

Seven plant species namely, Alstonia angustiloba, Brucea javanica, Cassia 

siamea, Phyllanthus niruri, Eurycoma longofolia, Languas galanga and Tinospora 

crispa recorded in this survey are used in East Malaysia to treat malaria, Kamarudin 

(1997), Kulip (1997), Fasihuddin (2000) and Fasihuddin & Holdsworth (2003) while 

the anti-malarial use of the other 12 plant species in West Malaysia were identified and 

documented for the first time.  

 

Drinking the extract decoction was the most reported preparation regarding the 

use of the plant remedies among the population in fight against the disease. However, 

the accurate quantity, standardization and quality control of the using the remedies were 

generally indistinguishable. The absent of quality control and standardization is seemed 

to be one of the major weaknesses of traditional medicine (Asase et al., 2005). 

Moreover, the combination in the traditional remedies causes further difficulty 

regarding regulation, evaluation and observation of the degrees of biologically active 

ingredients (Asase et al., 2005). 
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5.3 ANTI-MALARIAL ACTIVITY OF THE PLANTS EXTRACTS 

 

 

 

Anti-malarial activity screening tests of C.nucifera, L.pumila, L.galanga and P.betle 

showed that each of the four plant extracts exhibited active malaria suppression activity 

of more than 30% against P.berghei infection in mice as evident from the degree of 

suppressions obtained based on the 4-day suppressive tests (Krettli et al., 2009).  

 

 

 The chemosuppressions activity showed to be dose dependent where higher 

concentrations of the doses caused higher degree of anti-malarial chemosuppression 

activity (Figure 5.1). L.pumila showed a clear increase proportionately among all the 

extract doses in all the anti-malarial tests. By increasing extract dose a clear increase in 

activity was observed, suggesting that more increases in the concentration showed 

further increases in the activity. On the other hand, marginal increases in activity of L. 

galanga over 100 mg/kg was observed by the 200 and 400 mg/kg doses in both 

suppressive as well as curative assays suggesting that additional increases in the 

concentration resulted in merely marginal increases in suppression (Elufioye & 

Agbedahunsi, 2004), that may represents the maximum concentration by which the anti-

malarial molecules included in the extract can affect the parasite. C.nucifera exhibited 

marginal increases by the 400 mg/kg in both suppressive and curative assays. However, 

P.betle showed a slight marginal increase by the 400 mg/kg in curative assay, which 

may indicate that this plant can exhibit higher anti-malarial effects by increasing the 

dose concentrations.  
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Figure 5.1: The in vivo anti-malarial effects of the plants extract 

 

 

 

Figure 5.2: The mean survival time of the plants extract  
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 The extracts also exhibited a curative activity with significant (P< 0.05) high 

mean survival time values during the established malaria infection particularly in the 

groups administered with P.betle and L.galanga (Figure 5.2). Overall results with 

evident of increasing the mean survival time showed that P.betle and L.galanga were 

the most effective followed by C.nucifera and L.pumila, respectively. Although 

C.nucifera caused high degrees of suppression comparable to P.betle in all the three 

assessment models, but the increment in the survival time of the infected mice was not 

significant. These activities can be interpret as a result of individual effect by one of the 

chemical constituents included in C.nucifera and most important of which are 

terpenoids. This finding could be very important for further investigation of these 

compounds individually. The second possibility is a promising immunomodulatory 

effect that this plant (C.nucifera) may possess, which as  a concern may give impression 

on the host-parasite interrelationship (Anthony et al., 2005).  Moreover, coconut oil is 

rich in fatty acid with more than 40% of the total fatty acids is lauric acid (Azeez, 

2007). A previous study reported that injection of fatty acids during the first three days 

after infection protected mice infected with P. berghei from cerebral symptoms and 

increased the survival time (Moumaris et al., 1995). A possible immunoregulatory role 

for fatty acids which enhances neutrophil-mediated killing of P. falciparum has been 

also identified (Kumaratilake et al., 1997). 

 

 When standard anti-malarial drug chloroquine (20 mg/kg body weight) is used 

to cure mice infected with P. berghei, it suppressed parasitaemia to non-detectable 

levels (Ishih et al., 2006; Muregi et al., 2007), which is also evident in this study. 

However, it was shown that the dose that we used in curative tests did not cure all the 

animals. The developed resistance may be as a result of the repeated passage of the 

parasite in the mice in the context of maintaining the strain in the laboratory (Adzu, et 
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al., 2003; Chawira, 1986; Okokon, et al., 2005). Conversely, the parasitaemia 

suppression pyrimethamine at 1.2 mg/kg seemed to be in agreement with previous 

studies conducted on the repository activity in P. berghei infected mice (Elufioye & 

Agbedahunsi, 2004; Chandel & Bagai, 2010). 

 

 The present study also showed that the test extracts are toxicologically safe by 

oral administration. In GHS classification: Health Effects Test Guidelines, the LD50 

value exceeding than 5000 mg/kg showed by C.nucifera, L.pumila and P.betle extracts 

are practically safe (Horn, 1956; GHS, 2005; Rhiouani et al., 2008). On the other hand, 

the acute oral toxicity (LD50) of L. galanga of 4,998 mg/kg is also safe according to 

Horn (1956) and Rhiouani et al. (2008), who stated that ―plants or plant products with 

LD50 values higher than 2,000–3,000 mg/kg are considered free of any toxicity‖. This 

supports the logical usage of these plants in folk medicine practices. 

 

 The present study had followed a logical pathway in the extraction procedures 

by using the methanol solvent as an extractor. Because most of the identified anti-

microorganisms aromatic and saturated organic compounds of plant components were 

acquired during the preliminary methanol extraction (Fransworth, 1994; Eloff ,1998; 

Cowan ,1999; Reuben et al., 2008; Usman et al., 2009;  Peni et al., 2010; 

Karthishwaran et al., 2010).  

 
 The anti-plasmodial activities revealed by the plants were perhaps as a result of 

active chemical ingredients. Phytochemical screening of the plants methanol extracts 

exposed the presence of alkaloids, terpenoids, anthraquinones, flavonoids, tannins, 

saponins, glycosides and steroids.  
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 Those chemical components however can differ in their potentials in causing 

effective malaria suppression. Those differences are depending on the active molecules 

involved in the reaction against the parasites. For example, the alkaloids and terpenoids 

isolated from Cinchona species and Artemisia annua, respectively, have different 

activity than those isolated from other plants. Therefore, it is very possible that each 

chemical constituent might has a special characteristic and different structural classes.   

 

 Alkaloids are important members of chemical constituents having anti-malarial 

activity. In a review article by Saxena et al. (2003), one hundred alkaloids from 

medicinal plants were accounted to reveal important anti-malarial effects in reports 

published between 1990 and 2003; some of these alkaloids exhibited anti-malarial 

activity more than chloroquine. Bisbenzylisoquinolines, Aporphine-benzylisoquinoline, 

Morphinan, Naphtylisoquinolines, an Indoloquinoline , Mono- and bis-indole alkaloids, 

Indolomonoterpenoid, Indole, Benzofenantridine, Acridone, Furoquinoline, Acridine, 

Tetrahydroquinoline are some of the active anti-malarial alkaloids reported of different 

structural classes isolated from plant sources (Oliveira et al., 2009b). Meanwhile, 

Icajine, Vomicine, Isostrychnine, Cryptolepine, berberine , palmatine , jatrorrhizine  and 

several berberine alkaloids derivatives showed  inactive anti-malarial activity  in vivo 

(Vennerstrom & Klayman, 1988; Federici et al., 2000; Frederich et al., 2000). 

 

 Many structural classes of terpenoids exhibited potent anti-malarial activity. Of 

these are keberins and friedelane triterpenoid, indanone derivative, cassane-type 

diterpenes, furanoterpenoids, monoterpenes geraniol and monoterpenoids; (-)-linalool, 

(-)-perillyl alcohol, (-)-isopulegol (-)-limonene and (±)-citronellol (Batista et al., 2009). 

Examples of common terpenoids are farnesol and artemisinin (sesquiterpenoids). 

Artemisinin and related derivatives are the most vital new member  of anti-malarial 
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structural classes, which are developed from Artemisia annua plant in China beginning 

in the 1960s (Philip & Rosenthal, 2008). Terpenoids are also have anti-bacterial effects 

(Ahmed et al., 1993; Mendoza et al., 1997; Amaral et al., 1998; Singh & Singh 2003; 

Souza et al., 2010) anti-fungal (Harrigan et al., 1993; Ayafor et al., 1994; Suresh et al., 

1997; Singh & Singh 2003) anti-viral (Fujioka & Kashiwada, 1994; Xu et al., 1996) and 

anti-protozoal (Vishwakarma, 1990; Francois et al., 1996; Ghoshal et al., 1996; 

Delgado-Méndez et al., 2008). 

 

 Flavonoids are phenolic structures synthesized by plants in response to microbial 

infections. Flavonoids exposed significant anti-parasitic activities against different 

strains of Plasmodium species, trypanosome and leishmania (Kim et al., 2004; 

Monbrison et al., 2006; Tasdemir et al., 2006; Khaomek et al., 2008; dos Santos et al., 

2009). The anti-malarial activities of flavonoids have not been expressed in the past, 

while they represent one of the most distinctive compounds in higher plants. Artemisia 

annua flavonoids were not exhibited effective anti-malarial activity (Liu et al., 1992).  

 

 The results of the phytochemical screening also showed that P. betle leaves 

extract contained anthraquinones.  These chemical compounds are an important member 

of the quinone family. Many naturally-occurring quinones are based in their structure on 

the anthraquinone, naphthoquinone or benzoquinone ring system. Derivatives of 9,10-

anthraquinone include many important drugs including anti-malarials like rufigallol 

(Mahajan et al.,  2005). Different classes of anthraquinones showed significant anti-

malarial activities in the recent concerned studies. A novel anti-malarial anthraquinone 

named anthrakunthone from the root bark of Stereospermum kunthianum was isolated 

(Onegi et al., 2002). The bark of Scutia myrtina (Rhamnaceae) led to the isolation of 

three new anthraquinones named scutianthraquinones A, B and C. These 
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anthraquinones compounds exhibited significant anti-plasmodial activities (Hou et al., 

2009). 

 

 Saponins are a class of chemical constituents found in various plant species that 

can affect Plasmodium parasite. Philipson & Wright (1991) stated that plants having 

phytochemical compounds include saponins may have anti-malarial activities. In 1996, 

Okunji et al. isolated saponin spiroconazole A from Dracaena species that revealed 

pronounced anti-leishmanial, anti-malarial and molluscicidal activities. Study by Nandi 

et al. (2004) suggested that saponins can generate superoxide anions and initiate lipid 

peroxidation in a mechanism to kill the Plasmodium parasite. 

 

 A new steroidal glycoside, gongroneside A which has been isolated from the 

vine of Gongronema napalense (Wall.) Decne. (Asclepiadaceae) exhibited promising 

anti-malarial activity (Libman et al., 2008) as well as amino steroids 8d showed potent 

anti-plasmodial inhibition (Sharma et al., 2008). Tannin-rich fractions from Punica 

granatum L.  exposed promising anti-plasmodial and anti-microbial activity (Reddy et 

al., 2007). 

 

 It seems that the phytochemical screening showed that the plant extracts contain 

some vital chemical constituents which may exert the observed anti-plasmodial activity. 

These chemical constituents could be acting separately or in combination with one 

another (synergic action).  P. betle consisted most of these chemical constituents 

followed by L. galanga, L. pumila and C. nucifera, respectively (Table 5.1). 
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Table 5.1: The active chemical constituents found in the plants extract 

 

 C. nucifera L. pumila L. galanga P. betle 

Alkaloids - -  - + 

Terpenoids + + + + 

Flavonoids - + + + 

Anthraquinones - - - + 

Tannin + + + + 

Steroids + + + + 

Saponins - + + + 

Glycosides + - + - 
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 The antioxidant effect of the plant extracts can represent a further system that 

plays a role against the malaria parasite. P. betle showed the highest antioxidant 

capacity followed by L. pumila and L. galanga. C. nucifera exhibited a weak DPPH 

scavenging % activity. The potent antioxidant capacity exhibited by the P. betle leaves 

maybe as a result of the phenolic compounds in the leaves, such as chavicol, chavibetol, 

chavibetol acetate and eugenol (Amonkar et al., 1986; Rimando et al., 1986; 

Nagabhushan et al., 1989).  

 

 Reactive oxygen species are produced due to stimulation of immune system by 

malaria infection resulting in haemoglobin degradation (Das & Nanada, 1999; Loria et 

al., 1999). Rhizomes extract of L. galanga, leaves extract of P. betle showed nitric 

oxide (NO) production inhibitory activities in mouse and rat peritoneal macrophages 

(Morikawa et al., 2005; Ganguly et al., 2007), respectively. Nitric oxide (NO) is an 

effective mechanism to kill parasites, which is produced in macrophages in response to 

parasitic infection, which in turn activates the immune response against malaria 

(Daubener, 1999). Therefore, the inhibition of NO by the extract helps in preparing 

good surroundings to development of intracellular parasite. On the other hand, these 

inhibition cause a decrease in an essential amino acid, tryptophan, which undergo to 

degradation through indolamine deoxygenase. Hence, the parasite is starved leading to 

its death (Daubener, 1999; Anthony et al., 2005). Recently, it was observed that there is 

a good correlation between potential DPPH radical scavenging activity and anti-malarial 

activity of Argan fruit extracts (El Babili et al., 2010). 
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 A further anti-inflammatory effect of plants extracts may be hepatoprotective 

during the early stage of infection. For example, the anti-inflammatory effect of Nigella 

sativa (Al-Ghamdi, 2001) reported to be hepatoprotective in mice (Turkdogan et al., 

2001). It revealed a protective role against chromosomal aberrations in Schistosoma 

mansoni infection (Mahmoud et al., 2002). This mechanism may afford protection in 

malaria infection by reducing inflammation during the early hepatic stage of infection. 

Anti-inflammatory effects of C.nucifera, L.pumila, L.galanga and P.betle were reported 

by Intahphuak et al. (2010), Ikujuni et al. (2010), Chudiwal et al. (2010) and Ganguly et 

al. (2007), respectively.  

 

 Anti-pyretic effects of plants may be the reason attributed to the use of the plant 

to control fever. Virgin coconut oil showed an anti-pyretic effect in yeast-induced 

hyperthermia (Intahphuak et al., 2010). 100 mg/kg of L. pumila leaves exhibited 

significant anti-pyretic activity in rat (Ikujuni et al., 2010).  The juice of the leaves of P. 

betle is used as anti-pyretic agent (Choudhury et al., 2010).  

 

 Finally, our results are in agreement with others who showed that C. nucifera 

white flesh oil, L. pumila leaves, L. galanga rhizome and P. betle leaves extracts 

possess anti-microbial activities (Table 5.2). The anti-malarial activity presented in this 

research may be as a result of a separate or combined action of the mechanisms 

discussed above.  However, the responsible principles are yet to be recognized, which 

require advanced studies to reveal the anti-plasmodial mechanisms of their actions. 
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Table 5.2: Anti-microbial activities of the plants extract existing in the literature 

 

 

 

Table 5.2 continued:  Anti-microbial activities of the plants extract existing in the 

literature 

 

 

 

 

 

 

 

 

 
Anti-fungal  Anti-parasitic  

C. nucifera  (Jolaoso et al., 2010)  

L. pumila   Ibrahim  et al. (2003) 

L. galanga  (Janssen & Scheffer, 1985) Anti-trypanosomal (Nahoko, 2009), 

Anti-leishmanial (Amandeep et al., 

2010) and anti-helmithic (Raj, 

1975; Nahoko, 2009; Amandeep et 

al., 2010). 

P. betle  (Trakranrungsie et al., 2006) Anti-leishmanial (Avijit et al., 

2008), Anti-filarial (Singh et al., 

2009) 

 
Anti-bacterial Anti-viral 

C. nucifera  (Jolaoso et al., 2010) and 

 (Oyi et al., 2010). 

 

L. pumila  (Fasihuddin et al., 1995)  

L. galanga  (Oonmetta-aree et al., 2006) (Ye & Li, 2006) 

P. betle  (Nalina & Rahim, 2007)  
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CHAPTER VI 

 

CONCLUSION AND RECOMMENDATIONS 

 

6.1 CONCLUSION 

 

In spite of the permanent attempts by the government and private sectors, malaria is still 

a serious disease threatening millions of people around the world. Currently, the 

emergence of Plasmodium species resistant to almost all available anti-malarial drugs 

has become a vital challenge in malaria control efforts.  

 

The success in combating malaria absolutely depends on combination of various 

methods such as IRS of insecticides and biological methods. The elimination of malaria 

from a community however requires several other measures including improvement on 

the awareness of community regarding the disease, which can greatly increase the 

realization and sustainability of malaria elimination programmes. In addition, 

considering the growing anti-malarial drug resistance problem, there is also a call for 

arise novel anti-malarial agents to cope with the spread of resistant malaria parasites.  

Traditional medicinal plants had proved to be one of the most important sources of the 

new anti-malarial agents.  

 

This research was carried out to study the community‘s awareness regarding 

malaria and establish a preliminary ethnobotanical database for the plants traditionally 

used to treat malaria among aboriginal and rural communities, and traditional healers in 

malaria endemic areas in Pahang, Malaysia. Acute oral toxicity, phytochemical 
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screening, anti-oxidant capacity and in vivo anti-malarial activity of C. nucifera white 

flesh, L. pumila leaves, L. galanga rhizome and P. betle leaves selected based on the 

ethnobotanical survey were investigated. 

 

 This study revealed that the aboriginal and rural communities have shown 

awareness of malaria as a disease, however knowledge about transmission and 

prevention of malaria is inadequate, in particular, among the aboriginal population and 

this could be a challenging obstacle to the elimination of malaria from Malaysia. This 

figure was lower than that reported in another countries earmarked for malaria 

elimination. Hence, malaria elimination programme should consider health education 

and community participation will enhance prevention and instil better knowledge on 

malaria transmission and prevention. Accordingly, the findings of this survey would 

assist the health authorities to create a concept of malaria KAP of the target community, 

to use efficient tools for health education and to improve and sustain good practices for 

malaria prevention. 

 

 The ethnobotanical data reported in this research provided an 

ethnopharmacological database for further anti-malarial phytochemical and 

pharmaceutical studies. The literature search results showed that most of the plants used 

by indigenous Malaysians have been tested against malaria in different parts of the 

world and have shown significant results. These studies support the Malaysian 

traditional medicinal plants to be based on pharmacological basis.  
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 The methanol extracts of C. nucifera, L. galanga and P. betle demonstrated 

significant (P < 0.05) anti-plasmodial activity during the suppressive, curative and 

prophylactic assays of the anti-malarial evaluations. The L. pumila extract showed 

significant results only in the early malaria infection at the 400 mg/kg, the highest 

concentration of the extract.  In addition, L. pumila and P. betle exhibited clear dose-

dependent chemosuppressions activities in all the three models of the anti-malarial 

evaluations, which may indicate that these plants can exhibit higher and more 

significant anti-malarial effects by increasing the dose concentrations.  

 

 The phytochemical screening showed that the plants extract contains some vital 

chemical constituents which may exert the observed anti-malarial activity. These 

chemical constituents could be acting separately or in combination with one another 

(synergic action). Anti-oxidant, immunomodulatory, inflammatory and anti-pyretic 

effects may represent the mechanisms that contribute to their anti-malarial activity. The 

anti-plasmodial activity presented in this research may be as a result of a separate or 

collective action of these effects. 

 

 Finally, it is anticipated that the results arising from this work that had been 

published in national and international journals (ISI/SCOPUS Cited Publication) would 

stimulate further research on these plants in the future. This study also confirms that the 

Malaysian folkloric medicinal application of the plants has a pharmacological basis. 
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The following are the findings of this study: 

 

1. Most of the respondents in the aboriginal and rural areas have knowledge of 

malaria as a disease. Overall, the rural participants showed significantly higher 

knowledge about malaria transmission than the Aborigines and this was found to 

be influenced by their level of education. Fever was the dominant symptom 

attributed to malaria followed by chills, rigors and headache. There was no 

significant difference between the aboriginal and rural regarding the attitude 

towards seriousness of the disease.  

 

2. Promising results about treatment-seeking behaviour were reported; almost all 

the rural participants and two thirds of the aboriginal participants seek treatment 

at health centres within twenty-four hours of the symptoms onset. Most of the 

aboriginal people who use medicinal plants and witchcraft as a first line activity 

go to health centres for treatment within two-three days. Of the 223 interviewed 

respondents, 28% and 15.4% of the aboriginal and rural respondents respectively 

had tried self medication with anti-malarial plant remedies to cure malaria or 

fever, respectively. 

 

3. Elimination of mosquito breeding areas and using of insecticides as preventive 

measures practices to combat malaria were significantly higher in the rural 

community. No significant difference between the rural and aboriginal 

communities regarding the use of mosquito bed nets. 
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4. A total of 19 species in 17 families used to treat malaria or fever were identified. 

Twelve plant species were identified and documented for the first time. The 

most frequent method of treatment was oral administration of decoctions or 

infusions (15 of 19 plants) and 4 plants were applied externally.  

 

5. C. nucifera white flesh extract contained some phytochemical constituents and is 

toxicologically safe by oral administration. By the 200 and 400 mg/kg doses, the 

extract significantly reduced the parasitaemia in the all three in vivo assessment 

assays. However, the extract did not significantly increase the survival time of 

the infected mice. 

 

6. L. pumila leave methanol extract is toxicologically safe by oral administration 

and demonstrated active anti-malarial activity during the suppressive, curative and 

prophylactic assays of the anti-malarial evaluations. During the early malaria 

infection the 400 mg/kg showed significant anti-malarial suppression. However, 

the extract did not significantly either reduce the parasitaemia or increase the 

survival time of the infected mice during the established and residual infections. 

The extract also showed a moderate DPPH scavenging % activity and contained 

some phytochemical constituents. 

 

7. L. galanga rhizomes methanol extract contained some phytochemical 

constituents and is toxicologically safe by oral administration. The extract 

demonstrated significant anti-plasmodial effects by the 200 and 400 mg/kg 

concentrations in all the three models of the anti-malarial evaluations and 

increased the survival time of the infected. The extract revealed the presence of 
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some phytochemical constituents and showed a moderate DPPH scavenging % 

activity.  

 

8. P. betle exhibited a potent anti-oxidant ability to scavenge the free radicals, 

toxicologically safe by oral administration and contained some phytochemical 

constituents. The extract demonstrated significant anti-malarial activity during 

the suppressive, curative and prophylactic assays of the anti-malarial evaluations.  

 

9. Overall results of the in vivo anti-malarial activity of the methanol extract of 

C.nucifera, L.pumila, L.galanga and P.betle during early, established and 

residual malaria infections with evidence of increasing mean survival time of the 

infected mice showed that P.betle and L.galanga were the most effective 

followed by C.nucifera and L.pumila, respectively. 

 

10. The results suggest that the Malaysian folkloric medicinal application of P.betle, 

L.galanga, C.nucifera and L.pumila has a pharmacological basis. The extract 

reduced parasitaemia but it cannot be considered a cure for malaria. 

 

6.2 LIMITATIONS 

 

In this present study, few limitations were encountered throughout the duration 

of the experiments. The ethnobotanical survey took longer than expected, partly 

due to the process of identification of plants which need specific international 

standard requirements.  
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6.3  RECOMMENDATIONS 

 

The following are the recommendations based on findings of this project: 

 

1. Using efficient tools for health education and to improve and sustain good 

practices for malaria prevention in order to eliminate or at least to contain this 

serious health problem. 

 

2. Establishment of an integrated development plan for aboriginal people which 

include health, social and intellectual rehabilitation. 

 

3. Further ethnobotanical surveys in the Malaysian states endemic for malaria to 

enrich the documentation of plants used against malaria, and to give priority to 

those plants to be investigated for their activities against the parasite. 

 

4. Regulate the alternative medicine and Witchcraft. 

 

5. Identification and isolation of the bioactive principles present in the plants 

extract, in particular, C. nucifera, L. galanga and P. betle could results in 

potential anti-malarial agents. 

 

6. Further studies on the plants extract in combination with current anti-malarial 

drug such as chloroquine could reveal good results. 

 

7. Further anti-malarial studies on the plants extract using Plasmodium species that 

affect human beings are recommended. 

 



 

144 

 

 

REFERENCES 

 

Abdulelah, H.A.A., & Zainal-Abidin, B.A.H. (2007). In vivo anti-malarial tests of 

Nigella sativa (black seed) different extracts. American Journal of 

Pharmacology and Toxicology, 2(2), 46-50. 

 

Abosi, A.O., & Raseroka, B.H. (2003). In vivo antimalarial activity of Vernonia 

amygdalina. British Journal of Biomedical Science, 60(2), 89-91. 

 

Adeneye, A.A., & Agbaje, E.O. (2008).
 

Pharmacological Evaluation of Oral 

Hypoglycemic and Antidiabetic Effects of Fresh Leaves Ethanol Extract of 

Morinda Lucida Benth. in Normal and Alloxan-Induced Diabetic Rats. African 

Journal of Biomedical Research, 11(1), 65-71. 

 

 Adzu, B., Abbah, J., Habiba, H., & Gamaniel, K. (2003). Studies on the use of Cassia 

singueana in malaria ethnopharmacy. Journal of Ethnopharmacology 88, 261-

267. 

 

Ahmad, S.M., Mahani Yusoff. (2008). Vector control in Malaysia. Consultative 

Meeting / Workshop On Management of Vector Control Programs Siem Reap, 

Cambodia, August 12-15. 

  http://www.actmalaria.net/downloads/pdf/MVCP_2008.pdf 

 

Ahmed, A. A., Mahmoud, A. A.,  Williams, H. J.,  Scott, A. I., Reibenspies, J. H., & 

Mabry, T. J. (1993). New sesquiterpene a-methylene lactones from the Egyptian 

plant Jasonia candicans. Journal of Natural Products, 56, 1276-1280. 

 

Agero, A.L., & Verallo-Rowell, V.M. (2004). A randomized double-blind controlled 

trial comparing extra virgin coconut oil with mineral oil as a moisturizer for mild 

to moderate xerosis. Dermatitis, 15(3), 109-116.  

 

Ajaiyeoba, E.O., Ashidi, J.S., Okpako, L.C., Houghton, P. J., & Wright, C. W.  (2007). 

Antiplasmodial compounds from Cassia siamea stem bark extract. Phytotherapy 

Research, 22(2), 254-255. 

 

Alanis, A.D., Calzada, F., Cervantes, J.A., Torres, J., & Ceballos, G.M. (2005). 

Antibacterial properties of some plants used in Mexican traditional medicine for 

the treatment of gastrointestinal disorders. Journal of Ethnopharmacology, 100(1-

2):153-157. 

 

Ali, A. J., Helmina, O.A., Emmanuel, O.O., Bukar E.N., & Egwim, C.E. (2009).  In 

vivo antiplasmodial, analgesic and anti-inflammatory activities of the leaf extract 

of Lippia multiflora mold. Journal of Medicinal Plants Research, 3(3), 148-154. 

 

Al-Ghamdi, M.S. (2001). Anti-inflammatory, analgesic and anti-pyretic activity of 

Nigella sativa. Journal of Ethnopharmacology, 76, 45-48. 

 

Al-Mekhlafi, H.M.S. (2008). Effects of vitamin a supplementation on intestinal parasitic 

reinfections, growth, iron status and educational achievement among orang asli 

schoolchildren in Pos Betau, Pahang, Malaysia. PhD‘s thesis, University of 

Malaya, Kuala Lumpur, Malaysia. 

 



 

145 

 

 

Al-Mekhlafi, H.M.S, Surin, J., Atiya, A.S., Ariffin, W.A., Mohammed, M.A.K., 

Abdullah, H.C. (2008). Current prevalence and predictors of protein-energy 

malnutrition among schoolchildren in rural Peninsular Malaysia. Southeast 

Asian J Trop Med Public Health, 39(5), 922-931. 

 

Alonso, P.L., Sacarlal, J., Aponte, J.J., Leach, A., Macete, E., Milman, J., et al. (2004). 

Efficacy of the RTS,S/AS02A vaccine against Plasmodium falciparum infection 

and disease in young African children: Randomised controlled trial. Lancet, 

364(9443), 1411-1420. 

 

Alshawsh, M.A., Mothana, R.A., Al-Shamahy, H.A., Alsllami, S.F., & Lindequist, U. 

(2007). Assessment of antimalarial activity against Plasmodium falciparum and 

phytochemical screening of some Yemeni medicinal plants. Evidence-based 

complementary and alternative medicine, 6(4), 453-456.  

 

Amandeep, K., Ranvir, S., Sankar D.C., Sharma, S.S., Kamlesh, K.B.,&  Singh I.P. 

(2010). Antileishmanial phenylpropanoids from Alpinia galanga (Linn.) Willd. 

Indian Journal of Experimental Biology, 48, 314-322. 

 

Amaral, J. A., Ekins, A., Richards, S. R., & Knowles, R. (1998). Effect of selected 

monoterpenes on methane oxidation, denitrification, and aerobic metabolism by 

bacteria in pure culture. Applied and Environmental Microbiology 64, 520-525. 

 

Amino, R., Ménard, R., & Frischknecht, F. (2005). In vivo imaging of malaria parasites-

-recent advances and future directions. Current Opinion in Microbiology, 8, 

407-414  

 

Amonkar, A.J., Nagabhushan, M., D'Souza, A.V., & Bhide, S.V. (1986). 

Hydroxychavicol: a New Phenolic Antimutagen from Betel Leaf. Food and 

Chemical Toxicology, 24, 1321-1324. 

 

Amorim, C.Z., Flores, C.A., Gomes, B.E., Marques, A.D., & Cordeiro, R.S. (1988). 

Screening for antimalarial activity in the genus Potomorphe. Journal of 

Ethnopharmacology, 24(1), 101-106. 

 

Ancolio, C., Azas, N., Mahiou, V., Ollivier, E., Di-Giorgio, C., Keita, A. et al. (2002). 

Antimalarial activity of extracts and alkaloids isolated from six plants used in 

traditional medicine in Mali and Sao Tome. Phytotherapy Research, 16(7), 646-

649. 

 

Anthony, P.J., Fyfe, L., & Smith, H. (2005). Plant active components-a source for anti-

parasitic agents?. Trend in Parasitology, 21, 462-468. 

 

Aponte, J.J., Aide, P., Renom, M., Mandomando, I., Bassat, Q., Sacarlal, J., et al. 

(2007). Safety of the RTS,S/AS02D candidate malaria vaccine in infants living in 

a highly endemic area of Mozambique: a double blind randomised controlled 

phase I/IIb trial. Lancet, 37(9598), 1543-1551. 

 

 

Aramburu, J.G., Ramal, A. C., & Witzig, R. (1999). Malaria re-emergence in the 

Peruvian Amazon region. Emerging Infectious Diseases, 5, 209-215. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Amonkar%20AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagabhushan%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22D%27Souza%20AV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bhide%20SV%22%5BAuthor%5D


 

146 

 

 

Asase, A., Oteng-Yeboah, A.A., Odamtten, G.T., & Simmond, M.S.J. (2005). 

Ethnobotanical study of some Ghanaian anti-malarial plants. Journal of 

Ethnopharmacology, 99, 273-279. 

 

Avijit, S., Rupashree, S., Piu, S., Sudipto, G., Goutam, M., & Mitali, C. (2008). An 

ethanolic extract of leaves of Piper betle (Paan) Linn mediates its 

antileishmanial activity via apoptosis. Parasitology research, 102, 1249-1255. 

 

Ayafor, J. F., Tchuendem, M. H. K., & Nyasse. B. (1994). Novel bioactive diterpenoids 

from Aframomum aulacocarpos. Journal of Natural Products, 57, 917-923. 

 

Ayurvedic medicinal plants. (2010). Retrieved October 10, 2010, from 

 http://ayurvedicmedicinalplants.com/plants/2152.html 
 

Azeez, S. (2007). Fatty acid profile of coconut oil in relation to nut maturity and season 

in selected cultivars/hybrids. British Food Journal, 109, 272–279. 

 

Azmi Khalid. (2007, February 16). Global warming spells rise in tropical diseases, 

Natural Resources and Environment Minister, Putrajaya, The star online 

http://thestar.com.my/news/story.asp?file=/2007/2/16/nation/16898359&sec=nat

ion. 

 

Azra Riaz., Rafeeq Alam K., Shadab Ahmed., & Syeda Afroz. (2010). Assessment of 

acute toxicity and reproductive capability of an herbal combination. Pakistan 

Journal of Pharmaceutical Sciences, 23(3), 291-294. 

 

Baird, J. K., Sustriayu, N. M. F., Basri, H., Masbar, S., Leksana, B., Tjitra, E., et al. 

(1996). Survey of resistance to chloroquine by Plasmodium vivax in Indonesia. 

Transactions of the Royal Society of Tropical Medicine and Hygiene. 90, 409-

411. 

 

Bapna, S., Adsule, S., Shirshat, M.S., Jadhav, S., Patil, L.S., & Deshmukh, R.A. (2007). 

Anti-malarial activity of Eclipta alba against Plasmodium berghei infection in 

mice. Journal of Communicable Diseases, 39(2), 91-94. 

 

Bassey, A.S., Okokon, J.E., Etim, E.I., Umoh, F.U., & Bassey, E. (2009). Evaluation of 

the in vivo antimalarial activity of ethanolic leaf and stembark extracts of 

Anthocleista djalonensis. Indian journal of pharmacology, 41(6), 258-261. 

 

Batista, R., de Jesus, A., Júnior, S., & de Oliveira, A.B. (2009). Plant-derived 

antimalarial agents: new leads and efficient phytomedicines. Part II. Non-

alkaloidal natural products. Molecules 14, 3037-3072. 

 

Bjorkman, A., & Phillips-Howard, P.A. (1990). The epidemiology of drug-resistant 

malaria. Transactions of the Royal Society of Tropical Medicine and Hygiene, 

84, 177-180. 

 

Bloland, P. B. (2001). Drug resistance in malaria. World Health Organization, Geneva.  

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bapna%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adsule%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shirshat%20Mahendra%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jadhav%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patil%20LS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deshmukh%20RA%22%5BAuthor%5D
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20%28BASSEY%29
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20%28OKOKON%29
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20%28ETIM%29
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20%28UMOH%29
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=listeTitreSerie:%20%28Indian%20journal%20of%20pharmacology%29


 

147 

 

 

Bojang, K.A., Milligan, P.J., Pinder, M., Vigneron, L., Alloueche, A., Kester, K.E., et 

al. (2001). Efficacy of RTS,S/AS02 malaria vaccine against Plasmodium 

falciparum infection in semi-immune adult men in The Gambia: A randomised 

trial. Lancet, 358 (9297), 1927-1934. 

 

Boo, C.M., Kartini, O.H., & Ou-Yang, C.L. (2006). 1001 Garden Plants in Singapore 

(2nd ed.). Singapore: National Parks Board. 

 

Botha, M.M., (2006). Structured-based inhibitor design and validation: Application to 

Plasmodium falciparum glutathione S-transferase. Master‘s thesis, University of 

Pretoria, South Africa. 

 

Botsaris, A.S. (2007). Plants used traditionally to treat malaria in Brazil: the archives of 

Flora Medicinal. Journal of Ethnobiology and Ethnomedicine, 3, 18. 

 

Boyom, F.F., Ngouana, V., Zollo, P.H., Menut, C., Bessiere, J.M., Gut, J., & Rosenthal, 

P.J. (2003). Composition and anti-plasmodial activities of essential oils from 

some Cameroonian medicinal plants.  Phytochemistry, 64(7), 1269-1275. 

 

Bradley-Moore, A.M., Greenwood, B.M., Bradley, A.K., Akintunde, A., Attai, E.D., 

Fleming, A.F., et al. (1985). A comparison of chloroquine and pyrimethamine as 

malaria chemoprophylactics in young Nigerian children. Transactions of the 

Royal Society of Tropical Medicine and Hygiene 79,722-727. 

 

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free radical method 

to evaluate antioxidant activity. Food Sci. Technol.-Lebensm.-Wiss. Technol. 28, 

25-30. 

 

Burfield, T., & Reekie S.L. (2005). Mosquitoes, malaria and essential oils. International 

J. of Aromatherapy, 15(1): 30–41.  

 

Burkill, I.H. (1966). A Dictionary of the Economic Products of the Malay Peninsula, 

(vol. II). London: Crown Agents for the Colonies. 

 

Calderón, A.I., Romero, L.I., Ortega-Barría, E., Solís, P.N., Zacchino, S., Gimenez, A., 

et al. (2010). Screening of Latin American plants for antiparasitic activities 

against malaria, Chagas disease, and leishmaniasis. Pharmaceutical Biology, 

48(5), 545-553. 

 

Carlton, J.M.R., Hayton, M., Cravo, P.V.L., & Walliker, D. (2001). Of mice and 

malaria mutants: unravelling the genetics of drug resistance using rodent malaria 

models. Trends in Parasitology, 17, 236-242. 

 

Cano, J.H., & Volpato, G. (2004). Herbal mixtures in the traditional medicine of Eastern 

Cuba. Journal of Ethnopharmacology, 90, 293-316. 

 

Carrico, D., Ohkanda, J., Kendrick, H., Yokoyama, K., Blaskovich, M.A., Bucher, C.J., 

et al. (2004). In vitro and in vivo antimalarial activity of peptidomimetic protein 

farnesyltransferase inhibitors with improved membrane permeability. 

Bioorganic & Medicinal Chemistry, 12(24), 6517-6526. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Boyom+FF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ngouana+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Zollo+PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Menut+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Bessiere+JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Gut+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Rosenthal+PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Rosenthal+PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Bradley-Moore%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Greenwood%20BM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Bradley%20AK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Akintunde%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Attai%20ED%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Fleming%20AF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Calder%C3%B3n%20AI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Romero%20LI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ortega-Barr%C3%ADa%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sol%C3%ADs%20PN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zacchino%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gimenez%20A%22%5BAuthor%5D


 

148 

 

 

Carter, R., & Diggs, C. L. (1977). Plasmodia of Rodent. In  J. Kreier (Ed.), Parasitic 

Protozoa. Volume III: Gregaines, Haemogregarines, Coccidia, Plasmodia, and 

Haemoproteids (2nd
 

ed.) (pp. 359–465). New York: Academic Press.  

 

Carvalho, L.H., Brandão, M.G., Santos-Filho, D., Lopes, J.L., & Krettli, A.U. (1991). 

Antimalarial activity of crude extracts from Brazilian plants studied in vivo in 

Plasmodium berghei-infected mice and in vitro against Plasmodium falciparum 

in culture. 1991. Brazilian Journal of Medical and Biological Research, 24(11), 

1113-1123. 

 

Carvalho, L. H., Ferrari, W. M. S., & Krettli, A. U. (1992). A method for screening 

drugs against the liver stages of malaria using Plasmodium gallinaceum and 

Aedes mosquitoes. Brazilian Journal of Medical and Biological Research, 25, 

247-255. 

 

Catteruccia, F., Nolan, T., Loukeris, T.G., Blass, C., Savakis, C., Kafatos, F.C., et al. 

(2000). Stable germline transformation of the malaria mosquito Anopheles 

stephensi. Nature, 405(6789), 959-962. 

 

Chan, E., and Elevitch, C. R., 2006. Cocos nucifera (coconut). Species profiles for 

Pacific Island Agroforestry. Retrieved 27 March 2010, from 

http://www.agroforestry.net/tti/Cocos-coconut.pdf 

 

Chandel, S., & Bagai, U. (2010). Antiplasmodial activity of Ajuga bracteosa against 

Plasmodium berghei infected BALB/c mice. Indian Journal of Medical 

Research, 131, 440-444 

 

Charles, D.J., Simon, J.E., & Singh, N.K. (1999). The essential oil of Alpinia galanga 

Willd. Journal of Essential Oil Research, 11, 719-723. 

 

Chawira, A.N. (1986). Qinghaosu resistance in rodent malaria. Transactions of the 

Royal Society of Tropical Medicine and Hygiene, 80, 477–480. 

 

Chevallier, A. (1996). The Encyclopedia of Medicinal Plants. London: Dorling 

Kindersley Limited. 

 

Chin, W., Contacos, P.G., Collins, W.E., Jeter, M.H., & Alpert, E. (1968). Experimental 

mosquito transmission of Plasmodium knowlesi to man and monkey. American 

Journal of Tropical Medicine and Hygiene, 17, 355-358.  

 

Chong, A.L., & Mathews, P. (2001). Malaysia. National Response Strategies to Climate 

Change. Putrajaya: Ministry of Science, Technology and the Environment. 

 

Choudhury, D.S., Sinha, S., Ghosh, S.K., Usha, Devi, C., & Sharma, V.P. (1987). 

Report of a case of P. falciparum malaria resistant to chloroquine and 

combination of sulfalene and pyrimethamine in Delhi. Indian Journal of 

Medical Research, 24, 95–96. 

 

Choudhury, M.D., Bawari, L.M., & Singha, S. (2010). Some Antipyretic Ethno-

medicinal Plants of Manipuri community of Barak Valley, Assam, India. 

Ethnobotanical Leaflets, 14, 21-28. 

 

http://www.parasitesandvectors.com/sfx_links.asp?ui=1756-3305-1-26&bibl=B30


 

149 

 

 

Chudiwal, A.K., Jainand, D.P., & Somani, R.S. (2010). Alpinia galanga Willd.–

Anoverviewonphyto-pharmacologicalproperties. Indian Journal of Natural 

Products and Resources, 1(2), 143-149. 

 

Clyde, D.F., Han, C.M., & Haung, Y.S. (1973). Resistance to chloroquine of 

Plasmodium falciparum from Sabah. Transactions of the Royal Society of 

Tropical Medicine and Hygiene, 67, 146. 

 

Coatney, G. R. (1963). Pitfalls in a discovery: the chronicle of chloroquine. American 

Journal of Tropical Medicine and Hygiene, 12, 121-128. 

 

Coleman, R.E., Clavin, A.M., & Milhous, W.K. (1992). Gametocytocidal and 

sporontocidal activity of antimalarials against Plasmodium berghei ANKA in 

ICR Mice and Anopheles stephensi mosquitoes. American Journal of Tropical 

Medicine and Hygiene, 46(2), 169-182.  

 

Cordell, G. A., Angerhofer C. K., &   Pezzuto J. M. (1994). Recent studies on cytotoxic, 

anti-HIV and anti-malarial agents from plants. Pure and Applied Chemistry, 

66(10/11), 2283–2286. 

 

Cowan, M.M. (1999). Plant Products as Antimicrobial Agents. Clinical Microbiology 

Reviews, 12(4), 564-582 

 

Cox, P.A. (1994). The ethnobotanical approach to drug discovery: strengths and 

limitations. In G.T. Prance (Ed.), Ethnobotany and the search for new drugs (pp. 

25–41). Amsterdam:Wiley, Chichester, Ciba Foundation Symposium 185. 

 

Cox-Singh, J., Davis, T.M.E., Lee, K.S., Shamsul, S.S.G., Matusop, A., Ratnam, S., et 

al. (2008). Plasmodium knowlesi malaria in humans is widely distributed and 

potentially life threatening. Clinical infectious diseases, 46, 165-171. 

 

Cunha, C.B., & Cunha, B. A. (2008).  Brief history of the clinical diagnosis of malaria: 

from Hippocrates to Osler. Journal of vector borne diseases, 45, 194-199. 

 

Curtis, C.F., (1991). Control of disease vectors in the community. London: Wolfe. 

 

Das, B.S., & Nanada, N.K. (1999). Evidence for erythrocyte lipid peroxidation in acute 

falciparum malaria. Transactions of the Royal Society of Tropical Medicine and 

Hygiene, 93, 58-62. 

 

Daubener, W. (1999). Interluekin-1 inhibit gamma interferon-induced bacteriostaisis in 

human uroepithelial cells. Infection and Immunity, 67, 5615-5620. 

 

Delgado-Méndez, P., Herrera, N., Chávez, H., Estévez-Braun, A., Ravelo, A.G., Cortes, 

F., et al. (2008). New terpenoids from Maytenus apurimacensis as MDR reversal 

agents in the parasite Leishmania. Bioorganic & Medicinal Chemistry, 16(3), 

1425-1430. 

 

Department of Statistics Malaysia. Retrieved October 2010, from 

http://www.statistics.gov.my 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coleman%20RE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Clavin%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Milhous%20WK%22%5BAuthor%5D
http://www.google.com.my/url?sa=t&source=web&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.ajtmh.org%2F&rct=j&q=Am%20J%20Trop%20Med%20Hyg%20&ei=kNoiTd-xD4nQrQeZpKnDCw&usg=AFQjCNEzXDyIcfF30Xju-K2VBnrzCirf2A&cad=rja
http://www.google.com.my/url?sa=t&source=web&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.ajtmh.org%2F&rct=j&q=Am%20J%20Trop%20Med%20Hyg%20&ei=kNoiTd-xD4nQrQeZpKnDCw&usg=AFQjCNEzXDyIcfF30Xju-K2VBnrzCirf2A&cad=rja


 

150 

 

 

de Pooter, H.L., Omar, M.N., Coolsaet, B.A., & Schamp, N.M. (1985). The essential oil 

of greater galangal (Alpinia galanga) from Malaysia. Phytochemistry, 24, 93-96. 

 

Devi, C. U., Valecha, N., Atul, P. K., & Pillai, C. R. (2001). Antiplasmodial effect of 

three medicinal plants: a preliminary Study. Current Science, 80(8), 917-919. 

 

Dike, N., Onwujekwe, O., Ojukwu, J., Ikeme, A., Uzochukwu, B., & Shu, E. (2006). 

Influence of education and knowledge on perceptions and practices to control 

malaria in Southeast Nigeria. Social Science & Medicine, 63, 103-106. 

 

Dondorp, A.M., Nosten, F., Yi, P., Das, D., Phyo, A.P., Tarning, J., et al. (2009).  

Artemisinin Resistance in Plasmodium falciparum Malaria.  The New England 

Journal of  Medicine, 361(5), 455-467. 

 

dos Santos, D.A., de Braga, .PA., da Silva, M.F., Fernandes, J.B., Vieira, P.C., 

Magalhães, A.F., et al. (2009). Anti-African trypanocidal and antimalarial 

activity of natural flavonoids, dibenzoylmethanes and synthetic analogues. 

Journal of Pharmacy and Pharmacology, 61(2), 257-266. 

 

Dua, V.K., Kar, P.K., & Sharma, V.P. (1996). Chloroquine resistant P. vivax in India. 

Tropical Medicine & International Health, 1, 816-819. 

 

Dubois, M., Menendez, C., Dubovsky, F., Cohen, J., Thompson, R., & Ripley, B. 

(2005). Duration of protection with RTS,S/AS02A malaria vaccine in prevention 

of Plasmodium falciparum disease in Mozambican children: single-blind 

extended follow-up of a randomised controlled trial. Lancet 366(9502), 2012-

2018.  

 

Duke, J.A., & Wain, K.K. (1981). Medicinal plants of the world. Computer index with 

more than 85,000 entries (three vols). Rome: Food and Agriculture organization 

(FAQ).  

 

Edstein, M.D., Kotecka, B.M., Anderson, K.L., Pombo, D.J., Kyle, D.E., Rieckmann, 

K.H., et al. (2005).  Lengthy Antimalarial Activity of Atovaquone in Human 

Plasma following Atovaquone-Proguanil Administration. Antimicrobial Agents 

and Chemotherapy, 49(10), 4421-4422. 

 

El Babili, F., Bouajila, J., Fouraste, I., Valentin, A., Mauret, S., & Moulis, C. (2010). 

Chemical study, antimalarial and antioxidant activities, and cytotoxicity to 

human breast cancer cells (MCF7) of Argania spinosa. International Journal of 

Phytotherapy and Phytopharmacology, 17, 157-160. 

 

Eloff, J. N. (1998). Which extractant should be used for the screening and isolation of 

antimicrobial components from plants? Journal of Ethnopharmacology, 60, 1-8. 

 

Elufioye, T.O., & Agbedahunsi, J.M. (2004). Antimalarial activities of Tithonia 

diversifolia (Asteraceae) and Crossopteryx febrifuga (Rubiaceae) on mice in 

vivo. Journal of Ethnopharmacology, 93, 167-171.  

 

Ene, A.C., Ameh, D.A., Kwanashie, H.O., Agomo, P.U., & Atawodi, S.E. (2008). 

Preliminary in vivo Antimalarial Screening of Petroleum Ether, Chloroform and 



 

151 

 

 

Methanol Extracts of Fifteen Plants Grown in Nigeria. Journal of Pharmacology 

and Toxicology, 3(4), 254-260. 

 

Esquenazi, D., Wigg, M.D., Miranda, M.F.S., Rodrigues, H. M., Tostes, J.B.F., 

Rozental, S., et al. (2002). Antimicrobial and antiviral activities of polyphenolics 

from Cocos nucifera Linn. (Palmae) husk fiber extract. Research in 

Microbiology, 10, 647–652. 

 

Etkin, N.L. (1996) Ethnopharmacology: the conjunction of medical ethnography and the 

biology of therapeutic action. In C.F. Sargent & T.M. Johnson (Eds), Medical 

Anthropology: Contemporary theory and method (pp. 151-164). New York: 

Praeger Publishers. 

 

Falade, C.O., Ogundele, A.O., Yusuf, B.O., Ademowo, O.G., & Ladipo, S.M. (2008). 

High efficacy of two artemisinin-based combinations (artemether-lumefantrine 

and artesunate plus amodiaquine) for acute uncomplicated malaria in Ibadan, 

Nigeria. Tropical Medicine & International Health, 13(5), 635-643. 

 

Farooq, U., & Mahajan, R.C. (2004). Drug resistance in malaria. Journal of vector 

borne diseases, 41, 45-53. 

 

Fasihuddin, B.A. (2000). Medicinal plants used by various ethnic groups in Sabah, 

Malaysian Borneo. Sabah Parks Nature Journals, 3, 99-108.  

 

Fasihuddin, B.A., & Holdsworth, D.K. (2003). Medicinal Plants of Sabah, East 

Malaysia-Part I. Pharmaceutical Biology, 41, 340-346. 

 

Fasihuddin, A., Rahman, A.H., & Hasmah, R. (1995). Medicinal plants used by Bajau 

community in Sabah. In Chan et al. (Eds.), Trends in Traditional Medicine 

Research (pp. 493-504). Penang: School of Pharmaceutical Sciences, University 

of Science Malaysia. 

 

Federici, E., Palazzino, G., Nicoletti, M. and Galeffi, C. (2000). Antiplasmodial activity 

of the alkaloids of Peschiera fuchsiaefolia. Planta Medica, 66, 93-95. 

 

Frédérich. M., De Pauw, M.C., Llabrès, G, Tits, M., Hayette, M.P., Brandt, V.,  et al. 

(2000). New antimalarial and cytotoxic sungucine derivatives from Strychnos 

icaja roots. Planta Medica, 66, 262-269. 

 

Fidock, D.A., Rosenthal, P. J., Croft, S. L., Brun R., & Nwaka, S. (2004). Antimalarial 

drug discovery: efficacy models for compound screening. Nature, 3, 509-520. 

 

Fife, B., & Kabara, J.J. (2004). The coconut oil miracle (4th ed.). New York: Avery 

Books. 

 

Fowler, R.E., Billingsley, P.F., Pudney, M., & Sinden, R.E. (1994). Inhibitory action of 

the anti-malarial compound atovaquone (566C80) against Plasmodium berghei 

ANKA in the mosquito, Anopheles stephensi. Parasitology, 108(4), 383-388. 

 

Francois, G., Passreiter, C. M., Woerdenbag, H. J., & Looveren, M. V. (1996). 

Antimalarial activities and cytotoxic effects of aqueous extracts and 

sesquiterpene lactones from Neurolaena lobata. Planta Medica, 62, 126-129. 

http://www.sciencedirect.com/science/journal/09232508
http://www.sciencedirect.com/science/journal/09232508
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236167%232002%23998469989%23368713%23FLP%23&_cdi=6167&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=e5f74672c3430fce8f0aa1f1a34cbc6f
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Fowler+RE%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Billingsley+PF%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Pudney+M%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Sinden+RE%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=JOURNAL:%22Parasitology%22+SORT_DATE:y


 

152 

 

 

 

Fransworth, N.R. (1994). Ethnopharmacology and drug development. In G.T. Prance 

(Ed.), Ethnobotany and the search for new drugs (pp. 42-59). Amsterdam: 

Wiley, Chichester, Ciba Foundation Symposium 185. 

 

Fujioka, T., & Kashiwada. Y. (1994). Anti-AIDS agents. 11. Betulinic acid and platanic 

acid as anti-HIV principles from Syzigium claviflorum, and the anti-HIV activity 

of structurally related triterpenoids. Journal of Natural Products, 57, 243-247. 

 

Ganguly, S., Mula, S., Chattopadhyay, S., Chatterjee, M. (2007). An ethanol extract of 

Piper betle Linn. mediates its anti-inflammatory activity via down-regulation of 

nitric oxide.  Journal of Pharmacy and Pharmacology, 59, 711-718.  

 

Gardner, M.J., Hall, N., Fung, E., White, O., Berriman, M., Hyman, R.W., et al. (2002). 

Genome sequence of the human malaria parasite Plasmodium falciparum. 

Nature, 419(6906), 498-511. 

 

Garavito, G., Rincón, J., Arteaga, L., Hata, Y., Bourdy, G., Gimenez, A., et al. (2006). 

Antimalarial activity of some Colombian medicinal plants. Journal of 

Ethnopharmacology, 107(3), 460-462.  

 

Gerhäuser, C., Klimo, K., Heiss, E., Neumann, I., Gamal-Eldeen, A., Knauft, J., et al. 

(2003). Mechanism-based in vitro screening of potential cancer 

chemopreventive agents. Mutation Research, 523-524, 163-172. 

 

Ghoshal, S., Prasad, B. N., & Lakshmi. V. (1996). Antiamoebic activity of Piper 

longum fruits against Entamoeba histolytica in vitro and in vivo. Journal of 

Ethnopharmacology, 50, 167-170. 

 

GHS. (2005). Globally Harmonized System of Classification and Labelling of 

Chemicals (); 1st revised edition. United Nations: Geneva. 

 

Golbez. & Mdzafri. (2009). The states and federal territories of Malaysia. Retrieved 1 

December 2010, from  

 http://en.wikipedia.org/wiki/File:Malaysia_states_named.png 

 

Gottlieb, O.R., Borin, M.R., & de Brito, N.R. (2002). Integration of ethnobotany and 

phytochemistry. dream or reality?. Phytochemistry, 60(2), 145-52. 

 

Govere, J., Durrheim, D., Grange, K.I., Mabuza, A., & Booman, M. (2000). Community 

knowledge and perceptions about malaria and practices influencing malaria 

control in Mpumalanga province, South Africa. South African Medical Journal, 

90, 611-616. 

 

Hajimehdipoor, H., Sadeghi, Z., Elmi, S., Elmi, A., Ghazi-Khansari, M., Amanzadeh, 

Y., et al. (2006). Protective effects of Swertia longifolia Boiss. and its active 

compound, swerchirin, on paracetamol-induced hepatotoxicity in mice. Journal 

of Pharmacy and Pharmacology, 58(2), 277-280. 

 

Hamilton, A. J., & Baulcombe, D.C. (1999). A species of small antisense RNA in 

posttranscriptional gene silencing in plants.  Science, 286, 950-952.    

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gottlieb%20OR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Borin%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Brito%20NR%22%5BAuthor%5D


 

153 

 

 

Hardwicke, C. J. (2002). The World Health Organization and the Pharmaceutical 

Industry. Common areas of interest and differing views. Adverse Drug React. 

and Toxicol. Rev, 21, 51-99. 

 

Harrigan, G. G., Ahmad, A., Baj, N., Glass, T. E.,  Gunatilaka,  A. A. L., & Kingston. 

D. G. I. (1993). Bioactive and other sesquiterpenoids from Porella cordeana. 

Journal of Natural Products, 56, 921-925. 

 

Hartwell, J. L. (1984): Plants Used Against Cancer: A Survey (Bioactive Plants, Vol 2). 

Quarterman Publications Inc. 

 

Hauschka, T.S., & Mirand, E.A. (1973). The Breeder: Ha-(ICR) Swiss mouse, a 

multipurpose stock selected for fecundity. In G.P. Murphy (Ed.), Perspectives in 

cancer research and treatment (pp. 319-331). New York: Liss.  

 

Heinrich, M., Barnes, J., Gibbons, S., & Williamson, E. (2004). Fundamentals of 

Pharmacognosy and Phytotherapy. London: Elsevier Science Limited. 

 

Henderson, M.R. (1954). Malayan Wild Flowers. Kuala Lumpur : The Malayan Nature 

Society. 

 

Hershberger, J.W. (1896).  The purpose of ethnobotany. Botanical Gazette, 21, 146-

154. 

 

Hlaing, A. K., Oo Z.K., & Mon, H.M. (2008, Nov). Evaluation of the antimalarial 

activity of selected Myanmar medicinal plants. Paper presented at the GMSARN 

International Conference on Sustainable Development: Issues and Prospects, 

Kunming, China. 

 

Hlongwana, K.H., Mabaso, M.L.H., Kunene, S., Govender, D., & Maharaj, R. (2009). 

Community knowledge, attitudes and practices (KAP) on malaria in Swaziland: 

A country earmarked for malaria elimination. Malaria Journal, 2009, 8, 29. 

 

Hooi, H.A., Kit-Lam, C., & Joon, W.M. (1995). In vitro antimalarial activity of 

quassinoids from Eurycoma longifolia against Malaysian chloroquine-resistant 

Plasmodium falciparum isolates. Planta Medica, 61(2), 177-178. 

 

Horn, H.J. (1956). Simplified LD50 (ED50) calculation. Biometrics, 12, 312-322. 

 

Hou, Y., Cao, S., Brodie, P.J., Callmander, M.W., Ratovoson, F., Rakotobe, E.A.,et al. 

(2009). Antiproliferative and antimalarial anthraquinones of Scutia myrtina from 

the Madagascar forest. Bioorganic & Medicinal Chemistry, 17, 2871-2876. 

 

Htut, Z.W. (2009). Artemisinin resistance in Plasmodium falciparum malaria. New 

England Journal of Medicine, 361, 1807-1808.  

 

Hymete, A. (1986). Phytochemical investigation of the fruit of Lagenaria breviflora 

Robert. Master‘s thesis, University of IFE, ILE-IFE, Nigeria. 

 

Ibrahim Jantan., Young-Hwa, K., Dae- Yeon, S., & Byung, H. H. (1996). Inhibitory 

Effects of Malaysian Medicinal Plants on the Platlet-Activating Factor (PAF) 

Receptor Binding. Natural Product Sciences, 2 (2), 86-89. 



 

154 

 

 

 

Ibrahim Jantan., Wong, O.P., Sheila, D.V., & Nazni W.A. (2003). Larvicidal Activity of 

the Essential Oils and Methanol Extracts of Malaysian Plants on Aedes aegypti.  

Pharmaceutical Biology, 41(4), 234-236. 

 

Ibrahim Jantan., Fasihuddin Ahmad., & Abu Said Ahmad. (2004). Constituents of the 

rhizome and seed oils of greater galangal Alpinia galanga (L) from Malaysia. 

Journal of Essential Oil Research, 16, 174-176. 

 

Ikujuni, C.M., Nwabueze, O.P., Rajagopal M., Panrengan K., & Akowuah G.A. (2010). 

Studies on the anti-inflammatory, antinociceptive and antipyretics activities of 

extract from Leaves of Labisia pumila. The journal of the federation of 

american societies for experimental biology, 773.5, (Meeting Abstract 

Supplement). Retrieved 20 August 2010, from  

 http://www.fasebj.org/cgi/content/meeting_abstract/24/1_MeetingAbstracts/773.

5 

 

Ill-Min, C., Min-Young, K., & Hyung-In, M. (2008). Antiplasmodial activity of 

sesquiterpene lactone from Carpesium rosulatum in mice. Parasitology 

Research, 103(2), 341-344.  

 

Ill-Min, C., Su-Hyun, S., Eun-Young, K., Won-Hwan, P. & Hyung-In, M. (2009). Anti-

malarial activity of 6-(8'Z-pentadecenyl)-salicylic acid from Viola websteri in 

mice. Malaria Journal, 8, 151. 

 

Indra, V., Yusuf, M.N.A., Tan, C.H., Adela, I.J., Yusof, M.Y., Abdul H.A., et al. 

(2008). Plasmodium knowlesi in humans, macaques and mosquitoes in 

peninsular Malaysia. Parasites & Vectors, 1, 26. 

 

Innocent,
 

E., Moshi, M.J., Masimba,
 

P.J., Mbwambo, Z.H., Kapingu,
 

M.C.,
 

& 

Kamuhabwa, A. (2009). Screening of Traditionally Used Plants for In Vivo 

Antimalarial Activity in Mice. African journal of traditional, complementary, 

and alternative medicines, 6(2), 163-167. 

 

Intahphuak, S., Khonsung, P., & Panthong, A. (2010). Anti-inflammatory, analgesic, 

and antipyretic activities of virgin coconut oil. Pharmaceutical Biology, 48(2), 

151-157. 

 

Isah, A. B., Ibrahim, Y. K. E., & Iwalewa, E. O. (2003). Evaluation of the antimalarial 

properties and standardization of tablets of Azadirachta indica (Meliaceae) in 

mice. Phytotherapy research, 17(7), 807-810. 

 

Ishih, A., Ikeya, C., Yanoh, M., Takezoe, H., Miyase,
 
T., & Terada, M. (2001). A potent 

antimalarial activity of Hydrangea macrophylla var. Otaksa leaf extract against 

Plasmodium yoelii 17XL in mice. Parasitology International, 50(1), 33-39. 

 

 Ishih, A., Suzuki, T.,  Hasegawa, T.,  Kachi, S.,   Wang, H., & Terada, M. (2004). In 

vivo evaluation of combination effects of chloroquine with cepharanthin® or 

minocycline hydrochloride against blood-induced chloroquine-resistant 

Plasmodium berghei NK 65 infections. Tropical Medicine and Health, 32(1), 

15. 

 

http://informahealthcare.com/loi/phb
http://www.springerlink.com/content/100447/?p=0a0f06a2ee194f2882baf519b8ba8ee9&pi=0
http://www.springerlink.com/content/100447/?p=0a0f06a2ee194f2882baf519b8ba8ee9&pi=0
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=AKIRA+ISHIH&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=TOHRU+SUZUKI&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=TAKAKO+HASEGAWA&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=SHIGEO+KACHI&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=HWANG-HUEI+WANG&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=MAMORU+TERADA&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds


 

155 

 

 

Ishih, A., Suzuki, T., Muregi, F.W., Kachi. S., Matsui, K., & Terada, M. (2006). 

Chloroquine efficacy in Plasmodium berghei NK65-infected ICR mice, with 

reference to the influence of initial parasite load and starting day of drug 

administration on the outcome of treatment. Southeast Asian Journal of Tropical 

Medicine and Public Health, 37, 13–17. 

 

Ito, J., Ghosh, A., Moreira, L.A., Wimmer, E.A., & Jacobs-Lorena, M. (2002). 

Transgenic anopheline mosquitoes impaired in transmission of a malaria 

parasite. Nature, 417(6887), 452-455. 

 

Itokawa, H., Morita, H., Sumitomo, T., Totsuka, N., & Takeya, K. (1987). Antitumour 

principles from Alpinia galanga. Planta Medica, 53, 32-33. 

 

Jamia, A. Jamal., Houghton, P.J., Milligan, S.R., & Ibrahim Jantan. (2003). The 

oestrogenic and cytotoxic effects of the extracts of Labisia pumila var. alata and 

Labisia pumila var. pumila in vitro. Malaysian Journal of Health Sciences, 1, 

53-60.  

 

 Jamaiah, I.,  Rohela, M.,  Nissapatorn, V.,  Khoo, BL.,  Khoo, P.S., Radhiyah, M., & et 

al. (2005). Malaria: a 10-year (1994-2003) retrospective study at University 

Malaya Medical Center (ummc), Kuala Lumpur, Malaysia. Southeast Asian J 

Trop Med Public Health, 36 (suppl 4), 60-63.  

 

Janse, C.J., Ramesar, J., Waters, A.P. (2006). High-efficiency transfection and drug 

selection of genetically transformed blood stages of the rodent malaria parasite 

Plasmodium berghei. Nature Protocols, 1, 346-356.  

 

Janssen, A.M., & Scheffer, J.J.C. (1985). Acetoxychavicol acetate, an antifungal 

component of Alpinia galanga. Planta Medica, 6, 507-511. 

 

Jelinek, T., Grobusch, M.P., & Loscher, T. (2001). Patterns of Plasmodium falciparum 

drug resistance in non immune travellers to Africa. European Journal of Clinical 

Microbiology & Infectious Diseases, 20, 284-286. 

 

Jenett-Siems, K., Mockenhaupt, F.P., Ulrich Bienzle, U., Gupta, M.P.,  & Eich, E. 

(1999).  In vitro antiplasmodial activity of Central American medicinal plants. 

Tropical Medicine and International Health, 4 (9), 611-615. 

 

Jolaoso A.A,  Ajayi J.O.,  & Ogunmuyiwa, S.I.O. (2010). Antimicrobial properties of 

Cympobogon citratus and Cocos nucifera oils. Journal of Biological Sciences 

and Bioconservation, 2, 1-6.  

 

Jones, S. B., & Luchsinger, A. E. (1986). Plant systematics. New York: McGrawHill 

Book Co. 

 

 

Jongwutiwes, S., Putaporntip, C., Iwasaki, T., Sata, T., & Kanbara, H. (2004). Naturally 

acquired Plasmodium knowlesi malaria in human, Thailand. Emerging infectious 

diseases, 10, 2211–3. 

 

Joshi, A.B., & Banjara, M.R. (2008). Malaria related knowledge, practices and 

behaviour of people in Nepal. Journal of Vector Borne Diseases, 45, 44-50. 



 

156 

 

 

 

Kalra, B.S., Chawla, S., Gupta, P., & Valecha, N. (2006). Screening of antimalarial 

drugs: An overview. Indian Journal of Pharmacology, 38(1), 5–12. 

 

Kamarudin Mat-Salleh. (1997). Ethnobotany, ethnopharmacognosy and documentation 

of Malaysian medicinal and aromatic plants. Bangi: Universiti Kebangsaan 

Malaysia. 

 

Karthishwaran, S., Mirunalini, G., Dhamodharan, M., Krishnaveni, & Arulmozhi, V. 

(2010). Phytochemical investigation of methanolic extract of the leaves of 

Pergularia daemia. International Journal of Biological Sciences, 10, 242-246. 

 

Kaur, G. (2009). Malaria endemicity in an Orang Asli community in Pahang, Malaysia. 

Trop Biomed, 26:57-66. 

 

Kester, K.E., McKinney, D.A., Tornieporth, N., Ockenhouse, C.F., Heppner, D.G., Hall, 

T., et al. (2001). Efficacy of recombinant circumsporozoite protein vaccine 

regimens against experimental Plasmodium falciparum malaria. Journal of 

Infectious Diseases, 183(4), 640-647. 

 

Khaomek, P., Ichino, C., Ishiyama, A., Sekiguchi, H., Namatame, M., Ruangrungsi, N., 

et al. (2008). In vitro antimalarial activity of prenylated flavonoids from 

Erythrina fusca. Journal of Natural Medicines, 62(2), 217-220.  

 

Kim, Y. C., Kim, H., Wataya, Y., Sohn, D.H., Kang, T.H., Kim, M.S., et al. (2004). 

Antimalarial Activity of Lavandulyl Flavanones Isolated from the Roots of 

Sophora flavescens. Biological & Pharmaceutical Bulletin, 27, 748-750. 

 

Kit-Lam, C., Chee-Yan, C., Noor Rain Abdullah., Zakiah Ismail. (2004). 

Antiplasmodial studies of Eurycoma longifolia Jack using the lactate 

dehydrogenase assay of Plasmodium falciparum. Journal of 

Ethnopharmacology, 92 (2-3), 223-227. 

 

Klayman, D. L. (1985). Quinghaosu (artemisinin): An antimalarial drug from China. 

Science, 228, 1049-1055. 

 

Koch, A.C. (2005). Medical ethnobotany of Massai: in vitro evalution of traditional 

anti-malarial. PhD thesis, University of Illinois. 

 

 Konate, K., Souza, A., Lamidi, M.,  Djoba, S J.F.,  Ella, M.F.H., Millogo-Rasolodimby, 

J., et al. (2011). Biological and Toxicological Effects of Aqueous Acetone 

Extract of Cienfuegosia digitata Cav. (Malvaceae) in Mice and Rats. Journal of 

Pharmacology and Toxicology, 6(2), 149-157. 

 

Kremsner, P.G., Greve, B., Lell, B., Luckner, D., & Schmidt, D. (2000). Malarial 

anaemia in African Children associated with high oxygen-radical production. 

Lancet, 355, 40-41. 

 

Krettli, A. U., Andrade-Neto, V. F., Brandão M.G.L., & Ferrari, W. M.S. (2001). The 

search for new antimalarial drugs from plants used to treat fever and malaria or 

plants ramdomly selected: a Review. Mem. Inst. Oswaldo Cruz. Rio de Janeiro, 

96(8), 1033-1042. 

http://scialert.net/asci/author.php?author=K.&last=Konate
http://scialert.net/asci/author.php?author=A.&last=Souza
http://scialert.net/asci/author.php?author=M.&last=Lamidi
http://scialert.net/asci/author.php?author=J.F.&last=Djoba%20Siawaya
http://scialert.net/asci/author.php?author=F.H.&last=Ella%20Mendene
http://scialert.net/asci/author.php?author=J.&last=Millogo-Rasolodimby
http://scialert.net/jindex.php?issn=1816-496x
http://scialert.net/jindex.php?issn=1816-496x


 

157 

 

 

 

Krettli, A.U., Adebayo, J.O. & Krettli, L.G.  (2009). Testing of Natural Products and 

Synthetic Molecules Aiming at New Antimalarials. Current Drug Targets, 10, 

261-270. 

 

Kulkarni, A.G., Suryakar, A.N., Sardeshmukh, A.S., & Rathi, D.B. (2003). Studies on 

Biochemical Changes with Special Reference to Oxidant and Antioxidants in 

Malaria Patients. Indian Journal of Clinical Biochemistry, 18(2), 136-149. 

 

Kulip, J. (1997). A preliminary survey of traditional medicinal plants in the West Coast 

and Interior of Sabah. Journal of Tropical Forest Science, 10(2), 271-274. 

 

Kumaratilake, L.M., Ferrante, A., Robinson, B.S., Jaeger, T., & Poulos, A. (1997). 

Enhancement of neutrophil-mediated killing of Plasmodium falciparum asexual 

blood forms by fatty acids: importance of fatty acid structure. Infection 

Immunity, 65, 4152-4157. 

 

Landau, I., & Chabaud, A. (1994). Plasmodium species infecting Thamnomys rutilans: a 

zoological study. Advances in Parasitology, 33, 50-90. 

 

Lans, C. (2006). Creole remedies of Trinidad and Tobago. United States: Lulu.com. 

 

Lans, C. (2007). Comparison of plants used for skin and stomach problems in Trinidad 

and Tobago with Asian ethnomedicine. Journal of Ethnobiology and 

Ethnomedicine, 3, 3.  

 

Latha, C., Shriram, D., Jahagirdar, S., Dhakephalkar, P., & Rojatkar, S. (2009). 

Antiplasmid activity of 1'-acetoxychavicol acetate from Alpinia galanga against 

multi-drug resistant bacteria. Journal of Ethnopharmacology, 25 (3), 522-525. 

 

Lee, H. L., Vasan, S. S., Nazni, W. A., & Shahnaz, M. (2008). Scientific report on the 

innovative application of Aedes aegypti RIDL-sterile insect technique to combat 

dengue and chikungunya in Malaysia. Kuala Lumpur: World Health 

Organization Collaborating Centre for Ecology, Taxonomy and Control of 

Vectors of Malaria, Filariasis and Dengue. 

 

Lewis, W. H. (2003). Pharmaceutical Discoveries Based on Ethnomedicinal Plants: 

1985 to 2000 and Beyond. Economic Botany, 57(1), 126-134. 

 

Libman, A., Zhang, H., Ma, C., Southavong, B., Sydara, K., Bouamanivong, S. et al. 

(2008). A first new antimalarial pregnane glycoside from Gongronema 

napalense. Asian Journal of Traditional Medicines, 3 (6), 203-210. 

 

Lin, K.W. (2006). Ethnobotanical study on medicinal plants used by the Jah Hut people 

in Malaysia. Indian Journal of Medical Sciences, 59(4), 156-161. 

 

Lindlof, T.R., & Taylor, B.C. (2002).  Qualitative Communication Research Methods 

(2nd ed.), Thousand Oaks, CA: Sage Publications Inc. 

 

Liu, K. C. C., Yang, S-L, Roberts, M. F., Elford, B. C., & Phillipson, J. D. (1992). 

Antimalarial activity of Artemisia annua flavonoids from whole plants and cell 

cultures. Plant Cell Reports, 11, 637-640. 



 

158 

 

 

 

Lohombo-Ekombaa, M.L., Okusa, P.N., Penge, O., Kabongoc, C., Choudhary, M.I., & 

Kasende, O.E. (2004). Antibacterial, antifungal, antiplasmodial, and cytotoxic 

activities of Albertisia villosa. Journal of Ethnopharmacology, 93, 331-335. 

 

Lokman, H.S., Sharifah Roohi, S.W., Zurkurnai, Y., Noor Rain, A., Mansor, S.M., 

Palmer, K., Navaratnam, V. & Mak, J.W. (1996). Plasmodium falciparum: 

increased proportion of severe resistance (RII and RIII) to chloroquine and high 

rate of resistance to sulfadoxine-pyrimethamine in Peninsular Malaysia after two 

decades. Transactions of the Royal Society of Tropical Medicine and Hygiene, 

90, 294-297. 

 

Lopes, N.P., Kato, M.J., Andrade, E.H., Maia, J.G., Yoshida, M., Planchart, A.R., & 

Katzin, A.M. (1999). Antimalarial use of volatile oil from leaves of Virola 

surinamensis (Rol.) Warb. by Waiapi Amazon Indians. Journal of 

Ethnopharmacology, 67(3), 313-319.  

 

López-Fraga, M., Wright, N., & Jiménez, A. (2008). RNA Interference-Based 

Therapeutics: New Strategies to Fight Infectious Disease. Infectious Disorders - 

Drug Targets, 8, 262-273. 

 

Loria, P., Miller, S., Foley, M., & Tilley, L. (1999). Inhibition of peroxidative 

degradation of heme as the basis of action of chloroquine and other quinoline 

antimalarials. Biochemical Journal, 339, 363-370. 

 

Luchavez, J., Espino, F., Curameng, P., Espina, R., Bell, D., & Chiodini, P. (2008). 

Human infections with Plasmodium knowlesi, the Philippines. Emerging 

infectious diseases, 14, 811–3. 

 

Macheso, A., Nyasulu, Y., Ziba, Nwanyanwu, O.C., Steketee, R.W., Ettling, M., et al. 

(1994). Malaria knowledge, attitude and practice in Malawi: policy implication 

for the National Malaria Control Program. Tropical Medicine and Parasitology, 

45, 80-81. 

 

Madara, A., Ajayi, J. A., Salawu, O. A., & Tijani A. Y. (2010).  Anti-malarial activity 

of ethanolic leaf extract of Piliostigma thonningii Schum. (Caesalpiniacea) in 

mice infected with Plasmodium berghei berghei. African Journal of 

Biotechnology, 9(23), 3475-3480. 

 

Mahmoud, M.R., El-Abhar, H.S., & Salh, S. (2002). The effect of Nigella sativa oil 

against the liver damage induced by Schistosoma mansoni infection in mice. 

Journal of Ethnopharmacology 79(1), 1-11. 

 

Mahajan, S.S., Kamath, V.R., & Ghatpande, S.S.   (2005). Synergistic antimalarial 

activity of ketones with rufigallol and vitamin C. Parasitology, 131, 459-466. 

 

Morikawa, T., Ando, S., Matsuda, H., Kataoka, S., Muraoka, O., & Yoshikawa, M. 

(2005). Inhibitors of nitric oxide production from the rhizomes of Alpinia 

galanga: Structures of new 8-9' linked neolignans and sesquineolignan. 

Chemical & Pharmaceutical Bulletin, 53, 625-630. 

 



 

159 

 

 

Marlar-Than, Myat-Phone-Kyaw, Aye-Yu-Soe, Khaing-Khaing-Gyi, Ma-Sabai, & 

Myint-Oo. (1995). Development of resistance to chloroquine by Plasmodium 

vivax in Myanmar. Transactions of the Royal Society of Tropical Medicine and 

Hygiene, 89, 307-308. 

 

Martin, S.K., Oduola, A.M., & Milhous, W.K. (1987). Reversal of chloroquine 

resistance in Plasmodium falciparum by verapamil. Science, 235, 899-901. 

 

Matsuda, H., Morikawa, T., Managi, H., & Yoshikawa, M. (2003). Antiallergic 

principles from Alpinia galanga: Structural requirements of phenylproponoids 

for inhibition of degranulation and release of TNF-α and lL-4 in RBL-2H3 cells. 

Bioorganic & Medicinal Chemistry Letters, 13, 3197-3202.  

 

Mazigo, H.D., Obasy, E., Mauka, W., Manyiri, P., Zinga, M., Eliningaya, J., et al. 

(2010). Knowledge, Attitudes, and Practices about Malaria and Its Control in 

Rural Northwest Tanzania. Malaria Research and Treatment, 

doi:10.4061/2010/794261 

 

Mehlin, C. (2005). Structure-Based Drug Discovery for Plasmodium falciparum. 

Combinatorial Chemistry & High Throughput Screening, 8, 5-14. 

 

Mendonça-Filho, R.R., Rodrigues, I.A., Alviano, D.S., Santos, A.L.S., Soares, R.M.A., 

Alviano, C.S., et al. (2004). Leishmanicidal activity of polyphenolic-rich extract 

from husk fiber of Cocos nucifera Linn. (Palmae). Research in Microbiology, 3, 

136-143. 

 

Mendoza, L., Wilkens, M., & Urzua, A. (1997). Antimicrobial study of the resinous 

exudates and of diterpenoids and flavonoids isolated from some Chilean 

Pseudognaphalium (Asteraceae). Journal of Ethnopharmacology, 58, 85-88. 

 

Meng, L., Lozano, Y.F., Gaydou, E.M., & Li, B. (2009). Antioxidant activities of 

polyphenols extracted from Perilla frutescens varieties. Molecules, 14, 133-40. 

 

Mi-Hyang, L., Hyun, A.K., Dong-Yeul, K., Hyun, P., Dong-Hwan, S., Youn-Chul, K., 

et al. (2006). Antibacterial activity of medicinal herb extracts against 

Salmonella. International Journal of Food Microbiology, 111, 270-275. 

 

Miguel, C.A., Tallo, V.L., Manderson, L., Lansang, M.A. (1999). Local knowledge and 

treatment of malaria in Agusan del Sur, The Philippines. Social Science & 

Medicine, 48, 607-618. 

 

Milhan, G., Valentin, A., Benoit, F., Mallie, M., Bastide, J. M., Pelissier, Y., et al. 

(1997). In vitro antimalarial activity of eight essential oils. Journal of Essential 

Oil Research, 9, 329-333. 

 

Minja, H., Schelling, J.A., Mukasa, O., Nathan, R., Abdulla, S., Mponda, H., et al. 

(2001). Introducing insecticide treated nets in the Kilombaro valley, Tanzania: 

the relevance of local knowledge and practice for information, education and 

communication (IEC) campaign. Tropical Medicine & International Health, 8, 

614-623. 

 



 

160 

 

 

Misra, P., Pal, N. L.,  Guru, P. Y., Katiyar,  J. C., &  Tandon, J. S. (1991). Antimalarial 

Activity of Traditional Plants against Erythrocytic Stages of Plasmodium 

berghei. Pharmaceutical Biology, 29(1), 19-23.  

 

Mitsui, S., Kobayashi, S., Nagahori, H., & Ogiso, A. (1976). Constituents from seeds of 

Alpinia galanga WILD and their anti-ulcer activities. Chemical & 

Pharmaceutical Bulletin, 24, 2377-2382.  

 

Mojiol, A.R., Adella, A., Kodoh, J., Lintangah, W., & Wahab, Z. (2010). Common 

Medicinal Plants Species Found at Burned and Unburned Areas  of Klias Peat 

Swamp Forest, Beaufort, Sabah Malaysia. Journal of Sustainable Development, 

3, (1), 109-115. 

 

Monbrison, F., Maitrejean, M., Latour, C., Bugnazet, F., Peyron, F., Barron, D., et al. 

(2006). In vitro antimalarial activity of flavonoid derivatives dehydrosilybin and 

8-(1;1)-DMA-kaempferide. Acta Tropica, 97(1), 102-107.  

 

Montgomery, R., & Eyles, D.E. (1963). Chloroquine resistant falciparum malaria in 

Malaya. Transactions of the Royal society of Tropical Medicine and Hygiene, 

57, 409-416. 

 

Mori, H., Kubota, K., & Kobayashi, A. (1995). Potent aroma components of rhizomes 

of Alpinia galanga Willd. L. Nippon Shokuhin Kagaku Kogaku Kaishi, 42, 989-

995. 

 

Moumaris, M., Sestier, C., Miltgen, F., Halbreich, A., Gentilini, M., & Sabolovic, D. 

(1995). Effect of fatty acid treatment in cerebral malaria-susceptible and 

nonsusceptible strains of mice. Journal of Parasitology, 81, 997-999. 

 

Muñoz, D., Jimenez, A., Marinotti, O., & James, A.A. (2004). The AeAct-4 gene is 

expressed in the developing flight muscles of female Aedes aegypti. Insect 

Molecular Biology, 13(5), 563-568.  

 

Muregi, F.W., Ishih, A., Miyase, T., Suzuki, T., Kino, H., Amanod, T., et al. (2007). 

Antimalarial activity of methanolic extracts from plants used in Kenyan 

ethnomedicine and their interactions with chloroquine (CQ) against a CQ-

tolerant rodent parasite, in mice. Journal of Ethnopharmacology, 111, 190-195. 

 

Nagabhushan, M., Amonkar,
 
A.J., Nair U.J., D'Souza, A.V., & Bhide, S.V. (1989). 

Hydroxy-Chavicol: a New Anti-Nitrosating Phenolic compound from Betel 

Leaf. Mutagenesis, 4, 200-204. 

 

Nagelschmitz, J., Voith, B., Wensing, G., Roemer, A., Fugmann, B., Haynes, R.K., et 

al. (2008). First assessment in humans of the safety, tolerability, 

pharmacokinetics, and ex vivo pharmacodynamic antimalarial activity of the new 

artemisinin derivative artemisone. Antimicrobial Agents and Chemotherapy, 

52(9), 3085-3091.  

 

Nahoko, U. (2009). Antichagasic activities of natural products against Trypanosoma 

cruzi. Journal of Health Science, 55, 31-39. 

 



 

161 

 

 

Nalina, T., & Rahim, Z.H.A. (2007). The Crude Aqueous Extract of Piper betle L. and 

its Antibacterial Effect towards Streptococcus mutans. American Journal of 

Biotechnology and Biochemistry, 3, 10-15. 

 

Nalongsack, S., Yoshida, Y., Morita, S., Sosouphanh, K., & Sakamoto, J. (2009).  

Knowledge, attitude and practice regarding dengue among people in Pakse, 

Laos. Nagoya Journal of Medical Science, 71, 29-37. 

 

Namsa, N.D., Mandal, M., & Tangjang, S. (2010). Anti-malarial herbal remedies of 

northeast India, Assam: An ethnobotanical survey. Journal of 

Ethnopharmacology, Article in Press doi:10.1016/j.jep.2010.10.036. 

 

Nandi, B., Roy, S., Bhattacharya, S., & Sinha, S.P. (2004). Free radicals mediated 

membrane damage by the saponins acaciaside A and acaciaside B. Phytotherapy 

Research, 18(3):191-194. 

 

Nchinda, T.C. (1998). Malaria: a reemerging disease in Africa. Emerging infectious 

diseases, 4(3), 1-8. 

 

Ng, O.T., Ooi, E.E., Lee, C.C., Lee, P.J., Ng ,L.C., & Pei, S.W. (2008). Naturally 

acquired human Plasmodium knowlesi infection, Singapore. Emerging infectious 

diseases, 14, 814–6. 

 

Nguyen-Pouplin, J., Tran, H., Phan, T.A., Dolecek, C., Farrar J., Tran, T.H., et al. 

(2007).  Antimalarial and cytotoxic activities of ethnopharmacologically 

selected medicinal plants from South Vietnam. Journal of Ethnopharmacology, 

109, 417-427. 

 

Nik M.M., Nur M.H.A.M., & Rasadah, M.A.  (2002). Topical anti-inflammatory 

activity of Labisia pumila. In Chang, Y.S., Mastura, M., & Nurhanan Murni, Y. 

(Eds.), Proceedings of the Seminar on Medicinal Plants, Tongkat Ali, Kacip 

Fatimah and Pegaga: New Dimensions in Complementary Medicine hold on  20 

-21 August 2002 at FRIM (pp. 168-170). Kuala Lumpur, Malaysia. 

 

Nik-Najib N.A.R., Takahisa Furuta., Somei kojima., Kikuchi Takane., & Mustafa Ali 

M., 1999. Antimalarial activity of extracts of Malaysian medicinal plants. 

Journal of Ethnopharmacology, 64, 249-254. 

 

Nmorsi, O.P.G., Ukwandu, N.C.D, & Egwunyenga, A.O. (2007). Antioxidant Status of 

Nigerian Children with Plasmodium falciparum malaria. African Journal of 

Microbiology Research, 1(5), 61-64. 

 

Noor Rain, A., Khozirah, S., Mohd Ridzuan, M.A.R., Ong, B.K., Rohaya, C., 

Rosilawati, M., Hamdino, I., Badrul A., & Zakiah, I. (2007). Antiplasmodial 

properties of some Malaysian medicinal Plants. Tropical Biomedicine, 24(1), 29-

35. 

 

Nyamongo, I.K. (2002). Health care switching behaviour of malaria patients in a 

Kenyan rural community. Social Science & Medicine, 54, 377-386. 

 

Obaseki, O., & Fadunsin, H.A.  (1982). Antimalarial activity of Azadirachta indica. 

Farm. Sofia, 32, 24-28. 



 

162 

 

 

 

OECD. (1987). Guidelines for Testing of Chemicals 401: Acute Oral Toxicity-Acute 

Toxic Class Method, 1st Adoption. Paris: Organization for Economic 

Cooperation and Development. 

 

OECD. (2001). Guidelines for Testing of Chemicals 423: Acute Oral Toxicity-Acute 

Toxic Class Method. Paris: Organization for Economic Cooperation and 

Development. 

 

Oguonua, T., Okafora, H.U., & Obub, H.A. (2005). Caregivers‘s knowledge, attitude 

and practice on childhood malaria and treatment in urban and rural communities 

in Enugu, south-east Nigeria. Public Health, 119, 409-414. 

 

Okokon, J.E., Ofodum, K.C., Ajibesin, K.K., Danladi, B., & Gamaniel K.S. (2005).  

Pharmacological screening and evaluation of antiplasmodial activity of Croton 

zambesicus against Plasmodium berghei berghei infection in mice. Indian 

Journal of Pharmacology, 37(4), 243-246. 

 

Okokon,
 

J.E., Ita
 

B.N., & Udokpoh A. E. (2006). Antiplasmodial activity of 

Cylicodiscus gabunensis. Journal of Ethnopharmacology, 107 (2), 175-178. 

 

Okokon, J.E., & Nwafor, P.A. (2009). Antiplasmodial activity of root extract and 

fractions of Croton zambesicus. Journal of Ethnopharmacology, 121, 74-78.  

 

Okunji, C.O., Iwu, M.M., Jackson, J.E., & Tally, J.D. (1996). Biological activity of 

saponins from two Dracaena species. Advances in Experimental Medicine and 

Biology, 404, 415-428. 

 

Oliveira, L.M., Bevilaqua, C.M., Costa, C.T., Macedo, I.T., Barros, R.S., Rodrigues, 

A.C., et al. (2009a). Anthelmintic activity of Cocos nucifera L. against sheep 

gastrointestinal nematodes. Veterinary Parasitology, 1, 55-59. 

 

Oliveira, A.B., Dolabela, Maria F.N.F., Braga, O.C.,  Jácome, R.L.R., Varotti  F.P. et al. 

(2009b). Plant-derived antimalarial agents: new leads and efficient 

phythomedicines. Part I. Alkaloids. Anais da Academia Brasileira de Ciências, 

81(4), 715-740 

 

Olliaro, P.L., & Taylor, W.R. (2004). Developing artemisinin based drug combinations 

for the treatment of drug resistant falciparum malaria: A review. Journal of 

Postgraduate Medicine, 50, 40-44. 

 

Omulokoli, E., Khan, B., & Chhabra, S. C. (1997). Antiplasmodial activity of four 

Kenyan medicinal plants. Journal of Ethnopharmacology, 56, 133-137. 

 

Onegi, B., Kraft, C., Köhler, I., Freund, M., Jenett-Siems, K., Siems, K., et al. (2002). 

Antiplasmodial activity of naphthoquinones and one anthraquinone from 

Stereospermum kunthianum. Phytochemistry, 60(1), 39-44. 

 

Ongore, D., Kamuni, F., Knight, R., & Minawa, A. A. (1989). Study of knowledge, 

attitudes and practices (KAP) of a rural community on malaria and the mosquito 

vector. East African Medical Journal, 66, 79-90. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oliveira%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bevilaqua%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Costa%20CT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Macedo%20IT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barros%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rodrigues%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rodrigues%20AC%22%5BAuthor%5D


 

163 

 

 

Oonmetta-aree, J., Suzuki, T., Gasaluck, P., & Eumkeb, G. (2006). Antimicrobial 

properties and action of galangal (Alpinia galanga Linn.) on Staphylococcus 

aureus. LWT - Food Science and Technology, 39, 1214-1220.  

 

Oparaocha, E.T., & Okorie, C. (2009). In Vivo Evaluation of Anti-Malarial Activity of 

Three Medicinal Plants Used in South Eastern Nigeria. Journal of Herbs, Spices 

& Medicinal Plants, 15(1), 121-128.   

 

Oyi, A.R.,  Onaolapo, J.A.,  & Obi, R.C. (2010). Formulation and Antimicrobial Studies 

of Coconut (Cocos nucifera Linn) Oil. Research Journal of Applied Sciences, 

Engineering and Technology 2(2), 133-137. 

 

Paulander, J., Olsson, H., Lemma, H., Getachew, A., & Sebastian, M.S. (2009). 

Knowledge, attitudes and practice about malaria in rural Tigray, Ethiopia. 

Global Health Action, 2, doi: 10.3402/gha.v2i0.1839. 

 

Pavanand, K., Nutakul, W., Dechatiwongse, T., Yoshihira, K., Yongvanitchit, K., 

Scovill, J.P., et al. (1986). In Vitro Antimalarial Activity of Brucea javanica 

against Multi-Drug Resistant Plasmodium falciparum. Planta Medica, 52(2), 

108-111. 

 

Peni, I. J., Elinge, C.M., Yusuf, H., Itodo, A.U., Agaie, B.M., Mbongo, A.N.  et al. 

(2010). Phytochemical screening and antibacterial activity of Parinari 

curatellifolia stem extract. Journal of Medicinal Plants Research, 4(20), 2099-

2102. 

 

Pennisi, E. (2001). Malaria's beginnings: on the heels of hoes. Science, 293, 416-417. 

 

Peters, W. (1965). Drug resistance in Plasmodium berghei. Vinke and Lips 1948. I. 

Chloroquine resistance. Experimental Parasitology, 17, 80-89. 

 

Peters, W., Howells, R.E., Portus, J., Robinson, B.L., Thomas, S., & Warhurst, D.C.  

(1977). The chemotherapy of rodent malaria. XXVII. Studies on mefloquine 

(WR 142,490). Annal of Tropical Medicine and Parasitology, 71, 407-418. 

 

Peters, W. (1987). Resistance of human malaria I, III and IV. Chemotherapy and drug 

resistance in malaria. Revised ed. London: Academic Press. 

 

Peters, W. (1990). The prevention of antimalarial drug resistance. Pharmacology & 

Therapeutics, 47, 499-508. 

 

Peters, W., Robinson, B. L., & Ellis, D. S. (1987). The chemotherapy of rodent malaria. 

XLII. Halofantrine and halofantrine resistance. Annal of Tropical Medicine and 

Parasitology, 81, 639-646. 

 

Peters, W., & Robinson, B.L. (1992). The chemotherapy of rodent malaria XLVII: 

studies on pyronaridine and other Mannich base antimalarials. Annal of Tropical 

Medicine and Parasitology, 86, 455-465. 

 

Peters, W., & Robinson, B. L. (1999). The chemotherapy of rodent malaria. LVI. 

Studies on the development of resistance to natural and synthetic endoperoxides. 

Annal of Tropical Medicine and Parasitology, 93, 325-329. 



 

164 

 

 

 

Peterson, V. (2009). Healthy Uses for Coconut Oil. Retrieved 15 October 2010, from 

 http://www.care2.com/greenliving/6-healthy-uses-for-

 coconutoil.html#ixzz16wrl1aKl 

 

Philip, J., & Rosenthal, M.D. (2008). Artesunate for the Treatment of Severe 

Falciparum Malaria. New England Journal of Medicine, 358, 1829-1836. 

 

Phillipson, J. D. (1999). Radioligand-receptor binding assays in the search for bioactive 

principles from plants. Journal of Pharmacy and Pharmacology, 51, 493-503. 

 

Phillipson, J. D. (2001). Phytochemistry and medicinal plants. Phytochemistry 56: 237-

243. 

 

Philipson, J.D., & Wright, C.W. (1991). Antiprotozoal compounds from plants sources. 

Planta Medica, 57, 553-559. 

 

Phuc, H.K., Andreasen, M.H., Burton, R.S., Vass, C., Epton, M.J., Pape, G., et al. 

(2007). Late-acting dominant lethal genetic systems and mosquito control. BMC 

Biology, 5, 11.  

 

Pickard, A.L., Wongsrichanalai, C., Purfield, A., Kamwendo, D., Emery, K., & 

Zalewski, C. (2003). Resistance to antimalarials in Southeast Asia and genetic 

polymorphisms in pfmdr1. Antimicrob Agents Chemother. 47, 2418-2423. 

 

Pickard, A.L. & Wernsdorfer, W.H. (2002). Epidemiology of drug resistant malaria. 

Lancet Infectious Diseases, 2, 209-218. 

 

Pin, K.Y., Luqman C.A, Abdull, R.A., Mazura, M.P., Fadzureena, J., Vimala, S., et 

al.(2010). Antioxidant and anti-inflammatory activities of Extracts of betel 

leaves (Piper betle) from solvents with different polarities.  Journal of Tropical 

Forest Science, 22(4), 448-455. 

 

Ping-Chung, K., Li-Shian, S., Amooru, G.D., Chung-Ren, S., Chieh-Hung, H., Chih-

Huang, K. (2003). Cytotoxic and antimalarial beta-carboline alkaloids from the 

roots of Eurycoma longifolia . Journal of Natural Products, 66, 1324-1327. 

 

Popp, F.D., Wefer, J.M., Rosen, G., & Noble, A.C. (1967). Investigations of Philippine 

plants for alkaloids, antimalarial agents, and antineoplastic agents. Journal of 

Pharmaceutical Sciences, 56(9), 1195-1197. 

 

Posner, G. H., Paik,H., Sur, S.,  McRiner A. J., Borstnik, K., Xie, S. &  Shapiro, T. A. 

(2003). Orally active, antimalarial, anticancer, artemisinin-derived trioxane 

dimers with high stability and efficacy. Journal of Medicinal Chemistry, 46, 

1060–1065. 

 

Pradeepkumar, T.,  Sumajyothibhaskar, B., & Satheesan, K.N. (2008). Management of 

Horticultural Crops. New India: Horticulture Science Series.  

 

Presber, W., Herrmann, D.K., & Hegenscheid, B. (1991). The effect of an extract from 

Cochlospermum angolense ("Burututu") on Plasmodium berghei in the mouse 

malaria suppression test. Angewandte Parasitologie, 32(1), 7-9. 

http://www.care2.com/greenliving/6-healthy-uses-for-%09coconutoil.html#ixzz16wrl1aKl
http://www.care2.com/greenliving/6-healthy-uses-for-%09coconutoil.html#ixzz16wrl1aKl
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Presber%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herrmann%20DK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hegenscheid%20B%22%5BAuthor%5D


 

165 

 

 

 

PNAS. (2010). The life cycle of the Plasmodium genus. Retrieved September 2010, 

from  http://www.pnas.org/content/104/29/11865/F1.expansion.html. 

 

Rahman, W.A., Che, R.A., & Ahmad, A.H. (1997). Malaria and Anopheles in Malaysia. 

Southeast Asian J Trop Med Public Health, 28(3), 599-605. 

 

 

Raj, R.K. (1975). Screening of indigenous plants for anthelmintic action against human 

Ascaris lumbricoides: Part-II. Indian Journal of Physiology and Pharmacology, 

19, 47-49. 

 

Ramazani, A., Zakeri, S., Sardari, S., Khodakarim, N., & Djadidt, N.D. (2010). In vitro 

and in vivo anti-malarial activity of Boerhavia elegans and Solanum surattense. 

Malaria Journal, 9, 124. 

 

Rasadah, M. A., Nik-Musa‘adah, M., Aznie-Aida, A., & Mohd.-Rizal, A. K. (2001). 

Inhibitory Activity of Some Selected Malaysian Medicinal Plants on TPA 

Induced Mouse Ear Oedema. In Ahmad Sazali et al. (Eds.), Fine Chemicals from 

Natural Resources (pp. 371-376). Shah Alam, University of Technology 

MARA: University Publication Centre.  

 

Reddy, M.K., Gupta, S.K., Jacob, M.R., Khan, S.I., & Ferreira, D. (2007). Antioxidant, 

antimalarial and antimicrobial activities of tannin-rich fractions, ellagitannins 

and phenolic acids from Punica granatum L. Planta Medica, 73(5), 461-467. 

 

Reiter, P. (2001). Climate Change and Mosquito-Borne Disease. Environmental Health 

Perspectives, 109, (Suppl. 1), 141-161. 

 

Reiter, P. (2008). Global warming and malaria: knowing the horse before hitching the 

cart. Malaria Journal, 7 (Suppl. 1):S3 doi:10.1186/1475-2875-7-S1-S3. 

 

Reuben, K.D, Abdulrahman, F.I.,  Akan, J.C.,  Usman, H.,  Sodipo,  O.A., & Egwu, 

G.O. (2008). Phytochemical Screening and In Vitro Antimicrobial Investigation 

of the Methanolic Extract of Croton Zambesicus Muell ARG. Stem Bark. 

European Journal of Scientific Research, 23(1), 134-140. 

 

Rhiouani, H., El-Hilaly, J., Israili, Z.H., & Lyoussi, B. (2008). Acute and sub-chronic 

toxicity of an aqueous extract of the leaves of Herniaria glabra in rodents. 

Journal of  Ethnopharmacology, 118, 378-386. 

 

Ridley, R.G. (1997). Plasmodium: Drug discovery and development an industrial 

perspective. Experimental Parasitology 87, 293-304. 

 

Ridley, R.G., & Fletcher, E.R. (2008). Making a difference: 30 years of TDR. Nature 

Reviews Microbiology, 6(5), 401-407 

 

Rieckman, K.H., Davis, D.R. & Hutton, D.C. (1989). Plasmodium vivax resistance 

chloroquine? Lancet, 2, 1183-1184. 

 

http://www.pnas.org/content/104/29/11865/F1.expansion.html


 

166 

 

 

Rimando, A.M., Han, B.H., Park, J.H., & Cantoria, M.C. (1986). Studies on the 

Constituents of Philippine Piper betel Leaves. Archives of Pharmacal Research, 

9, 93-97. 

 

Rohani, A., Zamree, I., Lim, L.H., Rahini, H., David, L., & Kamilan, D. (2006). 

Comparative field evaluation of residual-sprayed deltamethrin WG and 

deltamethrin WP for the control of malaria in Pahang, Malaysia. Southeast Asian 

J Trop Med Public Health, 37, 1139-1148. 

 

Rosenthal, P. J. (2003). Antimalarial drug discovery: old and new approaches. The 

Journal of Experimental Biology. 206, 3735–3744. 

 

Ryley, J.F., & Peters, W. (1970). The antimalaria activitiy of some quinoline esters. 

American Journal of Tropical Medicine and Parasitology 84, 209. 

 

Saewan, N., Sutherland, J.D., & Chantrapromma, K. (2006). Antimalarial 

tetranortriterpenoids from the seeds of Lansium domesticum Corr. 

Phytochemistry, 67(20), 2288-2293. 

 

Sahidan, S., Salmijah, S., & Zainal Abidin, B.A.H. (1994). The effect of crude extracts 

of seruntun Tinospora crispa on Plasmodium berghei infection in mice. 

Malaysian Applied Biology. 22(2), 205-214. 

 

Saidu, K., Onah, J., Orisadipe, A., Olusola, A., Wambebe, C., & Gamaniel, K. (2000). 

Antiplasmodial, analgesic, and anti-inflammatory activities of the aqueous 

extract of Erythrina senegalensis. Journal of Ethnopharmacology, 71, 275-280. 

 

Sampaio, F.C., Pereira, Mdo, S., Dias, C.S., Costa, V.C., Conde, N.C., et al. (2009). In 

vitro antimicrobial activity of Caesalpinia ferrea Martius fruits against oral 

pathogens. Journal of Ethnopharmacology, 124(2), 289-294. 

 

Samy, K., & Kadarkari, M. (2011). Antimalarial activity of traditionally used Western 

Ghats plants from India and their interactions with chloroquine against 

chloroquine-tolerant Plasmodium berghei. Vector Borne Zoonotic Dis. 11(3), 

259-68.  

 

Sanjana, P., Barcus, M.J., Bangs, M.J., Ompusunggu, S., Elyazar, I., Marwoto, H., et al. 

(2006). Survey of community knowledge, attitudes, and practices during a 

malaria epidemic in Central Java, Indonesia. American Journal of Tropical 

Medicine and Hygiene, 75, 783-789.  

 

Sanni, L.A., Fonseca, L.F., & Langhorne, J. (2002). Mouse models for erythrocytic-

stage malaria. Methods in Molecular Medicine, 72, 57-76. 

 

Sathe, M.,  Ghorpade,  R., Srivastava, A.K.,  & Kaushik, M.P. (2010).  In vivo 

antimalarial evaluation of Gomphostenins. Journal of Ethnopharmacology, 

130(1), 171-174.  

 

Saxena, S., Pant, N., Jain, D.C., & Bhakuni, R. S. (2003). Antimalarial agents from 

plant sources. Current Science, 85(9), 1314-1329. 

 

http://www.google.com.my/url?sa=t&source=web&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.ajtmh.org%2F&rct=j&q=Am%20J%20Trop%20Med%20Hyg%20&ei=kNoiTd-xD4nQrQeZpKnDCw&usg=AFQjCNEzXDyIcfF30Xju-K2VBnrzCirf2A&cad=rja
http://www.google.com.my/url?sa=t&source=web&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.ajtmh.org%2F&rct=j&q=Am%20J%20Trop%20Med%20Hyg%20&ei=kNoiTd-xD4nQrQeZpKnDCw&usg=AFQjCNEzXDyIcfF30Xju-K2VBnrzCirf2A&cad=rja
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235084%232010%23998699998%232163750%23FLA%23&_cdi=5084&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=aa93f79f260e27f20950832a18a5df2f


 

167 

 

 

Scheffer, J.J.C., Gani, A., & Baerheim-Svenden, A. (1981). Monoterpenes in the 

essential rhizome oil of Alpinia galanga. Scientific Pharmaceuticals, 49, 337-

346. 

 

Schulze, DLC. (2006). The design and efficacy of an antisense oligodeoxynucleotide 

(ODN) targated against alpha-I-tubulin of Plasmodium falciparum. PhD thesis, 

University of Pretoria, South Africa. 

 

Schwartz, I. K., Lackritz, E. M., & Patchen, L. C. (1991). Chloroquine-resistant 

Plasmodium vivax from Indonesia. The New England Journal of Medicine, 

324(13), 927. 

 

Sehgal, P.N., Sharma, M.I.D., Sharma, S.l. & Gopal, S. (1973).  Resistance to 

chloroquine in falciparum malaria in Assam state, India. The Journal of 

communicable diseases, 5, 175-180. 

 

Sharma, U., Srivastava, K., Puri S.K., & Singh, C. (2008). Amino steroids as 

antimalarial agents. Medicinal Chemistry Research, 17(2-7), 326-334. 

 

Sharma, V.P. (2009). Hidden burden of malaria in Indian women. Malaria Journal, 8, 

281. 

 

Simonsen, H. T., Nordskjold, J. B., Smitt, U. W., Nyman, U., a, Palpu, P., Joshi, P., et 

al. (2001). In vitro screening of Indian medicinal plants for antiplasmodial 

activity. Journal of Ethnopharmacology, 74, 195-204. 

 

Simsek, Z., & Kurcer, M.A. (2005). Malaria: knowledge and behaviour in an endemic 

rural area of Turkey. Public Health, 119, 202-208. 

 

Singh, B., Kim, S. L., Matusop, A., Radhakrishnan, A., Shamsul, S.S., Cox-Singh J., et 

al. (2004). A large focus of naturally acquired Plasmodium knowlesi infections 

in human beings. Lancet, 363, 1017-1024. 

 

Singh, B., & Singh, S. (2003). Antimicrobial activity of terpenoids from Trichodesma 

amplexicaule Roth. Phytotherapy Research,  17(7), 814-816. 

 

Singh, M., Shakya, S., Soni, V.K., Dangi, A., Kumar, N., & Bhattacharya, S.M. (2009). 

The n-hexane and chloroform fractions of Piper betle L. trigger different arms of 

immune responses in BALB/c mice and exhibit antifilarial activity against 

human lymphatic filarid Brugia malayi. International Immunopharmacology, 9, 

716-728.  

 

Sofowora, A. (1993). Medicinal Plants and Traditional Medicine in Africa (2nd ed.). 

Ibadan, Nigeria: Spectrum Books Limited. 

 

Souza, J,M. (1992). Epidemiological distribution of Plasmodium falciparum drug 

resistance in Brazil and its relevance to the treatment and control of malaria. 

Memórias do Instituto Oswaldo Cruz, 87, 343-348.  

 

Souza, A.B., Martins, C.H., Souza, M.G., Furtado, N.A., Heleno, V.C., de Sousa, J.P., 

(2010). Antimicrobial activity of terpenoids from Copaifera langsdorffii Desf. 

http://www3.interscience.wiley.com/cgi-bin/jissue/104552041


 

168 

 

 

against cariogenic bacteria. Phytotherapy Research, in press 

doi: 10.1002/ptr.3244. 

 

Spencer, H.C. (1985). Drug resistant malaria— changing patterns mean difficult 

decisions. Transactions of the Royal Society of Tropical Medicine and Hygiene, 

79(6), 748-58. 

 

Sumawinata, I.W., Bernadeta, Leksana, B., Sutamihardja, A., Purnomo, B., Subianto, 

B., et al. (2002). Very high risk of therapeutic failure with chloroquine for 

uncomplicated Plasmodium falciparum and P. vivax malaria in Indonesian 

Papua. American Journal of Tropical Medicine and Hygiene, 68, 416-420. 

 

Suresh, B., Sriram, S., Dhanaraj, S. A., Elango, K., & Chinnaswamy. K. (1997). 

Anticandidal activity of Santolina chamaecyparissus volatile oil. Journal of 

Ethnopharmacology, 55, 151–159. 

 

Swathivijay. (2008). Layers of a matured coconut. Retrieved 2011, from 

http://en.wikipedia.org/wiki/File:CoconutLayers.svg 

 

Swe, K.K., & Pearson, A. (2004). Knowledge, attitudes and practices with regard to 

malaria control in an endemic rural area of Myanmar. Southeast Asian J Trop 

Med Public Health, 35, 53-62. 

 

Takken, W., & Scott T.W. (2003). Ecological aspects for application of genetically 

modified mosquitoes. The Netherlands: Kluwer Academic Publishers. 

 

Talisuna, A.O.,  Bloland, P., & Alessandro, U.D. (2004). History, Dynamics, and Public 

Health Importance of Malaria Parasite Resistance. Clinical Microbiology 

Reviews, 17, 235–254. 

 

Tarimo, D.S., Lwihula, G.K., Minjas, J.N., & Bygbjerg, I.C. (2000). Mothers' 

perceptions and knowledge on childhood malaria in the holoendemic Kibaha 

district, Tanzania: Implications for malaria control and the IMCI strategy. 

Tropical Medicine & International Health, 5, 179-184. 

 

Tasdemir, D., Kaiser, D., Brun, R., Yardley, V., Schmidt, T. J., Tosun, F., et al. (2006). 

Antitrypanosomal and antileishmanial activities of flavonoids and their 

analogues: in vitro, in vivo, structure-activity relationship, and quantitative 

structure-activity relationship studies. Antimicrobial Agents and Chemotherapy, 

50(4), 1352-1364.  

 

Taylor, S. & Berridge V. (2006). Medicinal plants and malaria: an historical case 

studyof research at the London School of Hygiene and Tropical Medicine in the 

twentieth century. Transactions of the Royal Society of Tropical Medicine and 

Hygiene, 100(8), 707-714. 

 

Tchoumbougnang, F., Zollo, P.H., Dagne, E., & Mekonnen, Y. (2005). In vivo 

antimalarial activity of essential oils from Cymbopogon citratus and Ocimum 

gratissimum on mice infected with Plasmodium berghei. Planta Medica, 71(1), 

20–23. 

 



 

169 

 

 

Thanabhorn, S., Jaijoy, K., Thamaree, S., Ingkaninan, K., & Panthong. A. (2005). Acute 

and Subacute Toxicities of the Ethanol Extract from the Rhizomes of Cyperus 

rotundus Linn. Mahidol University. Journal of Pharmaceutical Sciences, 32(1-

2), 15-22.  

 

Thimasarn, K. (1999). Financial crisis, its impact on malaria control approaches to 

enhance cost effectiveness of interventions. Pattaya, Thailand: International 

Meeting of National Malaria Control Programme Managers. 

 

Thomas, D.D., Donnelly, C.A., Wood, R.J., & Alphey, L. (2000). Insect population 

control using a dominant, repressible, lethal genetic system. Science, 287(5462), 

2474-2476.  

 

Tona, L., Mesia, K., Ngimbi, N.P., Chrimwami, B., Okond'ahoka, Cimanga, K., et al. 

(2001).
 

In-vivo antimalarial activity of Cassia occidentalis, Morinda 

morindoides and Phyllanthus niruri. Annals of Tropical Medicine and 

Parasitology, 95(1), 47-57. 

 

Trakranrungsie, N., Chatchawanchonteera, A., & Khunkitti, W. (2006) 

Antidermatophytic Activity of Piper betle Cream. Thai journal of 

pharmacology, 28, 16-20. 

 

Trease, G.E., & Evans, W.C. (1989). Pharmacognosy (13th ed.). London: Bailliere 

Tindall. 

 

Turkdogan, M.K., Agaoglu, Z., Yerner, Z., Ekeroglu, R., Akkan, H.A., & Avci, M.E. 

(2001). The role of antioxidant vitamins (C and E), selenium and Nigella sativa 

in the prevention of liver fibrosis and cirrhosis in rabbits: new hopes. DTW 

Dtsch Tierarztl Wochenschr, 108(2), 71-73. 

 

Udonwa, N. E., Gyuse, A.N., & Etokidem, A.J. (2010). Malaria: Knowledge and 

prevention practices among school adolescents in a coastal comm unity in 

Calabar, Nigeria. African Journal of Primary Health Care & Family Medicine, 

2(1):  In press http://www.phcfm.org/index.php/phcfm/article/view/103/65. 

 

UNICEF. (2009). Malaysia Statistics. Retrieved October 2011, from 

http://www.unicef.org/infobycountry/malaysia_statistics.html 

 

Usman, H., Abdulrahman, F.I.,  & Usman, A. (2009).  Qualitative Phytochemical 

Screening and In Vitro Antimicrobial Effects of Methanol Stem Bark Extract of 

Ficus Thonningii (Moraceae). African journal of traditional, complementary, 

and alternative medicines, 6(3), 289-295. 

 

Veilleux, C.,  & King,  S.R. (1996). An Introduction to Ethnobotany. Retrieved 24 

December 2010, from 

 http://www.accessexcellence.org/RC/Ethnobotany/page2.php 

Vennerstrom, J.L., Dong, Y., Andersen, S.L., Ager, A.L., Fu, H., Miller, R.E., et al. 

(2000). Synthesis and antimalarial activity of sixteen dispiro-1, 2, 4, 5-

tetraoxanes: alkyl-substituted 7, 8, 15, 16-tetraoxadispiro[5.2.5.2]hexadecanes. 

Journal Medicinal Chemistry, 43, 2753-2758. 

 

file://content/routledg/catm;jsessionid=7lbh133f00cc2.alice
file://content/routledg/catm;jsessionid=7lbh133f00cc2.alice
http://www.phcfm.org/index.php/phcfm/article/view/103/65
http://www.accessexcellence.org/RC/Ethnobotany/page2.php


 

170 

 

 

Vennerstrom, J.L., & Klayman, D.L. (1988). Protoberberine alkaloids as antimalarials. 

Journal of Medicinal Chemistry, 31(6), 1084-1087. 

 

Vishwakarma, R. A. (1990). Stereoselective synthesis of a-arteether from artemisinin. 

Journal of Natural Products, 53, 216-217. 

 

VBDCP. (2008). Malaria burden in Malaysia 1961-2008. Vector-Borne Diseases 

Control Program, Ministry of Health Malaysia, Putrajaya, Malaysia. Retrieved 

10 May 2010, from 

 http://www.actmalaria.net/IRW/IRW_Malaysia.pdf  

 

VBDCP. (2009). Malaria prevalence in Lipis district, 2008. Vector-Borne Diseases 

Control Program, Kuala Lipis, Pahang state, Malaysia 2009. 

 

Walliker, D., Carter, R., & Sanderson, A. (1975). Genetic studies on Plasmodium 

chabaudi: recombination between enzyme markers. Parasitology, 70, 19-24.  

 

Wangchuk, P. (2004). Bioactive Alkaloids from Medicinal Plants of Bhutan. Msc 

thesis, The University of Wollongong. 

 

Wan Omar, A., Ngah, Z.U., Zaridah, M.Z., & Noor Rain, A. (2007). In Vitro and In 

Vivo Antiplasmodial Properties of some Malaysian Plants used in Traditional 

Medicine. Infectious Diseases Journal of Pakistan, 16(4), 97-101. 

 

Weniger, B., Lagnika, L., Vonthron-Sénécheau, C., Adjobimey, T., Gbenou, J., 

Moudachirou, M., et al. (2004). Evaluation of ethnobotanically selected Benin 

medicinal plants for their in vitro antiplasmodial activity. Journal of 

Ethnopharmacology, 90, 279–284. 

 

Wernsdorfer, W.H., & Payne, D. (1991). The dynamics of drug resistance in 

Plasmodium falciparum. Pharmacology & Therapeutics 50, 95-121. 

 

White, N. (1999). Antimalarial drug resistance and combination chemotherapy. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 354, 

739-749. 

 

WHO. (1993). Guidelines for the Evaluation of Herbal Medicines. Geneva: World 

Health Organization. 

 

WHO. (1997). World malaria situation in 1994. Weekly Epidemiol Rec. Geneva: World 

Health Organization. 

 

WHO. (1998). Four international organisations unite to roll back malaria.  Retrieved 20 

October 2010, from 

 http://www.who.int/inf-pr-1998/en/pr98-77.html 

 

WHO. (2001a).The use of antimalarial drugs. Report of an informal consultation 

Geneva: World Health Organization. 

 

WHO. (2001b). Antimalarial drug combination therapy: Report of WHO technical 

consultation, 4-5 April 2001. Geneva: World Health Organization. 

 

http://www.actmalaria.net/IRW/IRW_Malaysia.pdf


 

171 

 

 

WHO. (2005). A 5-minute briefing on the World Malaria Report 2005 from WHO and 

UNICEF. Geneva: World Health Organization. 

 

WHO. (2006). Facts on acts (artemisinin-based combination therapies). Retrieved 20 

October 2010, from 

 http://www.rbm.who.int/cmc_upload/0/000/015/364/RBMInfosheet_9.htm 

 

WHO. (2010). World Malaria Report 2010. Geneva: World Health Organization.  

 

WHO. (2011). Malaria, countries or areas at risk of transmission, 2010. Geneva: World 

Health Organization. Retrieved 11 January 2011, from 

http://gamapserver.who.int/mapLibrary/Files/Maps/Global_Malaria_ITHRiskM

ap.JPG 

 

Wichmann, O., Muhlen, M., Grub, H., Mockenhaupt, F.P., Suttorp, N., & Jelinek, T. 

(2004). Malarone treatment failure not associated with previously described 

mutations in the cytochrome b gene. Malaria Journal, 3, 14.  

 

Wilke, A.B., Gomes, A.C., Nata, D., & Marrelli, M.T. (2009). Control of vector 

populations using genetically modified mosquitoes. Rev Saúde Pública, 43(5):1-

5. 

 

Willcox, M.L., &  Bodeker, G. (2000).  Plant-based Malaria Control: Research initiative 

on traditional antimalarial methods. Parasitology Today, 16(6), 220-221. 

 

Willcox, M.L., & Bodeker, G. (2004). Traditional herbal medicines for malaria. British 

Medical Journal 329, 1156–1159. 

 

Won-Hwan P., Sung-Jae L., & Hyung-In M. (2008). Antimalarial Activity of a New 

Stilbene Glycoside from Parthenocissus tricuspidata in Mice. Antimicrobial 

Agents and Chemotherapy, 52(9), 3451-3453.  

 

Wongsrichanalai, C., Sirichaisinthop, J., Karwack, J.J., Congpuong, K., Miller, R.S., 

Pang, L., & Thimasam, K. (2001). Drug resistant malaria on the Thai-Myanmar 

and Thai-Cambodian borders. Southeast Asian J Trop Med Public Health 

journal, 32, 41-49. 

 

Xia, Z., Zhang, H., & Cheng, Kai. (2007). Local Knowledge, Attitude and Practices 

(KAPs) on Malaria : A Baseline Study of Caochong Village in Hubei Province, 

China. China Tropical Medicine, 7(4), 492-496. 

 

Xue, X., Zhang, Q., Huang, Y., Feng, L., & Pan, W. (2008). No miRNA were found in 

Plasmodium and the ones identified in erythrocytes could not be correlated with 

infection. Malaria Journal, 7, 47.  

 

Xu, H. X., Zeng, F. Q., Wan, M., & Sim. K. Y. (1996). Anti-HIV triterpene acids from 

Geum japonicum. Journal of Natural Products, 59, 643-645. 

 

Yapp, D.T., & Yap, S.Y. (2003). Lansium domesticum: skin and leaf extracts of this 

fruit tree interrupt the lifecycle of Plasmodium falciparum, and are active 

towards a chloroquine-resistant strain of the parasite (T9) in vitro. Journal of 

Ethnopharmacology, 85(1), 145-150. 



 

172 

 

 

 

Ye, Y., & Li, B. (2006). 1'S-1'-Acetoxychavicol acetate isolated from Alpinia galangal 

inhibits human immunodeficiency virus type 1 replication by blocking Rev 

transport. Journal of General Virology, 87, 2047–2053. 

 

Yeung, S., Pongtavornpiny,o W., Hastings, I.M., Mills, A.J., & White, N.J. (2004). 

Antimalarial drug resistance, artemisinin-based combination therapy, and the 

contribution of modeling to elucidating policy choices. American Society of 

Tropical Medicine and Hygiene, 71(Suppl. 2), 179-186. 

 

Yvonne, A.L.L., Rohela Mahmud., Ching H.C., Thiruventhiran, T., Kek, H.C. 2010. 

Plasmodium ovale infection in Malaysia: first imported case. Malaria Journal, 

9, 272. 

 

Zainal Azman Abu Kasim. (2007). Herbal Biotechnology Development –The Way 

Forward & Market Access Opportunities. Malaysian Herbal Corporation, 

Putrajaya. 2007. Retrieved 20 February 2010, from  

 http://www.eumbio.org/papers/Business%20Partnering%20Seminar/ZainalAz

 man.pdf 

 

Zaizuhana Shahrim., Puteri, J., Noor, M.B., NoralAshikin Yahya., Hussin Muhammad., 

Rohana A.B., & Zakiah Ismail. (2006). The in vivo rodent micronucleus assay of 

Kacip Fatimah (Labisia pumila) extract. Tropical Biomedicine, 23(2), 214-219. 

 

Zalis, M.G., Pang, L., Silveira, M.S., Milhous, W.K., & Wirth, D.F. (1998). 

Characterization of Plasmodium falcipantm isolated from the Amazon region of 

Brazil: evidence of quinine resistance. American Journal of Tropical Medicine 

and Hygiene, 58, 630-637. 

 

Zhang, H. J., Tamez, P. A., Hoang, V. D., Tan, G. T. & van Hung, N. (2002). 

Antimalarial compounds from Rhaphidophora decursiva. Journal of Natural 

Products, 64, 772-777. 

   

Zirihi, G. N., Mambu, L., ´e-Guina, F. G., Bodo, B., &  Grellier, P. (2005). In vitro 

antiplasmodial activity and cytotoxicity of 33 West African plants used for 

treatment of malaria. Journal of Ethnopharmacology, 98, 281–285. 

 

 

 

 

 

 

 

 

 


