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ABSTRACT

Effects of amodiaquine, artesunate and artesunate amodiaquine combination on open field novelty-induced behaviors
and spatial memory in healthy mice were studied. Forty mice were used in the open field and fifty each in the radial arm
maze and Y maze; mice were assigned into four or five groups of ten each, Group A served as control (distilled water),
Groups B, C and D received artesunate (4 mg/kg), amodiaquine (10 mg/kg) and artesunate-amodiaquine combination (4
mg/kg and10 mg/kg) respectively, while Group E animals (for the cognition tests) were given scopolamine (2 mg/kg).
Drugs and vehicle were administered orally for three days. Results were analysed by one way analysis of variance fol-
lowed by a posthoc test. Results showed that artesunate and amodiaquine either in combination or administered singly
caused a significant increase in open field novelty-induced horizontal locomotion and rearing. Grooming in the open
field showed increments in the artesunate alone and artesunate amodiaquine groups while significant reductions in spa-
tial memory were also seen in the cognition models used.
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1. Introduction [7], the active principal of the Chinese herb Artemisia
annua L. There is a paucity of studies that have specifi-
cally investigated the possible neurologic effects of ar-
temisins; some clinical studies have concluded that it is
well tolerated, and has a wide safety margin [8,9], whilst
some others have ascribed to its used neurological
symptoms ranging from coma [10] to auditory impair-
ments [11] and motor effects [12]. Animal studies report
that artemisinins induce neurotoxicity or lethality in

The increasing incidence of drug-resistant parasites in a
number of malaria endemic countries has resulted in ar-
temisinin-based combination therapies (ACTSs) becoming
recommended the first-line treatment of falciparum ma-
laria worldwide [1]. Combination regimens are known to
clear malaria rapidly, hasten recovery and reduce trans-
mission in areas of low endemicity [2].

Artesunate amodiaquine (AA) is one of two common-

ly used ACTs available, the other being artesunate lume-
fantrine. AA is available in a number of formulations, in-
cluding fixed-dose or co packaged. The efficacy of ACTs,
artesunate amodiaquine combination included in the treat-
ment of uncomplicated malaria in malaria endemic re-
gions is well documented [3-6].

Artesunate is a derivative of artemisinin (ginghaosu)
“Corresponding author.
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adults or embryos irrespective of specie used (mouse, rat,
dog, non nonhuman primate) [13,14]. Arteether deriva-
tive was the culprit in most cases [15-17], however, this
may not completely absolve other artemisin derivatives.
Therefore, continuous vigilance and long-term studies
involving treatment with clinically relevant doses of ar-
temisinin may be necessary.

Amodiaquine, a 4-aminoquinoline compound similar
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to chloroquine has been used in the treatment and pre-
vention of malaria, as well as in the treatment of diseases
such as rheumatoid arthritis and lupus erythematosus
[18,19]. It was encouraged for use at the time only in
chloroquine resistant areas [20] largely due to its propen-
sity to induce agranulocytosis in people when adminis-
tered for malaria prophylaxis.

It has its side effects, some of which could be life-
threatening. Among such are neutropenia, hepatitis and
fulminant hepatic failure [21], which may lead to hepatic
encephalopathy, implying that amodiaquine therapy may
affect the brain in ways that may not be envisaged at the
commencement of therapy. Regardless of these possible
risks, its affordability and efficacy make it important in
the treatment of uncomplicated malaria.

Despite widespread use of artesunate amodiaquine for-
mulations, very little is known of the neurobehavioral or
the neurological effects that may result from a combina-
tion of the two drugs either in healthy or animal models
of malaria. This study intended to gain an insight into
such effects.

2. Materials and Methods
2.1. Equipments and Apparatus

Electronic precision balance (Kero BL 3002, India),
plastic animal cages (Empire farms, Nigeria), sterile dis-
posable syringes (1, 5 and 10 ml) and needles, cotton wool,
stop watch, Open field box, Radial arm and Y maze.

2.2. Reagents and Drugs

Artesunate amodiaquine (Camosunate®, Geineth Phar-
maceuticals limited) and Diazepam (Valium®) were pur-
chased from the pharmacy, crushed and dissolved in mea-
sured volume of distilled water to get desired concentra-
tions. Drugs were administered orally using a cannula.

2.3. Animals

Healthy adult Swiss albino mice (Empire Animal farms,
Osogbo, Osun State, Nigeria) with weights ranging be-
tween 20 to 25 g were used. They were housed in plastic
cages measuring 16 x 12 x 10 inches (10 mice in each
cage) with free access to food and water ad [libitum.
Cages were maintained under standard laboratory condi-
tions in a well aerated room with alternating light and
dark cycles of 12 h each and at room temperature of 25°C.
The experimental protocol was approved by the Ladoke
Akintola University Animal Ethics Committee. All rules
applying to animal safety and care were observed.

2.4. Experimental Method

A total of one hundred and forty mice were used for this
study; forty for open field test and fifty each in the Y

Open Access

maze and radial arm maze. They were assigned into four
groups (A, B, C and D) for the open field test and five
groups (A, B, C, D and E) for memory tests. Group A
received distilled water while groups B, C and D re-
ceived artesunate (4 mg/kg), amodiaquine (10 mg/kg)
and artesunate amodiaquine combination (4 mg/kg + 10
mg/kg) respectively and Group E diazepam (5 mg/kg),
drugs or vehicle were administered over a 3 day period;
the animals were exposed to the mazes after the first and
last dose of drug or vehicle. Behavioral tests were con-
ducted in a large quite room between the hours of 8 a.m.
and 4 p.m. Effects of amodiaquine, artesunate and ar-
tesunate amodiaquine combination or vehicle on novelty
induced behavior was assessed using the open field and
spatial memory effects evaluated using the using the
Y-maze and radial arm maze. Behaviors were scored by
the authors using a stop watch; all animals in one group
were tested on the same day. All events were observed
and recorded manually as previously described [22].

2.5. Statistical Analysis

Data were analysed using one way analysis of variance
(ANOVA) followed by post hoc tests (Student Newman
Keul’s) carried out to determine the source of a signifi-
cant effect. Results were expressed as Mean = S.E.M., p
< 0.05 was taken as accepted level of significant differ-
ence from control.

3. Results

3.1. Effect of Amodiaquine, Artesunate and
Artesunate Amodiaquine Combination on
Horizontal Locomotion

Figure 1 shows the effect of amodiaquine, artesunate and
artesunate amodiaquine combination on horizontal loco-
motion, following 30 minutes in the open field. On Day 1
there was a significant (F = 27.01, p < 0.05) increase in
horizontal locomotion in all treatment groups compared
to control. On Day 3 there was also a significant (F =
363.19, p < 0.05) increase in horizontal locomotion in all
treatment groups compared to control however animals
that received artesunate amodiaquine combination show-
ed a significant increase compared to those that received
either artesunate or amodiaquine alone.

3.2. Effect of Amodiaquine, Artesunate and
Artesunate Amodiaquine Combination on
Rearing Activity

Figure 2 shows the effect of amodiaquine, artesunate and
artesunate amodiaquine combination on rearing activity
following 30 minutes in the open field. On Day 1 there
was a significant (F = 7.27, p < 0.05) increase in rearing
in animals that received artesunate or artesunate amo-
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Figure 1. Effect of amodiaquine, artesunate and artesunate
amodiaquine combination on horizontal locomotion follow-
ing 30 minutes in the open field. Each bar represents Mean
+S.E.M, “p < 0.05 compared to the control, n = 10.
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Figure 2. Effect of amodiaquine, artesunate and artesunate-
amodiaquine combination on rearing activity following 30
minutes in the open field. Each bar represents Mean
S.E.M, *p < 0.05 compared to the control.

diaquine combination compared to control and also com-
pared to the group that received amodiaquine alone. On
Day 3 there was a significant (F = 337.81, p < 0.05) in-
crease in rearing activity in all treatment groups com-
pared to control, animals that were given artesunate amo-
diaquine also showed significantly more rearing activity
than those that received either artesunate or amodiaquine
alone.

3.3. Effect of Amodiaquine, Artesunate and
Artesunate Amodiaquine Combination on
Grooming Behavior

Figure 3 shows the effect of amodiaquine, artesunate and
artesunate amodiaquine combination on grooming be-
havior following 30 minutes in the open field. On Day 1,
there was a significant (F = 3.95, p < 0.05) increase
grooming behaviour in animals that received artesunate
amodiaquine combination compared to control, animals
that received artesunate alone showed a slight increase
compared to control, this difference was however only
visual. On Day 3 there was a significant (F = 55.74, p <
0.05) increase in grooming activity following admini-
stration of artesunate and artesunate amodiaquine com-
bination compared to control, animals that received ar-
tesunate-amodiaquine combination also showed a sig-
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nificant increase in grooming compared to those that re-
ceived artesunate or amodiaquine alone.

3.4. Effect of Amodiaquine, Artesunate and
Artesunate Amodiaquine Combination on
Arm Entry before First Error

Figure 4 shows the effect of amodiaquine, artesunate and
artesunate amodiaquine combination on arm entry be-
fore first error following 5 minutes in the radial arm
maze. On Days 1 (F = 72.25, p < 0.05) and 3 (F = 77.85,
p < 0.05) there were significant reduction in spatial me-
mory tasks score in all treatment groups compared to con-
trol, although the artesunate amodiaquine group perfor-
med significantly better than groups that received either
artesunate or amodiaquine alone.

3.5. Effect of Amodiaquine, Artesunate and
Artesunate Amodiaquine Combination on
Total Arm Entry

Figure 5 shows the effect of amodiaquine, artesunate and
artesunate amodiaquine combination on total arm entry
following 5 minutes in the radial arm maze. On Day 1
there was a significant (F = 12.84, p < 0.05) increase in
total arm entry in the artesunate amodiaquine group com-
pared to control and also when compared to groups that
received either artesunate or amodiaquine, while on Day
3 there was a significant (F = 42.21, p < 0.05) increase in
total arm entry in all treatment groups compared to con-
trol and the artesunate amodiaquine group also showed an
increase in locomotor activity compared to either the ar-
tesunate or amodiaquine groups.

3.6. Effect of Amodiaquine, Artesunate and
Artesunate Amodiaquine Combination on
Spatial Memory in the Y-Maze

Figure 6 shows the effect of amodiaquine, artesunate and
artesunate amodiaquine combination on spatial memory
following 5 minutes of exploration in the Y maze. On
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Figure 3. Effect of amodiaquine, artesunate and artesunate
amodiaquine combination on grooming behaviour following
30 minutes in the open field. Each bar represents Mean +
S.E.M, *p < 0.05 compared to the control, n = 10.
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Figure 4. Effect of amodiaquine, artesunate and artesunate
amodiaquine combination on arm entry before first error
following 5 minutes of exploration in the radial arm maze.
Each bar represents Mean +S.E.M, *p < 0.05 compared to
the control, n = 10.
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Figure 5. Effect of amodiaquine, artesunate and artesunate
amodiaquine combination on total arm entry following 5
minutes of exploration in the radial arm maze. Each bar
represents Mean £S.E.M, “p < 0.05 compared to the control,
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Figure 6. Effect of amodiaquine, artesunate and artesunate
amodiaquine combination on spatial memory following 5
minutes of exploration in the Y-maze. Each bar represents
Mean +S.E.M, “p < 0.05 compared to the control, n = 10.

Day 1 artesunate and/or amodiaquine resulted in a sig-
nificant (F = 51.21, p < 0.05) reduction in spatial mem-
ory compared to control, animals that were administered
amodiaquine had the lowest scores when compared to
animals that received either artesunate or artesunate
amodiaquine combination. On Day 3 (F = 32.13, p < 0.05)
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only animals that received artesunate or amodiaquine
showed a significant reduction in spatial memory com-
pared to control, those that were administered artesunate
amodiaquine combination showed a slight reduction
which was only visual although they showed a signify-
cant improvement on spatial memory scores compared to
either those that received artesunate or amodiaquine
alone.

3.7. Effect of Amodiaquine, Artesunate and
Artesunate Amodiaquine Combination on
Locomotor Activity in the Y-Maze

Figure 7 shows the effect of amodiaquine, artesunate and
artesunate amodiaquine combination on locomotor activ-
ity following 5mins of exploration in the Y maze. On
Days 1 (F = 10.54, p < 0.05) and 3 (F = 17.93, p < 0.05)
only animals that received artesunate amodiaquine com-
bination showed a significant increase in locomotor ac-
tivity compared to control, this is also seen when they are
compared to animals that received either artesunate or
amodiaquine.

4. Discussion

The present study set out to assess the effects of amo-
diaquine, artesunate and artesunate amodiaquine combi-
nation on open field novelty-induced behaviors and spa-
tial memory in healthy Swiss albino mice. Malaria is a
major public health problem affecting approximately 500
million people [23], with over 1 - 2 million deaths annu-
ally mostly children in sub-Saharan Africa [24]. The in-
creasing endemicity and resistance to treatment has re-
sulted in the use of combination therapies; one of such is
artesunate amodiaquine combination [1]. In the study, we
first examined the behavioral effects of these drugs after
acute administration and then after a three day daily dos-
ing regimen; however, it must be noted that efforts at
examination of the effects of these drugs using these be-
havioral paradigms is uncommon.
The results showed increase in horizontal locomotor
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Figure 7. Effect of Artesunate Amodiaquine combination on
locomotor activity following 5 minutes of exploration in the
Y-maze. Each bar represents Mean +S.E.M, "7 u a p < 0.05
compared to the control, n = 10.
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and rearing activity in groups that received amodiaquine,
artesunate and artesunate amodiaquine combination com-
pared to control after acute administration and this was
seen again after Day 3 of administration, administering
artesunate amodiaquine combination caused a significant
improvement in horizontal locomotion and rearing com-
pared to artesunate or amodiaquine administered alone.
The open field is a widely used behavioral test with hor-
izontal locomation and rearing being commonly recorded
behaviors [25]. Both locomotor and rearing activities of
rodents are central excitatory behaviors and indicative of
their explorative ability [26].Increase in horizontal loco-
motion and rearing points to a central excitatory effect. A
central excitatory effect may help us to explain some of
the responses observed in human after these drugs are
administered and this information helps to better our un-
derstanding of how our bodies may respond to them.
Studies that try to establish how antimalaria medications
may affect central nervous system neurotransmitters
seem to be very scarce hence, we can only consider puta-
tive neurotransmitter interactions that may possibly ex-
plain the results seen in this study; in subsequent studies,
efforts will be directed at elucidating the neural mecha-
nisms that may underlie the observed effects. The in-
crease in both locomotor and rearing activities seen
after repeated administration of these drugs could be due
to their central action on excitatory neural systems such
as glutamatergic and dopaminergic systems among oth-
ers or their possible downregulation of the central in-
hibitory systems such as y-aminobutyric acid (GABA),
also of importance is the fact that both horizontal and
vertical components of locomotor activity in mice were
increased during the cause of study, this may be a direct
consequence of antagonism at ventral and dorsal striatum
adenosine A2A receptors respectively, since an activa-
tion of dopaminergic transmission in the nucleus accum-
bens has been linked to locomotor hyperactivity whereas
the caudate-putamen plays an important role in rearing
behavior [27].

Grooming is a very important and ancient behavior
observed in many animals [28]. It serves a wide range of
purposes that extend well beyond the primary goal of
hygiene and body care, including thermoregulation,
chemo-communication, social interaction and stress re-
duction [29]. Grooming behavior is regulated by multiple
brain regions as well as by neuromediators, hormones
and drugs [30,31]. In this study, administration of three
antimalaria agents resulted in increased grooming be-
haviors with the highest scores seen in groups that re-
ceived artesunate amodiaquine combination and the
lowest in the group that received amodiaquine alone.
Pelage cleaning in laboratory rodents can be seen fol-
lowing exposure to novelty [32], It known that central
dopaminergic activation induces intense grooming via
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D1 receptors [33], the GABA system has also been re-
ported to play a role in the expression of novelty-induced
grooming via its GABA A and GABA B receptors [31]
this it does by reducing grooming behavior so drugs that
inhibit GABA may cause an increase in grooming. It is
therefore possible that the drugs administered have the
capability to either stimulate central dopaminergic re-
ceptors or suppress GABA receptors by a yet unknown
mechanism. The sum of the effects of the drugs on open-
field is that of a central excitatory effect putatively due to
central dopaminergic stimulation probably with or with-
out GABAergic suppression.

The Y-maze is a behavioral model that can be used to
investigate locomotor activity as well as learning and
memory; it assesses hippocampus-dependent naviga-
tional behaviors of rodents [34]. The radial arm maze is
an appetitive motivated task useful in assessing spatial
reference as well as spatial working memory perform-
ance and factors affecting these processes [35]. The re-
sults of both the Y maze and radial arm maze studies
showed a reduction in spatial memory scores in all
groups that received drug compared to vehicle, although
the artesunate amodiaquine group performed better than
either the artesunate or amodiaquine groups. This effect
of artesunate amodiaquine combination on spatial mem-
ory task is for us a source of curiosity as it is obvious
from the study that when combined, these drugs show
less impairment of cognition than when used singly. The
neurotransmitter acetylcholine (ACh) is known to be
important in learning and memory processes in the hip-
pocampus. Cholinergic activity in the hippocampus is
correlated with memory, with lower than normal activity
associated with spatial memory impairment as shown
with drugs that impair cholinergic transmission. In the
study, the memory impairments seen after administering
these drugs is comparable to that seen in scopolamine
group, and while we do not know the exact mechanism
yet we hope that further studies will provide the answers
that we need.

The results of Y maze and radial arm maze locomotor
activity showed a significant increase in the artesunate
amodiaquine group compared to either control or other
test drugs. Changes in locomotor activity seen corre-
sponds with what was seen in the open field, and as ear-
lier said, increase in locomotor activity in rodents has
been thought to reflect dopamine release in the striatum
[36,37].

5. Conclusion

This study shows the ability of amodiaquine, artesunate
and artesunate amodiaquine to alter novelty induced be-
haviors and spatial memory in healthy mice. While the
emphasis of research relating to these drugs continues to
be their anti-parasite effect. Neurobehavioral effects of
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antimalaria medications should also arouse the curiosity
of researchers in this field.
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