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ABSTRACT

This study examined the effects of frequent administration of artemether-lumefantrine (Lokmal)® on serum lipid
profiles and male reproductive parameters, as well as the relationship between these parameters and male fertility.
Thirty-five (35) male Wistar rats weighing between 230 and 330g were divided into five subgroups, each with
seven animals. Oral gavage was used to provide graded doses of artemether-lumefantrine twice a day. Group |
served as the control; they were not given any medication. Group Il was given 8 mg/kg bodyweight (bw) for three
days. 12 mg/kg bw was given to Group 11 for three days. For three weeks, Group IV was administered 8 mg/kg bw
three days a week with a two-week recuperation interval, while Group V was administered 12 mg/kg bw three days
a week with a two-week rest interval. Investigated parameters include semen parameters and serum lipid profile. A
significant (p<0.05) decrease in sperm motility and concentration was observed in the treatment groups when
compared to the control. No significant (p>0.05) changes in male reproductive hormone and organs were observed.
HDL cholesterol concentration recorded a significant (p<0.05) reduction. Triglyceride, total cholesterol, LDL-
cholesterol, VLDL-cholesterol recorded no significant increases or decreases except for the significant increase in
triglyceride in Group V and a decrease in total cholesterol in Group V. The findings point to the declining
consequences of indiscriminately administering ACTs repeatedly on semen characteristics of healthy adult male
which may eventually affect fertility, and they should be discouraged.

Artemether-lumefantrine, Lipid Profile, Malaria, Semen, Sperm Motility.

1.0 INTRODUCTION

In recent past, artemisinin combination therapies (ACTSs)
have been of high interest in pharmacological research
especially in the sub-Saharan African countries
considering its wide wusage. The World Health
Organization recommended ACTs for the treatment of
uncomplicated malaria caused by the Plasmodium
parasite.! Malaria is endemic in sub-Saharan African
countries and is ranked among the deadliest tropical
diseases with a high rate of morbidity and mortality and
remains a major public health distress regardless of
efforts made to control and eliminate it; pregnant women
and children under five are most affected.”® By
combining two active ingredients with different
mechanism of action, ACTs is regarded as the most
effective antimalarial medicines available today.!*! The
World Health Organization also recommended
parasitological confirmation for all suspected cases of
malaria before treatment with ACTs." However, 60%
report of malaria in outpatient visitation in Nigeria was

largely due to presumptive clinical diagnosis®® and
currently, unregulated purchase and misuse of these anti-
malarial in the open market is a common practice. This
misuse is brought on the by the continuous evolution of
the malaria parasite as a result of the limitations of the
current artemisinin combination therapies as and its
resistance to available pyrethroids and insecticides which
has reversed the progress made by public health
initiatives to combat malaria. While there isn't an official
report of ACT-resistant malaria in sub-Saharan Africa
yet, more surveillance is desperately needed to track its
development and re-evaluate the -effectiveness and
caliber of available ACTs.!"

They have been reports of possible decline of semen
quality in the past decades which have generated intense
interest of researchers in risk factors for semen quality,
such as biological and environmental factors.®*% The
inability of a man to impregnate a fertile female is called
the “male factor” infertility and accounts for 40 — 50%
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infertility in humans.?™ An alteration in sperm

concentration, motility, or morphology in at least one
sample of two sperm analysis taken one or four weeks
apart can be considered as a “male factor” infertility.[ll’lz]
To conceive a child, a man's sperm must combine with a
woman's egg in order to fertilize it, and to properly
fertilize an ovum, an ideal sperm should have an
undamaged cell membrane, effective cellular motility,
consistent fuel sources, and signal sensitivity and these
mechanisms are influenced by the kind and quantity of
lipid content in sperm.’® A robust and stable cellular
structure is necessary for sperm to be able to swim a
great distance and still fertilize an ovum when it gets
there. Sperm also need to be able to transfer energy from
chemical stores in the blood and seminal fluid into
continuous, controlled cellular movement and part of the
energy produced by sperm cells comes from lipid
metabolic pathways.™! The biochemical constituents of
the plasma membrane of the sperm cell are often an area
of interest in the study of sperm physiology and etiology
because of its crucial role in sperm fertilization capacity,
adhering to the cell membrane of an ovum and in
spermatozoon-oocyte exchange. The lipid composition
of the sperm plasma membrane has been elucidated and
are essential in the process of spermatogenesis and sperm
maturation,[*5¢]

Artemether-lumefantrine  have been reported to be
relatively safe but can be toxic under certain
conditions.*”)  Frequent repeated administration of
artemether-lumefantrine may have some public health
implications like drug resistance and expose the body to
adverse effects that can critically affect vital body organs
and impair important cellular functions.'® Many anti-
malarial drugs have been implicated to have anti-fertility
actions, the anti-steroidogenic and anti-fertility actions of
quinine  and  chloroquine  have  been  well
documented™2°?! and the toxic effects of artesunate and
ACTs in males has also been reported./??? Toxicity
studies in guinea pigs and rats revealed dose dependent
and potentially fatal toxic effects after the intake of
artemether — lumefantrine at higher and multiple
doses.®?52] With numerous outstanding researches in
this topic, the roles that lipids play in male infertility has
come under increased scrutiny, it is therefore crucial to
assess how frequent administration of artemether-
lumefantrine, which has been the standard of care for the
treatment of uncomplicated malaria in sub-Saharan
Africa, affects male reproductive parameters and serum
lipid profile and how it correlates with abnormal semen
parameters in male infertility.

2.0. MATERIALS AND METHODS

2.1. Drugs and Chemicals

The Artemether + Lumefantrine (Lokmal)®: Artemether
80 mg/lumefantrine 480 mg per tablet from Emzor
Pharmaceutical Industries Limited, Nigeria used for this
study was purchased at Quenthall Pharmacy in Uyo
metropolis, Akwa Ibom State, Nigeria. All other
chemicals and reagents used were of analytical grade.

2.2. Materials

Well-ventilated animal cages, Wood fillings, Feeders and
drinkers,  Artemether-lumefantrine  (brand  name;
Lokmal®), Needles and syringes, Microplate Reader
[MayaMed BY010], Disposable micropipette tips, clean
glass tubes and test tube racks, Micropipettes, Beakers
(10 — 1000ml), Light Microscope, Oral cannula, Rubber
gloves, Weighing scale, Serum bottles, Centrifuge and
Pasteur pipette, ELISA Kkit, Semi-automatic Chemistry
Analyzer [Medsinglong MSLBAS50].

2.3. Experimental animals

Thirty-Five (35) male Wistar rats obtained from the
animal house of the Department of Pharmacology and
Toxicology, University of Uyo, Uyo, Akwa Ibom State,
Nigeria, was used for the study. The animals were
acclimatized for three weeks prior to the commencement
of drugs administration. They were kept in well
ventilated cages and were fed with standard rat pellets
and water ad libitum throughout the experimental period.

2.4. Research Design

The Animals were randomly divided into five groups of

seven (n = 7) animals each and administered graded

doses of artemether-lumefantrine through oral gavage.

The dose of artemether-lumefantrine (Lokmal)® used for

this study was calculated from the manufacturer’s

recommended dose for a man weighing at least 70kg and
calculated in mg/kg body weights of the experimental
animals. The experimental design is as follow:

1. Group 1: Control

2. Group 2: Therapeutic dose of 8 mg/kg bodyweight
of artemether-lumefantrine (AL) for 3 days divided
into equal parts twice daily. This is to mimic the
normal therapeutic dose of AL and duration of the
drug in human.

3. Group 3: Overdose of 12 mg/kg bodyweight of
Artemether — Lumefantrine for 3 days divided into
equal parts twice daily.

4. Group 4: Therapeutic dose of 8 mg/kg bodyweight
of artemether-lumefantrine for 3 weeks divided into
equal parts and administered twice daily for 3days
each week with a 2 weeks’ interval in-between
dosage.

5. Group 5: Overdose of 12 mg/kg bodyweight of
artemether-lumefantrine for 3 weeks divided into
equal parts and administered twice daily for 3 days
each week with a 2 weeks’ interval in-between
dosage.

2.5. Drug Preparation and Administration

The artemether-lumefantrine was ground to a powdered
form, mixed with distilled water and administered as an
aqueous suspension. The drug suspension was
continuously agitated during the administration in order
to deliver the drug homogenously to the animals. The
treatment was administered to all the rats twice daily
using a 1.0 mL syringe by oral gavage.
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2.6. Collection and Treatment of Samples

At the end of the treatment, all rats were anaesthetized by
chloroform inhalation in a closed chamber and thereafter,
sacrificed. Blood was collected by cardiac puncture into
a plain serum bottle and later centrifuged at 3500 rev/min
at room temperature for 15 min to obtain serum. The
serum was kept frozen until it was used for biochemical
and hormonal analysis. The reproductive organs (testis
and epididymis), were carefully harvested and
immediately cleared of adhering tissues and weighed and
sperm samples were gotten from the cauda epididymis.

2.7. Assay of biochemical parameters

Serum Lipid Profile including total cholesterol, high-
density lipoprotein cholesterol, triglyceride and low-
density lipoproteins, were assayed using Aggape assay
kit. Very low-density lipoprotein cholesterol was
calculated using Friedwald’s formula.”® The male
reproductive hormones were assayed using Enzyme-
linked immunosorbent assay (ELISA) technique, using
their  respective ELISA  kits from  Monobind
Incorporation, USA,?® the manufacturer's manuals were
strictly followed. Absorbance at 450nm (using a
reference wavelength of 620 - 630nm to minimize well
imperfection) was read within 30 minutes with a
microplate reader.

2.8. Estimation of Semen Parameters

Sperm motility and morphology, were assessed as an
aliquot of a solution placed on a slide and observed
under light microscope at x 400 magnification. Sperm
concentration was assessed using the counting chamber
of the hemocytometer and placed under a binocular light
microscope using an adjustable light source. The sperm
viability was determined using Eosin/Nigrosin stain.

2.9. Statistical Analysis

Data obtained from the study were expressed as mean +
standard error of mean (SEM.) Statistical analysis was
done using version 17 of SPSS with the aid of one-way
analysis of variance (ANOVA) and Tukey post-hoc test.
Differences between experimental groups are considered
statistically significant at p < 0.05.

3.0. RESULT
The main semen parameters of the groups as illustrated
in Table 1. were observed to be significantly reduced in

treatment groups compared to the control. Assessment
showed a significant (p<0.05) reduction in the
percentage of sperm motility and active sperm cells of
the treatment groups when compared to the control
group. However, the group 5 was observed to be
significantly (p<0.05) lower in percentage sperm motility
when compared to the other treatment groups. The
concentration of sperm cells is seen to be significantly
(p<0.05) lower in treatment groups when compared to
the control and other treatment groups. The sperm
morphology illustrated in Table 2. presented no
significant (p>0.05) changes in the percentage of normal
sperm cells across the treatment groups when compared
to the control group. No significant (p>0.05) decrease in
the percentage of bent neck was observed in all the
treatment groups when compared to the control group.
There were also no significant (p>0.05) changes in the
percentage curved sperm cells of all the treatment groups
when compared to the control group.

Serum lipid profile of male Wistar rats at therapeutic and
overdose artemether-lumefantrine for 3 days and 3 weeks
respectively is presented in Table 3. Observations
revealed a significant decrease in high density
lipoprotein cholesterol in treatment groups compared to
the control. Triglycerides, total cholesterol, low-density
lipoprotein cholesterol and very low-density lipoprotein
cholesterol recorded some increase and decrease which
were not significant when compared to the control except
for the significant increase in triglycerides in group V
and a significant decrease in total cholesterol of group V
rats.

Treatment of male rats with artemether-lumefantrine for
3 and 3 weeks did not cause any statistically significant
difference(p>0.05) in the serum levels of male
reproductive  hormones  (testosterone,  follicular
stimulating hormones and luteinizing hormones) in the
treatment group when compared with the control
presented in Table 4. The weight of the testis and
epididymis are presented in Table 5. revealed no
statistically significant (p < 0.05) changes in the weight
of the reproductive tissues when compared with the
control group. This pattern is consistent with the male
reproductive hormones.

Table 1: Effect of repeated administration of AL on sperm motility and concentration.

. . . . . Concentration
Grouping/Dosage % Motile % Non-Motile % Active % Sluggish (Cell x 106)
Group | 80.00£7.071 | 23.00+7.517 | 76.00+3.674 | 24.00+£3.674 | 29.80+3.304
Normal control
Group 11 a a a
8 mg/kg/bw AL for 3 days 58.00 + 8.155 42.00 + 8.155 43.00 + 9.823 57.00 + 9.823 30.38 + 1.750
Group 111 ab ab ab ab ab
12mg/kg/bw AL for 3 days 49.00 + 1.871 81.00+1.871 33.00 + 5.385 67.00 £ 5.385 20.94 + 2.467
Group IV ab ab ab ab ab
8 mg/kg/bw AL every 3 days for 3 weeks 67.00 + 7.517 80.00 + 7.071 38.00 +7.348 62.00 + 7.348 20.48 + 2.688
Group V 19.00 + 24497 | 81.00 + 2.449™7 | 10.00 + 2.236™7 | 90.00 +2.236™ | 22.52+2.621%
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| 12 mg/kg/bw AL every 3 days for 3 weeks |

Values are presented as Mean + Standard Error of Mean (SEM); n= 7; AL = Artemether-Lumefantrine, a = p<0.05
relative to control; b= p<0.05 relative to group 2; c= p<0.05 relative to group 3; d= P<0.05 relative to group 4.

Table 2: Effect of repeated administration of AL on sperm morphology.
Grouping/Dosage % Normal % Bent Neck | % Curve
Group | 71.00£4.301 | 8.00£2.000 | 21.00 +2.915
Normal control
Group Il
8 mg/kg/ow AL 73.00+1.225 | 6.00 £ 1.000 21.00 + 1.000
Group 11
12 mgfkg Jow AL 71.00+1.871 | 7.00 £ 1.225 22.00+1.225
Group IV
8 mg/kg/ow AL every 3 days for 3weeks 72.00+3.742 | 7.00 £ 1.225 21.00+2.915
Group V
12 mofkg/bw AL every 3 days for 3weeks 71.00 + 3.317 | 6.00 £ 1.000 23.00+3.391

Values are presented as Mean + Standard Error of Mean (SEM); n = 7, AL = Artemether-Lumefantrine

Table 3: Serum Lipid Profile of Male Wistar rats on repeated administration of AL.

Grouping/Dosage TC TG HDL-c LDL-c VLDL-c
ping/bosag (mg/dl (mg/dl (mg/dl) (mg/dl) (mg/dl)

eroup | 138.0+£331 | 40.01+222 30.67+1.75 96.84 £2.974 | 8.001 % 0.844

Normal control

Group Il 28.02 + 2.48"

8 mg/ka/bw AL 138.7+£3.90 | 40.39 +1.97 98.690 £5.243 | 8.078%0.795

Group 11 *a

12mg/kg/bw AL for 3 days 136.8£4.67 | 41.73+180 26.21 + 4.05 98.72 £ 1.348 | 8.346 % 0.423

Group IV *a

8 ma/kalbw AL every 3 days for weeks 136.9+£220 | 41.97+1095 28.18 £ 3.16 98.45 £2.097 | 8.395+0.011

Group V *a *a *a

12 mfkg/ow AL every 3 days for 3 weeks | 125 6% 223" | 4242181 24.97 + 1521 99.28 + 4.041 | 8.485 % 0.362

Values are expressed as Mean + Standard Error of Mean (SEM); n= 7. TC= Total cholesterol; TG= Triglyceride; HDL-
c= High density lipoprotein cholesterol; LDL-c= Low density lipoprotein cholesterol; VLDL-c= Very low-density
lipoprotein cholesterol. * = p<0.05 relative to control Group 1, a = p<0.05 relative to Group Il (p < 0.05).

Table 4: Effect of repeated administration of AL on male hormones.
Grouping/Dosage FSH (mlU/ml) TEST (ng/ml) LH (mlU/ml)
Group | 1.577 +0.340 1.780+0.350 2.002 +0.273
Normal control
Group Il
8 mg/kg/bw AL 0.979 £ 0.216 0.784+0.126 1.058 £ 0.170
Group |11
12mg/kg/bw AL for 3 days 1.173 £ 0.159 0.954+0.189 1.288 £ 0.255
Group IV
8 mg/kg/bw AL every 3 days 0.458 + 0.130 0.866+0.219 1.169 + 0.295
for 3weeks
Group V
12mg/kg/bw AL every 3 days 1.000 + 0.405 0.871+0.274 1.176 £ 0.370
for 3 weeks 8 mg/kg/bw

Values are expressed as Mean +
LH=Lutenizing hormone.

SEM;

Table 5: Effect of Repeated Administration of Artemether-lumefantrine on Organ Weight.

Grouping/Dosage Testis Weight Epididymis Weight
Group | 2764 + 01234 2.418 + 0.3366
Normal control

Group Il

8 mg/kg/bw AL 2.618 £0.1322 1.628 £ 0.1104
Group 11 2.320 £0.1453 1.956 + 0.1609

N= 7. FSH= Follicle stimulating hormone; TEST= Testosterone;
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12 mg/kg/bw AL for 3 days

Group IV
8 mg/kg/bw AL every 3 days for 3 weeks

2.470 + 0.1094 1.798 £ 0.1787

Group V
12 mg/kg/bw AL every 3 days for 3 weeks

2.566 + 0.0672 1.994 + 0.2535

Values are expressed as Mean = SEM; N=7

4.0. DISCUSSION

The male reproduction parameters are mainly measured
in terms of blood levels of male reproductive hormones
(testosterone, follicle-stimulating hormone, luteinizing
hormone), sperm parameters (motility, concentration,
viability and morphology) and sometimes the weight and
volume of the testis and epididymis. At least 15 x 10°
mL sperm concentration, 40 % sperm cell motility, 58 %
vitality and 4 % normal morphology are essential for
effective fertilization.® Also, sperm count, motility and
viability are critical indicators of sperm quality and
fecundity in the males.E! This acute and sub-acute study
revealed that the administration of artemether-
lumefantrine for 3 days and an extended duration of 3
weeks did not cause any significant effect on the blood
levels of male reproductive hormones (testosterone, FSH
and LH). However, the study showed a dose-dependent
decrease in the testicular and epididymal weights of all
the treated animals when compared to the control group
that were not significant. The study also revealed a
significant decrease in sperm motility, concentration and
viability, this observation is in agreement with previous
studies that testicular cell functions are highly sensitive
and compromised by a wide range of compoundst®**
including antimalarials.**®! This observed significant
reduction in sperm motility, concentration and viability
in treated groups, suggests that the metabolism of
artemether-lumefantrine may produce metabolites that
adversely affects testicular function which may cause
infertility and this can be attributed to oxidative stress
mediated by reactive oxygen species (ROS) which has
been recognized as a more common causative factor in
male infertility. In males, developing germ cells,
spermatogonia and spermatocytes of the testis are seen to
be highly sensitive and undergo apoptosis in conditions
that cause oxidative stress.™®

Artemether and lumefantrine are both highly lipophilic
compounds, and this study revealed that some serum
lipid parameters recorded some degree of increase and
decrease that were significant when compared to the
control. A significant decrease in high density
lipoprotein cholesterol was observed in treatment groups
when compared to the control, this finding is in
agreement with Nkereuwem et al.®*” who reported a
reduction in serum HDL-cholesterol concentration
following the administration of Artemether. However,
triglycerides, total cholesterol, low-density lipoprotein
cholesterol and very low-density lipoprotein cholesterol
recorded some increase and decrease which were not
significant when compared to the control except for the
significant increase in triglycerides and decrease in total
cholesterol in group V rats treated with 12 mg/kg

bodyweight of artemether-lumefantrine for 3 weeks.
These observations suggest that the misuse and frequent
administration of artemether-lumefantrine may indeed
alter the lipid profile in males which may impair some
cellular functionality. Lipids have been reported to be
significant in sperm cell maturation and functionality®®
%1 and it has been mooted in scientific literature that a
balance in lipid metabolism is essential for sperm
maturation, motility, capacitation and acrosome
fusion.* Studies are also suggestive of a significant
correlation  between lipid profile and semen
parameters.“***42 A complex arrangement of signaling
pathways is involved in the regulation of sperm motility
and they are reports of negative association of increased
serum lipid parameters with sperm motility.[*"*
Therefore, a reduction in the cholesterol levels or an
increase in the triglyceride level as observed in treatment
groups may have an effect on sperm maturation and
motility. Cholesterol sulfate serves as a stabilizer in
sperm maturation in the epididymisi*! and a study
conducted to investigate the effect of cholesterol
lowering agents such as pravastatin, demonstrated
reduced sperm motility as a result of reduced total
cholesterol and LDL levels with its 6 - 12 months of
use.[*! Ventimiglia et al.* reports that higher levels of
serum total cholesterol, free cholesterol and
phospholipids is associated with a significantly lower
percentage of sperm with intact acrosome and smaller
sperm head area and perimeter implicating that elevated
cholesterol levels in the blood may adversely affect
sperm morphology, specifically the acrosome integrity
and sperm head size. Ergun et al.l*”) also demonstrated a
significant  correlation  between  plasma lipid
concentrations and sperm motility, and reported that
hypertriglyceridemia may have deleterious effects on
spermatogenesis, implying that the levels of lipids in the
blood are closely linked to how well sperm can move,
which is crucial for fertilization. This present study
depicts a negative correlation between imbalances in
lipid levels and sperm maturation and motility and this
aligns with the findings of other reports. However, the
result of this study was not wholly consistent with the
conclusion from an earlier report by Grizzard et al."
comparing sperm and seminal content of cholesterol and
phospholipids  between  hypercholesterolemic  and
normocholesterolemic individuals and concluded that
hypercholesterolemia does not affect these levels in
spermatozoa and seminal plasma. Although there are
strong correlations that indicates that changes in plasma
lipid levels could directly affect sperm motility, a clear
mechanism of the relationship between blood lipid
profiles and semen lipid profiles has not been defined.
So, it can be suggested that imbalances in the lipid
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profile of blood serum can adversely affect the lipid
contents of semen but this hypothesis has not been
confirmed by this study. While there is no significant
direct correlation established by the study, the hypothesis
that blood lipid imbalances could affect semen lipids
remains plausible but unconfirmed as no clear biological
mechanism has been identified to explain these potential
effects. This underscores the need for further research to
elucidate the pathways through which lipid imbalances
might impact male fertility.

5.0 CONCLUSION

This in-vivo study offers evidence which demonstrates
that frequent administration and abuse of artemether-
lumefantrine can cause an imbalance in serum lipids,
affect semen parameters specifically sperm motility,
concentration and viability highlighting the importance
of cholesterol and lipid homeostasis for male fecundity.

ACKNOWLEDGEMENTS

The technical contributions by Mr. Nsikan Malachy of
the Department of Pharmacology and Toxicology,
University of Uyo, Uyo and the Endocrine Research
Unit, University of Calabar, Calabar, Nigeria are
acknowledged.

Disclosure of conflict of interest
There is no conflict of interest among the authors.

Statement of ethical approval

Ethical approval for the study was obtained from the
Research Ethical Committee of the Faculty of Basic
Medical Sciences, University of Uyo, Uyo, Nigeria.

REFERENCES

1. WHO (World Health Organization) Guidelines for
the treatment of malaria: Roll Back Malaria, 1%
Edition, 2006.

2. Schantz-Dunn J, Nour NM. Malaria and pregnancy:
a global health perspective. Rev Obstet Gynecol.,
2009 Summer; 2(3): 186-92.

3. Sachs J, Malaney P. The economic and social
burden of malaria. Nature, 2002; 415(6872):
680 — 685.

4. WHO (World Health Organization) Guidelines for
the treatment of malaria: Roll Back Malaria 2™
Edition, 2010.

5. Nwokolo E, Ujuju C, Anyanti J, Isiguzo C, Udoye I,
Bongoslkwue E, Ezire O, Raji M, Oyibo WA.
Misuse of Artemisinin Combination Therapies by
Clients of Medicine Retailers Suspected to Have
Malaria Without Prior Parasitological Confirmation
in Nigeria. Int J Health Policy Manag., 2018; 7(6):
542-548.

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

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ebohon O, Irabor F, Ebohon LO, Omoregie ES.
Therapeutic failure after regimen with artemether-
lumefantrine combination therapy: a report of three
cases in Benin City, Nigeria. Rev Soc Bras Med
Trop., 2019; 52: €20190163.

Merzenich H, Zeeb H, Blettner M. Decreasing
sperm quality: a global problem? BMC Public
Health, 2010; 10: 24.

Ying L, Hui L, Yafei L, Jia C. Association between
socio-psycho-behavioral factors and male semen
quality: systematic review and meta-analyses,
Fertility and Sterility, 2011; 95(1): 116-123.
Garcia-Grau E, Lleberia J, Costa L, Guitart M, Yeste
M, Benet J, Amengual MJ, Ribas-Maynou J.
Decline of Sperm Quality over the Last Two
Decades in the South of Europe: A Retrospective
Study in Infertile Patients. Biology (Basel), 2022;
12(1): 70.

Kumar N, Singh AK. Trends of male factor
infertility, an important cause of infertility: A review
of literature. J Hum Reprod Sci., 2015; 8: 191-6.
Singh L, Bajaj B, Monika, Rani KU, Panwar M,
Ranga S. Correlation of lipid profile of infertile men
with abnormal semen parameters. International
Journal of Reproduction, Contraception, Obstetrics
and Gynecology, 2024; 13: 349-54.

Furse S, Kusinski LC, Ray A, Glenn-Sansum C,
Williams HEL, Koulman A, Meek CL. Relative
Abundance of Lipid Metabolites in Spermatozoa
across Three Compartments. International Journal of
Molecular Sciences, 2022; 23(19): 11655.

Wolf D.E., Scott B.K., Millette C.F. The
Development of Regionalized Lipid Diffusibility in
the Germ-Cell Plasma-Membrane during
Spermatogenesis in the Mouse. J. Cell Biol., 1986;
103: 1745-1750.

Schlegel R.A., Hammerstedt R., Cofer G.P.,,
Kozarsky K., Freidus D., Williamson P. Changes in
the Organization of the Lipid Bilayer of the Plasma-
Membrane during Spermatogenesis and Epididymal
Maturation. Biol. Reprod., 1986; 34: 379-391.

Shan S, Xu F, Hirschfeld M, Brenig B. Sperm Lipid
Markers of Male Fertility in Mammals. Int J Mol
Sci., 2021 Aug 16; 22(16): 8767.

Nosten F, White NJ. Artemisinin-based combination
treatment of falciparum malaria. Am J Trop Med
Hyg., 2007; 77(6 Suppl): 181-92.

Edagha 1A, Ekpo AJ, Edagha El, Bassey JV, Nyong
TP, Akpan AS, Obeten RF, Okon AS, Ating BA.
Investigating the Comparative Effects of Six
Artemisinin-based Combination Therapies on
Plasmodium-induced Hepatorenal Toxicity. Niger
Med J., 2019; 60(4): 211-218.

Salako LA. Toxicity and side-effects of
antimalarials in Africa: a critical review. Bull World
Health Organ, 1984; 62(Suppl): 63-8.

Johnson JT, Odey MO, Ekam VS, Effiong EE,
Udiba UU, Gauje B. Evaluation of the
spermatogenic effects of coartem, quinine and

WWW.ejpmr.com | Vol 11, Issue 8, 2024.

ISO 9001:2015 Certified Journal | 25




Idongesit et al.

European Journal of Pharmaceutical and Medical Research

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

quinine-rich drinks. Trends in Advanced Science
and Engineering, 2012; 4(2): 114-118.

Suha MA. Cytotoxic effect of Quinidine on
testicular tissues, sperm parameters and Ca2+ level
in mice sperms; as an option of male contraception.
Advances in Life Science and Technology, 2015;
30: 70-76.

Izunya AM, Nwaopara AO, Aigbiremolen, AE,
Odike, MA, Oaikhena GA, Bankole, K. Histological
studies of the toxicity of artesunate on the testes in
Wistar rats. Biological Medicine, 2010; 2: 49-56.
Olumide SA, Raji Y. Long-term administration of
artesunate induces reproductive toxicity in male rats.
J Reprod Infertil., 2011; 12(4): 249-60.

Aprioku JS. Testicular effects of Artemisinins: Are
they reversible? Research Journal of Pharmaceutical,
Biological and Chemical Sciences, 2013; 4(4):
1152- 1160.

Nwanjo, HU, Iroagba I, Nnatuanya IN, Eze NA.
Antifertility activity of dihydroartemisinin in male
albino rats. Internet Journal of Endocrinology, 2007;
4(1): 3.

Raji Y, Osonuga 10, Akinsomisoye OS, Osonuga,
OA, Mewoyeka, OO. Gonadotoxicity evaluation of
oral artemisinin derivative in male rats. Journal of
Medical Science, 2005; 5(4): 303- 306.

Adaramoye OA, Osaimoje DO, Akinsanya AM,
Nneji CM, Fafunso MA, Ademowo OG. Changes in
antioxidant status and biochemical indices after
acute administration of artemether, artemether-
lumefantrine and halofantrine in rats. Basic Clin
Pharmacol Toxicol., 2008; 102(4): 412-8.
Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem., 1972; 18(6):
499-502.

Tietz NW. Clinical Guide to Laboratory Tests
(ELISA). 3rd Edition, W.B. Saunders, Co.,
Philadelphia, 1995; 22-23.

Boitrelle F, Shah R, Saleh R, Henkel R, Kandil H,
Chung E, Vogiatzi P, Zini A, Arafa M, Agarwal A.
The Sixth Edition of the WHO Manual for Human
Semen Analysis: A Critical Review and SWOT
Analysis. Life (Basel), 2021; 11(12): 1368.

Zinaman MJ, Brown CC, Selevan SG, Clegg ED.
Semen quality and human fertility: a prospective
study with healthy couples. J Androl., 2000; 21(1):
145-53.

McClusky LM, de Jager C, Bornman MS. Stage-
related increase in the proportion of apoptotic germ
cells and altered frequencies of stages in the
spermatogenic  cycle  following  gestational,
lactational, and direct exposure of male rats to p-
nonylphenol. Toxicol Sci., 2007; 95(1): 249-56.
Afify M, Elmaksoud ME, Mosa T, Elshaer M, Kotb
N. Testicular cell function. Science Journal, 2010;
10-18.

Sadeghipour HR, Vosooghi M, Sattarian M,
Zahmatkesh M, Noori MH. The Synthesis and

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Antifertility Evaluation of 3 Analogs of
Pyrimethamine on Male Rat Reproductive Indices.
Reproductive Sciences, 2010; 17(8): 748-753.
Obianime AW, Aprioku, JS. Comparative study of
artesunate, ACTs and their combinants on male
guinea pig. Niger Journal of Physiological Science,
2011; 1(1): 1-10.

Turner TT, Lysiak JJ. Oxidative stress: a common
factor in testicular dysfunction. J Androl., 2008;
29(5): 488-98.

Nkereuwen E, Paul OO, Elias A. Effect of
Artemether treatment on plasma lipid profile in
malaria. Pharmacology and Pharmacy, 2014; 5:
646 — 656.

Sebastian SM, Selvaraj S, Aruldhas MM,
Govindarajulu  P. Pattern of neutral and
phospholipids in the semen of normospermia,
oligospermic and azoospermia men. J Reprod Fertil.,
1987; 79(2): 373-8.

Tavilani H, Doosti M, Abdi K, Vaisiraygani A,
Joshaghani HR. Decreased polyunsaturated and
increased saturated fatty acid concentration in
spermatozoa from asthenozoospermic males as
compared with normozoospermic males.
Andrologia., 2006; 38(5): 173-8.

Lenzi A, Picardo M, Gandini L, Dondero F. Lipids
of the sperm plasma membrane: from
polyunsaturated fatty acids considered as markers of
sperm function to possible scavenger therapy. Hum
Reprod Update, 1996; 2(3): 246-56.

Ergun A, Kose SK, Aydos K, Ata A, Avci A.
Correlation of seminal parameters with serum lipid
profile and sex hormones. Arch Androl., 2007,
53(1): 21-3.

Sharma R, Biedenharn KR, Fedox JM, Agarwal A.
Lifestyle factors and reproductive health: taking
control of your fertility. Reprod BIOL Endocrinol.,
2013; 11: 66-64.

Shan S, Fangzheng X, Marc H, Bertram B. Sperm
Lipid Markers of Male Fertility in Mammals. Int J
Mol Sci., 2021; 22(16): 8767.

Fabrice S, Joél RD. Dietary Cholesterol and Lipid
Overload: Impact on Male Fertility. Oxidative Med
Cellular Longevity, 2019; 4521786: 11.

Ventimiglia E, Capogrosso P, Boeri L, Serino A,
Colicchia M, Ippolito S et al. Infertility as a proxy of
general male health: results of a cross-sectional
survey. Fertil Steril., 2015; 104(1): 48-55.

Grizard G, Sion B, Jouanel P, Benoit P, Boucher D.
Cholesterol, phospholipids and markers of the
function of the accessory sex glands in the semen of
men with hypercholesterolemia. Int J Androl., 1995;
18(3): 151-6.

WWW.ejpmr.com

| Vol 11, Issue 8, 2024.

ISO 9001:2015 Certified Journal | 26




