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Abstract

Background: Olive (Olea europaea), from the Oleaseae family, is a very popular plant for its biological and pharmacological charac-
teristics. Olive tree derivatives possess antioxidant, anti-inflammatory, antihyperlipidemic, and cardioprotective effects.
Objectives: The current study aimed at evaluating the effect of olive leaves extract (OLE) on sperm quality and antioxidant capacity
in testis of rats exposed to rotenone (ROT).
Methods: In the current experimental study, 36 male Wistar rats were divided into 6 groups (n = 6). Control, Sham, ROT, and 3 ROTs
treated with OLE (75, 150, and 300 mg/kg/day). ROT 3 mg/kg/48 hours was injected subcutaneously (s.c), and vehicle or OLE was ad-
ministrated by oral gavage for 30 days. At the end of the study, animals were scarified and their testis tissue and epididymis samples
were removed and their sperm parameters (viability, motility, and sperm count), total antioxidant capacity (TAC), and malondialde-
hyde (MDA) level were measured.
Results: The results showed a significant decrease in sperm parameters and TAC in the ROT group. MDA level increased in ROT group
compared to that of the control group. The 30 day administration of OLE significantly improved the sperm qualitative parameters
and TAC, and decreased the elevation of MDA in the treated groups (P value < 0.05).
Conclusions: In conclusion, the antioxidant effects of OLE significantly increased sperm quality and TAC, and decreased MDA level
in the testis of rats exposed to ROT. These results revealed that OLE improved the sperm quality and suggested that OLE may treat
infertility.
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1. Background

The olive tree (Olea europaea; Oleaceae family) is a
phytoestrogen plant compounds with vast biological and
pharmacological characteristics (1). It is widely cultivated
in the Mediterranean region and its products are the ma-
jor components of Mediterranean diet (2, 3). The prod-
ucts derived from olive tree such as olive oil, fruit, and
leaves have beneficial compounds such as flavonoids and
polyphenol used by native people of the Mediterranean re-
gion as a folk medicine to treat many diseases and thereby
very interesting worldwide (2). In addition, olive leaves
due to the phenolic compounds possess antioxidant, an-
tihyperlipidemia, cardiovascular protection, neuroprotec-
tive, and wound healing properties (2, 4-6). The oleuropein
is the major phenolic compound with high antioxidant po-
tency found abundantly in olive leaves (7, 8). Oleuropein,
due to natural antioxidant properties, scavenges superox-
ide anions, hydroxyl radicals, and other potentially harm-
ful free radicals of metabolism, subsequently inhibits the

oxidative damages (9-11).

Oxygen reactive species (ROS) and nitrogen reactive
species (NOS) are highly reactive oxidizing agents gener-
ated in various tissue such as reproductive organs. Phys-
iological levels of ROS are critical requirements for sper-
matozoa maturation, capacitation, acrosome reaction, fu-
sion to the oocyte, and even its survival (12). Neverthe-
less, production of abnormal levels of ROS through the in-
duction of oxidative stress can have potentially toxic ef-
fects on motility of spermatozoa, inhibition of mitochon-
drial function, damage to the critical biomolecules such
as proteins, lipids, DNA, and enzymatic activities of sper-
matozoa (13, 14). In addition, as the spermatozoa plasma
membrane contains a high level of polyunsaturated fatty
acids (PUFA), it is susceptible to peroxidative damage. Lipid
peroxidation (LPO) could lead to the damage of lipid ma-
trix structure of sperm membrane, and could be affected
in sperm flagellum and axonemal structure, and decrease
their motility (15, 16).

Environmental pollutants play an essential role in the
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occurrence of many diseases in males. Pesticides are one
of the routine and important environmental pollutants,
which are widely used in agriculture (17). Rotenone (ROT) is
a pesticide with potentially toxic properties that classically
has a high affinity specific to inhibitor of mitochondrial
complex I, decreases adenosine triphosphate (ATP) synthe-
sis and most importantly induces oxidative damage, and
subsequently disruption of quality and quantity of sperm
(18, 19). Also, oxidative stress is approximately liable to half
of male infertility and one of the common pathology ob-
served in males with infertility problems (20, 21).

According to the antioxidant agents of olive leaves,
chiefly oleuropein that plays a crucial role in maintenance
of the antioxidant balance and inhibition of oxidative
stress.

2. Objectives

The current study aimed at evaluating the effect of
olive leaves extract (OLE) on sperm quality and antioxidant
capacity in testis of rats exposed to rotenone.

3. Methods

3.1. Preparation of Olive Leaves Extract

Accordingly, to prepare the required extract fresh
olive leaves (Olea europaea; Sevillano variety) were col-
lected from the Khoramabad agricultural research Or-
chard (Lorestan, Iran) in February 2016; the extract was pro-
vided by Razi herbal medicines research center of Lorestan.
The collected leaves were washed, dried in shade and
grinded by a blender. The obtained powder was mixed with
80% ethanol. The ethanol extract was leached through fil-
ter paper and concentrated to dryness under reduced pres-
sure in a rotary evaporator under vacuum and the resulted
ethanol extract was frozen (22). Finally, the extract was dis-
solved in sterile distilled water prior to administration in
the animals.

3.2. Animals

A total of 36 adult male Wistar rats (age range 4.5 to 5
months old) were obtained from the central animal house
of Zahedan University of Medical Sciences (ZAUMS), Iran.
The rats were housed 4 weeks at an ambient temperature
of 25 ± 2°C, under 12:12 hour light/dark cycles with free ac-
cess to food and water.

3.3. Experimental Design

In the current experimental study, the rats were
weighed and randomly allocated into 6 equal groups (n
= 6). The study groups were classified as follows: (1) Con-
trol group: received no treatment, (2) Sham group: re-
ceived distilled water via oral-gastric tube + corn oil, sub-
cutaneously (s.c) as a vehicle, (3) ROT group: received ROT
3 mg/kg/48 hours, and the groups (4) to (6) received ROT
+ OLE 75, 150, and 300 mg/kg/day via oral-gastric tube. In
the last day of the experiments, all of the rats were weighed
and sacrificed under deep anesthesia by chloroform. Then,
their testes and epididymis were quickly removed and
stored in buffer. The samples were transferred to the lab-
oratory to examine the biochemical and physical parame-
ters of sperm. All of the experiments were approved by the
Ethics Committee of the Care of Animal House of the ZA-
UMS, Zahedan, Iran (code number: IR.ZAUMS.REC.1395.30).

3.4. Sperm Parameters Measurements

Sperm samples were gathered from caudal epididymis
(1 cm of distal part of epididymis) and minced in 2 mL of
phosphate buffered saline (PBS) and kept for 30 minutes at
37°C. After allowing for disperse of spermatozoa in the bal-
anced buffer, the obtained solution was gently shaken for
homogenization, and the sperm count, motility, and via-
bility were examined by a light microscope at X400 mag-
nification.

3.4.1. Sperm Counting

The diluted sperm suspension (10 µL) was loaded into
each chamber of the Neubauer hemocytometer (LABART,
Darmstadt, Germany) and the total sperm numbers were
counted per 250 small squares (23).

3.4.2. Sperm Motility

The percentage of sperm motility was determined ran-
domly from 4 different fields for each sample and the num-
bers of motile and non-motile sperm were 200 spermato-
zoa per slide (24).

3.4.3. Sperm Viability

The viability of sperm was evaluated by eosin Y stain-
ing. Accordingly, the sperm samples were transferred to
the Neubauer slide, mixed with 10µL of eosin, and assessed
under a light microscopy. After that, according to the stain-
ing or non-staining, spermatozoa were classified into dead
spermatozoa with pink or red coloration and live with-
out any coloration. Randomly, at least 200 sperms were
counted for each sample (25). Finally, the obtained result
of viability was presented as a percentage of live sperms.
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3.5. Biochemical Analysis

For the biochemical evaluation, after decapitating the
rats, testis of each rat was dissected, weighed, and homog-
enized in PBS (PH = 7.4, 0.1 M). The obtained homogenized
suspension was centrifuged at 12000 g for 20 minutes, at
4°C. Then, the clear supernatants were stored at -70°C and
used to evaluate the total antioxidant capacity (TAC) and
malondialdehyde (MDA) level.

3.5.1. TAC Measurement

To assay TAC, the ferric reducing/antioxidant power
(FRAP) method was used. This method was precisely de-
scribed by Benzie and Strain (26). The FRAP method
measures the power of antioxidants to reduce the ferric-
tripyridyltriazine (Fe3+-TPTZ) to a ferrous form (Fe2+).
Briefly, FRAP working reagent solution was prepared by
mixing buffer acetate (0.3 M, PH = 3.6) with TPTZ (10 mM)
solution with 10:1 ratio in HCL (40 mM) and 1 mL FeCl3

solution was added just before use. Then, 1.5 mL of the
FRAP reagent was combined with 50µL of 10% homogenate
and warmed for 10 minutes at 37°C. In addition, FeSO4 was
added to freshly working FRAP reagent as a standard to
measure the FRAP. The complex between Fe2+/TPTZ formed
a blue color that absorbance was measured at 593 nm. The
final results were reported as µM/g tissue.

3.5.2. MDA Measurement

LPO level was determined by the concentration of thio-
barbituric acid-reactive substance (TBRS) assay described
by Ohkawa et al. (27). In this method, the color produced
by the reaction between thiobarbituric acid (TBA) with
MDA was measured spectrophotometrically. The amount
of MDA was used as an indicator of LPO level in the tissue.
In short, the supernatants (0.2 mL), acetic acid (1.5 mL, 20%),
sodium dodecyl sulfate (0.2 mL, 8.1%), and TBA (1 mL, 6%) so-
lution were combined together in a 10 mL centrifuge tube.
Then, the mixture was heated in a boiling water bath for 45
minutes. After cooling, 4 mL n-butanol was added, and the
mixture was vigorously shaken and centrifuged. Next, the
absorbance of pink- colored product at 535 nm was mea-
sured. The results of TBRS were expressed as nM/g of tissue.

3.6. Statistical Analysis

The data were presented as mean ± standard errors of
mean (SEM). The data analysis was conducted by SPSS soft-
ware under Windows (version 16, Chicago, IL, USA) and to
compare differences between the groups, one-way ANOVA
and Tukey post-hoc test were used. The significance level
was P value < 0.05.

4. Results

4.1. The Effects of OLE on Sperm Parameters

According to the results, the sperm parameters in the
control and sham groups were not different. In the ROT
group, the mean sperm count, viability, and motility signif-
icantly decreased compared with those of the control and
sham groups (P value < 0.001) (Figures 1, 2, and Figure 3).
The study findings showed that the mean of motility, via-
bility, and sperm count in ROT + OLE 150 and ROT + OLE 300
mg/kg/day groups markedly increased compared to that of
the control group (P value < 0.001). There was no signifi-
cant difference in sperm parameters between ROT + OLE 75
mg/kg/day and ROT groups (P value > 0.05).

Figure 1. The Effects of OLE on Sperm Count in Different Groups
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*P value < 0.001 vs. control group, #P value < 0.05 vs. ROT group.

Figure 2. The Effects of OLE on Viability of Sperm in Different Groups
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*P value < 0.001 vs. control group, #P value < 0.05 vs. ROT group.

4.2. The Effects of OLE on MDA

As illustrated in Figure 4, there was no difference in
the MDA level between the control and sham groups.
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Figure 3. The Effects of OLE on Sperm Motility in Different Groups
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*P value < 0.001, **P value < 0.05 vs. control group, #P value < 0.001 vs. ROT group.

The mean of MDA level in the group that received 300
mg/kg/day OLE was markedly lower (P value < 0.001) than
that of the ones treated with the dose of 150 mg/kg/day (P
value < 0.05). The group that received 75 mg/kg/day of OLE
could not decrease MDA level, compared to ROT group (P
value >0.05).

Figure 4. The Effects of OLE on MDA Level in Different Groups
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*P value < 0.001 and **P value < 0.05 vs. control group, #P value < 0.001 vs. ROT
group.

4.3. The Effects of OLE on TAC

The mean of total antioxidant capacity in the testis of
rats in different groups is shown in Figure 5. Accordingly,
there was no difference in TAC level between the control
and sham groups. The mean of TAC level in ROT group
markedly decreased, compared with that of the control
group. Treatment with 150 or 300 mg/kg/day OLE, signif-
icantly increased TAC level, compared to that of the ROT
group. There was no noticeable difference in TAC level be-
tween ROT + OLE 75 mg/kg/day and ROT groups (P value >
0.05).

Figure 5. The Effects of OLE on TAC Level in Different Groups
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*P value < 0.001 vs. control group, #P value < 0.001 vs. ROT group.

5. Discussion

ROT is a pesticide which inhibits the mitochondrial res-
piratory chain and induced ROS generation. Exposure to
ROT causes enhancement of LPO and antioxidant status im-
pairment in human and animal tissue (28).

The findings of the current study revealed that ROT
induced oxidative stress measured by TAC status, and in-
creases LPO in the rat testicular tissue. In this context, pre-
vious studies showed that ROT could impair antioxidant
enzyme activity in the brain of rats and induce Parkinson
disease (28, 29). Another study reported that ROT by ROS
generation induced cell apoptosis (30). It is shown that mi-
tochondrial complex I inhibitors such as ROT produce cel-
lular injury by oxidative damage, destruction of cell mem-
branes, and increase of lipid peroxidation (31). As men-
tioned previously, spermatozoa plasma membrane is rich
of PUFA, and prone to oxidation (16).

The current study results, in line with the above men-
tioned study, showed that MDA which is a marker for lipid
peroxidation, increased in the testis of ROT group when
compared with the control and sham groups.

According to the results of the current study, treatment
with OLE decreased the MDA level in the OLE + ROT groups,
compared to ROT group. The result of a study showed that
oleuropein decreased the lipid peroxidation in ethanol-
induced oxidative stress in rat testis (32). Another study
proposed that treatment with OLE reduced MDA level in
doxorubicin-induced cardiac, hepatic, and renal toxicity in
rats (33). Nasirzadeh and Rasouli reported that oral admin-
istration of OLE 100 mg/kg for 30 days decreased MDA level
in ovariectomized rats (34).

In our previous study, the results demonstrated that
OLE reduced MDA concentration in the brain of aged rats
(35). The current study finding was in agreement with
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those of previously mentioned studies. It can be concluded
that OLE with antioxidant potent properties inhibits ROS
generation and decreases lipid peroxidation in tissue.

Several studies showed that males with infertility of-
ten exhibit deficient antioxidant capacity in their sperma-
tozoa and seminal plasma (36, 37). The positive effects of
dietary intake antioxidant on semen parameters were doc-
umented in several studies (38, 39). Some authors reported
that OLE possessed antioxidant property and increased di-
minished antioxidant enzyme activities in different tissue
(40, 41). In addition, results of the present study also indi-
cated that treatment with OLE improved TAC level in the rat
testicular tissue, compared with that of ROT group. Daily
administration of 300 mg/kg OLE could act as an inhibitor
of oxidative stress, which was in line with the results of
other studies (32, 42). The findings of recent studies re-
vealed that pretreatment with oleuropein increased testic-
ular antioxidant enzyme activity in rats (32).

On the other hand, the present study revealed signif-
icant decrease in sperm count, motility, and vitality in
ROT group, compare to those of the control group, which
was consistent with the finding of other researchers that
showed reduction of sperm motility and fertility by mito-
chondrial respiratory inhibitors (43, 44). The mid piece
of sperm surrounded by mitochondria and ATP produced
by sperm mitochondria provides the source of energy for
sperm motility (45, 46). Substances with mitochondrial
respiratory inhibitor properties prevent the transfer of
electrons to ubiquinone, resulting in decreased efficiency
of the electron transport chain, which could potentially
decrease ATP production (46). Davila observed that ex-
posure to ROT induced sperm death and reduce motility
and membrane integrity in sperm. These events attributed
to increased production of H2O2, which occurred in the
present ROT (47). On the other hand, ROT caused mito-
chondrial damage, which resulted in apoptotic cell death
by disrupting cellular energy metabolism and enhancing
ROS production, inhibition of the microtubular network,
and condensation/fragmentation of the cell nucleus (48).

It was established that ROS attacked cellular lipids, pro-
teins, or DNA, and impaired the cellular functions (49). ROS
invades the spermatozoid plasma membrane and disrupts
its fluidity, which leads to loss of motility and DNA damage
to the genome of mitochondrial (50).

The current study results showed that the sperm of rats
were exposed to ROT despite being viable, but were not
motile, which confirmed the above mentioned studies.

The current study findings showed that daily admin-
istration of 300 mg/kg of OLE significantly improved the
motility, viability, and sperm count in rats exposed to ROT.
It means that potent antioxidant activity of OLE scavenges
free radicals and protects against ROT mitochondrial dam-

age, and subsequently oxidative damage.
Alirezaei et al., showed that oleuropein improved the

epididymal sperm parameters in ethanol induced oxida-
tive stress in rat testis (32). Another study demonstrated
that oral administration of olive oil increased viability,
motility, and sperm concentration in rats exposed to cad-
mium.

Najafizadeh et al., reported that administration of
olive fruit extract had deleterious effects on sperm parame-
ters and reproductive organs in rat (51). This inconsistency
in the results may be due to duration of treatment and the
dosage used. However the current study findings showed
that administration of OLE for 30 days, significantly im-
proved the sperm quality and antioxidant status in the
testis of rats exposed to ROT.

In conclusion, the current study revealed that OLE,
with antioxidant properties, can protect fertility in ex-
posed to environmental pollution and may be used to treat
infertility.
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