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Abstract. We investigated the in vivo activity of crude water extracts of Ajuga re-
mota Benth (Labiatae) against Plasmodium berghei in mice using plants harvested 
from two areas in Kenya where the plant is commonly used to treat malaria. The 
extract was tested using a 4-day test at a dose of 30 mg/kg/day (equivalent to 0.2 
ml solution per mouse). Wet leaf extract was the most effective with 90.4% sup-
pression of parasitemia. Extract from air - dried and powdered flowers were the 
least effective with 17.2% suppression of parasitemia.  
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INTRODUCTION

Despite malaria control programs, 
the control and eradication of malaria 
in Africa has been made difficult by 
mosquito resistance to insecticides and 
rising parasite resistance to clinically 
useful drugs. Between 300-500 million 
new cases of malaria occur every year re-
sulting in 1.5-2.8 million deaths annually 
(Guadalupe et al, 2007). The severity of 
malaria caused by Plasmodium falciparum 
depends on a complex interplay between 
the infecting parasite and the immune 
status and genetic background of the host 
(Sharma et al, 2004). The use and misuse 
of chloroquine to prevent and treat fal-
ciparum malaria has led to widespread 
resistance to chloroquine in Kenya and 
other countries (Njoroge and Bussmann, 
2006) and has become a great obstacle to-

ward preventing and curing malaria. The 
lack of affordability of antimalarial drugs 
by the majority of the population has 
forced many to seek alternative sources 
of treatment using traditional herbal 
remedies, such as weeds, plants and bark. 
We evaluated the antimalarial activity of 
Ajuga remota Benth (Labiatae) roots and 
other parts against Plasmodium berghei 
parasites in mice. Ajuga remota is an erect 
rhizomatous pubescent herb commonly 
found in East Africa. It is used to treat 
pneumonia and liver problems (Kokwaro, 
1993) and has been found to reduce blood 
pressure experimentally in hypertensive 
rats (Odek-Ogunde et al, 1993). A decoc-
tion made from the leaves of Ajuga remota 
has long being used by Kenyan herbalists 
to treat stomach ache, malaria and other 
problems (Kuria and Muriuki, 1984).

MATERIALS AND METHODS

Plant materials
Ajuga remota was collected from 

Limuru and Mutukanio (Njoro) in Kenya 
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where the plant is commonly used as a 
traditional treatment for malaria. The 
specimen’s authenticity was confirmed 
by the Department of Botany, Egerton 
University and the Botany Department 
Herbarium, University of Nairobi, Kenya. 
The roots and other parts of Ajuga remota 
were divided into two batches: wet and 
air-dried plant parts before extraction. The 
plant was air-dried for 21 days at room 
temperature until a constant weight was 
obtained. The powdered air-dried and wet 
plant parts (20.0 g) were each extracted by 
soaking them separately in 300 ml of water 
for two hours at 90oC with regular stirring. 
The decoction was then removed from the 
hot plate and allowed to cool to room tem-
perature with regular stirring. The result-
ing respective aqueous crude extracts were 
filtered and filtrate concentrated under 
vacuum at 55oC followed by freeze drying 
at 250 milliter pressure and -40oC tempera-
ture. The freeze dried extracts were kept in 
tightly closed bottles in a refrigerator until 
used for antimalarial testing.

Animals
Swiss mice (20-25 g each) bred locally 

at the animal house of the National Public 
Health Laboratory Services (NPHL), Ken- 
yatta National Hospital in Kenya were 
used. The animals were placed in wired 
cages and given a pelleted diet (mice 
cubes) along with free access to water. The 
animals were allowed to acclimatize to the 
laboratory at a controlled temperature of 
22oC for 30 days before being subjected to 
the experiments. The mice were divided 
into ten groups of eight each, and all in-
fected with malaria parasites. Four of the 
groups received the wet extract treatment, 
four other groups received the air-dried 
powdered plant extract treatment, one 
group received chloroquine (standard 
antimalarial drug) and one tenth group 

was a control (no drug administered). 
Parasite inoculation 

A single donor mouse infected with 
Plasmodium berghei parasites was bled into 
sterile heparinized culture medium and 
the blood was diluted with RPMI 1640 
medium. The healthy experimental mice 
were infected intravenously via a tail vein 
with 0.2 ml of the diluted blood containing 
1 x 107 parasitized (Plasmodium berghei) red 
blood cells on day one.
Evaluation of antimalarial activity 

The antimalarial activity tests were 
performed using the four-day suppressive 
tests described by Peters et al (1975). The 
two extracts (wet and dry) were adminis-
tered intravenously to two groups of mice 
at a dose of 30 mg/kg/day (equivalent to 
0.2 ml solution per mouse) for four consec-
utive days. Parallel tests with chloroquine 
were conducted for reference purposes at 
the same dose in one group and with an 
equivalent volume of distilled water (0.2 
ml/mouse/day) in the control group. Thin 
smears were obtained from the tail vein 
of each mouse on day five after infection. 
The smears were fixed with methanol and 
stained with Giemsa stain. The percent 
parasitemia suppression was determined 
by counting the number of parasitized 
erythrocytes out of 500 red blood cells on 
random fields under the microscope. The 
average percent suppression of parasit-
emia was calculated using the following 
formula:
  A - B % suppression =  –––––
  C 
 where A = % parasitemia in untreated controls, 
B = % parasitemia in treated groups, and C = 
% parasitemia in untreated controls

The data were analyzed using the F-test. A 
p-value < 0.05 was considered significant. 
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RESULTS

The wet plant extracts of the leaves 
resulted in a 90.4% suppression in para-
sitemia, the flowers extract caused a 
33.5% reduction, the air-dried leaf extracts 
caused a 82.8% reduction and the air-dried 
flowers extract caused a 17.2% reduction 
in parasitemia (Table 1). 

DISCUSSION

The present study was undertaken 
to evaluate the antimalarial activity of 
a widely used traditional treatment for 
malaria in Kenya. Traditional remedies are 
common in regions where patients can-
not afford to use chemically synthesized 
drugs. Poverty, traditional beliefs and lack 
of available health centers have caused 
plants to be used as the major source for 
treatment of various ailments (Tshibangu 
et al, 2002). The ethanol and water extracts 
of Ajuga remota leaves have been shown 
to have significant in vitro antimalarial 
activity against both chloroquine sensi-
tive and resistant strains of Plasmodium 
falciparum (IC50 = 441 µg/ml) (Kuria et al, 
2001). Therefore, we undertook an in vivo 
antimalarial study of the water extracts of 

Ajuga remota against Plasmodium berghei 
in mice. 

The rodents have been used to study 
the antimalarial effects of chloroquine, 
mefloquine and artemisinin derivatives 
(David et al, 2004). Plasmodium berghei has 
been used to predict treatment outcomes 
and is an appropriate parasite for this 
study. Since this parasite is sensitive to 
chloroquine, this drug was used as the 
standard treatment drug in this study. 
When a standard antimalarial drug is used 
in mice infected with Plasmodium berghei, it 
suppresses parasitemia to non-detectable 
levels (Kiseko et al, 2000), which is in 
agreement with the effects of chloroquine 
in this study.

The 4-day suppressive test is a stan-
dard test commonly used for antimalarial 
screening, and the determination of per-
cent suppression of parasitemia is the 
most reliable parameter. The observed 
antimalarial activity is consistent with 
the traditional use of this plant as a herbal 
medication against malaria in the Central 
and Rift Valley Provinces of Kenya. The 
highest antimalarial activity was observed 
with the leaves which indicates there is 
a higher concentration of active antima-

Drug/extract      Average %          Average %                    Average %          Average %
                  parasitemia        suppression                  parasitemia        suppression

Control                       0.850                      -                    0.850                  -
Leaves                        0.082                     90.35                    0.146                   82.82
Flowers                      0.565  33.53         0.704                   17.18
Stems                           0.553  34.94                       0.621                   26.94
Roots                          0.476                     44.00                       0.586                   31.06   
Chloroquine               0.300                     84.71             0.300                   84.71  

Table 1
Efficacy of extracts of Ajuga remota against Plasmodium berghei infected mice.

Wet plant parts         Dried plant parts
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larial ingredients in the leaves than other 
parts of the plant. These findings confirm 
the traditional use of this plant’s leaves for 
treatment of malaria, as opposed to other 
parts of the plant.     

From the present study, it can be con-
cluded: 1) water extract of Ajuga remota 
has parasite suppressive effects against 
Plasmodium berghei in infected Swiss mice; 
2) the antimalarial activity of the extracts 
vary depending on the part of the plant, 
with the leaf extracts having the highest 
activity.  
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