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Abstract

Carbamazepine is an effective chemotherapeutic agent used to manage individual with epilepsy and trigeminal neuralgia.

Chronic use of carbamazepine has been incriminated to cause reproductive disorders. The present study investigates the protec-

tive property of Moringa oleifera leaves methanolic extract on chronic carbamazepine-evoked reproductive toxicity in male

Wistar rats. Forty male Wistar rats (150–260 g) were randomly separated into four groups with 10 rats, given distilled water

(2 ml/kg),M. oleifera (200 mg/kg), carbamazepine (20 mg/kg) andM. oleifera accompanied with carbamazepine, after 30 min.

The treatments were administered once in a day for 15 weeks via gavage. The pituitary and testis were evaluated for parameters

measuring oxidative challenge, sperm characteristics and histological changes. Sex hormone concentrations were also evaluated

from sera samples. The result of the phytochemical analysis shows thatM. oleifera leaves extract contain total phenolics (7.8%)

and flavonoids (22.23%), which are considered higher in the plant. The results also revealed that exposure toM. oleifera leaves

mitigates the disruption in oxidative stress parameters, sex hormone concentration, sperm characteristics and histological chang-

es. This study revealed that chronic carbamazepine administration evokes oxidative stress, partly involved in the alterations of

concentration of sex hormones, sperm characteristics and histoarchitecture of pituitary gland and testes. Treatment with leaf

extract ofM. oleifera protects against the adverse reproductive consequences of long-term exposure to CBZ, due to its antioxidant

property.

Keywords Chronic exposure . Carbamazepine . Oxidative damage . Reproductive consequence .Moringa oleifera . Antioxidant

Introduction

Carbamazepine is among the common and effective antiepi-

leptics for seizure management, preferably as monotherapy

due to high efficacy and minimal adverse effect (Al-Bishri

et al. 2017). Carbamazepine (CBZ) is rapidly distributed

throughout the body and binds between 75 and 78% to plasma

proteins. CBZ decreases hyperexcitability of neurones and

evokes its action via inhibition of neuronal sodium ion and

other channels and transmitter system to a lesser degree. The

inhibited sodium ion channel further minimizes monoamine

and acetylcholine basal release (Zarghi et al. 2007). CBZ is

converted to carbamazepine-10, 11 epoxides (active metabo-

lite) by CYP450 3A4 in the liver that have both antiepileptic

and toxic properties (Mittag et al. 2016). CBZ and its active

metabolite evoke oxidative damage (Santos et al. 2008), via

disruption of cellular antioxidant systems, thus causing cellu-

lar injury. CBZ and other antiepileptics have complex interac-

tions with the reproductive system, due to oxidative stress
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induction (Al-Bishri et al. 2017). The use of CBZ has been

incriminated to cause reproductive disorders arising from tis-

sue damage (Agarwal and Bedaiwy 2003; Yan et al. 2018;

Akorede et al. 2020). Prolong exposure to CBZ has been

reported to elevate sex hormone-binding globulin (SHBG)

concentration in men (Isojarvi et al. 2005), causing reduced

bioactivity of androgens and manifested as a lowered sexual

function (Isojarvi et al. 1995).

Many plants have therapeutic activity on the presence of

phytochemicals, including flavonoids and polyphenols, which

have antioxidant properties (Hashem et al. 2019; Neamat-

Allah et al. 2019a; Mahmoud et al. 2020). Moringa oleifera

L is a good antioxidant’s source (Asma et al. 2005), due to

high plant contents of flavonoids and total phenolics (Iqbal

and Bhanger 2006). Furthermore,M. oleifera has been shown

to significantly increase testicular and epididymal weight gain

(Priyadarshani et al. 2014) due to high content in vitamin B,

potassium, calcium and protein, β-carotene and other second-

ary metabolites, antioxidant vitamins (A, C and E) and essen-

tial micronutrients (selenium/zinc) (Vongsak et al. 2013).

Therefore, being a rich source of numerous antioxidants, the

present study aimed at investigating the protective property of

M. oleifera leaves on prolong CBZ-evoked reproductive tox-

icity in male Wistar rats.

Materials and methods

Plant collection, identification and preparation

Moringa oleifera leaves were harvested at the main campus of

the University of Ilorin, Nigeria. The samples of the leaves

were sent to the Department of Plant Biology (herbarium) for

identification. Sample of the leaf was deposited at the herbar-

ium for reference purpose, while voucher number UILH/001/

1011 was given. The leaves were air-dried to constant weight

at room temperature, pounded with ceramic mortar and pestle

to powdered. The powdered samples were kept in a polythene

bag until use.

Plant extraction

Two kilogrammes of the powdered M. oleifera leaf was ex-

tracted with methanol (10 l) using a cold extraction method in

a glass funnel for 48 h, with periodic shaking, to enhance the

extraction process. After that, the mixture was then filtered

using Whatman No. 1 filter paper and the filtrate concentrated

in vacuo, with the rotary evaporator coupled with

thermocirculator. The residue was further air-dried to a con-

stant weight and subsequently stored at 4 °C in a refrigerator.

Four grammes of the extract was dissolved in 100 ml of dis-

tilled water to form a stock solution of 4% (w/v).

Phytochemical screening of M. oleifera leaf extract

The phytochemical analysis ofM. oleifera leaf was evaluated

as described by Trease and Evans (1978).

Quantitative analysis of methanol leaf extract of
M. oleifera for flavonoids and total phenolics

The quantitative analysis ofM. oleifera leaves total phenolics

was performed using high-performance liquid chromatogra-

phy method (Makkar et al. 1997), and aluminium chloride

colourimetric assay method was used to measure total flavo-

noids (Zhishen et al. 1999).

Drug and preparation

Carbamazepine commercial grade (200 mg) marketed as

Tegretol® (Novartis Farma, Italy) was acquired at a pharma-

ceutical store in Ilorin, Nigeria. Prior to usage, the drug was

dissolved in a suitable amount of distilled water to form a

solution.

Research animals

Forty male Wistar rats (150–250 g) were acquired at the

Animal House of the Depar tment of Veter inary

Pharmacology and Toxicology, University of Ilorin, Nigeria.

They were housed in plastic cages and fed grower’s pelleted

feed (Top Feed®, Nigeria), while water was given ad libitum.

Before the commencement of the work, the rats were acclima-

tized for 14 days.

Treatment protocols

Animals were divided to random into 4 groups of ten rats each

and were subjected to the following treatments: group I (DW)

was given distilled water (2 ml/kg); group II (MO) was ex-

posed toM. oleifera (200 mg/kg ~ 1/25th of LD50); group III

(CBZ) was given 20 mg/kg of carbamazepine (Rajesh et al.

1991), while group IV (MO + CBZ) was exposed to

M. oleifera (200 mg/kg) and then carbamazepine (20 mg/kg)

after 30 min. The treatments were administered once a day for

15 weeks via gavage. The rats were weighed once weekly for

dosage adjustment and on the last day of dosing period using a

weighing scale (Sensor Disc Exclusive Tech, USA).

Following light ether anaesthesia, the rats were sacrificed by

jugular venesection, and blood was harvested into anticoagu-

lant and plain container for serum. At the same time, pituitary

and testicular tissues were harvested for analysis.

1180 Comp Clin Pathol (2020) 29:1179–1187



Preparation of pituitary and testicular tissue
homogenate

Pituitary gland and testis were weighed, washed with cold

saline to remove the blood and homogenized in 5 mg/ml of

ice-cold phosphate buffer to make 1:5 w/v. They were then

centrifuged at 2000 g for 10 min, and subsequently, the super-

natants were used to evaluate the level of malondialdehyde,

superoxide dismutase, catalase and glutathione peroxidase.

Evaluation of pituitary gland and testicular tissue
lipoperoxidation

Lipoperoxidative changes in the testis and pituitary gland

were as sessed by measur ing concen t ra t i ons of

malondialdehyde as described by Draper and Hardley (1978).

Evaluation of pituitary gland and testicular
superoxide dismutase activities

The activity of superoxide dismutase in the pituitary and tes-

ticular tissue homogenates was evaluated with SOD Assay

Kit-WST (SOD-19160, Sigma-Aldrich, USA) following the

manufacturer’s description.

Evaluation of pituitary and testicular catalase
activities

Supernatant from the pituitary and testicular homogenates was

evaluated for the activity of catalase using CAT kit (ab83464,

UK) as described by the manufacturer.

Evaluation of pituitary and testicular glutathione
peroxidase activities

Supernatant from the pituitary and testicular homogenates was

evaluated for the activity of glutathione peroxidase using GPx

kit (BXC0551A, Antrim, UK), adapted from the manufac-

turer’s description.

Evaluation of serum sex hormone concentration

Follicle-stimulating hormone and luteinizing hormone

The concentrations of follicle-stimulating hormone and lutein-

izing hormone were determined using FSH Kit (FS232F,

Calbiotech Inc., USA) and LH Kit (LH231F, Calbiotech

Inc., USA) as instructed by the manufacturer.

Testosterone

The concentration of testosterone was measured in the

sera samples with testosterone kit (TE187S, Calbiotech

Inc. , USA), according to the instruct ion of the

manufacturer.

Sperm characteristics evaluation

Sperm count

An epididymis was carefully removed from each rat,

dried with blotting paper and instantly homogenized in

0.5% formal saline. One millilitre of the aliquot was

diluted to 1:200 with the aids erythrocyte pipette.

Counting was performed by using improved Neubauer

counting chamber, while a light microscope at a magni-

fication of × 40 was used for cell counting (Verma and

Chinoy 2002).

Sperm motility

The spermmotility was assessed using the standard method as

described by Sonmez et al. (2005).

Sperm morphology

Sperm morphology was evaluated by preparing smear from

sperm suspension, dried and fixed with fixative, stained with

haematoxylin for 15 min and then washed, stained with 1%

eosin for 10 min washed and allowed to dry at 25 °C

(Wyrobek 1979).

Gross and histological changes evaluation

Each rat’s pituitary and testis were evaluated for any macro-

scopic lesion. Tissue samples were prepared for histopatho-

logical examination using a modified standard method of

Luna (1960).

Data analysis

Collected data were analysed as mean ± standard error of the

mean (SEM) and subjected to one-way analysis of variance

(ANOVA) then accompanied with Tukey’s post hoc test. All

data were analysed with GraphPad Prism version 5.03

(GraphPad Software, CA, USA). Value of p ˂ 0.05 was as-

sumed significant.

Results

Phytochemical screening of M. oleifera leaf extract

Phytochemical screening confirmed the availability of alka-

loid, flavonoid, glycosides, phenols, steroids, tannin, lipids as

1181Comp Clin Pathol (2020) 29:1179–1187



well as amino acids in M. oleifera leaf, while saponin was

absent.

Flavonoid and phenolic contents ofM. oleifera leaves

The quantitative analysis of the extract’s total flavonoid

showed that it contains 22.23% quercetin equivalent (QAE)

of flavonoids. The results of UV-visible analysis of the extract

also revealed that the extract contained phenols (7.8%), tannin

(0.54%) and glycoside (0.004%).

Effect of treatment on the pituitary gland and
testicular malondialdehyde concentration

The concentration of pituitary MDA in the CBZ group is

substantially (p < 0.05) higher than in the DW and MO +

CBZ groups, but a relative non-substantial (p > 0.05) in-

creased value was revealed as compared with that of the

MO (21%) group. Also, relative to DW and MO + CBZ

groups, a substantially (p < 0.05) increased MDA concen-

tration was observed in the pituitary of the MO group.

The testicular MDA concentration in the CBZ group sub-

stantially (p < 0.05) increased relative to other groups,

other than MO group which shows non-significant

(p > 0.05) change (Table 1).

Effect on pituitary gland and testicular superoxide
dismutase activity

A substantial (p < 0.05) reduction in pituitary SOD activity

was seen in the CBZ group relative to that of the MO and

MO + CBZ groups. Compared with the MO + CBZ group, a

substantial (p < 0.05) reduction in testicular SOD activity in

the CBZ group was observed (Table 1).

Effect on the pituitary gland and testicular catalase
activity

Although not significant (p > 0.05), a relative reduction in

pituitary CAT activity in the CBZ group was observed when

compared withMO (15%) andMO+ CBZ (17%) groups. The

testicular CAT activity reduced significantly (p < 0.05) in the

CBZ group relative to the other groups. Besides, the testicular

CAT activity in the MO group increased considerably

(p < 0.05) relative to the DW and MO + CBZ groups

(Table 1).

Effect on pituitary gland and testicular glutathione
peroxidase activity

An insignificantly (p > 0.05) reduced GPx activity was ob-

served in the CBZ group pituitary when compared with DW

(20%), MO (27%) and MO+CBZ (35%) groups. A signifi-

cantly (p < 0.05) lower testicular GPx activity was observed in

CBZ group relative to MO group, but a relative non-

significant (p > 0.05) decrease was observed when compared

with DW (11.3%) and MO + CBZ (13%) groups. Also, sub-

stantial (p < 0.05) increase in testicular GPx activity was re-

corded in the MO group relative to DW and MO + CBZ

groups (Table 1).

Table 1 Effect of M. oleifera leaves on pituitary gland and testicular malondialdehyde (MDA) concentrations, superoxide dismutase, catalase and

glutathione peroxidase activities of adult male Wistar rats subjected to prolong carbamazepine administration

Parameters DW MO CBZ MO + CBZ

Pituitary MDA (μMol/mg protein) 0.301 ± 0.11 0.460 ± 0.06b 0.555 ± 0.12a 0.279 ± 0.05

Testicular MDA (μMol/mg protein) 0.528 ± 0.03 0.533 ± 0.02 0.700 ± 0.03a 0.318 ± 0.02

Pituitary SOD (U/mg protein) 0.2324 ± 0.06 0.2337 ± 0.02 0.2321 ± 0.01c 0.2370 ± 0.03

Testicular SOD (U/mg protein) 0.2313 ± 0.01 0.2315 ± 0.02 0.2308 ± 0.01d 0.2323 ± 0.01

Pituitary CAT (μ/mg protein) 54.03 ± 1.59 65.03 ± 2.78 54.29 ± 2.30 63.72 ± 2.45

Testicular CAT (μ/mg protein) 52.91 ± 1.78 68.71 ± 2.05b 38.48 ± 1.71e 58.23 ± 2.79

Pituitary GPx (U/mg protein) 208.4 ± 6.75 221.5 ± 14.38 174.2 ± 16.69 234.3 ± 9.57

Testicular GPx (U/mg protein) 199.6 ± 8.62 259.4 ± 7.41b 179.4 ± 10.81f 202.3 ± 10.56

Values are presented as mean ± SEM
a p < 0.05, higher vs MO + CBZ and DW groups
b p < 0.05, higher vs MO + CBZ and DW groups
c p < 0.05, lower vs MO + CBZ and MO groups
d p < 0.05, lower vs MO + CBZ group
e p < 0.05, lower vs MO + CBZ, MO and DW groups
f p < 0.05, lower vs MO group

W distilled water, CBZ carbamazepine, MO Moringa oleifera
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Effect on the concentration of follicle-stimulating
hormone, luteinizing hormone and testosterone

A relative non-significant (p > 0.05) reduction in the concen-

tration of FSH in the CBZ group was observed in the CBZ

group as compared with MO (19%) and MO + CBZ (13%)

groups. The mean concentration of LH in the CBZ population

was however relatively low compared with other groups (DW,

13%; MO, 21%; and MO + CBZ, 32%). In the CBZ group, a

relative non-substantial (p > 0.05) reduction in testosterone

level was found compared with other groups (DW, 10%;

MO, 19%; and MO + CBZ, 14%) (Table 2).

Effect on sperm count

The epididymal sperm count reduced (p < 0.05) significantly

in the CBZ group relative to other groups. A substantially

higher number of sperm count relative to MO and MO +

CBZ groups was recorded in the DW group (Table 3).

Effect on sperm motility

There was a considerable (p < 0.05) decrease in percentage

sperm motility in the CBZ group relative to the DW group,

but a relative non-significant (p > 0.05) decrease was observed

compared withMO (16%) andMO+ CBZ (18%) groups. The

percentage of sperm motility in the DW group increased sub-

stantially (p < 0.05) to MO + CBZ and MO groups (Table 3).

Effect on sperm head abnormality

There was insignificant (p > 0.05) change in percentage ab-

normality of the sperm head in all the groups. The CBZ group,

however, had the highest percentage of sperm head abnormal-

ities (Table 3).

Effect on sperm mid-piece abnormality

The proportion of mid-piece sperm defect in the CBZ group

showed a substantial increase (p < 0.05) relative to the DW

group. Although not substantial (p > 0.05), a relatively higher

value of percentage sperm mid-piece abnormality was

recorded in CBZ group compared with MO + CBZ (16%)

and MO (18%) groups (Table 3).

Effect on sperm tail abnormality

A substantial (p < 0.05) increase in sperm tail percentage de-

fect was showed in the CBZ group relative to the DW group.

In contrast, relatively higher value (15%) was reported as

compared with MO group. The percentage tail sperm defect

in the DW group reduced substantially (p < 0.05) than in the

MO + CBZ group (Table 3).

Effect of treatments on the pituitary gland and
testicular histological changes

Figure 1 shows the effect of the treatments on the histology of

the pituitary gland. The pituitary of the CBZ group demon-

strated degenerative changes in the pituicyte, neutrophil infil-

trations surrounding the pituicytes and cell projection loss.

MO and MO + CBZ groups showed mild neutrophil infiltra-

tions. There was no obvious histological abnormality in the

group DW. Histological abnormality was observed in the tes-

tis of the CBZ group, which is characterized by degenerative

changes in the seminiferous tubules as shown by spermato-

genic arrest, inflamed (haemorrhage) and fibrosis of the

Leydig cell. Other groups showed no apparent histological

abnormality (Fig. 2).

Discussion

Phytochemical evaluation of Moringa oleifera (MO) leaf

confirmed that alkaloids, glycosides, flavonoids, phenols,

steroids, tannins, lipids and amino acids are present, while

saponin is absent. This result corroborates the reports from

earlier studies (Okorondu et al. 2013; Misra et al. 2014;

Unuigbe et al. 2014). Total flavonoid content of MO leaf

extract (22.23%) from this present study was considered

very high and by far above 2.7%, 0.77% and 21.76% report-

ed by Sreelatha and Padma (2009), Oluduro (2012) and

Muhammad et al. (2017) respectively but lower than 29.5%

(quercetin equivalent) reported by Moyo et al. (2013). The

Table 2 Effect ofM. oleifera leaves on the concentrations of luteinizing hormone, follicle-stimulating hormone and testosterone of adult male Wistar

rats subjected to prolong carbamazepine administration

Parameters DW MO CBZ MO + CBZ

FSH (ng/mL) 0.835 ± 0.02 0.928 ± 0.05 0.781 ± 0.01 0.871 ± 0.04

LH (mlU/mL) 0.834 ± 0.04 0.941 ± 0.03 0.741 ± 0.01 0.979 ± 0.05

Testosterone (ng/mL) 2.387 ± 0.07 2.536 ± 0.16 2.138 ± 0.08 2.430 ± 0.13

Values are presented as mean ± SEM

W distilled water, CBZ carbamazepine, MO Moringa oleifera
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variation in the quantity of flavonoid content may be depen-

dent on the soil, growing location, the season of collection,

agricultural practices, processing techniques and analytical

variability. Total phenolic content of 7.8% reported in this

present study is considered very high and above that reported

by Sreelatha and Padma (2009) (2.6%), Oluduro (2012)

(0.29%) and El-Sohaimy et al. (2015) (4.83%), while the

tannin content of the MO leaf extract of 0.54% from this

present study is considered very low compared with 9.19%

and 5.8% reported in previous studies (Nweze and Nwafor

2014; Unuigbe et al. 2014). The current study revealed in-

crement of MDA levels of testis and pituitary gland in the

CBZ group, in tandem with previous studies (Suleiman et al.

2015; Tarun et al. 2010). The MDA increment can be as a

result of the inability of the body innate antioxidant system to

cope with increased activity of reactive oxygen species

(ROS) provoked by chronic CBZ administration (Neamat-

Allah et al. 2020). The significant reduction in MDA levels

in the pituitary gland and testis of the MO-pretreated group is

due to the antioxidant property of MO, which reduces free

radical generation, thus preventing oxidative damage to both

pituitary and testis. Flavonoids and other antioxidant com-

pounds in MO have significant protective activity against

oxidative damage induced by prolonged CBZ administration

and played an essential role in reducing the MDA levels

(Elham et al. 2017). The substantial reduction in the activity

of SOD in pituitary and testicular tissues of CBZ group, as

observed in this study, agreed with earlier works (Li et al.

a

c

b

d

Fig. 1 Histological changes in the

pituitary gland of rats chronically

exposed to distilled water (a),

M. oleifera (b), carbamazepine (c)

and M. oleifera + carbamazepine

(d). Normal pituicyte (block

arrow) with no noticeable

histological changes, infiltrated

neutrophils around the pituicytes

(line arrow) and loss of cellular

projections (triangle and down

arrows) (H&E, × 400)

Table 3 Effect of M. oleifera leaves on epididymal sperm cells count, motility and morphology of adult male Wistar rats subjected to prolong

carbamazepine administration

Parameters DW MO CBZ MO + CBZ

Sperm count (106/ml) 137.30 ± 2.33b 108.00 ± 5.13 93.33 ± 3.71a 106.10 ± 5.13

Motility (%) 93.33 ± 1.67b 73.33 ± 3.33 63.33 ± 3.33c 66.67 ± 3.33

Head abnormality (%) 1.55 ± 0.18 2.08 ± 0.09 2.32 ± 0.07 2.14 ± 0. 30

Mid-piece abnormality (%) 4. 07 ± 0.18 5.10 ± 0.11 6.20 ± 0.41c 5.20 ± 0.25

Tail abnormality (%) 4.52 ± 0.42d 5.68 ± 0.33 6.68 ± 0.43c 6.11 ± 0.09

Values are presented as mean ± SEM
a p < 0.05, lower vs MO + CBZ, MO and DW groups
b p < 0.05, higher vs MO + CBZ and MO groups
c p < 0.05, higher vs DW group
d p < 0.05, lower vs MO + CBZ group

W distilled water, CBZ carbamazepine, MO Moringa oleifera
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2010; Suleiman et al. 2015). The considerable improvement

in the level of SOD in MO-pretreated group showed that MO

has an antioxidant effect in preventing CBZ-induced oxida-

tive challenge. This is apparently due to the phenolic and

flavonoid contents in MO, known to be a viable free radical

scavenger. The lower activities of CAT in pituitary gland and

testis of CBZ group revealed in this investigation can be

ascribed with the recurrent lipoperoxidation evoked by

prolonged exposure to the drug and reduction in the activity

of SOD as reported earlier that reduces the conversion rate of

O2− to H2O2 the substrate for CAT. This finding corroborates

with an earlier report (Elham et al. 2017). The apparent res-

toration of pituitary and testicular CAT activities observed in

MO-pretreated group demonstrated the antioxidant activity

of MO in boosting endogenous antioxidant reserve

(Abdallah et al. 2019) that nullify or ameliorate the removal

of ROS caused by chronic exposure to CBZ. The current

research showed decreased activities of testicular and pitui-

tary GPx of CBZ group; this agreed with earlier findings (Li

et al. 2010). GPx might be used up in response to CBZ-

provoked oxidative injury (Neamat-Allah et al. 2019b).

However, pretreatment with MO was able to protect both

the testicular and the pituitary gland GPx activities, further

reinforcing the antioxidant effect of the plant (Abdallah et al.

2020). The current research exhibited decreased concentra-

tions of LH and FSH in CBZ group relative to other groups;

this can be as a result of CBZ inhibitory effect on the GnRH

synthesis and secretions from the hypothalamus that aid

anterior pituitary to release LH and FSH. Previous studies

have shown that antiepileptic agents cause a reduction in LH

and FSH secretions, which play vital roles in spermatogene-

sis (Vijay et al. 2009; Li et al. 2010). Improvement in the

concentration of LH and FSH seen in MO + CBZ group

shows noticeable restoration in the level of gonadotropin

by MO. The reduced concentration of testosterone in CBZ-

treated group recorded in the present study corroborates the

report of earlier researchers (Suleiman et al. 2015;

Osuntokun et al. 2017). This reduction can be attributed to

the inhibitory action of CBZ on the secretion of pituitary

gonadotropins. The reduced level of testosterone can also

be caused by the antiepileptic drug’s ability to increase the

activity of the aromatase enzyme in the liver, which trans-

forms testosterone to estradiol, the hormone that further de-

creases the level of testosterone (Vijay et al. 2009).

Oxidative damage to the testes caused by CBZ administra-

tion, as demonstrated by the impaired antioxidant defence

system and elevated lipoperoxidation, produced an undesir-

able state for Leydig cells to produce testosterone. Changes

in histoarchitecture of Leydig cells in the CBZ group inten-

sified undesirable condition in testosterone biosynthesis.

Hence, the reduced concentration of testosterone in the

CBZ group can be as a result of damage to both pituitary

gland and testis. The increase in the concentration of testos-

terone observed in group MO + CBZ indicates the protecting

role of MO on pituitary and testicular damage caused by

long-term CBZ administration. The significant decrease in

c

b

d

a
Fig. 2 Histological changes in the

testis of rats chronically exposed

to distilled water (a), M. oleifera

(b), carbamazepine (c) and

M. oleifera + carbamazepine (d).

Seminiferous tubules undergo

degenerative changes (block

arrow) which indicate

spermatogenic arrest (incomplete

maturation of sperm cells), mild

inflammation (haemorrhage) and

fibrosis of the Leydig cell (trian-

gle arrow) and haemorrhagic

blood vessel (line arrow) (H&E,

× 400)
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sperm count of the CBZ group is in accordance with the

result from other studies (Asadi-Pooya et al. 2015;

Suleiman et al. 2015; Osuntokun et al. 2017). The lower

sperm count in the CBZ group could be caused by oxidative

injury to pituitary gland and testis, as shown by increased

lipoperoxidation, decreased antioxidant status and alteration

of cytoarchitecture observed in the present study. Therefore,

the impaired production of LH, FSH and testosterone and

testicular damage evoked by CBZ have contributed im-

mensely to the reduced epididymal sperm count. The sub-

stantial improvement in epididymal sperm count in the MO-

pretreated group has shown that MO mitigated the CBZ-

induced low sperm count. This indicates that MO effectively

overturns the sperm count decline evoked by CBZ, likely by

boosting the level of antioxidants. Reduction of sperm mo-

tility percentage in the CBZ group observed in this study

agrees with previous findings (Suleiman et al. 2015;

Osuntokun et al. 2017). The increment in sperm motility

percentage of MO-pretreated group showed that MO miti-

gates CBZ-induced low sperm motility. Prolonged exposure

to CBZ in the present study has been shown to induce sperm

abnormality. Osuntokun et al. (2017) recorded adverse ef-

fects of CBZ and gabapentin (GBP) on sperm morphology.

MO extract was able to mitigate altered sperm morphology

evoked by prolonged CBZ administration apparently as a

result of its antioxidant property, which creates a conducive

atmosphere for complete spermatogenesis.

Conclusion

This study showed that chronic exposure to carbamazepine

causes adverse reproductive outcomes because of oxidative

injury indicated by hormonal, biochemical and histological

parameters. Availability of flavonoids, phenolics and other

antioxidant compounds of M. oleifera makes it useful in mit-

igating the harmful reproductive outcome in animals or indi-

viduals under prolonged CBZ therapy. It is recommended that

parameters measuring oxidative stress status should be con-

stantly monitored in individuals or animals that are on

prolonged CBZ use. Intervention with plants rich in nutrients

and antioxidants such as M. oleifera is advocated.
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