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ABSTRACT 
We evaluated the sub-acute effect of artesunate (AS), amodiaquine (AQ) and AS plus AQ on the 
structure and function of the hippocampus of adult Wistar rats. Forty adult male Wistar rats weighing 
between 110-215 g, were divided into 4 groups (n=10); group A-control (CT) rats administered 
distilled water, group B-4 mg/kg, AS, group C-10 mg/kg, AQ and group D- 4 mg/kg, AS + 10 mg/kg, 
AQ body weight. Drugs were administered orally for 3 days and neurobehavioral tests (Morris water 
maze) for spatial memory and cognition done from day 11 to 14. The rats were sacrificed on the day 
15 and blood sample collected for full blood count. The rat brain of all groups was excised, and the 
hippocampus dissected out, fixed in 10% formol-saline and processed for histology and 
immunohistochemical (glial fibrillary acidic protein, GFAP (astrocytes) and inducible nitric oxide 
synthase, iNOS (oxidative stress)) studies. Data were analysed by one-way ANOVA at p<0.05. Sub-
acute evaluation showed that the AQ-treated rats had significantly increased swimming time and 
distance, red blood cell (RBC), white blood cell (WBC), haemoglobin (Hb) and packed cell volume (PCV) 
compared with the CT and other groups. Histologically, there was decreased Cornus Ammonis 1 (CA 1) 
pyramidal neurons in the hippocampus of the AS and AQ-treated rats compared with the CT group. 
Increased astrocyte population was observed in the hippocampus of AS and AQ groups compared with 
the CT and AS+AQ groups, as well as increased iNOS expressions compared with the CT group. Sub-
acute evaluation of the adult rat hippocampus indicated that amodiaquine decreased spatial memory 
and increased blood cell counts, while artesunate and amodiaquine induced oxidative stress resulting in 
pyknosis of and decreased pyramidal CA1 neurons and caused astrogliosis.  
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INTRODUCTION 

Artemisinin-based combination therapy (ACT) 
has been endorsed by the World Health 
Organization (WHO) as the ‘‘policy standard’’ 
for all malaria infections in areas where 
Plasmodium falciparum is the predominant 
infecting species (Takala-Harrison and Laufer, 
2015; WHO, 2015). The ACTs have been 
documented to increase cure performance rate, 
decrease resistance ability of parasites, and 
reduce transmission of parasites that are drug 
resistant. The success of ACTs is to prevent 
transmission of infected plasmodium parasites 
and reduce the chance of parasite 
recrudescence (WHO, 2015). Artesunate-
amodiaquine combination (ASAQ) is one of the 

most used ACTs available. The ASAQ is 
prepared in diverse formulations, such as in 
single fixed-dose or separate co-package. The 
efficacy of ASAQ in the treatment of malaria in 
malaria endemic regions is well documented 
(Adjuik et al., 2002; Abacassam et al., 2004; 
Mutabingwa et al., 2005 and Martin et al., 
2006). Although, artemisinin derivatives were 
reported to have little or no neurological 
adverse effects in humans (Gordi and Lepist, 
2004), there is poor documentation of their 
histological activities using experimental 
animals (WHO, 2000; Wilmer et al., 2003). 
Therefore, continuous scientific studies 
involving treatment with clinically relevant 
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doses of artemisinin and its derivatives would 
be necessary. In addition, self-medication is 
quite common and purchase of antimalarials in 
the open market is rampant among victims of 
malaria (Akanbi et al., 2005), therefore the 
possibility of overdose administration and 
misappropriation in the usage of the drugs are 
very common, all of which could lead to the 
toxic effects of the drugs on some body organs, 

including the brain (Jaeger et al., 1987; 
Agboruche, 2009 and Izunya et al., 2010). This 
study was designed to evaluate at sub-acute 
level, the separate and combined effects of 
artesunate and amodiaquine on the spatial and 
cognitive memories, haematological indices, 
histology, and immunohistochemistry of the 
hippocampus of adult Wistar rats. 

 

METHODOLOGY 

Forty 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 Research Ethics 
Committee (UI-ACUREC). They were kept in 
standard laboratory conditions under 24-hour 
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.  
 
The 40 animals were randomly divided into four 
(4) groups (n=10) as follows:  

1. Group A - control group (CT) received 
distilled water  

2. Group B – Received 4 mg/kg body 
weight artesunate (AS) 

3. Group C – Received 10 mg/kg body 
weight amodiaquine (AQ) 

4. Group D – Received 4mg/kg body 
weight AS + 10 mg/kg body weight AQ.  

The doses used above 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 once daily between 
the hours of 8:00 and 10:00 am for 3 days. 

Morris water maze test: it is a 
neurobehavioural test of spatial memory of the 
rats, a function of the hippocampus. This was 
carried out on the 11th, 12th, 13th (acquisition 

trials) and 14th days (probe trial) of the 
experiment for sub-acute study. Briefly, the rats 
were placed in a pool of water where they must 
use visual cues to remember the location of a 
hidden platform just below the water surface.  
The water was made opaque by adding milk 
and was periodically drained for cleaning and 
disinfection.  The 10 cm circular escape 
platform was made from water-resistant 
material.  Animals were dried with towels.  The 
animals found not locating the platform within 2 
minutes were manually guided to the platform.  
Probe trials (transfer tests) were also used to 
assess the rat’s ability to retrieve information 
learned in previous hidden platform tests. Total 
swimming time, swimming distance, time spent 
in each quadrant and the frequency of crossing 
the escape quadrant were quantified by means 
of hand-scoring according to the method of 
Morris, 1984 modified by Brandeis et al., 1989, 
D'Hooge et al., 2001 and Vorhees et al., 2006. 
Blood sample (1 ml) was withdrawn from each 
group of animals by ocular puncture on day 14. 
This was done by puncturing the medial 
canthus of the animal’s eye with EDTA capillary 
bottles. The following haematological indices 
were estimated: Packed cell volume (PCV), 
haemoglobin concentration (Hb), red blood cell 
(RBC) count, white blood cell (WBC) count, and 
the differential white blood cell count 
(lymphocytes, monocytes, neutrophils, 
basophils and eosinophils) by an 
autohaematological analyser machine at the 
haematology laboratory of the University 
College Hospital (UCH), Ibadan, using the 
method of Baker et al. (1998).  
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The rats were then sacrificed by quick cervical 
dislocation and the brain removed from the 
cranial cavity and the hippocampus dissected 
out, fixed in 10% neutral buffered formalin and 
processed using routine paraffin wax 
embedding technique and stained with 
haematoxylin and eosine for the histology of 
the hippocampus. Immunohistochemical 
techniques were also employed to evaluate;  

i. Astrocyte population using the Glial 
Fibrillary Acid Protein (GFAP) 

ii. Oxidative stress using Inducible nitric 
oxide synthase (iNOS) method as 

described by Delcambre et al. 
(2016). 

Images were captured from the hippocampus 
with a 500-pixel Leica binocular microscope. 
Pyramidal neurons and astrocyte counts, and 
level of oxidative stress were quantified using 
the software, image-j. 
Data collected was analysed as mean±SEM 
employing 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. 

RESULTS 

The escape latency (swimming time) of  the AQ 
group was significantly higher than the CT, AS                                                                                                                          
and AS+AQ groups. The AS and the AS+AQ 
groups also had a higher swimming time than 
the CT but not statistically significant (Figure 
1). The swimming distance covered by the rats 

in the AQ group was significantly higher 
compared with the CT, AS and AS+AQ groups. 
However, the AS+AQ group had a significantly 
higher swimming distance covered compared 
with the CT group (Figure 2).  
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Figure 1. Sub-acute evaluation of the Swimming time in seconds. (probe trial) of animals 

treated with AS, AQ and AS+AQ. Means ± S.E.M. n = 10, p<0.05. CT-Control, AS- Artesunate, 
AQ- Amodiaquine, AS+AQ- Artesunate+Amodiaquine. **P<0.01 compared with control and other 
groups. 
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There was no significant difference in the 
frequency of entering the escape platform  

 

quadrant when the escape platform has been 
removed (probe trial) in all the groups (Figure 
3). 
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Figure 2. Sub-acute evaluation of the Swimming distance in cm (probe trial) of 
animals treated with AS, AQ and AS+AQ. Means ± S.E.M. n = 10, p<0.05..CT- Control, AS- 
Artesunate, AQ- Amodiaquine, AS+AQ- Artesunate+Amodiaquine. *P<0.05 compared with the 
control. **P<0.01 compared with the control and other groups. 

Figure 3. Sub-acute evaluation of the Frequency of entering the escape quadrant 

(EQ) of rats treated with AS, AQ and AS+AQ. Means±S.E.M. n=10, p>0.05. CT- Control, 
AS- Artesunate, AQ- Amodiaquine, AS+AQ- Artesunate+Amodiaquine. P>0.05. 
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Table 1. Sub-acute evaluation of haematological parameters of rats treated with AS, AQ and AS+AQ 

Blood  
Parameter 

 
CT 

 
AS 

Group 
AQ 

 
AS+AQ 

RBC (10^6/µL) 6.90±0.31 7.00±0.33 8.30±0.13* 7.40±0.22 
WBC (10^3/µL) 9.10±0.90 10.40±1.42 18.90±1.99* 8.00±0.59 
PLAT (10^3) 654.00±43.48 668.00±86.14 647.80±75.17 713.80±67.16  
Hb (g/dl) 13.60±0.33 13.90±0.43 16.00±0.37* 14.70±0.55 

PCV (%) 45.80±1.36 46.20±1.36 57.00±1.30* 50.80±1.36 

 

Histological evaluation of the hippocampal 
Cornu Ammonis 1 (CA 1) showed significant 
decrease in the pyramidal neurons of the AS 
and AQ - treated groups compared with the CT 
and AS+AQ groups (Figures 4 and 5). The  

pyramidal neurons in the AQ and AS groups 
also showed severe pyknosis, with mild 
pyknosis seen in the AS+AQ-treated group 
compared with the CT group (Figure 4). 

 

 Figure 4. Sub-acute evaluation of the hippocampal CA 1 (Cornus ammonis 1) of rats treated with 

AS, AQ and AS+AQ. H&E (X400). CT= control group, AS= artesunate group, AQ= amodiaquine group, 

AS+AQ= artesunate-amodiaquine combination group. PC= Pyramidal cells. Red arrows: pyknotic pyramidal 

cells. 

Values are expressed as Mean ± SEM. n= 10, p<0.05. CT- Control, AS- Artesunate, AQ- Amodiaquine, AS+AQ- 

Artesunate+Amodiaquine. RBC: red blood cell, WBC: white blood cell, PLAT: platelet, Hb: haemoglobin, PCV: 

packed cell volume. *p<0.05 compared with the control. 
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Increased GFAP expression was observed in the 
hippocampus of AS and AQ-treated rats as 
indicated by increased astrocyte population 

compared with the CT and AS+AQ groups at 
p<0.05 (figures 6 and 7).   

 

Figure 5. Sub-acute evaluation of the hippocampal CA 1 pyramidal neurons of rats treated 
with AS, AQ and AS+AQ. Means ± S.E.M. n = 5, p<0.05. CT- Control, AS- Artesunate, AQ- 
Amodiaquine, AS+AQ- Artesunate+Amodiaquine. *p<0.05 compared with the CT; #p<0.05 compared 
with the CT and AS+AQ groups. 
 

Figure 6. Sub-acute evaluation of astrocytes (yellow arrows) in the hippocampus of rats treated with AS, AQ 
and AS+AQ. GFAP (X400). CT= control group, AS= artesunate group, AQ = amodiaquine group, AS+AQ= 
artesunate-amodiaquine combination group.  



Anatomy Journal of Africa. 2022. Vol 11 (1):2141-2152 

2147 

 

C
T

A
S

A
Q

A
S+A

Q

0

20

40

60

80

100

* *

Groups

Im
m

u
n

o
e

x
p

re
s

s
io

n
 o

f 
G

F
A

P
 (

%
 A

re
a

)

 

 

 

A higher expression of iNOS was seen in the 
hippocampus of the AS, AQ and AS+AQ-treated 

group compared with the CT group at p<0.05 
(Figures 8 and 9). 

 

 

 

Figure 8: Sub-acute evaluation of the level of oxidative stress in the hippocampal CA 1 rats treated with AS, 
AQ and AS+AQ. iNOS (X400). CT= control group, AS= artesunate group, AQ= amodiaquine group, AS+AQ= 
artesunate-amodiaquine combination group. Yellow rings = Cornu Ammonis 1 neurons. 

Figure 7: Sub-acute evaluation of astrocytes population in the hippocampus of rats treated with AS, AQ and 

AS+AQ. Means ± S.E.M. n = 5, at p<0.05. CT- Control, AS- Artesunate, AQ- Amodiaquine, AS+AQ- 

Artesunate+Amodiaquine. *p<0.05 compared with the CT and AS+AQ. 
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DISCUSSION 

The significant increase in escape latency 
observed with the AQ group compared with the 
CT and the AS and AS+AQ groups is an 
indication that AQ retarded the spatial memory 
of the animals compared to AS and the AS+AQ 
groups which did not show significant reduction 
in the spatial memory of the rats compared to 
AS and the AS+AQ groups which did not show 
significant reduction in the spatial memory of 
the rats. Also, the insignificant variations in the 
frequencies of entering the escape quadrant 
between the experimental groups (AS, AQ and 
AS+AQ) and the control (CT) group and within 
the experimental groups suggests that AS and 
AQ separately and in combination did not have 
significant effect on the cognition of the 
animals. This finding is in line with Ekong et al. 
(2009) who reported in the acute study, that 

artesunate may not be harmful at its 
recommended dose and may not affect 
behavior. They also reported that artesunate-
amodiaquine combination showed no significant 
change in behaviour of rats (Ekong et al., 
2009). It also agrees partly with the findings of 
Onaolapo et al. (2013) who reported a 
reduction in spatial memory scores in animals 
that received AQ. However, it disagrees with 
the same authors, Ekong et al. (2009) and 
Onaolapo et al. (2013) who reported that AS 
also caused reduction in spatial memory. 
However, the variation in the findings of the 
two studies may be associated with the 
difference in the type of animals studied. The 
significant increased level of RBC and WBC 
recorded in the AQ group suggests that AQ 
boosted these blood cells probably by 

Figure 9. Sub-acute evaluation of the level of oxidative stress in the hippocampal CA 1 rats treated 

with AS, AQ and AS+AQ. Means ± S.E.M. n = 5 at P<0.05. CT- Control, AS- Artesunate, AQ- 

Amodiaquine, AS+AQ- Artesunate+Amodiaquine. *P<0.05 compared with the CT group. 
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stimulating the haemopoietic stem cells in the 
bone marrow to actively manufacture more 
blood cells. These blood cells also increased 
slightly in the AS and AS+AQ groups but not 
significantly different from that of the CT group. 
This suggests that none of the drugs reduced 
the blood cell counts. In a similar vein, the 
significant increase in the Hb and PCV levels in 
the AQ group coupled with their slight increase 
in the AS and AS+AQ groups compared with 
the CT group further emphasized that AQ, and 
to some extent AS and AS+AQ boosted blood 
cell and volume and did not cause anaemia.  
This finding also indicates that there was 
positive variation between RBC level and the Hb 
level. Hb is an oxygen carrying protein in the 
RBC, and usually, as the quantity of RBC 
increases, so does the level of Hb 
(Sembulingam and Sembulimgam, 2009). It is 
also partly in line with Utoh-Nedusa et al., 
(2009) who reported that dihydroartemisinin 
significantly elevated the packed cell volume, 
the total white cell count and percentage 
neutrophil count in rats. It also conforms with 
Aprioku and Obianime (2011) who also 
reported that artesunate, dihydroartemisinin, 
and artemether significantly and dose-
dependently increased white blood cell count 
and that of Agomo et al. (2008) who reported 
that the mean of all the blood parameters were 
within the normal limits following 
artesunate/mefloquine treatment of 
uncomplicated falciparum malaria while there 
was slight increase in white blood cell count. 
The concordances of the present findings with 
the previous findings may be associated with 
the similarity in dosages of drugs administered 
and duration of study while the discrepancies 
between the current findings and some of the 
previous studies may be due to higher drug 
dosages, longer duration of study and even 
different species of animals used as reported in 
some of those studies.  
 
The significant decrease in the number of 
hippocampal pyramidal cells (CA1) in the AS 
and AQ groups coupled with pyknotic cells in 
the AS, AQ and AS+AQ groups is a strong 

indication that AQ and AS caused death of CA1 
cells. This may be hinged on the oxidative 
stress cum damage prompted by the presence 
of significant expression of inducible nitric oxide 
synthase. In the hippocampus, pyramidal cells 
process sensory and motor cues to form a 
cognitive map encoding spatial, contextual, and 
emotional information, which they transmit 
throughout the brain (Graves et al., 2013; 
Preston and Eichenbaum, 2013). Pyknosis of 
these cells may reduce the spatial memory of 
the animals as observed in the 
neurobehabioural test of this study.  
 
Also, there was significantly increased 
astrocytes population in the AS and AQ groups 
compared with CT and AS+AQ groups, 
suggesting astrogliosis, an indication of 
neuronal damage or injury and may alter the 
hippocampal function due to possible alteration 
in the uptake of neurotransmitter by neurons. 
Astrocytes had been earlier described as 
neuroprotective cells which usually proliferate 
and increase in number during injury to the 
central nervous system in order to fill the injury 
sites. This process helps to heal and recover 
neurons; thus, with this action, they are called 
reactive astrocytes (Peter et al., 1998 and 
Ekanem et al. 2009). Abbas and Nelson (2004) 
also reported that the presence of reactive 
astrocytes is an indication of early signs of 
neuronal cell loss, an indication of pathologic 
process. Findings from this study is in 
consonance with that of Udoh et al. (2014), 
who reported that Artesunate/Mefloquine 
combination (Artequin) and Mefloquine caused 
large and dense populations of astrocytes and 
astrocytes’ processes in the hippocampus of 
adult Wistar rats. This, according to the authors 
may alter neuronal environment and impair the 
uptake of neurotransmitter thus altering the 
hippocampal function. This again further 
buttress the loss of spatial memory recorded 
against the AQ group in the Morris water maze 
test of spatial memory (a function of the 
hippocampus) in this study. Furthermore, the 
hippocampi of AS, AQ and AS+AQ groups had 
significantly higher expression of iNOS 
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compared to the CT, a strong indication that 
the drugs separately and combined, generated 
nitric oxide free radicals which caused oxidative 
stress in the hippocampus of the exposed 
animals and might be one of the causes of 
neuronal damage and death observed in the 
previous slides. Oxidative stress had earlier 
been implicated in tissue damage (Mayes, 
2000) and defective function of the brain 
(Singh, 2013).  
 
In conclusion, sub-acute evaluation of adult 
Wistar rats treated with artesunate (AS), 

amodiaquine (AQ) and their combination 
(AS+AQ) showed that AQ reduced the spatial 
memory of the animals and increased the level 
of most of the blood cell parameters of the 
animals; AS, AQ and AS+AQ caused pyknosis of 
pyramidal CA1 cells in the hippocampus; AS 
and AQ caused astrogliosis in the hippocampus; 
and AS, AQ and AS+AQ caused oxidative stress 
in the hippocampus of the rats. From the above 
study, artesunate and amodiaquine and their 
combination are considered to have some 
deleterious effects in the hippocampus of adult 
Wistar rat following sub-acute studies.  

Declaration of interest: The authors declare that there is no conflict of interest in this study 

 

REFERENCES 

1. Abacassam F, Enosse S, Aponte JJ, Gomez OFX, Quinto L, Mabunda S, Barreto A, Magnussen P, 
Ronn AM, Thompson R, Alonso PL. 2004. “Efficacy of Chloroquine, Amodiaquine, Sulphadoxine-
Pyrimethamine and Combination Therapy with Artesunate in Mozambican Children with Non-
Complicated Malaria,” Tropical Medicine & International Health 9 (2): 200-208.  

2. Abbas A, Nelson FK. 2004. Robin and Cotran Pathologic Basis of Diseases, Elsevier. New Delhi, 
India.7th edition.  

3. Adebayo JO, Igunnu A, Arise RO, Malomo SO. 2011. Effects of co-administration of artesunate and 
amodiaquine on some cardiovascular disease indices in rats. Elsevier Journal of Food and Chemical 
Toxicology 49: 45–48. 

4. Adjuik M, Agnamey P, Babiker A, Borrmann S, et al. 2002. Amodiaquine-artesunate versus 
amodiaquine for uncomplicated Plasmodium falciparum malaria in African children: a randomised, 
multi-centre trial. Lancet 359:1365–1372. 

5. Agboruche RL. 2009. In-Vitro toxicity assessment of antimalarial drug toxicity on cultured 
embryonic rat neurons, macrophage (RAW 264.7), and kidney cells (VERO-CCl-81). FASEB J 23: 
529. 

6. Agoma UP, Merimikwu MM, Ismaila MW, Omalu IT, Oguche VI, Odey S. 2008. Efficacy, Safety and 
Tolerability of Plasmodium Falciparum Malaria in four geographical zones of Nigeria. Malaria J. 7: 
172-180. 

7. Akanbi OM, Odaibo AB, Afolabi KA, Ademowo OG. 2005. Effect of self-medication with antimalarial 
drugs on malaria infection in pregnant women in South Western Nigeria. Med Princ Pract 14 (1): 6-
9. 

8. Aprioku JS, Obianime AW. 2011. Structure Activity – Relationship (SAR) of Artemisinin on some 
Biological Systems in male Guinea pigs. Insight Pharmaceutical Science 1 (1): 1– 10.   

9. Baker FJ, Silverton RE, Pallistea CJ. 1998.  Introduction to Medical Laboratory Technology, Nigeria: 
Bouty press 354 – 370. 

10. Brandeis R, Brandys Y, Yehuda S. 1989. The use of the Morris Water Maze in the study of memory 
and learning. Int J Neurosci 48 (1-2): 29-69.  

11. Delcambre GH, Lui J, Herrington JM, Vallario K, Long MT. 2016. Immunohistochemistry for the 
detection of neural and inflammatory cells in equine brain tissue. Peer J 4: e1601. 



Anatomy Journal of Africa. 2022. Vol 11 (1):2141-2152 

2151 

 

12. D’Hooge R, De Deyn PP. 2001. Applications of the Morris water maze in the study of learning and 
memory. Brain Research Reviews 36: 60 – 90. 

13. Ekanem TB, Salami E, Ekong MB, Eluwa MA, Akpantah AO. 2009. “Combination therapy anti-
malaria drugs, mefloquine and artequin induce reactive astrocyte formation in the hippocampus of 
rats,” The Internet Journal of Health 9: 17. 

14. Ekong MB, Igiri AO, Mesembe OE. 2009. The Effect of Administration of amodiaquine on some 
parameters of Neurobehaviour of Wistar rats. Nigerian Journal of Physiological Sciences. 23 (1-2): 
51-54. 

15. Ekong MB, Igiri AO, Egwu AO. 2009. Histomorphologic alterations of the cerebellum of Wistar rats 
following Amodiaquine plus Artesunate administration. ‘The Internet Journal of Medical Update. 4 
(2):15-18. 

16. Gordi T, Lepist EI. 2004. Artemisinin derivatives: toxic to laboratory animals, safe in humans? 
Toxicol. Lett. 147(2): 99-107. 

17. Graves AR, Moore SJ, Bloss EB, Mensh BD, Kath WL, Spruston N. 2013. Hippocampal pyramidal 
neurons comprise two distinct cell types that are counter modulated by metabotropic receptors. 
Neuron 76 (4): 776-789. 

18. Izunya AM, Nwaopara AO, Oaikhena GA. 2010. Effect of chronic oral administration of chloroquine 
on the weight of the heart in Wistar rats. Asian J Med Sci. 2 (3): 127-31. 

19. Jaeger A, Sauder P, Kopferschmitt J, Flesch F. 1987. Clinical features and management of poisoning 
due to antimalarial drugs. Med Toxicol Adverse Drug Exp. 2 (4): 242-273. 

 
20. Martin M, Alaribe A, Ejemot R, Oyo-Ita A, Ekenjoku J, Nwachukwu C, Ordu D, Ezedinachi  E. 2006. 

“Artemether-Lumefantrine versus Artesunate plus Amodiaquine for Treating Uncomplicated 
Childhood Malaria in Nigeria: Randomized Controlled Trial,” Malaria Journal. 5: 43.  

21. Mayes PA. 2000. Lipid of physiologicsignificance In: Murray, R. K.; Granner, D.K., Mayes, P. A. and 
Rodwell, V. W. (eds). Harper’s Biochemistry. 25th ed: Mecurant-Hall, New York, pp. 160-171. 

22. Morris R. 1984. Developments of a water-maze procedure for studying spatial learning in the rat. J 
Neurosci Methods. 11: 47–60. 

23. Mutabingwa TK, Anthony D, Heller A, Hallet R, Ahmed J, Drakeley C, Greenwood BM,  Whitty CJ. 
2005. “Amodiaquine Alone, Amodiaquine+Sulfadoxine-Pyrimethamine, Amodiaquine+Artesunate, 
and Artemether Lumefantrine for Outpatient Treatment of Malaria in Tanzanian Children: A Four-
Arm Randomized Effectiveness Trial,” The Lancet. 365 (9469): 1474- 1480. 

24. Onaolapo AY, Onaolapo OJ, Awe EO, Jibunor N, Oyeleke B. 2013. Oral Amodiaquine, Artesunate 
and Artesunate Amodiaquine Combination Affects Open Field Behaviors and Spatial Memory in 
Healthy Swiss Mice. Journal of Pharmacy and Biological Sciences.3: 569-575. 

25. Peter RL, Eva S, Andreas R, Glenn IH, Herbert B. 1998. Glial Cells: Their roles in behavior, 
Cambridge University Press, Cambridge, UK, 1st edition. 

26. Preston AR, Eichenbaum H. 2013. Interplay of hippocampus and prefrontal cortex in memory. Curr 
Biol. 9: 23 (17). R764-R773 

27. Sembulingam K, Sembulingam P. 2012. Essentials of Medical Physiology. 6th ed. New Delhi: Jaypee 
Brothers Medical Publisher Ltd. 

28. Singh IN, Gilmer LK, Miller DM, Cebak JE, Wang JA, Hall ED. 2013. Phenelzine mitochondrial 
functional preservation and neuroprotection after traumatic brain injury related to scavenging of 
the lipid peroxidation-derived aldehyde 4-hydroxy-2-nonenal. J Cereb Blood Flow Metab. 33: 593–
599. 

29. Takala-Harrison S, Laufer MK. 2015. Antimalarial drug resistance in Africa: Key lessons for the 
future. Annals of the New York Academy of Sciences. 1342:62–67.  



Anatomy Journal of Africa. 2022. Vol 11 (1):2141-2152 

2152 

 

30. Udoh NB, Ekanem TB, Ekong MB, Peter AI, Akpantah AO. 2014. Hippocampal glial degenerative 
potentials of mefloquine and artequin in adult Wistar rats. 2: 104785. 

31. Utoh-Nedusa PA, Akah PA, Okoye TC, Okoli CO. 2009. Evaluation of toxic effects of 
dihydroarteminisin on vital organs of Wistar albino rats. American Journal of Pharmacology and 
Toxicology. 4 (4): 169 – 179. 

32. Vorhees CV, Williams MT. 2006. Morris water maze: procedures for assessing spatial and related 
forms of learning and memory. Nat Protoc 1 (2): 848-858. 

33. Wilmer M, Maria H, Carlas C, Edwardo F, Cesor C, Ruben N, Trenton KR. 2003. Efficacy of 
mefloquine and mefloquine plus artesunate combination therapy for the treatment of 
uncomplicated Plasmodium falciparum malaria in the Amazon basin of Peru. Am J of Trop Med Hyg; 
68 (1): 107-110. 

34. World Health Organization 2000. The use of antimalarial drugs; report of a World Health 
Organization Informal Consultation. Geneva. 43-100. 

35. World Health Organization 2015. WHO Guidelines for the Treatment of Malaria, 3rd ed.; World 
Health Organization: Geneva, Switzerland, p. 316. 


