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Effect of Artesunate Treatment on Some Brain Biomolecules and
its Behavioral Implication
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Abstracts

Background: Artesunate (AS) is an artemisinin antimalarial drug used as a single drug or in combination
with other antimalarials. Objective: This study was to find its effect on some brain biomolecules and
behavioural activities in Wistar rats. Methods:Forty adult male Wistar rats weighing between 150-
180g were divided into four groups of A, B, C and D with 10 animals each. Group A served as the
control that received tap water, while groups B, C and D served as the experimental groups that
received 2.85mg/kg (therapeutic dose-TD) and 5.71mg/kg (high pharmacologic dose-HPD) of AS per
day for 3 days, and 2.85mg/kg (long duration therapeutic dose -LDTD) of AS per day for six days
respectively. Half of the dose was administered twelve hourly (twice a day), and twelve hours after the
last treatments, behaviour test using the ‘open field maze’ was carried out. Immediately after, the
animals were sacrificed with chloroform anaesthesia and the whole brain removed and weighed.
Whole brain homogenates were used to determine brain total protein (TP), triacylglycerol (TAG) and
cholesterol (CH).Data were analyzed statistically by ANOVA and Tukey-Kramer Multiple Comparative
Test as applicable. Results: There were no difference (p<0.05) between the experimental groups and
the control group in the anthropometric parameters and behavioural activities. In the brain biomolecules
concentration, TP was lower in concentration in the HPD group, TAG was lower in concentration in
the LDTD group, while the HPD and LDTD groups had lower CH concentration compared to the
control. In all the parameters studied no difference was found between the TD group and the control.
Conclusion: AS at recommended dose may not affect some behaviour and brain biomolecule
concentration, unlike when taken in excess of dose and or time. Even at these doses/time there may
have been no behavioural manifestation.
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Introduction combating malaria in the world®>7. They act

ntimalarial drugs currently in use for
A the management of malaria in humans
display quite extensive and varying
activities against various strains of Plasmodia
and preferential activities on one or more stages
of the parasite’s development®. Even at this, the

parasites have evolved a way of getting round
the potency of most of these drugs?-4.

The potency of the artemisinins and its
derivatives makes them highly effective in
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rapidly on the parasites and do not remain in the
blood stream for long®, therefore most of the
parasites are destroyed before the drug
concentrations drop to sub-therapeutic levels,
reducing the chances that the parasites will form
resistance®. In clinical trials, artesunate (AS), a
derivative of artemisinin, has been reported to
destroy cancer cells19 and also reduces
proliferation, interferes in DNA replication and
cell cycle and, enhances apoptosis™?.
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It is documented that AS and other derivatives
of artemisinin cause significant toxic effects. In
the nervous system, they cause damage to the
brain stem and other centers involved
predominantly in auditory processing and
vestibular reflexes2-16, Sedative effects, lowered
movement of synchronism, analgesia, muscle
relaxation, tremor and convulsion have been
reportedl’. These effects are usually due to the
release of free radicals from its endoperoxide
bond!8, and free radicals have been implicated in
a lot of adverse effects in different parts of the
body18-20_

The effects of this drug as it affects the different
parts of the brain usually range from the alteration
in the biochemical activities to cellular damage
and behavioural manifestation13-17, The
biochemical activities involve the alteration in
the biomolecules concentration and activities
within the tissues, while the behavior of animals
as affected by endogenous and exogenous
agents like drugs may only be appreciated using
specialized apparatus such as the open field,
Morris water and elevated plus mazes. When
studying locomotion, exploratory and anxiety as
combined parameters, the open field maze is
usually employed?122, Hence, this study aimed
to check the effect of AS on some behavioral
activities and some biomolecules in the brain of
Wistar rats.

Methods

Forty adult male Wistar rats weighing between
150-180g procured from the animal house of the
Department of Anatomy were handled in
accordance with the International regulation
governing the use of laboratory animals. The
animals were randomly assigned into four groups
(A, B, C, and D) of ten animals each. Group A
served as the control, while groups B, C and D
were the experimental. Two packets of standard
AS drug were procured from a reputable
pharmacy in Calabar. Each packet contained
twelve 50mg blistered tablets of AS. Clean tap
water was used as vehicle to dissolve the drug
and the mg/kg body weights equivalent to a
physiologic man was calculated as the therapeutic
dose. The control group received a placebo of
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tap water, while the experimental groups received
different doses of AS, all by oro-gastric tubes.
The animals were treated twelve hourly (twice
daily). The treatment is as seen in Table — I.

Table I: Schedule of the drug administration

Group Dosage per day Duration
of AS (days)

A Control 3

B (TD) *2.86mg/kg 3

C(HPD) *5.71mgl/kg 3

D(LDTD) *2.86mg/kg 6

n =10, *The drug was administered twice daily. The
dose per day is the sum of the treatment in a day
(morning and evening). Therefore, half of these values
were administered per treatment

TD = Therapeutic Dose, HPD = High Pharmacologic
Dose, LDTD = Long Duration Therapeutic dose

The apparatus used for the open field test” was
constructed of white plywood of 72x72cm with
36cm walls. One of the walls was clear Plexiglas,
so the animals will be visible, and the floor lined
with clear Plexiglas. Blue lines were drawn on the
floor with a marker and this was visible through
the clear Plexiglas floor. These lines divided the
floor into sixteen 18x18cm squares. A central
square of 18x18cm was drawn in the middle of
the open field. The maze was located ina 1.8x4.6m
test room lit by a 60-Watt red lamp for a
background lighting-:22,

Rats were carried to the test room in home cages
and were handled by the base of their tails at all
times. Each rat was placed in the proximal right-
hand corner of the maze and allowed to explore
the apparatus for five minutes. After the five
minute test, the rat was returned in its home cage
and the open field was cleaned with 70% ethyl
alcohol and permitted to dry before introduction
of the next rat. Behavior was scored manually,
and each trial was recorded for latter analysis
using a video camera positioned above the
apparatus. The counting was done manually.
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The following activities were carried out: frequency
of line crossing; frequency of central square entry
(CSF), central square duration (CSD); frequency
of rearing; frequencies of stretch-attend (SA);
urination and defecation?1.22,

Immediately after the behaviour test, the animals
were sacrificed using chloroform anaesthesia. Their
brains were immediately removed, blotted dry on
filter paper and weighed using a Mettler p163
balance. They were homogenized in cold 0.25m
STKM (sucrose tris-KCI-MgCl) buffer. The
homogenates were then used to estimate total
protein (TP), triacylglycerol (TAG) and cholesterol
(CH). The homogenization procedure involved
rinsing the brain in cold 0.25m STKM buffer,
crushing in mortar and homogenization in cold 0.25m
STKM buffer. The homogenates were washed into
avolumetric flask and made up to 15ml using STKM
buffer. Aliquots of the homogenates were spurned
using a centrifuge. The supernatant of the aliquots
were then used for TP estimation using Biuret kit,
TAG estimation using GPO- PAP kit and CH
estimation using CHOP-PAP kit methods.

Statistical analysis using a one-way analysis of
variance (ANOVA) was used to compare the
group’s mean for the body and brain weights,
open field parameters and brain biomolecules,
for treatment and their interactions. Thereafter
post-hoc test using Tukey-Kramer Multiple
Comparative Test was carried out to find the level
of significance at p<0.05. All the results were
expressed as mean * standard error of mean.
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Results

There was no significant (p = 0.0857) difference
in the body weights of the animals in the
experimental groups compared to the control, as
well as no difference among the experimental
groups. There was no significant (p = 0.4942)
difference in the body weights of the animals in
the experimental groups compared to the control,
as well as no difference among the experimental
groups. This is as seen in Table — 11.

Table I1: Summary of the body and brain weights
of the control, TD, HPD and LDTD groups

Groups Body weight  Brain weight
(@) @
A(Control) 181.30+3.49 1.49+0.01
B (TD) 163.80+3.12NS  1.48+0.01NS
C(HPD) 165.40+8.24NS  1.45+0,04NS
D(LDTD) 175.1045.04NS  1.462+0.01NS

Result are presented as mean * standard error of mean,
n = 10, NS = Not significantly different from the
group A at p < 0.05, TD = Therapeutic dose, HPD =
High pharmacologic dose, LDTD = Long duration
therapeutic dose

There was no urination in all the groups, hence
the reason it was not represented on Table — I11.

There was no significant difference (p=0128) between
the experimental groups and the control, butthe LDTD
group was significantly (p <0.01) lower than the TD
group. This is as seen in Table — I11.

Table 111: Summary of behavioral activities of the control, TD, HPD and LDTD groups

Groups TLA CSF CsD SA DEF
A (Control) 68.0+7.85 1.20+0.49 2.85+1.34 2.00+0.60 1.20+0.80

B(TD) 7224543\ 180+053NS  205+050NS  1.62+0.45N8 2.80+0.49NS
C (HPD) 914+7.87NS  160+054NS  308+149NS  1.80+1.20NS 1.80+0.53NS
D(LDTD) 8042631NS  1.80+057NS  4.26+154NS  0.60+0.27NS 0.20+0.13°

Result are presented as mean + standard error of mean, n = 10, NS = Not significantly different from group A
(control), b = Significantly different from B at p < 0.01, TD = Therapeutic dose , HPD = High pharmacologic
dose, LDTD = Long duration therapeutic dose, TLA = Total locomotor activity, CSF = Central square frequency,
CSD = Central square duration, SA = Stretch attend, DEF = Defecation
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The HPD group had a significantly lower (p =
0.0046) TP concentration compared to the control
and the TD groups. There were no significant
difference between the TD, and LDTD groups
and the control group. The LDTD group was
significantly lower (p < 0.05) than the TD, HPD
and the control groups, while there was no
difference between the other experimental groups
and the control. The HPD and LDTD groups were
significantly lower (p < 0.05) than the control
group, though there was no difference between
these groups and the TD group. There was
however no difference between the TD group
and the control. This is as seen in Table — IV,

Table IV: Summary of brain biomolecules estimates
in the control, TD, HPD and LDTD groups

Group TP TAG CH
A 2.14+0.02  120.29+4.65 228.41+3.07
(Control)

B 2.16+0.04NS 114.10+4.53NS  210.64+3.49NS
(TD)

C 1.79+0.06P131.1144.92  195.24+5.09***
(HPD)

D 2.04+0.13NS  89.25+2.46  195.56+6.69
(LDTD) *%%,b,C *kk

Result are presented as mean * standard error of mean,
n =10, NS = Not significantly different from group A
(control), * = Significantly different from Aat p<0.05,
*** = Significantly different from Aat p <0.001, c =
Significantly different from C at p < 0.001, a =
Significantly different from B at p < 0.05, TD =
Therapeutic dose, HPD = High pharmacologic dose,
LDTD = Long duration therapeutic dose, TP = Total
protein, TAG = Triacylglycerol, CH = Cholesterol

Discussion

AS is a water-soluble form of artemisinin, and is
effective as an antimalarial agent. In this study,
AS effects on some brain biomolecules and
behavior were investigated. The anthropometric
parameters revealed insignificant (p=0.0857,
0.4942) difference between the treatment groups
and the control in the body and brain weights
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respectively. This implies that the AS treatment
at these doses and time did not affect the body
and brain weights of the animals. This is
consistent with a previous report23.

The behavior of animals requires special
attention and specialized study, because we may
not appreciate most of these different behaviours
exhibited ordinarily. Hence, the use of the open
field maze for locomotion, exploratory and anxiety
related behaviours. TLA measures locomotor
activity, exploration and anxiety, CSF and CSD
measure exploration and anxiety, while SA,
urination, and defecation, measure anxiety21-25,
High frequencies of TLA, CSF and CSD, indicate
increased locomotion, exploration and decreased
anxiety, whereas the high frequencies of SA,
urination, and defecation, indicate increased
anxiety.

In this study, there was no difference between
the experimental groups and the control group in
TLA, CSF, CSD and SA, while there was no
urination in all the groups. This indicates that
the behaviours of the animals were not altered
after treatment with AS. The LDTD group had a
significant reduced defecation than the HPD
group. Hall et al?* described defecation and
urination as indices of anxiety in rodents. Bindra
and Thompson? later reported that urination and
defecation does not measure anxiety effectively,
and this was supported by Lister2’. Hence, we
did not rely on urination and defecation as
parameters for behavioural study. These results
indicate that at these doses and time, AS did not
increased or decreased locomotion and
exploratory behaviours, and did not have
anxiogenic nor anxiolytic effects. It is reported
that natural occurring locomotor activation and
inhibition may differ in its underlying mechanisms
from similar behaviours induced by drugs?8. Our
result is at variance with Odo et al?° who reported
decreased locomotor and exploratory behaviours
with AS.

Biomolecules are the components of every cells
of the animal’s body whose alteration in
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concentration may result in transient to drastic
damage to the cells that may ultimately affect
large tissue areas of the body20. In the brain, this
process may be irreversible, and this is often fatal.
In this study, some biomolecules concentrations
in whole brain homogenate were investigated.
The TP was significantly (p=0.0046) lower in the
HPD group compared to the control and TD
groups. It is reported that micromolar
concentration of AS is required for toxicity to
mammalian cells?’, and protein is the working
molecule or building blocks of all cells®L, therefore
toxicity of AS may result in depletion of protein
concentration as seen in this study. This is in
line with Ekong et al23 who reported a significant
decrease in brain TP concentration of the
experimental group treated with 17.50/5.71mg/kg
of amodiaquine (AQ) and AS combination. There
was no difference in TP concentration between
the LDTD group and the control. A previous
report indicates that AS does not remain in the
body for long because it is rapidly metabolized
and excreted®. This may have been the reason
for the AS not affecting the TP of the LDTD
group. Disruption in TP concentration may result
in neurotransmitter depletion, neurodegeneration
and disruption of signaling pathway and ion
channels that may ultimately result in irreversible
damage to the brain.

TAG concentration was significantly (p<0.05)
lower in the LDTD group compared to the control,
TD and HPD groups. AS releases oxygen free
radicals from its endoperoxide bond and this have
been implicated in lipid peroxidation!®. The
peroxidation of lipid may have resulted in
depletion of TAG in the LDTD group, since the
drug was administered longer than the normal
duration. This is consistent with Ekong et al?
who reported decreased TAG concentration in
the group treated with 8.75/2.86mg/kg of AQ and
AS combination for six days. The HPD group
had significant (p<0.05) higher TAG
concentration compared to the TD group.
Increased AS concentration may have resulted
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in physiologic response by the brain to counter
the peroxidation of the lipid leading to increased
synthesis of lipid by the smooth endoplasmic
reticulum. This is consistent with lkeda et al®2
who reported increased brain TAG on rats
subjected to hypoxia.

CH concentration was significantly (p<0.05)
reduced in the HPD and LDTD groups compared
to the control group. Peroxidation of lipid may
have resulted in this reduction!® This is
consistent with Ekong et al?® who reported
decreased CH concentration in groups treated
respectively with 17.50/5.71mg/kg and 8.75/
2.86mg/kg of AQ and AS combination for three
and six days. It has been documented that cellular
depletion of CH reduces sensitivity of signal
enzymes to capacitance Ca2* entry33, Thus, the
depletion of the store of CH may limit the
activities of the brain since lipids play a
significant role in myelination, signal
transmission, membrane formation, and determine
the entry and exist of signaling molecules and
ions®*. Depletion of these lipids might result in
alteration of these functions that may result in
catastrophic implications.

In both brain biomolecule concentration and
behavioural activities, the TD group was not
different from the control group. This may be
that the drug treatment may not have adverse
effects at recommended dose. Behavioural
activities are usually the manifestation of
biochemical and cellular processes, which if
drastic predisposes one to elevated or depressed
behaviour. Increased behavioural activities are
mostly due to activation of the brain which later
manifests as excitation of the central neurons
and an increased in cerebral metabolism. This
was not the case in this study and may imply
that the biomolecule changes may have been
transient. Genovese et al®® reported neurotoxicity
in the absence of deficits in behavioural
performance in rats using arteether, another
derivative of artemisinin.Our study revealed that
changes were only observed in the biomolecule
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concentration of the HPD and LDTD groups
treated with 5.72mg/kg and 2.86mg/kg of AS per
day for 3 and 6 days respectively. These doses
were more than the recommended doses and time
of the drug.

Conclusion

We then conclude that AS may not be harmful at
its recommended dose, since its effect was not
different from the control in the anthropometric
parameters, behavioural activities and
biomolecule concentration studies. Thus, AS at
recommended dose may not affect some
behaviour and brain biomolecule concentration,
unlike when taken in excess of dose and or time.
Even at these doses/time there may have been
no behavioural manifestation.

Author affiliations

01.* Ekong MB, M Sc, Demonstrator, Department of
Anatomy, Faculty of Basic Medical Sciences,
University of Calabar, Calabar, Nigeria, Email:
mbe_flashpoint@yahoo.com

02. Igri AO, M Sc, Senior Lecturer, Department of
Anatomy, Faculty of Basic Medical Sciences,
University of Calabar, Calabar, Nigeria, Email:
arigom2010@yahoo.com

03. Ekanem TB, Ph D, Senior Lecturer, Department of
Anatomy, Faculty of Basic Medical Sciences,
University of Calabar, Calabar, Nigeria, Email:
tbekanem2002@yahoo.com

* For correspondence

References

1. Coker HAB, Chukwuani CM, Infudu ND, Aina BA.
The malaria scourge — concepts in disease
management. Nig J Pharm 2001; 32: 19-48.

2. Olliaro PL, Bloland PB. Clinical and public health
implications of antimalarial drug resistance. In:
Rosenthal PJ (ed.). Antimalarial chemotherapy:
mechanisms of action, resistance, and new directions
in drug discovery, Totowa N. J: Humana Press: 2001.
P65-83.

3. Whitty CIM, Rowland M, Sanderson F, Mutabingwa
TK. Malaria. Br Med J 2002; 325: 221-1224.

4. Kouyate B, Sie A, Ye M, De Allegri M, Muller D.
The great failure of malaria control in Africa: a
district perspective from Burkina Faso. PLos Med
2007; 4:e127.

Effect of Artesunate on Brain Biomolecules

5. Mcgready R, Cho T, Keo N. Artemisinin
antimalarials in pregnancy: a prospective treatment
study of 539 episodes of multi-drug resistant
Plasmodium falciparum. Clin Infect Diseases 2001;
33: 2009-2016.

6. Ndayiragije A, Niyungeko D, Karenzo J, Niyungeko
E, Barutwanayo M, Ciza A, Bosman A, Moyou-
Somo R, Nahimana A, Nyarushatsi JP, Barihuta T,
Mizero L, Ndaruhutse J. Delacollette C, Ringwald
P, Kamana J. Efficacy of therapeutic combinations
with artemisinin derivatives in the treatment of
non-complicated malaria in Burundi. Trop Med
Int Health 2004; 9(6): 673-679.

7. Martensson A, Stromberg J, Sisowath C, Msellem
MI, Gil JP, Montgomery SM, Olliaro P, Ali AS,
Bjorkman A. Efficacy of artesunate plus
amodiaquine versus that of artemether-
lumefantrine for the treatment of uncomplicated
childhood Plasmodium falciparum malaria in
Zanzibar, Tanzania. Clin Infect Diseases, 2005;
41(8): 1079-1086.

8. Batty KT, Thu LTA, Davis TME, liet FK, Mai
TX, Hung NC, Tien NP, Powell SM, Thien HV,
Binh TQ, Kim NVA. Pharmacokinetic and
pharmacodynamic study of intravenous vs oral
artesunate in uncomplicated falciparum malaria.
Br J Clin Pharmacol 1998; 45: 123-129.

9.  World Health Organization. Meeting on antimalarial
drug development. Report of World Health
Organization, Manila. 2001

10. Singh NP, Verma KB. Case report of a laryngeal
carcinoma treated with artesunate. Arch Oncol
2002; 10(4): 279-280.

11. Zhuo Z, Feng Y. Artesunate reduces proliferation.
interferes in DNA replication and cell cycle and
enhances apoptosis in vascular smooth muscle cells.
J Huazhong Uni Sci Technol Med Sci, 2005; 25(2):
135-136.

12. Brewer TG, Peggins JO, Grate SJ, Petras JM, Lerine
BS. Neurotoxicity in animals due to arteether and
artemether. Government reports announcements
and amp: Index (GRA & 1), 24. Washington, DC:
Walter Reed Army Institute Of Research. 1994

13. Genovese RF, Newman DB, Brewer TG. Behaviour
and neurotoxicity of the artemisinin antimalarial,
arteether, but not artesunate and artelinate in rats.
Pharmacol Biochem Behav 2000; 67(1): 37-44.

14. Nontprasert A, Pukrittayakames S, Dondrop AM,
Clemens R, Looareesuwan S, White NJ.
Neuropathologic toxicity of artemisinin derivatives
in a mouse model. Am J Trop Med Hyg 2002; 67:
423-429.

J Bangladesh Soc Physiol. 2009 Dec;4(2): 44-50



Effect of Artesunate on Brain Biomolecules

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ekong MB, Igiri AO, Salami E, Egwu AO. Effect of
artesunate on the Nissl bodies of the cerebellum of
Wistar rats. J Expt Clin Anat 2008b; 7(1): 13-16.

Emeka AO, Adjene JO. Histological studies of the
effect of oral administration of artesunate on the
superior colliculus of adult Wistar rats. 1 J Trop
Med 2008; 4(2).

Zhao Y. Studies on systemic pharmacological effects
of artesunate. Am J Trop Med Hyg 1985; 88(6):
391-396.

Meshnick SR. Artemisinin: mechanism of action,
resistance and toxicity. Int J Parasitol 2002; 32(13):
1655-1660.

Maggs JL, Tingle MD, Kitteringham NR, Park BK.
Drug-protein conjugates—XIV. Mechanisms of
formation of protein-arylating intermediates fro
amodiaquine, a myelotoxin and hepatotoxin in
man. Biochem Pharmacol 1988; 37(2): 303-311.

Robert A, Benoit-Vical F, Dechy-Cabaret O,
Meunier B. From classical antimalarial drugs to
new compounds based on the mechanism of action
of artemisinin. Pure Appl Chem 2001; 73(7):
1173-1188.

Walsh RN, Cummins RA. The open-field test: a
critical review. Psychol Bullet 1976; 83: 482- 504.

Brown RE, Corey SC, Moore AK. Differences in
measures of exploration and fear in MHC-congenic
C57BL/6J and B6-H-2K mice. Behav Genet 1999;
26: 263-271.

Ekong MB, Igiri AO, Ekanem TB, Ekam VS,
Ekeoma AO. Effect of amodiaquine plus artesunate
combination on some macromolecules in the brain
of albino Wistar rats. | J Health 2008; 2(1): 1-13

Hall CS. Emotional behaviour in the rat. 1.
defecation and urination as measures of individual
differences in emotionality. J Comp Psychol 1934;
18: 382-403.

Blanchard DC, Griebel G, Blanchard RJ. Mouse
defensive behaviours: Pharmacological and
behavioural assays for anxiety and panic. Neurosci
Behav Rev 2001; 25: 205-218.

J Bangladesh Soc Physiol. 2009 Dec;4(2): 44-50

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Article

Bindra D, Thompson WR. An evaluation of
defecation and urination as measures of fearfulness.
J Comp Physiol Psychol 1953; 46: 43-45.

Lister RG. Ethologically-based animal models of
anxiety disorders. Pharmacology and Therapeutic
1990; 46: 321-340.

Brown PL, Bae D, Kiyatkin EA. Relationships
between locomotor activation and alterations in
brain temperature during selective blockade and
stimulation of dopamine transmission. Neurosci
2007;145(1): 335-343.

Odo MO, Bisong SA, Akpa OA, Udokang A, Obidua
Cl, Ekanem TB, Osim EE. Pattern of
neurobehaviour in albino rats in the open field
following oral artesunate administration. Afr J Med
Med Sci 2007; 36: 119-123.

Darnell J, Lodish H, Baltimore D. Molecules in
cells. Molecular cell biology. 2" ed. New York:
Scientific American Books Inc, 1990, p 43-84.

Darnell, J., Lodish, H. & Baltimore, D. (1990b).
Synthesis of proteins and nucleic acids. Molecular
cell biology. 2"¥ed. New York: Scientific American
Books Inc, 1990, p85-108.

Ikeda M, Busto R, Yoshida S, Santiso M, Martinez
E, Ginsberg MD. Cerebral phosphoinositide,
triacylglycerol and energy metabolism during severe
hypoxia and recovery. Brain Res 1998; 459(2):
344-350.

Smith K E, Gu C, Fagan KA, Hu B, Cooper DMF.
Residence of adenylyl cyclase type 8 in caveolae is
necessary but not sufficient for regulation by
capacitative Ca?* entry. J Biol Chem 2002; 277:
6025-6031.

Mayes PA. Lipid of physiologic significance. In:
Murray RK, Granner DK, Mayes PA, Rodwell VW.
Harper’s biochemistry. 25" ed. New York:
Mecurant-Hill, 2000, p160-171.

Genovese RF, Petras JM, Brewer TG. Arteether
neurotoxicity in the absence of deficits in
behavioural performance in rats. Ann Trop Med
Parasitol 1995; 89(4): 447-449.



