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ABSTRACT
Background: Infertility in male has been associated with oxidative stress which cause 
membrane damage. The presence of a wide array of secondary metabolites with enormous 
antioxidant potentials have resulted in the increased medicinal value placed on plants for 
treatment of various ailments. Ocimum gratissimum is a widely consumed herb well known 
for its nutritional and medicinal significance. Nevertheless, there is scarcity of information on 
the impact of Ocimum gratissimum on plumbagin-stimulated male reproductive dysfunction. 
Therefore this study was designed to determine the effect of aqueous fraction of Ocimum 
gratissimum (AFOG) leaf extract on sperm plasma membrane integrity and antioxidant status 
in plumbagin-induced infertility in male wistar rats. Methods: Twenty animals were divided 
into four equal groups: normal control, 8mg/kg plumbagin, groups administered Plumbagin and 
treated with 100mg/kg and 400mg/kg AFOG leaf by gavaging for 14 days. Results: The AFOG 
(100mg/kg and 400mg/kg) significantly (P<0.05) prevented plumbagin-mediated increase in 
lipid peroxidation but increased antioxidant parameters [such as glutathione reduced (GSH) 
levels and the activities of antioxidant enzymes (SOD and CAT)] in a dose-dependent manner. 
Furthermore, AFOG significantly reversed decrease in testosterone and estradiol levels in 
plumbagin-induced sterility in male rats and this was corroborated by a significant improvement 
in sperm features and testes histo-architectures of the co-treated animals. Conclusion: 
It could therefore be inferred from the above data that Ocimum gratissimum exhibited its 
cytoprotective role in male reproductive dysfunction via prevention of oxidative stress and 
maintenance of membrane stability.
Key words: Plumbagin, Sterility, Antioxidants, Ocimum gratissimum, Membrane integrity.
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INTRODUCTION
Infertility, a highly prevalent and wide spread public 
health problem with numerous difficulties inherent in 
its management,1 is associated with the inability to get 
pregnant after regular sexual activity for a minimum 
of 12 months without the use of contraception.2 It 
occurs in both male and females with a wide range of 
causative factors.3

Human exposure to numerous environmental 
contaminants, poor nutrition, underlying health 
conditions, genetic influence amongst others have 
largely contributed to increased infertility rates, 
impaired spermatogenesis, testicular impairments 
amongst other reproductive health problems.4 
Oxidative stress resulting from overwhelming 
generation of oxidants has been linked to 
etiopathogenesis of male infertility. The mechanism 
underlying this at times stems from the peroxidation 
of membrane lipids by the free radicals which leads 
to membrane damage and invariably apoptosis 
in spermatogenic cells and thus could alter 

spermatogenesis and steroidogenesis which are 
essential for fertility.4

Clomiphene citrate among others is employed for the 
treatment of male infertility as it boosts the levels of 
luteinizing and follicle-stimulating hormones which 
impacts on the sperm count. This medication has 
sometimes been associated with side effects such as 
vision impairment, exacerbation of prostate cancer 
if present, and irritability.5 The setback with the use 
of orthodox medicine for the treatment of male 
sterility makes plant products auxiliary substitute. 
The use of plants for the treatment of various disease 
conditions and ailments dates back to human history 
and constitutes the birth of modern medicine.6 
They have played a pivotal role as a vital source of 
active ingredients which serves as templates for 
the production of drugs to combat diseases and 
for nutritional purposes. Studies have shown that 
myriads of medicinal plants possess antioxidant 
efficacies which are responsible for their use in 
treating diseases.7
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Ocimum gratissimum possesses both nutritional and medicinal 
properties.8 It is widely consumed in Nigeria and used severally in the 
treatment of numerous diseases.9 It belongs to the Lamiceae family 
found mostly in the tropics and sub-tropics. In Nigeria, it is known as 
nchuanwu by the Igbos, efinrin by the Yorubas and nton by the Efiks.9 
The leaves of the plant are mostly used in the treatment of catarrh, cold, 
fever, babies’ umbilical cord dressing and fungal infections.10

However, there is dearth of information on the influence of Ocimum 
gratissimum leaf extract on infertility in male rats. Therefore, this study 
was designed to investigate whether AFOG leaf extract contains bioactive 
principle that can ameliorate sperm cell membrane damage and prevent 
infertility induced by Plumbagin in male Wistar rats.

MATERIALS AND METHODS
Chemicals and Solvents Used
The research was carried out using analytical graded chemicals of purest 
quality known. They include methanol, chloroform, n-hexane, ethyl 
acetate.

Collection of Plant Materials
The leaves of Ocimum gratissimum were obtained at Iya-Laje Market, 
Ondo town, Ondo State, Nigeria and authenticated at the department of 
Pharmacognosy, University of Ibadan, Ibadan, Oyo State, Nigeria with 
voucher specimen number DPUI 1504. The research was approved by 
University of Medical Sciences, Ethical Committee, Ondo State, Nigeria 
with code number UNIMED-EC/20/006.

Preparation of Extract
The leaves were washed, air-dried and pulverized using blender. 
Thereafter, the pulverized leaves were soaked in 100% methanol for  
48 hr and the filtrate was obtained using muslin cloth and repeated for 
four times. The filtrate was concentrated using water bath. The crude 
extract was then fractionated successively with solvents of increasing 
polarity between hexane, chloroform ethyl acetate and water via a 
separating funnel in order to obtain various fractions.

Methods
Experimental Animals
The experimental animals used for this study were locally bred male 
Wistar rats gotten from Ogbomosho, Oyo State, Nigeria. The animals 
were kept in ventilated cages at the University of Medical Sciences, Ondo 
State animal house. The animals were acclimatized for one week and 
maintained under standard environmental conditions and were given 
feed and water freely. Thereafter they were intubated with 8mg/kg of 
plumbagin for two weeks and then treated with doses AFOG for 14 days. 
The animals were handled in compliance with the University of Medical 
Sciences, Ondo, Ondo State, Nigeria, ethical committee and animal use.

Experimental Design
Twenty rats, acclimatized for 7 days, weighing from 80g to 100g were 
utilized. These were randomly distributed into four equal groups in 
aerated cages and administered 8 mg/kg Plumbagin (p.o) for 14 days.11 
Thereafter, they were orally treated with doses of AFOG for two weeks. 
The experimental animals were grouped in this manner: 
Group 1: Control (vehicle- water).
Group 2: Plumbagin8mg/kg.
Group 3: Plumbagin8mg/kg + AFOG100mg/kg 
Group 4: Plumbagin8mg/kg + AFOG400mg/kg

Euthanization of Animals and Collection of Samples
The animals were euthanized and sacrificed by cervical dislocation. 
Open castration method was used to excise the testes and epididymis.12

Antioxidant level of the epididymis and testis
These tissues were homogenized in 50mM Tris-HCl buffer (pH 7.4) 
having 1.15% KCl and spinned using cold centrifuge for 15 min at 
10,000rpm to obtain the post-mitochondrial fraction used for various 
assays. Catalase (CAT) activity was assayed at 240nm using hydrogen 
peroxide as substrate according to the method of Claiborne.13 Superoxide 
dismutase (SOD) activity was evaluated as described by Misra and 
Fridovich.14 GSH level was estimated at 412nm in accordance to Jollow  
et al.15 method. Percentage malondialdehyde (MDA) was assayed at 
532nm spectrophotometrically by following the protocol of Farombi et al.16

Estimation of sperm motility
This was carried out in compliance to Zemjanis’ method.17 The sperm 
was obtained from the epididymis and diluted using 2.9% sodium citrate 
dihydrate solution at physiological temperature, gently admixed and 
overlaid with clean coverslip (24 x 24 mm). The motility was evaluated 
by considering not less than ten microscopic field at X200 magnification 
power. The sperm was categorized as either motile or immotile. 

Evaluation of epididymal sperm count
It was determined as described by Rotruct method.18 The epididymis 
was homogenized in normal saline and sieved through nylon filter 
membrane. Exactly 0.1 ml suspension was obtained by mixing 5 μl sperm 
with 95 μl diluent (0.35% formalin, 5% NaHCO3 and 0.25% trypan blue). 
Precisely, 10 μl of suspension was dispensed on Neubauer chamber and 
viewed under X400 magnification using light microscope.

Estimation of sperm morphology and viability
These were evaluated in accordance to the procedure of Habig.19 Smear 
of sperm suspension was made on hygienic glass slide and viability 
estimated by staining with eosin (1%) and 5% nigrosine 3% C6H5Na3O7. 
2H2O. Morphological aberrations were estimated by staining the smear 
dye that contains 0.1g eosin and 0.3g fast green solubilized in dH2O and 
C2H5OH (2:1). Four hundred sperm cells were evaluated from each rat in 
order to determine the abnormalities. 

Circulatory concentrations of pituitary and testicular 
hormones assay
These were determined using Elabscience assay kits by following 
manufacturer’s instructions.

Sperm plasma membrane integrity
This was determined in rats using hypo-osmotic swelling test (HOST) 
as described by Turner and Lysiak.20 The solution (150mOsm/L) was 
prepared by mixing 3.675g sodium citrate with 6.755g fructose in 500 ml 
final volume using dH2O. An aliquot of 100 μl of sperm suspension 
obtained from cauda epididymis was made in 1000 μl hypo-osmotic 
solution and incubated at 37°C for 60 min. Exactly, 200 cells were 
counted for each sample from various fields at X400 magnification 
via light microscope and HOST positive sperms with twisted tail were 
evaluated.

Histological procedures
Testis samples were fixed with Bouin’s solution for 24 hr.21 This is  
followed by dehydration of the tissues (via tissue processor-Leica TP 
1020) by employing the use of ascending alcohol concentrations, then 
xylene was used to clear them and thereafter embedded in paraffin 
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there is a dose-dependent increase in the treated groups relative to 
control (Figure 1). 

Oxidative stress was abrogated by treatment of sterile 
rats with aqueous fraction of O. gratissimum leaf
Figure 2 shows the result of the antioxidant status (TAC, GSH, SOD, 
CAT) in the plumbagin-induced male Wistar rats treated with aqueous 
fraction of Ocimum gratissimum leaf extracts for a period of two weeks. 
There was considerable reduction (P<0.05) in the untreated groups for all 
the parameters compared to control. Nonetheless, the antioxidant status 
was enhanced by rising doses in the treated groups relative to control.
Figure 3 revealed that there was considerable rise (P<0.05) in the MDA 
level of untreated group relative to control. On the contrary, significant 
reduction (P<0.05) was noticed in MDA status of treated groups relative 
to control.

Aqueous fraction of O. gratissimum leaf repairs testicular 
damage in sterile rats
Plate 1A showed that regular testicular architecture with normal 
seminiferous tubules and normal developmental phases of spermatozoa 
inside their lumen (white arrow) were observed. The spermatogonia and 
sertoli cells were standard. Also, normal leydig cells were seen in the 
interstitial spaces (slender arrow).
Plate 1B shows photomicrograph of a testicular section of plumbagin-
induced untreated group stained with H&E dye. There was mild 
leydig cell hyperplasia (black arrow) and maturation arrest in several 
seminiferous tubules (slender arrow)
Plate 1 C and D show photomicrograph of a testicular section of 100 and 
400mg/kg AFOG treated groups stained using H&E stain. Several normal 
seminiferous tubules with normal maturation stages and presence of 
spermatozoa within their lumen (white arrow) were observed. Few 
other seminiferous tubules with maturation arrest were also seen (black 
arrow). Leydig cells in the interstitial space were regular (slender arrow). 

DISCUSSION
Consideration of male infertility is route to exonerating female 
counterpart as the solely culprit for inability to conceive and produce 
offspring by married couples. Researches have shown that male 
counterpart also contributes about 50% to this infertile condition.23 
In response to this challenge, males are usually placed on drugs like 
clomiphene and anastrazole to boost sperm production.5 Sometimes, 
adverse reactions are observed with the use of these medications. 
Therefore, the use of natural compounds with little or no deleterious 
effect obtained from plants sources is desirable. 
Ocimum gratissimum, also known as scent leaf, has been found to have 
various medicinal properties such as anti-oxidants, anti-bacterial, anti-

wax.22 About 4-5μm portions were excised via microtome, fixed on 
slides, stained with hematoxylin and eosin (H&E) then viewed at x400 
magnification under light microscope. The nuclei was stained blue and 
the cytoplasm pink.

Statistical Analysis
Data were analysed using One-way ANOVA and post hoc Dunnett’s 
t-test through Graph pad prism 7 (La Jolla, California, USA). P < 0.05 
were reckoned significant.

RESULTS
Aqueous fraction of Ocimum gratissimum leaf extract 
improves the morphological parameters in the 
treatment groups
Table 1 shows the result of the sperm morphology in plumbagin-induced 
infertility in male wistar rats treated with aqueous fraction of Ocimum 
gratissimum leaf extracts for a period of two weeks. There was significant 
elevation (P<0.05) in the sperm morphological status of the untreated 
group relative to control except for the total normal sperm which was 
significantly reduced. Similarly, significant differences (P<0.05) were 
observed in all the sperm morphological parameters of treatment groups 
relative to control except for the total abnormal sperm with considerable 
decrease. 

Aqueous fraction of O. gratissimum leaf extract enhances 
sperm capacitation in the treatment groups
Table 2 revealed that there was significant difference in the sperm 
capacitation of the untreated rats relative to control. Conversely, there 
was considerable improvement in the sperm capacitation of test groups 
with respect to control.

Administration of aqueous fraction of O. gratissimum 
leaf extract prevents testicular membrane damage in 
Plumbagin-induced sterility in rats
The results of sperm motility, viability and count together with membrane 
integrity in plumbagin-induced infertility in male Wistar rats treated 
with AFOG leaf extracts for a period of two weeks were revealed in Table 3.  
Dose-dependent increase was noticed in the sperm motility, viability, 
count and membrane integrity in the treated groups in comparison to 
control. Whereas, large difference (P<0.05) was seen in these parameters 
in the untreated group relative to control. 

Circulatory hormones concentrations in sterile rats were 
improved in the treatment groups by aqueous fraction 
of O. gratissimum leaf
There was drastic decline (P<0.05) in serum testosterone and estradiol 
concentrations in the untreated group relative to control. Meanwhile, 

Table 1: Effect of aqueous fraction of O. gratissimum leaf extracts on sperm morphology in plumbagin-induced male Wistar rats.

Morphology (%) Distribution of Abnormalities

Groups Normal Total ab normal Head defects Neck/Midpiece defects Tail defects

NC 81±1.0 19±0.5 4.7±0.1 3.7±0.01 10.7±0.1

PG 68±2.3a 23±1.5a 7.3±0.05a 4.3±0.05a 15.3±0.3a

PG +100mg/kg AFOG 77±2.5b 21±1.2 3.7±0.06ab 3.0±0.07ab 14.3±0.13a

PG +400mg/kg AFOG 79±2.0b 21±1.1 2.3±0.04ab 2.7±0.01ab 14±0.11a

NC, Normal Control; PG, Plumbagin; PG +100mg/kg AFOG, Plumbagin + PG +100mg/kg Aqueous fraction of leave extract of Ocimum gratissimum; Plumbagin + PG 
+400mg/kg Aqueous fraction of leave extract of Ocimum gratissimum; Values are expressed as mean ± SD (n=5); a: Test groups vs normal control (p < 0.05). b: Treatment 
groups vs Plumbagin alone (p < 0.05).
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Table 2: Effect of aqueous fraction of O. gratissimum leaf extracts on 
sperm capacitation in plumbagin-induced male Wistar rats.

Sperm Capacitation (%)

Groups Acrosome-intact 
Uncapacited 

Sperm

Acrosome-
intact 

Capacitated 
Sperm

Acrosome-
reacted 

Capacitated 
Sperm

NC 2±0.01 1.5±0.01 96.5±1.1

PG 9.3±0.01a 2.3±0.02a 88.4±2.3a

PG + 100mg/kg AFOG 5±0.02ab 5.3±0.01ab 89.7±1.5a

PG + 400mg/kg AFOG 2.3±0.1abc 3.3±0.1abc 94.3±1.3abc

NC, Normal Control; PG, Plumbagin; PG +100mg/kg AFOG, PG +100mg/kg Aque-
ous fraction of Ocimum gratissimum leaves extract; PG +400mg/kg Aqueous frac-
tion of leaves extract of Ocimum gratissimum; Values are expressed as mean ± SD 
(n=5). a: Test vs normal control (p < 0.05). b: Treatment groups vs Plumbagin 
alone (p < 0.05). c: PG + 400mg/kg AFOG vs PG +100mg/kg AFOG (p < 0.05).

Table 3: Effect of aqueous fraction of O. gratissimum leaf extracts on 
sperm parameters in plumbagin-induced male Wistar rats.

Groups Motility (%) Viability (%) Sperm 
Count 
*10^6 

(million)/ml

Host Sperm 
Membrane 

Integrity

NC 92.5±1.1 94.3±1.5 39.3±0.5 81.3±1.2

PG 41.7±0.9a 60±1.3a 19.7±0.08a 58.7±1.01a

PG + 100mg/kg 
AFOG

88.3±2.3ab 91.7±0.5ab 25.7±0.83ab 75±0.9ab

PG + 400mg/kg 
AFOG

90±1.9ab 95±0.9abc 28.3±0.67abc 79.3±1.32abc

NC, Normal Control; PG, Plumbagin; PG +100mg/kg AFOG, PG +100mg/kg Aqueous 
fraction of Ocimum gratissimum leaves extract; PG +400mg/kg Aqueous fraction of 
leaves extract of Ocimum gratissimum; Values are expressed as mean ± SD (n=5). 
a: Test vs normal control (p < 0.05). b: Treatment groups vs Plumbagin alone  
(p < 0.05). c: PG + 400mg/kg AFOG vs PG +100mg/kg AFOG (p < 0.05).

Figure 1: Effect of aqueous fraction of O. gratissimum leaf extracts on serum 
testosterone and estradiol aqueous in plumbagin-induced male Wistar rats.
NC, Normal Control; PG, Plumbagin; PG +100mg/kg AFOG, PG +100mg/
kg Aqueous fraction of Ocimum gratissimum leaves extract; PG +400mg/
kg Aqueous fraction of leaves extract of Ocimum gratissimum. Values are 
expressed as mean ± SD (n=5) a: Test vs normal control (p < 0.05). b: Treatment 
groups vs Plumbagin alone (p < 0.05). c: PG + 400mg/kg AFOG vs PG +100mg/kg 

AFOG (p < 0.05).

Figure 2: Effect of aqueous fraction of O. gratissimum leaf extracts on SOD 
activity, CAT activity, total antioxidant capacity and GSH levels in plumbagin-
induced male Wistar rats.
NC, Normal Control; PG, Plumbagin; PG +100mg/kg AFOG, PG +100mg/
kg Aqueous fraction of Ocimum gratissimum leaves extract; PG +400mg/
kg Aqueous fraction of leaves extract of Ocimum gratissimum;. Values are 
expressed as mean ± SD (n=5); a: Test vs normal control (p < 0.05). b: Treatment 
groups vs Plumbagin alone (p < 0.05). c: PG + 400mg/kg AFOG vs PG +100mg/kg 

AFOG (p < 0.05).

Figure 3: Effect of aqueous fraction of O. gratissimum leaf extracts on MDA 
level in plumbagin-induced male Wistar rats.
NC, Normal Control; PG, Plumbagin; PG +100mg/kg AFOG, PG +100mg/
kg aqueous fraction of Ocimum gratissimum leaves extract; PG +400mg/
kg aqueous fraction of leaves extract of Ocimum gratissimum. Values are 
expressed as mean ± SD (n=5). a: Test vs normal control (p < 0.05). b: Treatment 
groups vs Plumbagin alone (p < 0.05). c: PG + 400mg/kg AFOG vs PG +100mg/kg 

AFOG (p < 0.05).
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High level of sperm capacitation in the treated groups depicts rising 
tendencies for fertilization to take place and this was corroborated by 
increase in the sperm count, motility and viability.
Considerable improvement in the sperm morphology observed upon 
administration of AFOG depicts that the plant extract in addition to 
its ameliorative role, does not contain components that could damage 
the cell membrane. This is supported by the report that Moringa oleifera 
extract administered to rats did not alter number of normal sperm count. 
Thus, denoting its non-toxic properties.28

Catalase is an enzyme that plays vital role in the degradation of hydrogen 
peroxide into water and oxygen.29 The increased catalase activity in 
the groups treated with AFOG as obtained in the results shows their 
antioxidant efficacy. Other antioxidant indices were equally enhanced. 
These enzymes assist in scavenging free radicals from the biological 
system. It could be suggested that phytoconstituents in AFOG acted to 
either boost the antioxidants reserve in the body or directly scavenged 
the free radicals from the system. It was reported that phytochemicals in 
Ocimum gratissimum have antioxidant potentials which are responsible 
for its free radical scavenging activity and protection against oxidative 
stress-induced morphological change and cellular damage in several 
systems.30

Elevated levels of MDA in the testis has been shown to cause high 
oxidative stress which can damage the sperm cells and cause fertilization 
problems.31 This causes cell death through membrane lipid peroxidation 
which has been implicated in DNA damage and precipitation of different 
disease conditions.32 In contrast, this study reveals reduction in the MDA 
level of rats administered AFOG, thereby showing its ability to inhibit 
cell damage. This could be adduced to the phytochemicals present in the 
AFOG.
The histopathology of the testes shows that there was ameliorative impact 
of AFOG on plumbagin-triggered testicular impairment in treated rats 
as normal testicular architecture, normal seminiferous tubules with few 
abnormal ones and normal maturation were observed.
Severe testicular injury seen in untreated group revealed that plumbagin 
is capable of causing alteration in seminal parameters. This is in tandem 
with the report of Bello12 that Plumbagin exhibited destructive effect 
on testicular organs, thus causing infertility. However, this damage was 
significantly repaired via treatment with AFOG, thereby showing it as 
promising phytotherapeutic agent for management of testicular insult. In 
contrast, this is opposed to the report of Orieke et al.26 that demonstrated 
crude aqueous extract of O. gratissimum to cause damage to the 
seminiferous epithelium, characterized by varying degrees of edema 
within the tubules and the interstitial cells, reduced spermatogenesis and 
collapse of the tubules under the tunica albunigea.

CONCLUSION
It could be inferred from this study that AFOG leaf possesses bioactive 
compounds which exhibited cytoprotective role against testicular injury 
and thus, may be a promising phytotherapeutic agent for treating 
infertility in male.
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