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ABSTRACT: Co-artesiane is an artemether-lumefaatéombination therapy that is used in the treatnoérmhalaria. In this
work we studied the toxicological effect of thisudrwith reference to seminal and biochemical patarseof the male
reproductive system of wistar rats. Twenty (20)lathale rats were divided into four groups of fiags per group. Group A was
administered a single dose (4 mg/kg/b.w) of Cosgatee, Group B was administered double dose (8 gfigtk) of Co-artesiane
and Group C received 10 mg/kg/ b.w of the drugdqueriod of 3 days. Group D served as control a&eeived physiologic
saline. In each group body weight ,testicular weigherm count, motility and viability as well asidative stress status were
assessed by evaluating the activities of reduaa@thlione, Glutathione S-transferase, catalasersapde dismutase(SOD) and
malondialdehyde (MDA). The mean sperm count, mgptiind viability in rats treated with Co-artesiawere reduced when
compared with controls. Biochemical analyses shoiwerkase in the activities of oxidative stresskaes in a dose-dependent
manner. The results suggest that the graded doSe-artesiané elicit depletion of antioxidant defense system amdliced
oxidative stress in the rats.
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Introduction

Malaria remains one of the most common cawasefiness in the world, particularly in Africa dnmalaria
chemotherapy has been linked with infertility. émrtether — Lumefantrine, an artemisinin —based coatioin
therapy [ACT] is used as a therapeutic agent ofcehim the treatment of malaria[1]. It is a newsslaf antimalarial
indicated in the treatment of all forms of Plasnumdiand multiple drug resistant strainsPoffalciparum Previous
studies have shown that several classes of antil@aldrugs have been associated with adverse sffent
reproductive functions in rodents. The aminoquimedi, chloroquine [2,3] quinoline — alcohols, quenjd], Aryl—
alcohol, halofantrine [5] and folate antagonistlpbadoxine/pyrimethamine [6] have all been dematstt to
impact negatively on male fertility. Recent expegittal studies on artemisinin derivatives such ssmaether and
dihydroartemisinin also reported significant desgen sperm count, motility and testosterone |Exe8].
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Besides, a number of studies have indicdtatlantimalarials alter antioxidant status. Rafsosed to quinine,
amodiaquinne, mefloquine and halofantrine exhilit iacreased incidence of lipid peroxidation in tineer
microsomal cells [9,10].

Chloroquine has been equally shown to imposgative stress on renal tissues [11] while haltfae has been
reported to cause increased lipid peroxidationdemeased enzyme and non-enzyme antioxidants 31.2, 1
Various antimalarial drugs have been shown to eddférent adverse effects; however, scanty infdromis
available for artemether-induced potential sidee@ff. Co-artesiane is an artemether-lumefantrimabatation
therapy commonly used in African countries in tneent of malaria caused IBlasmodium falciparumThis study
was undertaken to examine the effects of Co-aresia testicular functions and its antioxidant deéesystem.

Materials and Methods
Animals

Twenty male wistar rats rats were purchasenh fthe University of Ibadan. The weight rangedrfrd0Og to
150g. They were randomised into four groups of fats each and were housed in suspended woodes plged
in a well-ventilated Animal House of the DepartmefBiochemistry, Bowen University, Iwo. They wefierl with
commercial rat pellets, had access to watktibitum,and exposed to a natural daily photoperiodicity ®dfhours
light and 12 hours darkness during the period ofimatization and throughout the study.
Experimental Protocol

Animals were divided randomly into four groups ivEfrats each:

Group A: Artemether / Lumefantrine combination (4/8% mg/kg for 3 days);
Group B: Artemether / Lumefantrine combinatiom{§/48 mg/kg b.w for 3 days);
Group C: Artemether / Lumefantrine combination (/60 mg/kg b.w for 3 days)
Group D: control (physiologic saline)

All procedures involving the use of animalsthis study complied to the guiding principles f@search
involving animals as recommended by the Declaratiddelsinki and the Guiding Principles in the Carel Use of
Animals [14].

Drug Administration

Co-Artesian®Dafra Pharma nv) powder consisting of 180 mg Ae#rar and 1080 mg Lumenfatrinea was
purchased. The drug was prepared with a known rofiise Artemether - Lumefantrine powder suspenited
distilled water to yield a suspension of 4 mg Aréther/24 mg Lumefantrine/ml , (8 mg Artemether/ %8
Lumefantrine /ml) and 10 mg Artemether/ 60 mg Luamdfine/ml) respectively. The suspension was adt@ned
by oral gavage for a period of 3days.
Body Weight

Body weights of the rats were measured beddrainistration and at the end of the experimentrgans of a
weighing balance.

Oxidative Stress Markers

The levels of malondialdehyde (MDA), reducddtathione,glutathione -S- transferase, catalase, superoxide
dismutase, protein concentration were estimatéehinogenates of the testes.
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Seminal Analysis

At the end of the experiment, animals wereaiieed by decapitation and the caudal epididymidéshe rats
were incised and 5uL of epididymal fluid were delied onto a glass slide, covered with a cover Elamination
was done under light microscope at a magnificatibm 400. Sperm motility was also assessed imnielgiafter
sacrifice by conventional methods; motile spermad&owere calculated per unit area and expresseérasmiage
motility. Epididymal sperm counts was made using tteubauer improved haemocytometer and expressed as
million/ml of suspension [15].

The sperm viability was also determined udtogin/Nigrosin stain. Semen was smeared on miopisslides
and two drops of stain were added. Live (motilegrap cells were stained while dead sperm cells neeadai
unstained. Hundred sperm cells per slide were eoluftom a well prepared uniform smear in ordergtineate the
percentage live/dead ratio.

Homogenization

The testes were excised using scissors aneégdsr They were trimmed of fatty tissue, washeidencold 1.15%
potassium chloride solution, blotted with filter pgt and weighed. They were then chopped into hid a
homogenized in four volumes of the homogenizingfdrufpH 7.4) using a potter-elvegin homogenizere Th
resulting homogenate was centrifuged at 10, 00€gfor 10 minutes to obtain the post- mitochondfrattion.
The supernatant was collected and then used fohéioical analysis.

Determination of Protein in the Samples

The post-mitochondrial fractions of the tesgkar supernatants were diluted 100 times withildidtwater. This
was done to reduce the sensitivity range of thedBimethod. 1 ml of the diluted sample was takesh &fded to 3
ml of Biuret reagent in triplicate. The mixture wimeubated at room temperature for 30 minutes aftach the
absorbance was read at 540 nm using distilled vestdlank. The protein content of the samples wgtepolated
from the standard curve and multiplied by 100 tbtge actual amount in the fraction.
Assessment of Lipid Peroxidation

Lipid peroxidation was assessed by measufiegthiobarbituric acid reactive substances (TBAR&)duced
during lipid peroxidation as described by Rice-Esfag].
Glutathione Assay

The level of reduced glutathione (GSH) in testes was determined by the method describeduleyids [17].
GSH concentration is proportional to the absorbasicd12 nm wavelength. All readings were taken iwith
minutes, as colour developed is not stable aftgrdhration following the addition of Ellman’s read.
Hydrogen Peroxide Assay

Hydrogen peroxide generation was determirmmbraling to the method of Wolff[18].The assay mietwas
thoroughly mixed by vortexing till it foamed. A mapink colour complex is generated after incubafiog 30
minutes at room temperature. The absorbance wdsagganst blank (distilled water) at 560 nm wavgten
Catalase Assay

Catalase activity was determined accordinthé method of Sinha[19]. After cooling at roomrmpeerature, the
volume of the reaction mixture was made to 3 ml dedoptical density measured with a spectrophoterns 570

nm. The concentrations of the standard were plattgdnst absorbance.

Superoxide Dismutase Assay
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The level of superoxide dismutase (SOD) #gtiwas determined by the method of Mirsa and Ruicg20].
The increase in absorbance at 480 nm was moniemey 30 seconds for 150 seconds.

Results

Table 1: Effect of Co-Artesiane on the body weightf male rats.

Treatment Groups Initial weight Final weight % Diff erence
Group A 137.25+2.12 138.40 + 2763 0.83
Group B 141.93 +1.04 1425+ 198 0.40
Group C 123.75 +2.23 124.10 + 2*76 0.28
Group D 130.10+1.85 13250+ 1.64 1.85

Values are expressed as mean +S.D, n=5
*Significantly lower compared to control at P<0.@Hen compared with control

Table 2: Effect of Co-Artesiane on Oxidative StresMarkers of the Testes in umol/g tissue.

Treatment Malonaldehyde Reduced Glutathione- Catalase Superoxide Protein
Groups Glutathione S- transferase dismutase  concentration
Group A 2.01+0.07 6.00+0.17 1.65x0722 350.8+14.4 1.68+0.22 2.08+0.10
Group B 2.67+0.10* 5.95+0.07 15240721  301+20.7 1.44+0.11 2.22+0.41
Group C 2.09+0.16 5.85 +0.07** 1.34 #0143  280.5 £10.5 1.39 +0.04 2.65£0.17
Group D 1.97+0.09 6.07+0.02 2.26+0.14 453+21.2 40883 1.58+0.28

Values are expressed as mean + S.D, n=5
*Significantly higher than control at P<0.05
** Significantly lower than control at P<0.05
" Significantly lower than control at P<0.05
# Significantly lower than control at P<0.05
* Significantly lower than control at P<0.05
" Significantly higher than control at P<0.05

Group A: Artemether — Lumefantrine combination @kg b.w for 3 days);
Group B: Artemether — Lumefantrine combinatiom(@kg b.w for 3 days);
Group C: Artemether — Lumefantrine combination (dgYkg b.w for 3 days)
Group D: Control (Physiologic saline);
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Table 3: Effect of Co-Artesiane on testicular weight and semal fluid parameters of the testes of wistar Rats.

Treatment Group Testicular Sperm count (x 10 Sperm motility (%) Sperm viability (%)
weight(g) ml)

Group A 0.90 £ 0.04 77.317.8* 62.5+9.6** 9245.7

Group B 0.93 £0.36 68.014.2* 60.0+8.2** 96+2.1

Group C 0.95 +0.05 65.0+ 9.6* 62.5+ 9.6** 9445.7

Group D 0.97 £ 0.65 101+3.5 91.7+2.9 97+2.1

Values are expressed as mean = S.D, n=5
*Significant at P<0.05 when compared with control
** Significant at P<0.05 when compared with control
Body Weight
Table 1 above reveals that there was a geimeraase in body weight of the drug treated r@sups A, B and
C showed increase of 0.83%, 0.40% and 0.20% rdaspBctHowever, weight gain was found to be stataty
lower than control that showed an appreciation.85%.

MDA

Table 2 shows percentage changes in the wialdehyde (MDA) levels in the treated rats versostrol.
Testicular MDA levels were higher in all treatmegnbups but significantly so in Group C (P<0.05).

Reduced Glutathione

Table 2 shows dose-dependent changes iretle® of reduced glutathione in the treated ratswercontrol.
Groups A, B and C had 1.2%, 2.0% and 3.8% decrezsgectively when compare with control. The drop is
significant in Group C.

Glutathione-S-transferase

Table 2 reveals dose dependent decreasaitiatiybne-S-transferase activity when compared thighcontrol.
The reduction is statistically different in all &tenent groups when compared with the control.

Catalase

Table 2 reveals significant decrease in tttéviy of catalase in the treated rats versus mnChanges in
catalase levels were comparative to the trend wddaifor glutathione-S-transferase activity. Afterd8ys of
treatment Groups A-C animals showed dose-depemsdgnificant changes in catalase levels.

Superoxide dismutase (SOD)

Table 2 shows the activity of Superoxide ditase in the testes of male rats treated with @zsi@ne. There
was a significant, dose-dependent decrease iretteats when compared with the control group.

Protein content

Table 2 reveals significant increase in ttagin content in the Co-artesiane treated rats
when compared with control (group of rats fed vg#ilets and water).
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Testicular Weight and Seminar Parameters

Table 3 shows the effect of the drug on teficweight and seminar fluid parameters. Resuitsasthat the
sperm count and motility were significantly lowerthe treated groups compared to control. Testioutaght and
sperm viability were lower in the treated groupsugh not significantly.

Discussion

We investigated the effects of acute admiaiiin of Co-artesiane on the oxidative stresaustaf the testes of
adult male wistar rats. Results showed decreas¢hénlevels of antioxidant enzymes reduced glutaghio
Glutathione S-transferase, catalase, super oxigleudase (SOD) and increase in the levels of MDA jarodein
content of the testes when compared with the cbntro

Artemether-lumefantrine has been reportedeioerate free radicals due to presence of an ermage bridge
[21] and anti-malarials in general have been reqabtd own their efficacy to their oxidant effecR[2However free
radicals are oxidants that have become a real cormecause of their potential toxic effects, athhigvels, on
sperm function. Sikka [23]. A balance normally ¢xibetween free radicals [oxidants] production antioxidant
scavenging enzymes activities in the male reprageigtystem. As a result of such balance, only mahiamounts
of oxidants remain, and they are needed for thalagign of normal sperm functions, such as sperpaciation,
the acrosome reaction, and sperm—oocyte fusion.pfb@uction of excessive amounts of oxidant intdsdis can
overwhelm the antioxidant defence mechanisms angesaoxidative stress, which decreases enzymdgaaks of
the testes and causes damage to spermatozoa tieerapyomising sperm quality and functions [23,24].

In the present study lipid peroxidation irated by high MDA level and Glutathione-S-transferaghich are
biomarkers of oxidative stress were increased énréth given higher doses of Artemether - lumeniatfor 3 days
and glutathione level, superoxide dismutase amdlase were greatly reduced with higher doses(Tahl&he
elevated level of malondialdehyde (MDA) in the i®sif treated rat is a clear manifestation of egia@sformation
of free radicals and activation of lipid peroxidati systems. MDA is a good indication of the degoédipid
peroxidation and tissue damage. The MDA levelsréated rat significantly increased when comparetth e
control group. Superoxide dismutase is considenedfitst line of defense against deleterious effeaft oxygen
radicals in cell by catalyzing the dismutation afpsroxide radicals (9 to hydrogen peroxide @@,) and
molecular oxygen (€. Superoxide dismutase protects catalase agaihgiition by superoxide anion. Thus the
balance of this enzyme system may be essentiattddjof superoxide anion and peroxides genetiatedbcellular
compartments of the testis. The antioxidant enzynSegeroxide dismutase and Catalse constitute aathyt
supportive team of defence against reactive oxygpeties. The dose-dependent reduction in SOD atadhsa
activities observed in this study is a clear intla@aof the oxidant capacity of the drug and suppprevious reports
that chloroquine, an anti-malaria, inhibited cagaland peroxidase activities [25].

There was an insignificant decrease in thatidglar weight of treated rats. This reflects thetent of
degeneration caused by the drug and might havdtedsérom reduced tubule size. It might also reflec
combination of the toxicity of artemether-lumefaméron testicular function.

The marked azoospermia and reduced motifith\aability in treated rats might be due to spewganic arrest
and inhibition of steroid biosynthesis of leydiglsdanduced by reactive oxygen species (ROS). Thibecause
mammalian spermatozoa are rich in polyunsaturattty &cids and, thus, are very vulnerable to R@&ktwhich
results in decreased sperm motility, decreasedvspaability, and increased midpiece morphology defewith
deleterious effects on sperm capacitation and eaomesreaction[26].Lipid peroxidation of sperm memmaas
considered to be the key mechanism of this ROSeedsperm damage leading to infertility[27].

Conclusion
We conclude that Co-artesiane, an artemdtimeefantrine combination depleted antioxidant systand
increased lipid peroxidation by reactive oxygencégpegenerated by the compound, thereby causimtatixe stress

in the testes of rats; and that this is dependerthe dosage, duration and its ability to infiérdhe blood-testis
barrier. The results obtained in this work are &sieat with the reported anti-fertlity effects aftamalarials.
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