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Abstract:

BACKGROUND: The experimental model of streptozotocine (STZ)-induced diabetes explains changes
in the male reproductive system as part of the disease.

OBJECTIVES: The aim of the present study was to evaluate the olive leaf extract effects on STZ-in-
duced diabetes and to examine its modulatory effects on sperm quality.

METHODS: Twenty adult male Sprague—Dawley rats were divided into four equal groups: the first
group served as untreated control. Groups 2, 3 and 4 of rats were injected STZ (65 mg/kg). The animals
which exhibited blood glucose levels higher than 250 mg/dl by days 4-6, were considered as diabetic
rats. Groups 3 and 4 received olive leaf extract (100 and 150 mg/kg, orally) and vehicle to the control
and diabetic rats (group 2) for 10 consecutive days.

RESULTS: Glycated haemoglobin percentage (%HbAlc) as a diabetic index significantly decreased
in the animals that ingested 150 mg/kg of the extract compared to the diabetic group (P<0.001). Olive
leaf extract (150 mg/kg) could improve sperm quality of the treated rats against STZ deleterious effects
in the diabetic rats, however, total sperm motility was significantly higher in the diabetic rats (P<0.001).
Cholesterol concentration significantly increased in the diabetic and the extract-treated groups com-
pared to the controls (P<0. 01), and triglyceride level significantly decreased in the extract-treated ani-
mals (150 mg/kg) compared to the diabetic and the 100 mg/kg extract groups (P<0.01).

CONCLUSIONS: Our data suggest that olive leaf extract possesses beneficial antidiabetic effects on
STZ-induced diabetes in rats and may be a good candidate to reduce diabetes complications in men.
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Olive leaf and sperm quality
Introduction

Diabetes is a chronic and metabolic dis-
ease characterized by hyperglycemia that
can result from defects in insulin secretion
and/or insulin action (Temidayo and Stefan
2018; Alves et al., 2013; Sookhthezari et
al., 2015). Moreover, there is a severe al-
teration in carbohydrate, lipid and protein
metabolism (Alves et al., 2013) that causes
several systemic complications such as ne-
phropathy, retinopathy and male infertility
(Temidayo and Stefan 2018; Vignera et al.,
2012; Alves et al., 2013). Diabetes mellitus
(DM) represents one of the greatest threats
to modern global health. Its incidence is
rising rapidly, and according to a report by
the World Health Organization (WHO) by
2025 it will affect over 300 million people
(American Diabetes Association 2016; Ag-
baje et al., 2007). A high prevalence (51%)
of subfertility was reported among patients
with DM (Vignera et al., 2012; Alves et al.,
2013). This led to the perception that DM
is responsible for inducing subtle but cru-
cial changes in sperm quality and function
(Vignera et al., 2012; Alves et al., 2013). It
is well known that in men DM also is re-
sponsible for important sexual disorders
such as decreased libido and impotence
(Alves et al., 2013). Impotence, infertility
and retrograde ejaculation have been de-
scribed in diabetic men, but the etiology re-
mains unclear. However, it is believed that
pelvic autonomic neuropathy contributes
to impotence and retrograde ejaculation in
the male (Kerner and Briickel 2014; Turner
and Lysiak 2008). DM may affect male re-
productive function at multiple levels as a
result of its effects on the endocrine control
of spermatogenesis, spermatogenesis itself
or by impairing penile erection and ejacu-
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lation (Mangoli et al., 2013; Sookhthezari
et al., 2015). In this regard, many studies
have documented abnormalities in testicu-
lar function and spermatogenesis in diabet-
ic animals (Vignera et al., 2012). Therefore,
diabetes is a well-recognized cause of male
sexual dysfunction, which in itself may
contribute to subfertility.

Streptozotocine (STZ), a monofunc-
tional nitrosourea derivative isolated from
Streptomyces achromogenes, is a potent
alkylating agent known to induce diabetes
in animal models (Navarro-Casado et al.,
2010). Several lines of evidence indicate
that STZ-induced free radicals are involved
in the damage of spermatogenesis and male
reproductive function (Mangoli et al., 2013;
Sookhthezari et al., 2015). It is generally ac-
cepted that streptozotocine-mediated diabe-
tes can produce oxidative stress and induces
testicular damage (Navarro-Casado et al.,
2010). However, there are apparently con-
tradictory results concerning sperm motil-
ity and other male reproductive parameters
when studying male diabetic rats (Alves
et al., 2013). The fatty acids are an essen-
tial requirement for the male germ cells to
maintain sperm functions (Turner and Ly-
siak 2008). Therefore, oxidative stress in a
tissue like testis, with high rates of metab-
olism and cell turn over, can be especially
damaging. In addition, testicular cell mem-
branes are rich in polyunsaturated fatty ac-
ids and thus susceptible to oxidative injury,
which leads the spermatozoa to infertility
due to defective sperm function (Alirezaei
et al., 2012b). Olives, olive tree leaves and
olive oil, in the Mediterranean area contain
large amounts of oleuropein. This phenolic
compound is responsible for their bitter taste
and pungent aroma (Alirezaei et al., 2012a;
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Al-Azzawie and Alhamdani 2006) and has
been recognized as a powerful hypotensive,
hypoglycemic and antioxidant agent (Ali-
rezaei et al., 2012a; Tuck et al., 2001). In
this regard, recent studies in several animal
models have shown that olive leaf extract is
a natural antioxidant source, which is nat-
urally phenolic and completely non-toxic
(Alirezaei et al., 2012a; Hamdi and Cas-
tellon 2005; Alirezaei et al., 2012b). Based
on the previous reports, oleuropein and
phenolic compounds of olive leaf extract
scavenge superoxide anions and hydroxyl
radicals and inhibit the respiratory burst of
neutrophils and hypochlorous acid—derived
radicals, subsequently inhibiting oxidative
stress (Alirezaei et al., 2012a).

As mentioned above, there is an urgent
need for more studies focused on the anti-
oxidant agents in a diabetic model of rats.
Therefore, the aim of the present study was
to evaluate olive leaf extract effects on con-
ventional parameters of sperm fertility fol-
lowing STZ-induced diabetes in rats. We
also investigated how cholesterol and tri-
glyceride levels as indices of lipid metabo-
lism varied in a short-term period of hyper-
glycemia in diabetic rats.

Materials and Methods

The olive leaves extract was isolated
from Olea europaea leaves according to
the method described previously (Alirezaei
et al., 2012b). Streptozotocine (STZ) was
purchased from Sigma Chemical Company
(St Louis, Missouri, USA). HbAlc ion-ex-
change chromatography kit was obtained
by BioSystem S.A. Company (Costa Bra-
va, Barcelona, Spain) and cholesterol and
triglycerides kits were supplied by Zeist
Chemistry Company (Tehran, Iran). Twenty
adult male Sprague—Dawley rats (weighing
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220-250 gram) were housed in tempera-
ture-controlled conditions under a 12:12-h
light/dark photocycle with food and tap wa-
ter supplied ad libitum. All rats were treated
humanely and in compliance with the rec-
ommendations of Animal Care Committee
for the Lorestan University (Khorramabad,
Iran) with approval number: LU.ECRA.
2017.3. All of the experimental procedures
were carried out between 08:00 -11:00 am,
weight gain and food consumption were
also determined at weekly intervals.
Experimental design: The rats were di-
vided into four equal groups (control, dia-
betic, olive leaf extract 100 mg/kg and ol-
ive leaf extract 150 mg/kg) and treated in
the following order: control group received
0.25 ml normal saline subcutaneously at
the first day. Diabetic, and both olive leaf
extract groups were injected subcutane-
ous with STZ 65 mg/kg (dissolved in 0.1
M citrate buffer, pH 5) at the first day. All
animals were housed in standard cages in
groups of 5 rats. Four days after STZ injec-
tion, animal glucose metabolism was mea-
sured using enzymatic oxidation method by
a glucometer (ACCU Check, Germany).
Those animals that had blood glucose lev-
els higher than 250 mg/dl were considered
diabetic (Navarro-Casado et al., 2010); they
also manifested typical polyuria, polypha-
gia, and polydipsia. All of the STZ-injected
animals that exhibited blood glucose lev-
els higher than 250 mg/dl were considered
diabetic. The second metabolic evaluation
was performed at day 6 to confirm the dia-
betic status and to measure food-water in-
take. Two different doses of olive leaf ex-
tract were administered (100 and 150 mg/
kg body weight) after diabetic confirmation
in two groups and vehicle (normal saline)
to diabetic group orally by gavage in a 10
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consecutive day period. Dose of STZ was
determined according to the previous stud-
ies (Alves et al., 2013; Navarro-Casado et
al., 2010) and olive leaf extract on the aver-
age concentration of its oleuropein to obtain
10 and 15 mg/kg of oleuropein in each dose
(Alirezaei et al., 2012b). One day after the
last gavage, the rats were sacrificed using
diethyl ether anesthesia (Dagenham, UK)
by cardiac puncture to assess whole blood
and plasma by heparinized syringe. Imme-
diately after rat killing, the right testis was
removed and carefully cleaned of fat and
adhering, and the epididymis in all groups
was separated for sperm quality evaluations.

HbA 1c measurement and plasma analysis

Glycated haemoglobin was measured with
BioSystems (Barcelona, Spain) HbAlc de-
tection kit according to the manufacturer’s
instructions using ion-exchange chroma-
tography approach, spectrophotometrically
(S2000 UV model; WPA, Cambridge, UK),
as described previously (Sookhthezari et al.,
2015). HbA1c concentration was calculated
on the basis percentage of total haemoglo-
bin as %HbAlc. Cholesterol and triglycer-
ide levels were also measured according to
the manufacturer’s instruction kits (Zeist
Chemistry Company, Tehran, Iran), spec-
trophotometrically and the results were ex-
pressed as mg/dl of plasma (mg/dl).

Sperm evaluation: Rat spermatozoa
were obtained by the method described
previously (Cancel et al., 2000). In brief, 5
mm of right cauda epididymis was minced
in 2ml of physiological saline and incubat-
ed at 37 °C for 45 min to allow dispersion
of spermatozoa. The obtained spermatozoa
from the four groups were assessed for total
sperm motility (TSM), forward progressive
movement (FPM), plasma membrane integ-
rity by hypoosmotic swelling test (HOS),
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and concentration, The TSM (cells showing
any kind of movement) and FPM percentage
(of the motile spermatozoa showing pro-
gressive movement) were assessed accord-
ing to the method as described previously
(Sonmez et al., 2005). The fluid obtained
from cauda epididymis was diluted to 2 ml
with PBS and an aliquot of this suspension
was placed on the microscope slide covered
with a cover slip and examined visually un-
der a light microscope (Olympus, CX-31,
Philippine) at magnification of x400. Mo-
tility estimations were performed from four
different fields in each sample and the mean
of the four estimations was used as the final
motility score. Samples for motility evalua-
tion were kept at 37 °C (Kheradmand et al.,
2013). To evaluate the plasma membrane
integrity, hypoosmotic swelling (HOS) test
was applied. Assessment of functional in-
tegrity of sperm membrane was determined
by HOS-water test according to the method
as described previously (Sliwa and Macura
2005, Kheradmand et al., 2013). In short,
10 pl of sperm was added into 0.4 ml of
distilled water and incubated for 5 min at
37 °C. The swelling reaction was measured
by counting of spermatozoa with curled tail
using a light microscope at magnification
of x400. The concentration of spermato-
zoa was determined after adding of 50 pl
of sperm into the 1 ml of formalin-saline to
achieve the dilution rate of 1:20. Approxi-
mately 10 pl of the diluted sperm suspen-
sion was transferred to each counting cham-
ber of the haemocytometer and the total
number of spermatozoa per ml was counted
using light microscope (Kheradmand et al.,
2009; Kheradmand et al., 2013). All of the
above examinations were performed by the
same person with counting of at least 200
spermatozoa.
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Statistical analysis: All results are pre-
sented as meant+ S.E.M. All data were test-
ed for normality followed by Levene’s stat-
ic test for homogeneity of variances. When
the variances were homogenous, data were
compared by One-way analysis of variance
(ANOVA) with Tukey’s post hoc analysis.
A calculated p value of less than 0.01 was
considered to be statistically significant.
Statistical analysis was performed using the
statistical package SPSS version 19 (SPSS
Inc., Chicago, IL, USA).

Results

Regarding diabetes confirmation in the di-
abetic and olive leaf extract-treated groups
(on blood sugar, Data not shown), HbAlc
results were indicated in Fig. 1. Administra-
tion of STZ induced significant increase of
HbAIc in diabetic group when compared to
the control and both olive leaf extract-treat-
ed (100 and 150 mg/kg) groups (P<0.001).
However, this parameter increased signifi-
cantly in olive leaf extract (100 mg/kg) in
comparison with control group (P<0.01,
Fig. 1).

The mean values (£ SEM) of the total
sperm motility (TSM), forward progres-
sive movement (FPM), plasma membrane
integrity (HOS test) percentage and sperm
concentration of the four groups of rats are
presented in Figs. 2-5. Interestingly, total
sperm motility was significantly higher in
the diabetic group compared to the olive
leaf extract 100 mg/kg treated rats (P<0.01).
Forward progressive movement (FPM) and
sperm concentration parameters (Fig. 3 and
5) in olive leaf extract 150 mg/kg treated
rats were significantly higher than those of
the diabetic group (P<0.01), however these
enhancements were not statistically signifi-
cant for olive leaf extract 100 mg/kg treated
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Figure 1. Comparison of glycated haemoglobin percent-
age (%HbA 1c) among the control and treated groups. Val-
ues represent mean = S.E.M. of HbAlc. ** indicates the
statistical difference among diabetic group with control
and both olive leaf extract treated groups (P<0.001) and
* demonstrates the statistical difference between controls
with olive leaf extract (100 mg/kg) treated group (P<0.01).
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Figure 2. Comparison of total sperm motility percentage
(%TSM) among the control and treated groups. Values
represent mean + S.E.M. of TSM. * indicates the statistical
difference among olive leaf extract 100 mg/kg group with
control and diabetic groups (P<0.01).

rats (P>0.05). HOS test was significantly
lower in the diabetic group compared to
the control and olive leaf extract 150 mg/
kg groups (P<0.01). In contrast, when olive
leaf extract 100 and 150 mg/kg was admin-
istered in diabetic rats, it could increase the
level of this parameter near to that of the
control group.

Regarding lipid metabolism, adminis-
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Figure 3. Comparison of forward progressive movement
percentage (%FPM) among the control and treated groups.
Values represent mean + S.E.M. of FPM (%).** indicates
the statistical difference among diabetic group with control
and olive leaf extract (150 mg/kg) treated rats (P<0.001)
and * demonstrates the statistical difference among olive
leaf extract (100 mg/kg) treated group with controls and
olive leaf extract (150 mg/kg) treated group (P<0.01).
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Figure 4. Comparison of plasma membrane integrity per-
centage (%HOS) among the control and treated groups.
Values represent mean + S.E.M. of HOS (%).* indicates
the statistical difference among diabetic group with con-
trol and olive leaf extract (150 mg/kg) treated rats (P<O0.
01).

tration of rats with STZ significantly in-
creased cholesterol and triglyceride levels
in diabetic group when compared to the
controls (P<0.001). Administration of ol-
ive leaf extract in dose of 150 mg/kg could
prevent increase of triglyceride concentra-
tion (P<0.01), while it was unable to sup-
press cholesterol elevation when compared
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to controls (P>0.05). Indeed, cholesterol
concentrations in diabetic and both olive
leaf extract-treated groups were remarkably

higher compared to the control rats (P<O0.
01) (Figs. 6 and 7).

Discussion

The purpose of the present study was to
evaluate the effects of olive leaf extract in
a short-term streptozotocine-induced hyper-
glycaemia on the sperm quality parameters
including total motility, forward progressive
movement, plasma membrane integrity and
concentration of cauda epididymal sperm.
We found higher serum glucose levels in the
diabetic and both olive leaf extract-treated
groups because the hyperglycemia was con-
firmed in these animals and diabetic animals
showed further elevation of HbAlc, another
characteristic sign of the disease (George et
al., 2013). The results of the present study
demonstrated that the diabetic state results
in decreased sperm quality and these alter-
ations were prevented by olive leaf extract
with oral dosage of 150 mg/kg for 10 con-
secutive days. To the best of our knowledge,
this study is the first in vivo experiment that
investigated the effect of olive leaf extract
on rat sperm kinematic parameters in an an-
imal diabetic model.

The rising incidence of DM worldwide
will inevitably result in an increased preva-
lence in men of reproductive age (Kerner and
Briickel 2014; Sookhthezari et al., 2015).
Infertility is already a major health problem
in both the developed and developing world
with up to one in six couples requiring spe-
cialist investigation or treatment in order to
conceive (Kerner and Briickel 2014; Alves
etal., 2013; Mangoli et al., 2013). The three
parameters, glucose, HbAlc and insulin
play fundamental roles in the pathogenesis

Iran J Vet Med., Vol 12, No 4 (Autumn 2018)
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Figure 5. Comparison of sperm concentration (million)
among the control and treated groups. Values represent
mean + S.E.M. of sperm concentration (million). ** in-
dicates the statistical difference among diabetic group
with control and olive leaf extract (150 mg/kg) treated rats
(P<0.001) and * demonstrates the statistical difference
among olive leaf extract (100 mg/kg) treated group with
controls and olive leaf extract (150 mg/kg) treated group
(P<0.01).
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Figure 7. Comparison of cholesterol concentration (Cho-
lesterol mg/dl) among the control and treated groups.
Values represent mean = S.E.M. of cholesterol (mg/dl). *
indicates the statistical difference among controls with di-
abetic and both olive leaf extract treated groups (P<0. 01).

of diabetes depending on their levels in cir-
culation (George et al., 2013). Glucose tox-
icity which could be direct or indirect may
be as a result of direct interaction with pro-
teins and membranes or indirect as a result
of the production of reactive sugars acting
on membranes and enhancing diabetic com-
plications. Increased glucose concentration

Iran J Vet Med., Vol 12, No 4 (Autumn 2018)

Iranian Journal of Veterinary Medicine

— 801
u * %
E') T
£ 60+
[
S 40- ——
™
)
)
2 20-
2
'™
L
T K T T
A
S
& & & &
Q ) o
© R\
o o

Figure 6. Comparison of triglyceride concentration (Tri-
glyceride mg/dl) among the control and treated groups.
Values represent mean + S.E.M. of triglyceride (mg/dl).
** indicates the statistical difference among diabetic group
with control and olive leaf extract (150 mg/kg) treated
groups (P<0.001) and * demonstrates the statistical differ-
ence among olive leaf extract (100 mg/kg) treated rats with
controls and olive leaf extract (150 mg/kg) treated group
(P<0.01).

as evidenced in hyperglycemia is known to
be a major predisposing factor in production
of reactive glucose by-products, in particu-
lar a-deoxyglycosone and glyoxal which is
more than 10,000x more chemically reac-
tive than glucose (Aydin 2010; George et
al., 2013). The use of glycated hemoglobin
as a screening test for diabetes mellitus has
become relevant. Its advantage has vitiat-
ed the use of other tests like oral glucose
tolerance (OGTT), 2-hours postprandial,
random or fasting blood glucose (George et
al., 2012). HbAlc provides an accurate and
reliable method to assess the glycemic con-
trol in patients with diabetes (George et al.,
2013). Measurement of glycated hemoglo-
bin in patients with diabetes is accepted as a
standard for assessment of recent glycemic
control and is a critical element in clinical
practice (American Diabetes Association
2016; George et al., 2012). Diabetes studies
using animal models of STZ-induced DM
have demonstrated an elevation in %oHbAlc
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(George et al., 2013). In assessing the re-
lationship between %HbAlc and diabetes,
we observed a positive linear correlation
in the previous report (Sookhthezari et al.,
2015). In the current study, there was also a
positive relationship between diabetic state
and %HbAlc in diabetic group. There was
however a slight elevation of HbAlc after
treatment with olive leaf extracts. The re-
sults suggest a greater amount of the ex-
tract in treated rats with dosage of 150 mg/
kg reduced %HbAlc in comparison with
the diabetic rats. The effects of flavonoids,
quercetin and ferulic acid on pancreatic
B-cells which leads to their proliferation
and secretion of more insulin have been
previously reported (Ceriello 2006; George
et al., 2013). The previous study also sug-
gested B-cells recovery as the mechanism
by which hyperglycemia caused by strep-
tozotocine reduces glucose (George et al.,
2013). In this regard, olive leaf extract is a
phenolic compound which has been shown
to possess diverse healing properties for its
vasodilatory, hypotensive, anti-inflamma-
tory, anti-rheumatic, diuretic, anti-athero-
genic, antipyretic and antioxidant effects
(Alirezaei et al., 2012a; Al-Azzawie and
Alhamdani 2006). It seems that many of
these pharmacologic features of the extract
are due to its potent antioxidant element,
oleuropein (Alirezaei et al., 2012a). In the
present study, oleuropein acted as a natural
suppressor of oxidative stress which result-
ed in decreased HbAlc. It seems that olive
leaf extract enhanced insulin secretion and
mimicked the effect of insulin on glucose
metabolism, although we did not detect
insulin level in the blood circulation. This
dual pancreatic and extra pancreatic action
of oleuropein would prove to be an import-
ant advance on existing therapies used to
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manage diabetes mellitus.

As discussed earlier, conventional semen
analysis remains core to the evaluation of
male fertility in the clinical setting (Kherad-
mand et al., 2013; Alirezaei et al., 2012b).
Data provided by this study indicate that di-
abetes affects mainly the epididymal reserve
of sperm and promotes a negative effect on
FPM, HOS with increase in total motility of
sperms. Although we have observed a sig-
nificant elevation in total sperm motility in
diabetic group, it still remains unexplained.
The significant total sperm motility in dia-
betic group was seen in agreement with our
result in diabetic mice (Sookhthezari et al.,
2015). It is our contention that the signifi-
cant differences lie at a “‘molecular’ and not
a ‘cellular’ level. The differences could be
one; due to the spermatozoa being stored in
extra-testicular ducts in an immotile state
and their motility activated by dilution once
released from the ducts (Navarro-Casado et
al., 2010). In this regard, a previous study
found only semen volume and total sperm
output to be significantly lower, while
sperm total motility was higher in diabetic
mice (Mangoli et al., 2013). Another rea-
son is particularly due to the presence of
the blood—testis barrier (BTB). This barrier
not only physically divides the seminiferous
epithelium in two compartments but also is
responsible for the maintenance of differ-
ent levels of substances and metabolites
between rete testis fluid and the lymph or
plasma (Alves et al., 2013). It is well known
that Sertoli cells (SCs) have such an import-
ant role on the male reproductive system
(Sharpe et al., 2003). These SCs are respon-
sible for the conversion of glucose, a non-
metabolized substrate, by developing germ
cells in lactate which is the preferential sub-
strate for those cells (Alves et al., 2013). As
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previously mentioned, the epididymis was
ruptured to provide semen in our laboratory,
at this time SCs had the ability to produce
greater lactate from stored glucose as a fuel
for released spermatids (Sookhthezari et al.,
2015). Therefore, higher sperm motility was
seen in diabetic rats in comparison with oth-
er groups. However, FPM, HOS and con-
centration of sperm were significantly lower
in diabetic rats when compared to controls
and olive leaf extract 150 mg/kg group.
Oxidative stress is recognized to be an im-
portant factor in the pathogenesis of many
of the chronic complications of diabetes.
Indeed, oxidative damage in the diabetic
vasculature is an important stimulus for the
initiation of mechanisms resulting in sperm
infertility (Kheradmand et al., 2013). In the
present study, we hypothesized that use of
olive leaf extract is able to trap free radicals
and prevent oxidative stress upon our pre-
vious work (Alirezaei et al., 2012a; Alire-
zaei et al., 2012b). Herein, it is possible that
oleuropein attenuates STZ-induced oxida-
tive stress by two pathways; First, by rapid
conversion of H JO, to H20 and preventing
H,O, accumulation and second, by quench-
ing the hydroxyl radicals through which
trapping of HO® leads to oxidative break-
down of the phenolic compounds. Indeed,
both olive leaf extract treated groups have
been shown to be HOS test positively rather
than diabetic group. Therefore, we conclud-
ed that oleuropein protects the membrane
of testicular cells against diabetes-induced
oxidative damage and appears to be a good
candidate in the prevention of diabetes-in-
duced injuries in the testis. Oxidative stress
1s one of the factors associated with decline
in fertility of spermatozoa (Kheradmand et
al., 2013; Turner and Lysiak 2008; Alirezaei
et al., 2012). The sperm plasma membrane
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contains a high amount of unsaturated fatty
acids and therefore is particularly suscep-
tible to peroxidative damages with subse-
quent loss of membrane integrity, impaired
cell function and decreased motility of sper-
matozoa (Kheradmand et al., 2013). The
results of our study showed that oleuropein
ameliorated the plasma membrane integrity
(PMI) of spermatozoa and this enhancement
is possibly due to the antioxidant effects of
oleuropein which caused higher HOS score
in the spermatozoa. These findings confirm
a fact that oxidative stress is a consistent
feature of testicular physiology (Kherad-
mand et al., 2013; Turner and Lysiak 2008).
Our data are in accordance with previous-
ly described detrimental effects of STZ on
sperm characteristics in the treated rats.
Regarding glucose metabolism in the tes-
tes under glucose deprivation and/or insulin
deregulation, testicular cells are expected
to suffer metabolic adaptations and use al-
ternative substrates (Alves et al., 2013). In
fact, the role of these alternative substrates
is underestimated when analyzing some of
the available data. SCs have an enormous
metabolic plasticity and can use several
metabolic substrates such as palmitate and
ketone bodies as well as glutamine, ala-
nine, leucine, glycine and valine (Kaiser
et al., 2005; Alves et al., 2013). Besides,
these cells can produce ATP via the B-ox-
idation of free fatty acids or even through
recycled lipids from apoptotic spermato-
genic cells and residual bodies (Xiong et
al., 2009; Alves et al., 2013). DM is known
to induce severe alterations in lipid metab-
olism and studies in mice with inactivated
genes of lipid metabolism proved that lipid
metabolism is essential for a normal sper-
matogenesis (La Vignera et al., 2009; Alves
et al., 2013). Herein, elevations in the plas-
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ma levels of cholesterol and triglyceride are
thought to be important steps both in the al-
teration of a variety of glucose metabolism
and in the initiation of lipid metabolism
changes (Alirezaei et al., 2012a). As results
indicated, the plasma levels of cholesterol
and triglyceride were higher in diabetic rats,
but were decreased by the olive leaf extract
with dosage of 150 mg/kg. The above re-
sults suggest that hypercholesterolemia and
triglyceride elevation seen in diabetes may
be suppressed with olive leaf extract.

Conclusion: The data we have present-
ed herein provide compelling evidence that
the reduction in fertility potential after a
short period of hyperglycaemia is likely to
be the result of alterations in sperm quality
and deleterious effects of oxidative stress in
testis of rats, Indeed we did this experiment
during a part of spermatogenesis cycle to
detect short-term effects of oxidative stress
on cauda epididymis but not on spermato-
genesis. Therefore, restoration of HbAlc,
sperm quality and lipid metabolism changes
following treatment of rats with the extract
may be attributable to antioxidant properties
of oleuropein as a good candidate to reduce
diabetes complications in men.
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