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Abstract  Prev ious studies with intramuscular Artemether reveal dose dependent neurotoxicity with specific concern on 
the nuclei of the brain stem. This study was aimed at assessing the effect of oral Artemether suspension on locomotor and 
exploratory behaviour in mice. The study was conducted using a total of 30 mice randomly d ivided into 3 groups. Group 1 
served as the control and was administered with neither drug nor placebo. Groups 2 and 3 were admin istered with 
30mg/kg/day (low dose) and 60mg/kg/day (high dose) respectively of oral Artemether suspension for 17 days. Behavioural 
tools used were Open Field Maze, ElevatedPlus maze and Light/Dark t ransition box. Parameters measured were centre 
square duration/ entries, frequency of rearing, frequency of line crosses, open arm duration / entries and head dips. In the 
Open Field test, centre square duration and entries were significantly higher in the low dose group but lower in the high dose 
group compared to the control. The frequency of line crosses in the Open Field test was also significantly lower in the high 
dose group compared to control. The frequency of rearing was significantly lower in high dose group compared to the control 
in all the 3 behavioural tools used. There was no significant difference between the control and the experimental mice in the 
frequency of head dips and open arm duration/entries. In conclusion, oral Artemether causes reduce exploratory and 
locomotor activ ity. 
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1. Introduction 
1.1. Background Information 

The Qinghaosu (artemisinin) and its derivatives are a 
group of antimalarial drugs isolated from the leaves of a 
medicinal herb, the Artemisia annua[1]. Artermisinin is the 
most rapid acting class of antimalarial drugs for both 
uncomplicated and severe malaria[2]. The discovery of 
artermisinin for malaria therapy by Chinese scientists in the 
1970s was one of the greatest discoveries in medicine in the 
20th century. Representing a new class of antimalarial agents, 
artemisinin  is a  sesquiterpene lactone characterized by an 
endoperoxide bridge essential for its antimalarial activ ity[3] 
with a chemical structure different from any other drug. It 
acts against the asexual stage gametocytes and block the 
sexual stage[3]. Chemical modifications of artemisinin 
(reduction plus esterification) have enabled more potent and 
more soluble derivatives to be obtained, with improved 
bioavailability[4][5]. Among these different derivatives is 
artemether, methyl ether of dihydroartemisinin. 
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Artemether is characterized by its novel structure and 
unique antimalarial action, which are totally different from 
the conventional antimalarial drugs[2]. Artemether is very 
effective against multi drug resistant malaria. An animal 
pharmacodynamics showed that artemether is a  strong 
schizonticide. Parasitaemia clearance occurs rapidly  with 
stable efficacy after administration[2]. It is also effective 
against Chloroquineresistant Plasmodium falciparum 
malaria.  

Although Artemisininshave been widely reported to be 
safe clinically, some studies (animal studies) have shown 
that these drugs are neurotoxic. Neurotoxicity is commonly 
seen with parenteral route and prolonged admin istration. Oil 
soluble derivatives of artemisimins are reported to be more 
toxic than the water soluble forms. These compounds have 
been shown to produce an unusual selective pattern of 
damage to  certain  brain  stem nuclei i.e . p recerebellar nuclei 
of the medulla oblongata and particularly those involved in 
auditory processing and vestibular functions i.e. the 
trapezoid nucleus, the gigantocellu lar reticu lar nucleus and 
the inferior Cerebellar peduncle[6]. In  the rat, the target 
brainstem nucleus consistently and most severely affected is 
the nucleus of the trapezo id body[7][8]. Changes in the 
affected neurons were loss of Nissl substance, perikaryonal 
swelling, margination of the nucleus (nucleus accentricity), 
nucleolar changes, and increased perikaryonal eosinophilia 



18 Koofreh G. Davies et al.:  Locomotor and Exploratory Behaviour in Mice with Treated Oral Artemether Suspension  
 

 

with occasional clumping of eosinophilic debris[6]. 
Exp loratory behavior refers to the tendency to investigate 

a novel environment. It is considered a motivation not clearly 
distinguishable from curiosity. The concept of exp loration is 
closely associated with that of novelty[9], which  may 
involve some quality never previously experienced or 
familiar items arranged in unfamiliar way. Okeefe and Nadel 
(1978) defined novelty within the framework of their 
cognitive map theory as follows “an item or place is novel if 
it does not have a representation in the locale system” and 
exploration as adirect response of the animal to the detection 
of a mismatch by the locale system”. The locale system 
being the cognitive mapping system, presumably located in 
the hippocampus that contain mental representations of 
stimuli previously perceived. In other words, the 
hippocampal system supposedly signals a lack of 
informat ion about the current environment. Consequently, 
one of the processes thought to be associated with 
exploratory activ ity is what is called latent learning or 
exploratory learning[10][11]. Thus the animal acquire 
informat ion about their environment[12] 

Till date however, there has not been any study evaluating 
effects of prolonged admin istration of Artemether on 
Locomotor and Exploratory behaviour.The aim of this study 
therefore, was to evaluate the effects of Artemether 
Locomotor and Exploratory behaviour. 

2. Materials and Methods 
2.1. Animal Care 

Adult albino mice, thirty in number were housed singly in 
metabolic cages under standard laboratory conditions and 
were fed with pellet feed (Vital feed and flour mill limited, 
Edo, Nigeria). All animals were housed in cross ventilated 
room (temp 22±2.5; humidity 65±5% and 12h light/12h dark 
cycle). A period of one week was allowed for 
acclimat ization.  

2.2. Drug Preparation 

Oral Artemether suspension marketed under the brand 
name “Gvither” manufactured by Bliss GVS Pharmaceutical 
limited of India was purchased from a reputable pharmacy in 
Uyo, AkwaIbom State, Nigeria. The suspension was 
reconstituted by adding 100ml of water to each bottle (which 
contained 300mg of Artemether). The bottle was then tightly 
closed, inverted and shaken until all the powder was 
dispersed. This yielded a stock solution of 3mg of artemether 
per ml. Each reconstituted suspension was stored in a cool 
dry place at  room temperature (25℃) and used within 7 days. 

2.3. Animal Treatment 

Thirty (30) Alb ino Mice were randomly separated into 3 
groups. Group 1 served as control and received only feed and 
water. Groups 2 and 3 respectively received 30mg/kg (low 

dose) and 60mg/kg (h igh dose) of oral artemether suspension 
daily fo r 17 days by gavage 

2.4. Open Field Maze (OFM)  

The open field is constructed of plywood and measures 72 
x 72 cm with 36 cm high walls. The floor and three walls of 
the OF are made from 2-cm th ick plywood that has been 
painted white. The fourth wall is made of clear Plexig las so 
that the mice can be observed from the front of the apparatus 
as well as from the top. Blue lines painted on the floor divide 
the open field into forty-nine 5 x 5 cm squares, and these 
lines are used to assess locomotor activity. The centre square 
(15 x 15 cm) is formed from the four inner squares and this 
square is highlighted with a b lack marker. A sheet of clear 
Plexig las covers the floor.  

All animal testing was conducted under diffuse lighting 
conditions via a 60-Watt white light bulb.  

2.4.1. Procedure 

Mice were carried to the test room in their home cages and 
tested one at a time. The mice were scooped up in a small 
plastic container from their home cages and placed randomly 
into one of the four corners of the open field. They were 
allowed to explore the apparatus for 5-minutes while taking 
scores of their behaviours. After the 5-minutes test, the mice 
were scooped up from the open field with the plastic 
container and returned to their home cages. The open field 
was cleaned with 70% ethyl alcohol and permitted to dry 
between trials. The behaviours scored included: 

1. Number of line crossing; frequency with which the mice 
crossed one of the grid lines with all four paws. 

2. Centre square entries; frequency with which the mice 
crossed one of the red  lines with all four paws into the central 
square.  

3. Duration of stay in the central square. 
4. Rearing frequency and duration.  

2.5. Elevated Plus-Maze (EPM) 

The Elevated Plus-Maze was built  according to the 
description of Lister (1987). The apparatus is in the 
configuration of a + and comprised two open arms (25 x 5 x 
0.5 cm) across from each other and perpendicular to two 
closed arms (25 x 5 x 16 cm) with a centre platform (5 x 5 x 
0.5 cm). The open arms had a very  small (0.5 cm) wall to 
decrease the number of falls, whereas the closed arms had a 
high (16 cm) wall to enclose the arm[14]. The entire 
apparatus was 50 cm above the floor. The apparatus was 
made of white transparent Plexiglas materials.  

2.5.1. Procedure  

Mice were carried into the test room in their home cages 
and were handled by the base of their tails at all t imes. Mice 
were p laced in the central square of the Plus-Maze facing an 
open arm and were then allowed to exp lore the apparatus for 
5 minutes. The maze was then cleaned with a solution of   
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70% ethyl alcohol and allowed to dry between tests. 
Behaviours scored were:  
ⅰ. Open Arm Entries: Frequency with which the animal 

entered the Open arms. All four of the mouse’s paws should 
be in the open arms to be regarded as an entry. 
ⅱ. Open Arm Durat ion: Length of time the animal spent 

in the open arms. 
ⅲ . Head Dipping: Frequency with which the animal 

lowered its head over the sides of the open arms towards the 
floor. 
ⅳ. Rearing: Frequency with which the animal stands on 

its hind legs or leans against wall o f the maze with front 
paws. 

2.6. Light-dark Box (LDB) 

The light-dark box (45 x 27 x 27 cm) is made of p lywood 
and consists of two compartments of unequal size as 
described by Costallet al. (1989)[13]. The small 
compartment (18 x 27 cm) is painted black (2/5 of the box) 
and the larger compartment (27 x 27 cm) is painted white 
(3/5 of the box). These compartments are connected by a 
door (7.5 x 7.5 cm) located at floor level in  the centre of the 
wall between the two compartments. The floor is divided 
into 9 x 9 cm squares and is covered with Plexiglas. Both 
compartments are covered  with lids of clear Plexig las. A 
60-Watt table lamp located 40-cm above the centre of the 
white compartment provides bright illumination of white 
light. The apparatus was located in a 2 x 5 m laboratory 
room. 

2.6.1. Procedure 

Mice were carried  into the test room in  their home cages. 
The procedure was as described by Costallet al. (1989)[13]. 
Mice were picked up by the base of their tail and placed in 
the centre of the white compartment facing the door and 
allowed to explore the apparatus for 5-minutes.The maze 

was then cleaned with a solution of 70% ethyl alcohol and 
allowed to dry.  

Behaviours scored were: 
1. Line crosses: number of t imes the animal crossed a line 

drawn on the floor. 
2. Rearing: frequency with which the animal stands on 

hind legs or leans against walls of the box with front paws. 

3. Results 
3.1. Open Field Maze (OFM) 

Centre square duration and frequency were significantly 
higher in mice treated with 30mg/kg of Artemether (low 
dose group) but lower in mice treated with 60mg/kg of 
Artemether (high dose group) than in  the control. The 
frequency of rearing was significantly higher in high dose 
group compared to control (p<0.05). There was no difference 
between the low dose group and the control in the frequency 
of rearing. The frequency of line crosses was significantly 
lower in h igh dose group compared to control. 

3.2. Elevated Plus Maze (EPM) 

Frequency of rearing was significantly lower in the high 
dose group compared to the control (p<0.05). However, the 
frequency of Head dips, open arm entries and duration in the 
experimental groups were not significantly different from 
that of the control. 

3.3. Light and Dark Transition Box (LDB) 

The frequency of rearing was significantly higher in  the 
high dose group compared to control (p<0.05). There was no 
difference between the low dose group and the control. The 
frequency of line crosses was significantly lower in high 
dose group compared to control 

 
Figure 1.  Comparison of the frequency of centre square entries in the open field testin mice following oral administration of 30mg/kg (low dose) and 
60mg/kg Artemether (ART) 
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Figure 2.  Comparison of centre square duration in the open field testin mice following oral administration of 30mg/kg (low dose) and 60mg/kg Artemether 
(ART) 

 
Figure 3.  Comparison of the frequency of line crosses in the open field testin mice following oral administration of 30mg/kg (low dose) and 60mg/kg 
Artemether (ART) 

 
Figure 4.  Comparison of the frequency of rearing in the open field testin mice following oral administration of 30mg/kg (low dose) and 60mg/kg 
Artemether (ART) 
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Figure 5.  Comparison of duration of open arm duration in the Elevated PlusMazein mice following oral administration of 30mg/kg (low dose) and 
60mg/kg (high dose) Artemether (ART) 

 
Figure 6.  Comparison of the frequency of open arm entries in the Elevated PlusMaze in mice following oral administration of 30mg/kg (low dose) and 
60mg/kg (high dose) Artemether (ART) 

 
Figure 7.  Comparison of the frequency of Head dips in the Elevated PlusMaze in mice following oral administration of 30mg/kg (low dose) and 60mg/kg 
(high dose) Artemether (ART) 
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Figure 8.  Comparison of the frequency of rearing in the Elevated PlusMaze in mice following oral administration of 30mg/kg (low dose) and 60mg/kg 
(high dose) Artemether (ART) 

 
Figure 9.  Comparison of the frequency of rearing in the Light and Dark Transition boxin mice following oral administration of 30mg/kg (low dose) and 
60mg/kg (high dose) of Artemether (ART) 

 
Figure 10.  Comparison of the frequency of line crosses in the Light and Dark Transition boxin mice following oral administration of 30mg/kg (low dose) 
and 60mg/kg (high dose) of Artemether (ART) 
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3.4. Statistical Analysis 

Data collected were expressed as mean + standard error of 
mean (SEM), analysis of variance (ANOVA) was used for 
analysis. Values of P<0.05 were regarded as significant. 
Statistical analysis was done with the aid of computer 
software SPSS and Excel from Windows XP (Brain Series, 
China).  

4. Discussion 
This study was designed to assess the effect of long-term 

administration of oral Artemether on Locomotorand 
exploratory behaviour of Mice. The tools used were Open 
field Maze, Light /Dark transition box and Elevated Plus 
Maze. Thesebehavioural tools are usually employed to 
simultaneously assess Locomotion, Explorat ion and Anxiety. 
Behaviour such as line crosses and rearing are used as 
measures of Locomotion and Exploratory activity. A high 
frequency of these parameters indicates increased 
locomotion and Exploration. The frequency of line crosses 
measures the horizontal locomotor behaviour and represents 
the horizontal covered[15]. 

In the Open Field test, the frequency of line crosses was 
significantly lower in mice treated with 60mg/kg of oral 
Artemether compared  to the control group (p<0.05). 
However, the frequency of line crosses was not affected in 
the other 2 behavioural tools employed (Elevated plus maze 
and Light/Dark box). The reason why this parameter was 
reduced in OFM and not in DLB is not clear. It is possible 
that this may be due to habituation.Since LDB test was 
conducted 2 days after the OFM test, the init ial increase in  an 
anxiety resulting in reduced movement may have habituated, 
causing no change in the parameter. 

It is also conceivable that horizontal motor 
activityimpairment may be starting to manifest at this dose 
level (60mg/kg). However, this deduction does not agree 
with our earlier findingwhich showed no sensory-motor 
deficit in Water Mazeexperiment in mice treated with same 
dose levels of Artemether and for longer duration[16].  

Furthermore, the drug might have caused this effect by 
reducing motivation to walk and not necessarily affecting the 
motor system. 

Rearing measures exploratory behaviour or otherwise 
vertical locomotor activ ity. When rearing, the an imal stands 
upright on the hind-legs often using the tail as support while 
visually exp loring the environment[17]. Rearing allows the 
mouseto obtain information about the environment and 
appears to represent explorat ion. In this study rearing was 
significantly lower in the group treated with 60mg/kg of oral 
Artemether compared to the control. This finding was 
observed in all the three behavioural tools used. The 
mechanis m which the drug caused reduce frequency of 
rearing in this study is not known, but it stands to reason that 
the drug may do this by causing reduce motivation to rear. 
Another possible exp lanation is that the drug may affect 
balance, and as such,upright posture. Earlier studies have 

shown that some nuclei of the Brainstem, especially those 
involved in auditory processing and vestibular reflexes, were 
selectively damaged by high and prolonged Artemisinin 
administration[8], resulting in abnormal gait and loss of 
balance. 

The centre square duration and entries were lower in mice 
treated with 60mg/kg of Artemether. Th is finding is in 
tandem with those elucidated above and further buttresses 
the fact that oral artemether at this dose level (60mg/kg) 
impairs exploration. Surprisingly, the group treated with 
30mg/kg showed significant increase in both central square 
duration and entries. This finding is not clear. 

5. Conclusions 
Oral Artemether at  the dose of 60mg/kg causes reduced 
exploration  and locomotor activ ity in mice. Though this 
finding may not be extrapolated directly to humans, it is 
important to bear this in  mind especially  in  the light of ro le as 
a possible anti- cancer drug. 
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