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Abstract

Background: Various antimalarial drugs adversely affect male reproductive functions. Naphtoquinones, a class of antimalarial drugs
have been shown to effectively combat malaria parasites. However, the effects of naphtoquinone on reproductive functions remain elu-
sive. The study determined the effects of naphthoquinone on reproductive functions of Plasmodium berghei berghei-infected male Swiss
mice

Methods: Thirty male Swiss mice were divided into 6 groups (n = 5) namely; Control, 1 mg/kg naphthoquinone, 2 mg/kg naphthoqui-
none, Plasmodium berghei berghei (Pbb)-infected, Pbb-infected+1 mg/kg naphthoquinone and Pbb-infected+2 mg/kg naphthoquinone.
Parasitaemia was confirmed by microscopy. Naphthoquinone (i.p.) was administered for seven days following confirmation of parasi-
taemia. Thereafter, they were sacrificed. Serum levels of FSH, LH, testosterone and cortisol were assayed via ELISA. Sperm characteris-
tics were evaluated by microscopy. Data were expressed as mean + SEM and analysed using ANOVA at p<0.05.

Results: Sperm motility reduced in the Pbb-infected compared with control. Sperm viability, motility and count reduced in naphthoqui-
none only groups and Pbb-infected+naphthoquinone groups compared with the control. Naphthoquinone groups and Pbb-infected alone
decreased in LH and testosterone concentrations compared with the control.

Conclusion: Naphthoquinone treatment impaired reproductive functions in Plasmodium berghei berghei-infected male Swiss mice.
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1. Introduction

Malaria, a devastating disease caused by plasmodium, occurs mainly in the tropical and sub-tropical regions of the world and more than
3 billion people worldwide are at risk of the disease [1]. There were 214 million clinical cases and 438,000 deaths attributable to malaria
in 2015 [2]; majority of which occurred in the sub-Saharan Africa, making malaria a leading public health and economic problem in the
region [1]. Malaria infection starts in the mammalian host with the injection of plasmodium sporozoites by a mosquito bite. Sporozoites,
after travelling to the liver eventually develop and generate millions of merozoites that are released into the blood stream. With the infec-
tion of erythrocytes, the clinical phase of malaria begins [3].

Anti—malarial drugs are the most effective treatments against the disease. While several antimalarial drugs are available, their efficacy
has been limited by rapid development of resistant strains of the parasites [4]. Resistance of malarial parasite to previous generations of
medicines, such as chloroquine and sulfadoxine-pyrimethamine, became widespread in the 1950s and 1960s, leading to the introduction
of artemisinin combined therapy. In recent years, parasite resistance to artemisinin has been detected in African countries [5]. An escala-
tion of the incidence of malaria—related morbidity and mortality appears inevitable in view of the increase and world-wide spread of the
drug resistant parasites [4]. The resistance of these parasites to existing drugs has necessitated the development of drugs which will be
effective against all strains of the parasite [4]. Among the drugs that are being investigated are the naphthoquinones and their derivatives
[6].

Naphthogqunones are isolated from the wood of trees belonging to the families Bignoniaceae and Verbenaceae and have been subjected to
an interdisciplinary study since the seventies [7]. 1, 4-naphthoquinones are organic compounds which possess anti-bacterial, anti-tumor
and antimalarial properties [8]. The 1, 4-naphthoquinone derivatives have shown moderate to good in vitro antimalarial activities even
against plasmodium falciparum; the parasites which shows the greatest antimalarial drug resistance [6].

Rodents, like primates, are possible hosts of malaria [9]. Eleven species of plasmodium have been described in population of tree dwell-
ing rodents which live in the central African rainforest and many of these have been widely studied as different experimental models of
human malaria [9, 10].

It is pertinent to note that many antimalarial drugs have been implicated in male infertility. For instance, mention has been made of the
apparent reduction in fertility of male rats by chloroquine [11]. This drug has been reported to completely obliterate Leydig cell response
to lutropin and hormones having lutropin—like activity in vitro [12]. It also inhibits basal and stimulated testosterone secretion in decap-
sulated testis in vitro [13].
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In view of the growing interest in the development of naphthoquinone into antimalarial drug, it has become imperative to investigate its
possible effects on reproductive functions particularly because there is a high prevalence of male infertility in the regions where malaria
is predominant [14].

1.1. Aim and objectives

The present study was therefore designed to investigate the effects of naphthoquinone on sperm characteristics, follicle stimulating hor-
mone, luteinizing hormone and testosterone in Plasmodium berghei berghei (Pbb)-infected Swiss mice.

2. Methodology

2.1. Animal

Thirty male Swiss mice (18-22 g) obtained from the National Veterinary Research Institute (NVRI) farms, Vom, Plateau State, Nigeria
were used for the study. The research was conducted at the Central Animal House, College of Medicine, University of Ibadan. All mice
were acclimatized for two weeks before the commencement of the study. The mice were all fed with pelletized rodent feed and water ad
libitum.

2.1.1. Animal grouping

The mice were grouped into 6 groups as described below

Treatment groups (n = 10 in each group)

Group I- Control (Distilled water)

Group II- 1 mg/kg naphthoquinone

Group II- 2 mg/kg naphthoguinone

Group IV- Plasmodium berghei berghei infected mice

Group V- Plasmodium berghei berghei infected + naphthoquinone (1 mg/kg) mice
Group VI- Plasmodium berghei berghei infected + naphthoquinone (2 mg/kg) mice

2.2. Infection of mice with plasmodium berghei berghei

Anka 1 N-strain of the malarial parasite, Plasmodium berghei berghei-donor mice were obtained from the Nigerian Institute of Medical
Research, Lagos, Nigeria. Each mouse was subsequently given standard intra-peritoneal inoculum of parasite-infected blood with the aid
of a 1 mL disposable syringe. The method of blood-induced plasmodium infection in mice used in this study was first described by Pe-
ters [15] and used by others [16].

2.3. Determination of potency and parasitaemia

Blood samples were collected from the infected mice and thin blood smears were prepared, fixed with methanol, and stained with a 1:10
dilution of Giemsa staining 1x phosphate buffer (pH 7.1). Parasites were visualized under a 100x oil immersion microscope objective
lens, and parasitaemia was calculated by counting the number of parasites.

2.4. Drug administration

The drug naphthoquinone was weighed and dissolved in Tween 20. The drug was administered intra-peritoneally with the use of a 2ml
syringe and needle for 7 days. Control mice received Tween 20.

2.5. Autopsy

The percentage parasitaemia levels and bodyweight of each mouse was determined daily. At the end of the experimental period, mice
were sacrificed by cervical dislocation. Blood was collected under chloroform anaesthesia by carefully transecting the caudal vein. Mi-
croscope slides were smeared with a thin film of the blood and the percentage parasitaemia level was determined daily. The remaining
blood was allowed to clot and afterwards centrifuged using 3000 rpm for 5 minutes. The serum gotten was analysed for hormonal levels.

2.6. Assessment of sperm motility, viability and counts

The cauda epididymis was dissected out immediately and the epididymal volume was determined (approximately 0.01 mL per mouse).
The testes were carefully exposed and one of them was removed together with its epididymis. The epididymis was separated and the
epididymal fluid was collected from the caudal part and the progressive sperm motility, sperm count, live/dead ratio (viability) and sperm
morphology were determined as described earlier [17].

2.6.1. Sperm motility

Sperm motility evaluation was done immediately. Two drops of epididymal fluid were placed on a microscope slide and two drops of
warm 2.9% sodium citrate were added. The slide was then covered with a cover slip and examined under the microscope using 40x ob-
jectives with reduced light.
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2.6.2. Sperm viability

Sperm viability was done using the eosin/nigrosin stain. The dead sperm took up the stain. Sperm morphology was carried out by means
of the Walls and Ewas stain.

2.6.3. Sperm count

Epididydmal sperm count was done by homogenizing the epididymis in 0.5 mL of Normal saline and count were done by using the hae-
mocytometer method (i.e. using the improved Neubauer counting chamber).

2.7. Immunoassay

Serum levels of testosterone, luteinizing hormone, follicle stimulating hormone and cortisol were measured using ELISA kits (Dialab,
USA).

2.8. Statistical analysis

Data were expressed as mean + SEM and analysed using ANOVA at significant level of p<0.05.
3. Results

3.1. Effects of naphthoquinone on sperm indices in mice

Sperm motility was reduced in the Pbb-infected compared with control. Sperm viability, motility and count were reduced in naphthoqui-
none treated groups and Pbb-infected mice treated with naphthoquinone compared with control group. The Pbb-infected treated with
naphthoquinone had greater reductions in sperm viability and motility than the Pbb-infected alone and the naphthoquinone treated alone
(Table 1).

3.2. Effects of naphthoquinone on reproductive hormones in plasmodium berghei berghei infected and uninfected
mice

The uninfected and Pbb-infected mice treated with naphthoquinone as well as the plasmodium infected alone had significant decreases
(p<0.05) in serum levels of luteinizing hormone and testosterone compared with control group. However, this drug as well as the parasite
significantly (p<0.05) increased serum cortisol levels in these mice (Table 2).

4. Discussion

Existing potent antimalarial agents have been known to exhibit antifertility effects especially in males. With the evolution of highly re-
sistant strains of malaria parasites [18], the development of new drugs is highly pertinent. One of such drugs which has shown potent
anti-malarial effect is naphthoquinone [4]. However, its effects on male reproductive functions remain elusive. Thus, the study investi-
gated the effects of naphthoquinone on reproductive functions of pbb-infected male Swiss mice.

Naphthoquinone was observed to suppress reproductive functions as demonstrated by reductions in sperm indices, luteinizing hormone
and testosterone in the groups treated by naphthoquinone. These results corroborate earlier findings in which lapachol- a naphthoquinone
extracted from plants of the genus Tabebuia adversely affected the seminal vesicle [19]. Furthermore, the marked impairment of sperm
motility, viability and count showed a dose dependent effect on these parameters.

The marked reduction in sperm viability, motility and count may be related to its anti-proliferative property. According to Dinnen and
Ebisuzaki, [20], naphthoquinone is an anti-proliferative agent and the mechanism of its antimitotic effect is due to mitochondrial and
phosphorylation inhibition [21]. Others have suggested the involvement of reactive oxygen species [22]. Significantly, Uematsu suggests
that naphthoquinone’s action is not mediated via the hypophysis [23].

Naphthoquinone also caused reduction in serum testosterone and luteinizing hormone in this study. Testosterone is secreted by the
Leydig cell under the stimulation of luteinizing hormone. As such, a reduction in the secretion of luteinizing hormone by the anterior
pituitary causes a reduction in testosterone secretion. Testosterone reduction in this study seems to be caused by decreased luteinizing
hormone level and since spermatogenesis is dependent on testosterone [24], the reduced testosterone therefore suppressed spermatogene-
sis. The reduced luteinizing hormone concentration also suggests that naphthoquinone affects the functions of anterior pituitary gland.
There was also an increase in cortisol concentration in all groups that had reduced testosterone. This suggests the involvement of the
‘pregnenolone steal” phenomenon in which more pregnenolone is diverted away from testosterone pathway and channeled into the pro-
duction of cortisol in the steroidogenic pathway [25].

It is also worthy of note that reproductive functions were impaired in the group that was infected with plasmodium berghei berghei, only,
however, treatment with naphthoquinone aggravated reproductive dysfunction in the plasmodium infected group.

5. Conclusion

Malaria infection affected reproductive functions in plasmodium berghei berghei-infected male Swiss mice, however, treatment with
naphthoquinone further deteriorated reproductive functions in these mice.
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Table 1: Sperm Viability, Sperm Motility and Sperm Count in Plasmodium Berghei Berghei-Infected and Naphthoguinone Treated Male Mice

Hormones Sperm viability (%) Sperm motility (%) Sperm count (million/mL)
Control 88.33+£4.73 70.33+£1.53 20.75+ 2.46

1 mg/kg naphthoquinone 79.00+ 3.00" 57.67+6.81" 13.17+1.01"

2 mg/kg naphthoquinone 63.00+ 2.65" 41.33+8.33" 9.42+3.01"

Pbb-infected 84.23+ 3.02 53.06+ 2.05" 20.07 £2.32

Pbb-infected + 1 mg/kg naphthoquinone 62.30+ 2.75" 39.53+ 8.43" 13.13+1.02"
Pbb-infected + 2 mg/kg naphthoguinone 61.02+ 2.60" 21.33+6.33" 12.17+1.03"

Values are expressed as mean + SEM; *P < 0.05 compared with control; n = 5.

Table 2: Serum Luteinizing Hormone, Prolactin, Follicle Stimulating Hormone and Testosterone Levels in Plasmodium Berghei Berghei-Infected and
Naphthoquinone Treated Male Mice

Hormones LH (ng/mL) Prolactin (ng/mL) FSH (ng/mL) Testosterone (hg/mL)  Cortisol (ng/mL)
Control 4.26 £0.18 1.55+0.40 2.84+0.90 4.80+0.74 1.02 +0.01

1 mg/kg naphthoquinone 0.70 £ 0.32* 0.36 + 0.36 2.02+0.26 3.52 +0.52* 3.04 £0.19*

2 mg/kg naphthoquinone 2.60 + 0.58* 1.66 +0.54 3.16 + 0.36 2.36 £ 0.42* 3.11+0.23*
Pbb-infected 1.22 +0.39* 0.40 £0.32 2.26+0.42 2.15+0.19* 3.02 £0.12*
AIB BTN A MELGIELD 0. peps 0.36+ 0.41 202+0.12 3.52+0.18* 3.04 £ 0.19%
thoquinone

Pbb-infected + 2 mg/kgnaph- g, (57 1.66+0.23 316 +0.11 2,36+ 0.24* 3.11+0.23*
thoguinone

Values are expressed as mean = SEM; *P < 0.05 compared with control; n = 5.
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