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Introduction

Malaria is a serious mosquito-borne infectious disease of
humans and remains a major public health challenge in
endemic regions including countries from South and
Central America, Africa and Asia. Malaria has been
reported to be the major cause of mortality in children
below the age of five (Aultman et al., 2002). A variety of
antimalarial medications are available, but their effective-
ness has faced several challenges such as the development
of resistance of the parasite and adverse effects of antima-
larial agents (Wellems & Plowe, 2001; Yeung et al., 2004),
thus creating a need for new drugs that are well tolerated
and simple to use. Artemisinin (Fig. 1) is an endoperox-
ide sesquiterpene lactone which occurs naturally in leaves
and flowers of Artemisia annua L (Boareto et al., 2008).
The unusual peroxide bridge in artemisinin is believed to
be responsible for the drug’s mechanism of action. Arte-
misinin and its derivatives including artesunate, dihyd-
roartemisinin (DHA), artemether and arteether are the to
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Summary

The indiscriminate use, abuse and patients’ noncompliance to normal pre-
scription of artemisinin and its derivatives are a common practice during the
treatment for drug-resistant malaria parasites in most developing countries.
This study investigated the influence of artemisinin on the testicular and
epididymal sperm antioxidant systems as well as on the plasma levels of hor-
mones from the pituitary and thyroid components of the brain—pituitary—
testicular axis. Oral exposure of rats to 0, 7 and 35 mg kg ' artemisinin for
7 days showed that the testicular antioxidant status at both therapeutic dose
(7 mg kg™") and overdose (35 mg kg '), and the sperm antioxidant status at
therapeutic dose of artemisinin remained unaffected compared with control.
However, increased hydrogen peroxide and lipid peroxidation levels were
accompanied by a concomitant decrease in glutathione peroxidase and gluta-
thione-S-transferase activities as well as glutathione level in spermatozoon of
rats administered with overdose of artemisinin. While plasma levels of all the
hormones investigated remained unaffected, severe epididymal degeneration
with concomitant decrease in sperm quantity and quality was observed in
rats treated with overdose of artemisinin compared with control. Overall,
induction of oxidative stress in the epididymis, but not in the testes, could
cause reproductive deficits in individuals unduly undergoing artemisinin
therapy.

current drugs of choice for malaria treatment and have
been reported to be highly efficacious with minimal toxic-
ity (Mulenga, 1998; Haynes, 2001).

The effectiveness of artemisinin-based treatments has
been reported to be due to the high schizonticidal poten-
tials and has made them to be the main chemotherapeu-
tic agents for malaria treatment (WHO, 1995; Nosten &
White, 2007). However, owing to the effectiveness of arte-
misinin and its derivatives in the treatment for malaria,
the indiscriminate use, abuse and patients noncompliance
to therapeutic regimens are common among the popula-
tion where malaria is prevalent. Nowadays, a major per-
centage of infertility problems affect the males (Agarwal
et al., 2008). Data on adult couples in African countries
showed that 10-25% are subfertile, and male-factor infer-
tility accounts for 30-40% of these cases with Nigeria
having approximately 12 million infertile persons
(Giwa-Osagie, 2003). The deterioration of male reproduc-
tive health of humans and animals has been attributed
several causative factors including environmental
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Fig. 1 Chemical structure of artemisinin.

contaminants, therapeutics and lifestyle factors. The
adverse effects of these xenobiotics may occur via the
hypothalamic—pituitary—gonadal axis or a direct toxic
effect on the gonads. There is a need to avoid the risk of
infertility that could result from malaria chemotherapy.
The evaluation of these antimalarial drugs for possible
reproductive toxicity especially at doses higher than rec-
ommended doses becomes very important as both
malaria and infertility are of global concern.

The semen is used for reproductive toxicity studies
because it is a more accessible reproductive endpoint,
which can be easily analysed by well-established proce-
dures (WHO, 1999). The routine semen analysis involves
the determination of sperm concentration, motility, via-
bility and morphology. The present investigation was
therefore undertaken to determine the effect of different
concentrations of pure artemisinin on certain sperm char-
acteristics, reproductive hormones, oxidative stress indices
and histology of the testes and epididymis in Wistar rats.

Materials and methods

Chemicals

Artemisinin (Sigma Chemical Co., St Louis, USA, 98%)
was a gift from Professor Andi Brisibe of the Molecular
Bioscience Limited, Calabar, Nigeria. Epinephrine,
5,5'-dithio-bis-2-nitrobenzoic acid (DTNB), hydrogen
peroxide, thiobarbituric acid (TBA), 1-chloro-2,4-dinitro-
benzene (CDNB), trichloroacetic acid (TCA), reduced
glutathione (GSH), bovine serum albumin (BSA), Tris
base and adenosine monophosphate (AMP) were pur-
chased from Sigma Chemical Co. All other reagents were
of analytic grade and were obtained from the British
Drug Houses (Poole, Dorset, UK).

Experimental design

Thirty healthy adult male Wistar rats weighing approxi-
mately 155 £+ 3 g, obtained from the Department of Bio-
chemistry, University of Ibadan, Ibadan, Nigeria, were
randomly assigned to three groups of ten animals each.
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They were housed in plastic cages placed in a well-
ventilated rat house, provided with rat pellets and water
ad libitum and subjected to photoperiod of 12-h light/12-h
dark. All the animals received humane care according to
the criteria outlined in the ‘Guide for the Care and Use of
Laboratory Animals’ prepared by the National Academy of
Science and published by the National Institute of Health.
The experiment was performed according to the guidelines
and approval of institutional animal ethics committee.

Group I rats were administered corn oil alone and
served as control. Artemisinin was dissolved in corn oil
and administered orally at therapeutic dose of 7 mg kg™
body weight to a group II rats, while group III rats
received an overdose of 35 mg kg™ ' body weight daily for
7 days. The doses of artemisinin and the duration of
experiment were chosen from previously published stud-
ies and the recommendation for artemisinin monotherapy
(Adjuik et al., 2004; Boareto et al., 2008). Twenty-four
hours after the last treatment, the blood from each group
was drawn from retro-orbital venous plexus for hormonal
assay before they were sacrificed by cervical dislocation.
The testes, epididymides, seminal vesicles and prostate
glands were quickly removed, weighed and kept frozen.
The body weights of rats were recorded before exposure
to various treatments and again before they were killed.

Sperm motility assay

The motility of the spermatozoon from the control and
artemisinin-treated rats was evaluated according to the
method of Zemjanis (1970). Briefly, epididymal sperma-
tozoon was obtained by cutting the cauda epididymidis
with surgical blades and released onto a sterile clean glass
slide. The spermatozoon was then diluted with 2.9%
sodium citrate dehydrate solution and thoroughly mixed
to assess the sperm progressive motility with the aid of a
microscope within 2—4 min of their isolation and data
expressed as percentages.

Sperm count

Epididymal sperm count was obtained by mincing the
caudal epididymis in four volume of distilled water and
filtering through a nylon mesh. The spermatozoa were
counted by haemocytometer using the improved
Neubauer (Deep 1/10 m; LABART, Munich, Germany)
chamber according to Pant & Srivastava (2003).

Determination of daily sperm production and testicular
sperm number

Daily sperm production was determined using seven fro-
zen left testes from control and artemisinin-treated rats
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according to Joyce ef al. (1993). Briefly, after the testes
were removed and weighed, they were homogenised for
three minutes in 25 ml physiological saline containing
0.05% (v/v) Triton X-100. Sample aliquots of the 5.5 pl
were then placed on the haemocytometer and counted
twice at 100x magnification under a microscope to deter-
mine the average number of spermatids per sample.
These values were used to obtain the total number of
spermatids per testis, and this number was then divided
by the testes weight to yield spermatids per gram of tes-
tes. Developing spermatids spend 4.61 days in rats.
Therefore, the values for the number of spermatids per
testis were divided by 4.61 to obtain daily sperm
production.

Morphologic abnormalities and percentage viability assay

A portion of the sperm suspension placed on a glass slide
was smeared out with another slide and stained with
Wells and Awa’s stain (0.2 g eosin and 0.6 g fast green
dissolved in distilled water and ethanol in a 2 : 1 ratio)
for morphologic examination and with 1% eosin and 5%
nigrosine in 3% sodium citrate dehydrate solution for
viability according to Wells & Awa (1970). A total of 400
spermatozoa from each rat were used for morphologic
examination.

Preparation of plasma

of the whole blood collected from
each rat in centrifuge tubes containing anticoagulant
(EDTA) was immediately centrifuged at 3000 g for
10 min at 4 °C and stored at —20 °C prior to hor-
mone assaying.

Five millilitres

Evaluation of plasma testosterone, luteinising hormone
(LH) and follicle-stimulating hormone (FSH)
concentrations

The plasma concentrations of testosterone, LH and FSH
were assayed using the commercial enzyme immunoassay
kits specific for rats according to the manufacturer’s
instructions [testosterone (EIA-5179) from DRG Diagnos-
tics, whereas FSH (RPN 2560) and LH (RPN 2562) from
Amersham, UK]. The sensitivity of the testosterone assay
was 0.06 ng ml~" and with negligible cross-reactivity with
other androgen derivatives, such as androstenedione,
5a—dihydrotestosterone and methyl testosterone. The
intra-assay coefficients of variation for the testosterone
assay were 5.2%. The sensitivity of LH was 0.07 ng at
80%, whereas FSH sensitivity was 0.03 ng at 98%. The
intra-assay coefficients of variation were 3.5% for LH and
3.4% for FSH.
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Evaluation of plasma triiodothyronine and thyroxine
concentrations

The total plasma triiodothyronine and thyroxine concen-
trations were determined using the commercial enzyme
immunoassay kits (DiaSorin, Sauggia, Italy) according to
the manufacturer’s instructions. Intra-assays coefficients
of variation for total thyroxine were 2.5-3.2%, whereas
for total triiodothyronine, 3.3-6.3%. Sensitivity of the
assays was 80 pg ml~' for total thyroxine and 310 pg
ml~' for total triiodothyronine. All the samples were
assayed on the same day to avoid the inter-assay varia-
tion. The total plasma triiodothyronine and thyroxine
concentrations were expressed as ng/dl and ug/dl respec-
tively.

Collection of epididymal spermatozoon

The spermatozoa from the control and artemisinin-
treated rats were collected according to Adedara &
Farombi (2012). Briefly, spermatozoa were collected as
quickly as possible after a rat was killed. Each right cauda
epididymis was placed in eight volume of cold phosphate
buffer saline solution and cut with surgical blades into
pieces. The solution was pipetted several times to obtain
the sperm suspension and then filtered through a nylon
mesh. The sperm suspensions were subsequently homog-
enised at 4 °C with a glass Teflon homogeniser for 10 s
and centrifuged at 2000 g for 10 min to obtain the super-
natant, which was used for biochemical assays.

Biochemical assays

The right testes were homogenised in four volume of
50 mwm Tris-HCI buffer (pH 7.4) containing 1.15% potas-
sium chloride. The resulting homogenate was centrifuged
at 10 000 g for 15 min at 4 °C, and the supernatant was
thereafter collected for the estimation of superoxide
dismutase (SOD) activity by the method described by
Misra & Fridovich (1972). Catalase (CAT) activity was
determined using hydrogen peroxide as a substrate accord-
ing to the method of Clairborne (1995). Glutathione-
S-transferase (GST) was assayed by the method of
Habig et al. (1974). Reduced GSH was determined at
412 nm using the method described by Jollow et al
(1974). Glutathione peroxidase (GPX) activity was deter-
mined according to the method of Rotruck ef al. (1973).
Testicular 5 nucleotidase (5-NTD) was determined fol-
lowing the method described by Goodlad & Clark (1982).
Protein concentration was determined by the method of
Lowry et al. (1951). Hydrogen peroxide generation was
assessed by the method of Wolff (1994). Lipid peroxida-
tion was quantified as MDA according to the method
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described by Farombi et al. (2000) and expressed as Unit
MDA/mg protein.

Histopathology

Testes and epididymis biopsies were carefully removed
and fixed with Bouin’s solution. After dehydration proce-
dures, the samples were blocked in paraffin. Sections of
4-5 pm were prepared by a microtome and stained with
haematoxylin and eosin (H & E). All slides were coded
before examination with light microscope and photo-
graphed using a digital camera by investigators who were
blinded to control and artemisinin-treated groups.

Statistical analysis

Statistical analyses were carried out using one-way analy-
sis of variance, followed by Student’s t-test to compare
experimental groups. P < 0.05 was considered statistically
significant.

Results

Artemisinin treatment did not affect the body weight
gain and organ weights in rats

Effect of therapeutic dose (7 mg kg™') and overdose
(35 mg kg™ ') of artemisinin on the absolute and the rel-
ative weights (organ weight/100 g body weight) of testes,
epididymis, seminal vesicle and prostate gland was deter-
mined following treatment period. The data presented
on body weight gain and organs weights in Table 1
showed there was no significant differences observed in
the artemisinin-treated rats and those of the control

group.

Table 1 Effects of artemisinin on body weight gain, absolute and rel-
ative organ weights in male rats

End point Control 7 mg kg™' 35 mg kg™’
Body weight gain 2371 £9.03 2214 +£9.21 2571 +£ 843
Testes 1.27 + 0.48 1.20 + 0.53 1.19 + 0.37
Testes (g/100 g bw) 0.73 £ 0.17 0.68 + 0.13 0.69 + 0.18
Epididymis 0.53 + 0.01 0.54 + 0.02 0.61 + 0.61
Epididymis 0.31 + 0.02 0.32 + 0.03 0.34 + 0.01
(9/100 g bw)
Seminal vesicle 0.25 + 0.03 0.24 + 0.11 0.26 + 0.22
Seminal vesicle 0.14 + 0.01 0.13 £+ 0.01 0.15 £+ 0.02
(9/100 g bw)
Prostate gland 0.12 £0.04 0.13 £ 0.03 0.11 + 0.04
Prostate gland 0.07 + 0.01 0.07 + 0.01 0.06 + 0.01

(9/100 g bw)

The data are expressed as mean =+ SD for ten rats per group.
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Alteration of antioxidant enzymes activities in testes and
spermatozoon of artemisinin-treated rats

Table 2 reveals the activities of antioxidant enzymes
namely superoxide dismutase (SOD), catalase (CAT), glu-
tathione-S-transferase (GST) and glutathione peroxidase
(GPx) in the testes and spermatozoon following adminis-
tration of artemisinin in rats after 7 days. Acute adminis-
tration of therapeutic dose and overdose of artemisinin
caused a significant increase in the SOD and CAT activ-
ity, whereas activities of GST and GPx were unaffected in
testes of the treated rats when compared with control
group. Moreover, the activities of these antioxidant
enzymes remain unaffected in spermatozoon of rats
administered with therapeutic dose of artemisinin. Con-
versely, the significant increase in the SOD activity was
accompanied by a marked decrease in GST and GPx
activities without affecting CAT in spermatozoon of the
rats treated with overdose of artemisinin when compared
with the control.

Overdose of artemisinin induced oxidative stress in
spermatozoon, but not in testes of rats

The results presented in Fig. 2 showed that both ther-
apeutic dose and overdose of artemisinin treatment
did not significantly alter the levels of GSH, H,0,
and MDA in testes of the treated rats. However, over-
dose of artemisinin markedly decreased GSH level and
significantly increased the levels of H,O, and MDA in
the spermatozoon of the treated rats above the con-
trol.

Overdose of artemisinin did not affect hormonal
homeostasis in rats

The influence of artemisinin administration on plasma
concentrations of LH, FSH, testosterone, T3 and T, in
rats is presented in Table 3. Hormonal homeostasis was
unaffected in rats exposed to both therapeutic dose and
the overdose of artemisinin. Circulatory concentrations of
LH, FSH, testosterone, T3 and T, testosterone levels in
artemisinin-treated rats were not statistically different
from control rats.

Overdose of artemisinin decreased epididymal sperm
quantity and quality in rats

Effects of therapeutic dose and overdose of artemisinin
on sperm characteristics after the treatment period are
presented in Fig. 3. The rats administered with the thera-
peutic dose of artemisinin demonstrated significant
decrease in sperm motility, while the epididymal sperm

© 2013 Blackwell Verlag GmbH
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Table 2 Testicular and sperm antioxidant enzymes activities following artemisinin treatment in male rats

Testes Spermatozoon
End point Control 7 mg kg™’ 35 mg kg™’ Control 7 mg kg™' 35 mg kg™
SOD 1.82 + 0.53 251 £ 0.11* 3.35 + 0.35* 0.66 + 0.27 0.84 + 0.18 0.98 + 0.23*
CAT 62.62 £ 3.73 64.53 + 3.62* 72.09 £ 2.01* 22.74 £ 5.87 2449 £ 471 2476 + 3.23
GPx 19.32 + 0.41 17.67 + 0.43 16.34 + 0.55 35.04 + 2.28 3471 £ 2.1 25.04 + 1.17*
GST 6.41 +£ 0.35 7.92 +£0.24 8.85 + 0.17 1.05 +0.14 0.84 + 0.11 0.75 +£ 0.07*

SOD activity (Units per milligram protein), CAT activity (pmole H,O, consumed per minute per milligram protein), GPx activity (Units per milligram
protein), GST activity (umole CDNB-GSH complex formed per minute per milligram protein). The data are expressed as mean + SD for ten rats
per group.

*P < 0.05 against control.

(a) [ control (b) [ control
. [ 7 mg/kg 24 , B 7 mglkg
1 1 35 mgikg T1CJ35mgkg =+
40 214
c 351 c 18 4
g 30 4 g- 15 ]
o 25 1 o
£ E 12 *
g 20 ]
o Q g
£ 151 2
Fig. 2 Biomarkers of oxidative stress namely c = 64
GSH, H202 and LPO levels were determined = 10+ >
in testes (a) and sperm (b) of the control and 5 3
artemisinin-treated rats after 7 day. Each bar
represents mean =+ SD of ten rats. Values 0 - " " 0+ —
GSH H202 LPO GSH H202 LPO

with asterisks were significantly different from

control (*P < 0.05). End points in the testes

End points in the sperm

Table 3 Hormonal profile in rats treated with artemisinin for 7 days

[ 7 mgikg [] 35 mglkg

[ control

End points Control 7 mg kg™' 35 mg kg™’
100 A
LH (ng ml~") 7284+ 063 7.324+081 7.364+0.72 *
FSH (ng ml~") 6.88 £ 0.15 7.03 +£0.17 7.08 + 0.11 A *
Testosterone (ng m~") 403 +016 4.04+0.14 408 +0.16 80 4 *
Ts (ng dI7) 0.23 +£0.03 0.23 +£0.02 0.22 +£0.03 s
Ty (ug dli™) 113+£019 1.10£017 1.11+£0.18 < *
o
—  — - o 60 -
LH, luteinizing hormone; FSH, follicle-stimulating hormone; Ts, triiodo- .g.
thyronine; T4, tetraiodothyronine. g
The data are expressed as mean =+ sd for ten rats per group. o 40 -
o
number (ESN), viability and abnormality were unaffected. 20 *
The administration of overdose of artemisinin resulted in
a significant decrease in the ESN, sperm progressive 0
motility, viability but elevated sperm abnormality signifi- ’ o .
4 Y p Y S8 ESN Motility Viability Abnormality

cantly when compared with the control. The abnormali-

ties observed in spermatozoon of artemisinin-treated rats . L o .
Fig. 3 Influence of artemisinin on sperm characteristics in experimen-

tal rats after 7 days. Epididymal sperm number (ESN). Each bar repre-
sents mean =+ SD of ten rats. * Values differ significantly from control

were majorly tailless heads, curved mid-pieces and bent
mid-pieces, whereas bent tails and rudimentary tails

occurred less frequently.
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Influence of artemisinin overdose on daily sperm
production, testicular sperm number and testicular 5'-
nucleotidase activity

Figure 4 shows the effects of artemisinin on the daily
sperm production (DSP), testicular sperm number (TSN)
and 5'-nucleotidase activity in the testes of the treated
rats. There was no statistical significance observed in the
daily sperm production and testicular sperm number in
artemisinin-treated rats in comparison with control rats.
However, there was a significant increase in the activity
of 5'-nucleotidase in rats administered with overdose of
artemisinin when compared with the control.

Overdose of artemisinin induced histopathological
changes in testes and epididymis of rats

Histopathological changes observed with the light micro-
scope in the testes and epididymis sections from control
and artemisinin-treated rats are presented in Fig. 5. The tes-
tes of the control (A) and artemisinin (therapeutic)-treated

(@) [ control (b) 2.0 4
301 [ 7 mg/kg =
[J3smgks g 16
w 251 3
2 s
7]
2 20, g 121
(=] [
[}]
E 5. a
8 £ 038
£ 10 %
o]
'—
0.4
5 z
n
0 — 0.0
TSN DSP Control

Testes

Epididymis
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(B) rats showed normal structurally and functionally
active seminiferous tubules with many sperm and ade-
quate numbers of the testicular epidermal cells. Testes of
rats treated with overdose of artemisinin (C) showed mild
oedema at the interstitium with reduced sperm numbers
in the seminiferous tubules. The epididymis of the control
(A) and artemisinin (therapeutic)-treated (B) rats showed
normal architecture with adequate sperm cells, and the
walls of the epididymis appear stratified and thickened.
However, epididymis of rats treated with overdose of
artemisinin (C) showed severe erosion of the epididymal
lining, enlarged interstitium with fibrillar pink staining
materials and few fibrocytes.

Discussion

In spite of the success in the design of drugs which are
selectively toxic against microorganisms or parasites,
while sparing the host cells, many chemotherapeutic
agents have been reported to produce toxic adverse effects

Fig. 4 Influence of artemisinin on testicular
sperm number (TSN) and daily sperm produc-
tion (DSP) (a) and testicular 5’ nucleotidase
activity (b) in experimental rats after 7 days.
Each bar represents mean + SD of ten rats.
*Values differ significantly from control

(P < 0.05).

Fig. 5 Histopathology guide of organs from
control (a), therapeutic dose (b) and overdose
(c) of artemisinin-treated rats. The upper
panel shows representative photomicrographs
of testes from control and artemisinin-treated
rats. Arrow head indicates oedema in testes
of rats treated with the overdose of artemisi-
nin. The lower panel reveals epididymis histo-
pathology of control and artemisinin-treated
rats. Black arrows indicates fibrillar pink stain-
ing materials and few fibrocytes in epididymis
of rats treated with the overdose of artemisi-
nin. 160x.
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in the male reproductive organs. The toxicities resulting
from chemotherapy is related to the type of drugs used,
the total dose and the duration of therapy (Cherry et al.,
2004; Prahalathan et al., 2006; Oyagbemi et al, 2010).
The results of the study showed that administration of
therapeutic dose and overdose of artemisinin did not
cause any significant changes in the body weight gain,
absolute and relative organ weights in the treated rats.
The lack of effect on the body weight gain in artemisinin-
treated rats indicates that the general metabolic functions
of the animals are in the normal range.

In mammalian male reproduction, the hormonal con-
trol of reproduction is based on the action of luteinizing
hormone (LH) to stimulate the Leydig cells in the testes
to produce testosterone, which is vital in the initiation
and maintenance of spermatogenesis by affecting Sertoli
cell androgen receptors. Follicle-stimulating hormone
(FSH) is also required for quantitatively normal sper-
matogenesis in pubertal rats (Russell et al., 1987;
Sriraman et al., 2005). The present study showed that
there were no alterations in the plasma levels of LH, FSH
and testosterone following therapeutic dose and overdose
administration of artemisinin in rats. The normal gonad-
otrophin levels observed in artemisinin-treated rats in the
present study possibly suggest the safety of artemisinin
exposure on the anterior pituitary gland. The anterior
lobe of the pituitary gland through thyrotropin regulates
thyroid hormones which play a critical role in the physio-
logical regulation of growth and development of the male
reproductive organs as well as in the testicular basal met-
abolic activity (Jannini ef al., 1995; Maran, 2003; Adedara
& Farombi, 2013). The lack of significant changes in the
plasma concentrations of triodothyronine and tetraiodo-
thyronine in all the experimental groups suggests that
artemisinin administration had no effect on thyroid gland
function within the time course of our investigation.

Although there were no observable alterations in the
weights of reproductive organs and hormonal profile after
artemisinin exposure in the present study, the increased
oxidative stress in the epididymis appeared to be more
closely related to the specific toxic effects of artemisinin
in the epididymal milieu than in the testes. The first line
of defence to the cells is provided by the mutually sup-
portive relationship between metalloenzyme SOD, which
accelerates the dismutation of endogenous cytotoxic
superoxide radicals to H,O,, and CAT, which converts
the deleterious peroxide radicals into water and oxygen
(Adedara & Farombi, 2010). The increase in testicular
SOD and CAT activities in rats treated with both thera-
peutic dose and overdose of artemisinin was accompanied
by an insignificant alterations in the GSH, H,O, and
MDA levels which was comparable to the control rats.
These observations indicate the ability of the testicular

© 2013 Blackwell Verlag GmbH
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antioxidant systems to effectively mitigate induction of
oxidative stress in the testicular milieu. However,
increased sperm lipid peroxidation, evidenced by elevated
MDA level, was accompanied by a concomitant decrease
in GPx, and GST activities as well as GSH level in rats
administered with overdose of artemisinin. The high level
of H,O, in spermatozoon of artemisinin-treated rats sug-
gests inability of CAT to eliminate the H,O, from SOD
activity thereby allowing its observed deleterious effects.
Excessive generation of hydrogen and lipid peroxides may
cause over utilisation of GSH and inhibition of antioxi-
dant enzymes (Pigeolet ef al., 1990).

5'-nucleotidase (5'-NTD) is an integral glycoprotein
which hydrolyses extracellular adenosine 5-monophos-
phate (AMP) to adenosine and free phosphate (Newby
et al., 1975; Oyagbemi et al., 2010). The present study
showed that overdose of artemisinin treatment increased
testicular 5-NTD. The increase in the activity of this
microsomal marker enzyme may suggests an induction of
testicular ribose-5-phosphatase activity to increase ribose
synthesis. An increase in testicular nucleic acid synthesis
may thus occur possibly to compensate microsomal
damage resulting from oxidative stress during overdose
of artemisinin therapy. The biochemical evidence of the
artemisinin toxicity is well supported by the histological
evaluation. The severe erosion of the epididymal lining
by artemisinin compared with the mild effects observed
in the testes may indicate the susceptibility of the epidid-
ymis to reactive oxygen species (ROS) damage than the
testes.

Our data indicated that overdose of artemisinin
induced oxidative stress in epididymis resulting in
decreased sperm quality and quantity. The susceptibility
of spermatozoon to damage by ROS is attributed to their
high content of polyunsaturated fatty acids. The destruc-
tion of sperm lipid matrix structure by lipid peroxidation
is associated with loss of motility, defects of membrane
integrity and has been implicated in male infertility
(Griveau et al., 1995; de Lamirande et al., 1997; Sanocka
& Kurpisz, 2004; Henkel, 2005). Administration of over-
dose of artemisinin caused a marked decrease in the epi-
didymal sperm number, progressive sperm motility and
viability, whereas sperm abnormalities increased without
alteration in the testicular sperm number and daily sperm
production in the treated rats. The reproductive toxicity
of artemisinin derivatives in male guinea pig and rats has
been reported (Raji et al., 2005; Obianime & Aprioku,
2009). The observations from the spermiogram in the
present study further revealed that artemisinin induced
an epididymis specific effect on sperm characteristics
without affecting the normal spermatogenesis by the tes-
tes. The impaired sperm motility observed in artemisinin-
treated rats may result in infertility due to failure of the
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spermatozoon to reach the site of fertilisation and to pen-
etrate zona pellucida.

In conclusion, induction of oxidative stress due to
compromised antioxidant defence system in the epididy-
mis, but not in the testes, could be a mechanism for the
manifestations of artemisinin-mediated reproductive tox-
icity. Results of the present study highlight adverse effect
of artemisinin, which may result in male reproductive
deficits and subfertility in populations unduly exposed to
artemisinin therapy. The noxious effect of artemisinin on
reproduction may not decline in as much as abuse of this
drug by men continue. It is recommended therefore that
healthcare givers in fertility clinics should advise patients
to adhere to artemisinin prescription to reduce the risk of
infertility especially in mosquito-endemic countries.
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