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ABSTRACT

Artemisinin Combination Therapy (ACT) is currently the best choice for the treatment of malaria.
Artesunate-amodiaquine combination is one of the most commonly used ACTs in Nigeria with a very potent
efficacy but not without side effects involving motor coordination. Currently, there is dearth of information on
its sub-acute effect on the cerebellum. This study investigated the sub-acute effects of artesunate (AS),
amodiaquine (AQ) and artesunate + amodiaquine combination (AS+AQ) on the motor coordination, oxidative
markers and morphology of the cerebellum of adult Wistar rats. Forty adult male Wistar rats were randomly
divided into 4 groups, n=10. The rats were administered orally for 3 days, distilled water (control, CT), 4
mg/kg body weight AS, 10 mg/kg body weight AQ and 4 mg/kg AS + 10 mg/kg AQ. Rats were weighed,
assessed for motor coordination and sacrificed on day 15. Brain tissues were excised and some cerebella
preserved for oxidative stress and antioxidants while others were fixed in 10% NBF for histological and
immunohistochemical studies. Results showed significant decreased body weight of the AQ group compared to
the CT; decreased time of fore limb grip in the AS and AQ groups compared with the CT. Test groups showed
increased LPO and NO, and lower levels of SOD, CAT and GSH compared with the control. Artesunate and
AQ had significantly reduced number of Purkinje cells, AQ and AS caused increased astrocyte population and
increased expression of iINOS. Sub-acute studies of Wistar rats treated with artesunate, amodiaquine and their
combination induced oxidative stress, reduced their motor function and impaired morphology of the
cerebellum.
© 2020 International Formulae Group. All rights reserved.
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INTRODUCTION

The wuse of artesunate (AS) and
amodiaquine (AQ) as a form of artemisinin
combination therapy (ASAQ), especially in
the treatment of malaria infection has gained a
wide acceptance among the people where the
disease is epidemic. Furthermore, the efficacy
of ASAQ as a chemotherapeutic regimen,
especially for malaria has been well
established by researchers. Although the

© 2020 International Formulae Group. All rights reserved.
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effectiveness of artesunate and amodiaquine
in their separate and combined (ACT) forms
against malaria parasites is not questionable,
the drugs also have history of toxicity and side
effects (Toovey and Jamieson, 2004;
Schmuck et al., 2009). Ekong et al. (2009)
reported that artesunate may not be exhibit
harmful effect at its recommended dose and
may not affect behaviour. Inspite of the
effectiveness of artemisinin  derivatives
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treatment therapy for malaria; it has a number
of side effects. Some clinical studies opined
that it is well tolerated, and has a wide safety
margin (Thuma et al., 2000; Hutagalung et al.,
2006), whilst some other studies reported a
number of neurological symptoms such as
coma to auditory impairments (Toovey and
Jamieson, 2004) and motor effects (Panossian
et al., 2006) to its use. Animal studies reported
that artemisinin and its derivatives induced
neurotoxic and deadly effects in adults or
embryos regardless of the specie used (mouse,
rat, dog, non-human primate) (Clark et al.,
2004; Schmuck et al., 2009). Amodiaquine
caused lipid peroxidation and induced
agranulocytosis and these processes had
earlier been reported to result in agitation,
aggressiveness, confusion, personality
changes and psychotic symptoms in chronic
doses and involuntary movements when acute
dosages are consumed (Farombi, 2000).
Ekong et al. (2009) reported that AQ+AS at
their normal doses caused histological
alterations in the cerebellum such as shrinkage
of the Purkinje cells after 3 days
administration; shrinkage of the Purkinje cell
layer and cells as well as loss of the Purkinje
cells after 6 days administration; while a
double normal dose of AQ+AS for 3 days
caused shrinkage of the Purkinje cell layer and
cells as well as loss of Purkinje cells. This
study investigated the separate and combined
sub-acute (after 14 days) effects of artesunate
and amodiaquine on the body weight,
biochemical markers of oxidative stress,
muscular coordination, cytoarchitecture and
immunohistochemisry of the cerebellum of
adult Wistar rats.

MATERIALS AND METHODS
Animals and drugs

Forty (40) Adult Male Wistar rats
(Rattus norvegicus) weighing between 110
and 200 g procured from the animal house of
the Department of Veterinary Physiology
were used for this experiment. The
experimental animals were handled and used
in accordance with the guidelines provided by
the University of Ibadan Animal Care and Use
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Research Ethics
Committee (UI-ACUREC), with reference nu
mber UI-ACUREC/App/10/2016/002.  They
were kept in standard laboratory conditions
under 24 hours light condition at room
temperature of 25 °C. The animals were made
to have access to feed and water ad- libitum
throughout the period of the experiment.
Tablets of Artesunate and Amodiaquine were
procured from Diadem pharmacy, Ojoo Area,
Ibadan (manufactured by  ADAMS
Pharmaceutical Co., Ltd., Anhui, China).

Experimental design

The forty adult male Wistar rats were
randomly divided into four groups, (n=10) as
follows:

Group A - Distilled water and served as the
control group (CT)

Group B - Artesunate (AS) (4 mg/kg body
weight)

Group C - Amodiaquine (AQ) (10 mg/kg
body weight)

Group D - AS (4mg/kg body weight + AQ (10
mg/kg body weight).

These doses represent the standard
therapeutic doses of the AS and AQ and
mimics a situation in which the ACT is used
without any malaria infection (Adebayo et al.,
2011). Drugs were administered orally with
the use of oral gavage once per day between
8:00 am and 10:00 am for three days.

Gross morphometry
Body weight

As an index of physical status of the
animals, the weight of each animal was
monitored over the period of the study. The

animals were weighed fortnightly with
Electronic Weighing balance
(Model: RS 225, Range: 0 to 600

g, Make: Citizen) and the initial and final
weights were used to determine weight
difference. The formula below was used to
calculate the percentage weight difference.
% Weight difference =
Final weight — Initial weight X100

Initial Weight
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Neurobehavioural study
Motor function test (Forelimb grip strength)
This was carried out on day 14 and
each animal was exposed to four trials. The
results were thereafter averaged and recorded.
It tests for the muscular strength of the
animals, which is a function of cerebellum
and to assess the effect of drugs and toxins on
muscle tone and neurodegeneration (Pichon et
al., 2014). The forelimb paws of the rat were
placed on a horizontally suspended metal wire
(measuring 2 mm in diameter and 1 m in
length), one meter above a landing area filled
with soft bedding. The length of the time each
rat was able to suspend before falling off the
wire was recorded. A maximum time of 2
minutes was given to each rat after which it
was removed.

Biochemical assays for oxidative stress and
antioxidants
A measured part (0.1 g) from each
cerebellar tissue was homogenized in 0.4 ml
of 5% sucrose solution for enzyme study, after
which it was centrifuged for 10 minutes at
3000 rpm. The supernatant gotten from the
cerebellar tissues were kept frozen in the
freezer at 4 °C. The supernatant was later used
for lipid peroxidation (LPO), superoxide
dismutase (SOD), catalase (CAT), glutathione
(GSH) and nitric oxide (NO) analyses.
Histological and immunohistochemical
studies
The rats were sacrificed by quick

cervical dislocations and the brain removed
from the cranial cavity. The cerebellum was
dissected out and fixed in 10% neutral
buffered formalin (NBF). The cerebellar
tissues were then processed employing routine
paraffin wax embedding technique and stained
with haematoxylin and eosine (H&E) for
cerebellar cytoarchitecture.
Immunohistochemical  techniques
employed as follows;
I-  Glial Fibrillary Acid Protein (GFAP)

staining method described by Delcambre

et al. (2016) to demonstrate the

were
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expression  of in the
cerebellum.

Inducible nitric oxide synthase (iNOS)
staining method for oxidative stress as
described by Delcambre et al. (2016).
Images were captured from the
cerebellar cortex with a 500-pixel Leica
binocular microscope. Purkinje cell count,
astrocytes population and the level of
oxidative stress were quantified using the

software, image-j.

astrocytes

Statistical analysis

Data collected was further analysed by
one-way analysis of variance (ANOVA)
followed by Tukey Post-hoc for multiple
comparison using the GraphPad prism (San
Diego, California, USA) version 7.02 at
p<0.05 and results presented as meant+SEM.

RESULTS
Weight results

There was increase in the body weight
of the control (CT), AS and AS+AQ groups
compared with the AQ group at p<0.05 (Table
1).

Neurobehavioural assessment

The significantly decreased drop off
time was seen in the AS and AQ groups
compared with the CT at p<0.05 (Table 2).

Oxidative stress markers and antioxidants

There was significantly increased lipid
peroxidation, LPO (high Malondialdehyde,
MDA level) and nitric oxide, NO, and
decreased superoxide dismutase activity,
SOD, catalase activity, CAT and reduced
glutathione, GSH activity in the AS, AQ and
AS+AQ groups compared with the control at
p<0.05 (Table 3).

Histological studies

A decreased number of Purkinje cells
was observed in the AS and AQ separate
groups compared with the CT group and the
AS+AQ group at p<0.05 (Figures 1 and 2).
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between the AS+AQ and the CT groups at
p>0.05 (Figures 3 and 4).

A significantly higher immunoexpression
of INOS was seen in the AS, AQ and AS+AQ
groups compared with the CT at p<0.05
(Figures 5 and 6).

Immunohistochemical studies
Immunohistochemical evaluation,
showed significant increase in GFAP
expression for astrocytes in the AS and AQ
groups compared with the CT and AS+AQ
groups at p<0.05. There was however no
significant difference in GFAP expression

Table 1: Body weight of the animals following sub-acute study.

Groups Initial body Final body Weight %oweight
weight (g) weight (g) difference (g)  difference (g)
CT 110.00+3.06 149.60+6.09 39.60+5.38 36.00
AS 168.00+2.15 176.00+11.23 8.00+9.28* 4.50
AQ 180.00+3.27 125.30+8.48 -54.70+8.32**  -30.40
AS+AQ 138.00+2.16 156.60+6.12 18.60+6.53 13.50

Values are expressed as Mean * SEM, (n= 10). CT-Control, AS- Artesunate, AQ- Amodiaquine, AS+AQ-
Artesunate+Amodiaquine, *p<0.05 vs control, **p<0.01 vs control.

Table 2: Forelimb grip strength test in seconds following sub-acute study.

Group CT AS AQ AS+AQ

Forearm Grip (secs) 17.86+1.22 8.00+1.11™ 7.43+0.92™ 15.43+1.17
Values are expressed as MeantSEM, (n=10), CT- Control, AS-Artesunate, AQ- Amodiaquine, AS+AQ-
Artesunate+Amodiaquine,. **p<0.01 vs control.

Table 3: Oxidative stress markers antioxidants following sub-acute study.

Group CT AS AQ AS+AQ
LPO (nmmol/g) 180.33+0.47 233.07+2.26* 257.14+2.06* 223.32+1.99%
NO (um/mg) 455.49+3.93 472.32+0.91 525.74+10.11%*  480.95+2.92*
SOD (U/mg) 9.89+0.10 5.70+0.16* 7.20+0.11* 7.54+0.13*
CAT (um/min/mg)  105.55+1.18 69.59+1.54* 76.60+1.80% 65.01+1.07*
GSH (U/L) 11.15+0.32 7.16+0.09% 5.80+0.15* 7.08+0.25*

Values are expressed as Mean+SEM, (n=5). CT-Control, AS- Artesunate, AQ-Amodiaquine,
AS+AQ-Artesunate+Amodiaquine, *p<0.05 vs control.
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Figure 1: Section of the Cerebellar cortex of the Wistar rats following sub-acute study.

H&E (X400). CT= control, AS= artesunate, AQ= amodiaquine, AS+AQ= artesunate + amodiaquine. The red arrow and red
circles showed pyknotic and depleted Purkinje cells in the AS and AQ groups. ML- Molecular layer, PL = Purkinje layer
and GL= Granular cell layer.
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Figure 2: Cerebellar Purkinje Cell Count following sub-acute study. Means + S.E.M (n =5). CT-
Control, AS-Artesunate, AQ- Amodiaquine, AS+AQ- Artesunate+Amodiaquine, *p<0.05 vs
control.

There were significantly lesser population of Purkinje cells in the AS and AQ separate groups compared with the CT and
AS+AQ groups as observed in figures 1 and 2.

Figure 3: Immunoexpression of GFAP in the cerebellum of Wistar rats following sub-acute treatment
with AS, AQ and AS+AQ. GFAP (X400). CT= control group, AS= artesunate group, AQ= amodiaquine group,
AS+AQ-= artesunate-amodiaquine combination group. Yellow arrows= astrocytes.
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Figure 4: Immunoexpression of GFAP for astrocytes in the Cerebellum following sub-acute treatment with
AS, AQ and AS+AQ. Mean £ SEE.M (n = 5). CT- Control, AS- Artesunate, AQ- Amodiaquine, AS+AQ-
Artesunate+Amodiaauine. *p<0.05 vs CT and AS+AO aroups.

There were significant expression of GFAP in the AS and AQ groups compared with the CT and AS+AQ groups (Figures
3and 4).

W

Figure 5: Section of Cerebellum of the Wistar rats following sub-acute treatment. iNOS (X400). cT=
control group, AS= artesunate group, AQ= amodiaquine group, AS+AQ= artesunate-amodiaquine combination group. Yellow
rings show expression of iNOS.
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Figure 6: Immunoexpression of iNOS by the Cerebellum following sub-acute treatment.
Means + S.E.M (n = 5). CT- Control, AS- Artesunate, AQ- Amodiaquine, AS+AQ- Artesunate +Amodiaquine,

*p<0.05 vs control.

A significantly higher immunoexpression of iNOS was seen in the AS, AQ and AS+AQ groups compared with the CT

(Figures 5 and 6).

DISCUSSION

The sub-acute evaluation of artesunate
(AS), amodiaquine (AQ) and artesunate +
amodiaquine combination (AS+AQ) on the
motor coordination, oxidative stress and
morphology of the cerebellum of adult Wistar
rats was studied. In this study, the weight loss
observed in the AQ group (Table 1) may be
associated with decreased consumption of
food by the rats probably as a result of loss of
appetite and low nutrient uptake following
treatment with the drug. This is in consonance
with the findings of Udolom et al. (2015) who
reported that there was decline in feeding rate
of their experimental animals administered
with amodiaquine and cifloxacine
combination. Blundell et al. (2017) in their
study opined that drug that causes reduction in
weight may have acted on the appetite control
centre of the hypothalamus in the brain to
reduce feelings of hunger. On the other hand,
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the AS+AQ groups showed an increase in
body weight change not significantly different
from that of the CT group. This finding
suggests that the combination form of the
drugs (AS+AQ) neither reduced their appetite
for food nor negatively affect the feeding
pattern of the animals. Furthermore, the
higher body weight difference seen in the
combined group may also suggest that the
combination regimen of these two drugs is
better than the monotherapy of the individual
drug in terms of weight sustenance. This
finding compares favourably with the finding
of Utoh-Nedosa et al. (2009) who reported
increase in the mean body weight of rats
administered artemisinin. It also agrees with
Olumide et al. (2011) who reported significant
increase in body and relative organ weights of
rats administered with artesunate and that of
Izunya et al. (2010) who also reported that
artesunate at its normal and double normal



A. N. POPOOLA and I. O. IMOSEMI / Int. J. Biol. Chem. Sci. 14(5): 1498-1510, 2020

doses had no effect on the body weights of
rats. The similarities in these studies may be
hinged on the similarity in dosages used.

The result of the fore-limb grip test
shows that artesunate and amodiaquine
separate groups significantly lowered grip
strength than the animals in the control and
combination groups (Table 2). This could be
an indication that AS and AQ administered
separately caused muscle weakness in the
animals as seen in the reduced activities
observed with the animals after few minutes
of receiving the drugs. This result is consistent
with the report of pfizer (2016) that the use of
amodiaquine within the therapeutic dose
caused lethargy (weakness or inactivity
characterized by lack of energy). However,
the combined administration of the drugs
showed improved grip strength in the rats
similar to that of the control.

The increased lipid
peroxidation indicated by an increased
malondialdehyde (MDA) levels in the

cerebellar tissue, observed in the AS, AQ and
AS+AQ groups compared to the CT group
(Table 3) strongly suggests that the drugs,
separately or combined triggered the
production of MDA, a by-product of lipid
peroxidation. The high level of MDA in the
AQ, AS and AS+AQ groups suggests the
generation of free radicals such as hydrogen
peroxide, nitric oxide and superoxide anions.
This oxidative damage was more in the AQ
and AS groups than in the AS+AQ. This
indicates that the combination therapy may be
better in managing lipid peroxidation process
and reducing toxic stress to the brain cells
than the individual drugs. Earlier reports have
shown that AQ, in its mechanism of action
against  malaria  parasite, binds to
nucleoproteins of the parasites and hinders its
DNA and RNA polymerases (Ekong et al.,
2009). It also triggers free radicals in the form
of amodiaquine-quinine-immine and semi
quinine-immine  which  triggers  lipid
peroxidation (Obianime and Aprioku, 2009)
which have been reported to cause damage to
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tissue in vivo (Mayes, 2000). Lipid helps to
replace worn-out membranes and serve as
electrical insulators thereby allowing rapid
propagation of depolarization waves along
myelinated nerve (Mayes, 2000). Disruption
of this function may result in
neurodegeneration, which may lead to
defective functioning of the brain (Singh,
2013). The level of nitric oxide (NO) was
significantly higher in AQ group than the CT,
AS and AS+AQ groups (Table 3), an
indication that AQ generated free radicals
which have also migrated to the brain. Nitric
oxide is a marker for inflammatory changes in
the brain. It is a major secretory product of
mammalian cells that initiates host defense,
homeostatic and development functions by
either direct effect or intercellular signaling
(Gibananada and Hussain, 2002). The
significant increase in the level of NO in the
cerebellar tissue of AQ group indicates
inflammatory responses in the brain tissues of
the rats.

The level of cerebellar tissue
superoxide dismutase (SOD) and catalase
(CAT) was found to be significantly lower in
the AS, AQ and AS+AQ groups than the CT
group (Table 3). The SOD and CAT are
antioxidant enzymes which act as free radical
scavenger that arrest oxidative stress
(Gibananada and Hussain, 2002). The low
levels of SOD and CAT in the AS, AQ and
AS+AQ groups is a strong indication that the
drugs generated high level of free radicals in
the brain tissues of the experimental animals
leading to the low level of SOD and CAT in
those groups compared with the CT group
which  may have resulted from the
overwhelming activity of the free radicals.

The level of reduced glutathione
(GSH) was significantly lower in AS, AQ and
AS+AQ groups than the CT group (Table 3).
In cells, glutathione is maintained in the
reduced form by the enzyme glutathione
reductase and in turn reduces other
metabolites and enzyme systems, such as
ascorbate in the glutathione-ascorbate cycle,
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glutathione peroxidases and glutaredoxins, as
well as reacting directly with oxidants
(Gibananada and Hussain, 2002). Due to its
high concentration and its central role in
maintaining the cell's redox state, glutathione
is one of the most important cellular
antioxidants (Gibananada and Hussain, 2002).
It is also a marker of oxidative stress due to its
antioxidant  properties. These  three
biochemicals (SOD, CAT and GSH) are
agents of defense against oxidative stress.
Therefore, the low level glutathione in the
experimental groups (Table 3) is an indication
of its extinction as a result of its mopping
activities over the free radicals generated.
Gibananada and Hussain (2002) reported that
oxidative stress, results from an imbalance
between reactive oxygen species (ROS) or
reactive  nitrogen species (RNS) and
antioxidant defense of the body. Oxidative
damage is one result of such an imbalance and
includes oxidative modification of cellular
macromolecules, induction of cell death by
apoptosis or necrosis, as well as structural
tissue damage (Nair et al., 2008).

The significant decrease in the number
of Purkinje cells of the cerebellum in the AS
and most especially AQ separate groups
(Figures 1 and 2) suggest that the two drugs
caused significant loss of Purkinje cells
through induced cell death (necrosis). Further
evidences through physical observation also
revealed that AQ caused Kkaryolysis of
Purkinje cells (Figure 1). The decreased
Purkinje cell density and observed karyolysis
may be a complication of the lipid
peroxidation and oxidative stress seen in this
study (Table 3), as lipid peroxidation had been
reported to be responsible for damage to tissue
in vivo shortly after cell membrane disruption
(Mayes, 2000). Karyolysis of the Purkinje
cells may reduce the output signals emanating
from the cerebellar cortex to other parts of the
brain and alter body functions; this is because
the Purkinje fibres are the major cortical
output of the cerebellum. Consequently,
cerebellar dysfunction may occur resulting in
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some motor deficit like gait disturbances,
convulsion and dizziness (Ekong et al., 2009).
Loss of Purkinje cells might also cause loss of
motor coordination and may culminate into
death (Stucki et al., 2016), hence, the reduced
activity and lesser grip strength seen in the
experimental rats (Table 2). The high
expression of GFAP in both the AS and AQ
groups (Figures 3 and 4) is an indication of
increased population of astrocytes in the
cerebellum of these groups of animals which
suggests neuronal damage in those animals.
Astrocytes play many important roles in
glutamate and potassium uptake, production
of growth factors, cytokines and extracellular
matrix proteins, in both the healthy and
injured central nervous system (Kettenmann
and Ransom, 2004). They also play important
roles in regulating neuronal excitability, for
example, by controlling the extracellular
concentrations of potassium, glutamate and
adenosine (Tian et al., 2005). This finding
aligns with an earlier study which reported
astrogliosis as the early sign of neuronal loss
(Kersaitis et al., 2004).

The cerebelli of the AS, AQ and
AS+AQ groups had significantly higher
expression of INOS compared to the CT
(Figures 5 and 6). This strongly suggests that
the drugs generated free radicals including
NO which has percolated into the brain tissues
within the duration of the experiment. This
further explains the oxidative stress seen in
the biochemical analyses. Oxidative stress had
earlier been implicated in tissue damage
(Mayes, 2000) and defective function of the
brain (Singh, 2013).

Conclusion

The sub-acute exposure of adult Wistar
rats to artesunate (AS), amodiaquine (AQ) and
their combination (AS+AQ) revealed that AQ
at its normal therapeutic dose caused
significant decrease in the body weights; AQ
and AS decreased motor coordination; AS,
AQ and AS+AQ induced oxidative stress; AS
and AQ caused karyolysis and depletion of
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Purkinje cells, and astrogliosis in the rat
cerebellum. The findings from this study may
be an indication that artesunate and
amodiaquine and their combination have some
delayed sub-acute deleterious effects in the
cerebellum of adult Wistar rat.
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