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Abstract

Article history:

The current study was conducted to analyze the dose-dependent effects of liraglutide
against the diabetes-induced detrimental impact on sperm parameters and fertilization potential.
For this purpose, 42 adult male mice were randomly divided into control (with no intervention)
and experimental groups. Next, the experimental group was subdivided into diabetic, 1.20 mg
kg-1 liraglutide-received diabetic, 1.80 mg kg-1 liraglutide-received diabetic, 1.20 mg kg-1
liraglutide-received non-diabetic and 1.80 mg kg-1 liraglutide-received non-diabetic groups. All
chemicals were administrated subcutaneously. Following 42 days, the animals were
euthanized, and sperm samples were collected. The sperm count, motility, viability, DNA
integrity, and maturity were analyzed and compared between groups. Moreover, the sperm
fertilization potential was investigated by in vitro fertilization (IVF). For this purpose, the
preimplantation embryo development at 2-cell, 4-cell, morula, and blastocyst stages was
investigated and compared. Observations revealed that diabetes significantly diminished sperm
count, motility, viability, chromatin condensation, and DNA integrity percentages versus a
control group. On the other hand, 1.20 mg kg-1 and 1.80 mg kg-1 of liraglutide did not improve
sperm motility and viability, while ameliorated sperm count and chromatin condensation and
DNA integrity in diabetic animals. The diabetic animals represented diminished preimplantation
embryo development, which was not altered in liraglutide-received groups. In conclusion, at
least in administrated doses, liraglutide could not improve the sperm viability and motility and,
via this mechanism, could not induce an appropriate/beneficial effect on IVF outcome.
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Introduction
During the last few decades, several clinical
observations and meta-analyses in the USA and Europe
have shown that different factors can affect male
reproductive potential negatively.1 Among these factors,
diabetes mellitus (DM) and type II diabetes, as a prevalent
metabolic disorder, is shown to affect different organs by
systemic hyperglycemia induction detrimentally.2 For
instance, retinopathy, neuropathy, nephropathy3 and
accelerated macro-vascular, and micro-vascular4 disorders
are reported as the main complications for DM. Similar to
other organs, DM can negatively affect the male
reproductive system. Previous studies have reported that
DM pathologically affects spermatogenesis via suppressing
testosterone synthesis,5 inducing oxidative stress6 and

triggering the mitochondria-dependent apoptosis,7 and it
can
negatively
affect
preimplantation
embryo
development, as well.8 Minding the positive correlation
between insulin resistance and obesity, DM can potentially
affect the sperm DNA integrity, consequently resulting in
temporal and complete infertility.5,9
Thus, based on mentioned findings, DM is an essential
topic in man-related health care and medication.10 In line
with this issue, various therapeutic agents such as insulin
and insulin mimic/tropic chemicals control the DM-induced
hyperglycemia in DM patients. Among all these agents,
since the years 2006-2007, the incretin-based medication
is introduced in the USA and European medical society,
which is known to effectively impact the total blood
glucose level.11 Incretins are hormones, which are secreted
from enteroendocrine gut cells into the systemic circulation.
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Indeed, the incretins are categorized into glucose-dependent
insulinotropic peptide and glucagon-like peptide-1 (GLP1), exerting different interactions in and outside of the
pancreas. Among various physiological roles of GLP-1, this
hormone, by exhibiting insulinotropic effect, regulates the
insulin amount within minutes after food consumption.12,13
GLP-1, through inhibiting glucagon secretion, potentially
enhances insulin biosynthesis, and via this mechanism, it
can down-regulate the DM-induced hyperglycemia.14
Based on the mentioned effects of GLP-1, a newly
developed chemical named liraglutide is introduced and
approved in the USA and Europe. With a chemical formula
of C172H265N43O51 and molar mass of 3751.202 g Mol-1.
Liraglutide is an acylated GLP-1 receptor agonist
containing sequences of amino acid 97.00% similar to
endogenous human GLP-1.15 Liraglutide inhibits glucagon
secretion, increases glucose-stimulated insulin secretion,
restricts appetite, and delays gastric emptying.15,16
Although several effects of liraglutide are reported,
this agent's possible beneficial effect against DM-induced
pathogenesis on sperm parameters is not clearly
understood. Considering that patients with DM represent
a diminished expression of GLP-117 and minding low
semen quality in DM condition, here in the current study,
the possible ameliorative effect of liraglutide, a GLP-1
agonist, was investigated in experimentally-induced DM
condition by focusing on sperm parameters and
fertilization potential.
Materials and Methods
To follow-up, the current experimental study, 42 adult
and healthy male mice (10 weeks of age) with an average
weight of 25.00 ± 5.00 g were procured from the
authorized Laboratory Animal Center of Urmia Medical
University, Urmia, Iran. For oocyte collection, female adult
healthy virgin mice (8-10 weeks of age) were considered
and obtained from the same center. Following one week
adaptation (a standard condition of 12 hr light/12 hr dark,
humidity and temperature), the experiments were
initiated under the monitoring of the Ethical Committee of
Urmia University for Animal Research and Care (No:
AECVU-179-2018).
Animals and grouping. The animals were divided into
control and experimental groups. The animals in the
control group (n = 7) received normal saline with no
experimental intervention. Next, the animals in
experimental group subdivided into DM (n = 7), nondiabetic liraglutide-received 1.20 mg kg-1 (Novo Nordisk
Pharmaceuticals, Taguig, Philippines) received (n = 7),
non-diabetic 1.80 mg kg-1 liraglutide-received (n = 7),
diabetic 1.20 mg kg-1 liraglutide-received (n = 7) and 1.80
mg kg-1 liraglutide-received (n = 7) groups.2 The liraglutide
was administrated subcutaneously for 42 consecutive
days (every day).

Diabetes induction. Following 12 hr of food
deprivation but free access to water, the experimental DM
was induced in diabetic and liraglutide-received diabetic
groups. For this purpose, 200 mg kg-1 of streptozotocin
(Sigma-Aldrich, St. Louis, USA) was dissolved in 20.00
mmol freshly prepared citrate buffer (Sigma-Aldrich) and
then injected intraperitoneally (IP).18-20 After 18 hr, the
blood glucose levels were detected by glucometer (Beurer
GmbH, Ulm, Germany) through a tail puncture. The
animals with blood glucose levels higher than 200 mg dL-1
were considered diabetic. The blood glucose was
evaluated in 2 days interval for 42 days. Following 42 days,
the animals were euthanized by ketamine (80 mg kg-1;
Alfasan, Woerden, The Netherlands) and xylazine (10.00
mg kg-1; Phoenix Pharmaceuticals, St. Joseph, USA) cocktail
injection21 followed by cervical dislocation. Next, the
epididymis was dissected out.
Sperm analyses. To evaluate the sperm quality
parameters, the right cauda epididymis was placed in 500
µL human tubular fluid culture medium or HTF; containing
4.00 mg bovine serum albumin (Sigma-Aldrich). Next, the
tissue was cut into 2-3 pieces, and after that, to allow
sperm to swim up, the sample was incubated at 37.00 ˚C
for 60 min in a CO2 incubator (LEEC, Nottingham, UK).22,23
Epididymal sperm count. The epididymal sperm
were counted based on the hemocytometer method.24 For
this purpose, the sperm suspension was diluted in distilled
water (1:20), and an aliquot of 10.00 μL was transferred to
each counting chamber of the hemocytometer. Following 5
min, the sperm count was performed using a light
microscope at 400×. The sperm count was presented as a
number of sperm per mL which was obtained using the
following formula:
Sperm cell number = n × 50,000 × d
where, n = the counted sperm number and d = reverse of
sperm suspension dilution.
Sperm viability assessment. A 20.00 μL aliquot of the
sperm suspension was mixed with an equal volume of
0.05% eosin-Y (37.00 ˚C). After 20-30 sec, 20.00 μL of
nigrosin was added, and following 2 min incubation at
room temperature, the slides were analyzed under a
bright-field microscope (400×). The dead sperms were
revealed with pink-stained cytoplasm, and the live cells
remained unstained. Finally, 200 cells were counted for
each sample, and viability percentages were calculated.25
Sperm motility evaluation. To determine the sperm
motility percentage, a drop of the sperm-containing
suspension was placed on a glass slide (37.00 ˚C), and
coverslipped. At least five microscopic fields (400×) were
evaluated for each sample, and the average percentages of
motile sperms were recorded for all groups.26
Determination of sperms with damaged DNA. The
acridine-orange staining technique was used to evaluate
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sperm DNA integrity. Based on DNA integrity, the acridineorange staining technique classifies the sperms into
sperms with double- and single-strand DNA representing
green and red fluorescent reactions, respectively. For this
purpose, a drop of sperm-containing culture medium was
spread on the glass slides and allowed to be air-dried. All
smears were fixed in methanol/acetic acid (3:1). The slides
were then stained with 19.00% acridine-orange (SigmaAldrich) solution in phosphate citrate for 10 min. The
sperms were evaluated with a fluorescence microscope
(GS7; Nikon, Tokyo, Japan) with a 40×.27
Sperm nuclear maturation (chromatin quality)
examination. For the determination of sperm chromatin
maturation, the aniline-blue staining technique was
considered. The technique is based on a protaminehistone replacement process, in which the sperms with
intact protamination represent darkly stained nuclei
(sperms with mature chromatin), and those with
unstained nuclei are considered as sperms with impaired
protamine-histone replacement (sperms with immature
chromatin). For this purpose, a drop of the spermcontaining medium was smeared on glass slides and
stained with an acidified 5.00% aniline-blue solution (pH:
3.50). Next, the slides (5-6 min at room temperature) were
washed and allowed to be dried. An average of 200 cells
was counted on each slide, and the percentage of sperms
with immature chromatin was evaluated and compared
between groups.28
Oocyte retrieval. As mentioned above, healthy adult
female mice were considered for oocyte retrieval. For this
purpose, the pregnant mare's serum gonadotropin (Focus
Bioscience, Brisbane, Australia) was injected (10.00 IU per
animal, IP), followed by an injection of human chorionic
gonadotropin (hCG; 10.00 IU per animal, IP) after 48 hr.
Following 10 to 12 hr from hCG (Bioscience GmbH,
Dümmer, Germany) injection, the animals were
anesthetized with ketamine (80.00 mg kg-1) and xylazine
(10.00 mg kg-1) cocktail and euthanized by cervical
disarticulation. The ampullae of oviducts were removed,
transferred to a Petri dish containing 500 μL HTF (Irvine
Scientific Inc., Santa Ana, USA) supplemented with 4.00 mg
mL-1 bovine serum albumin (Sigma-Aldrich) and incubated
at 37.00 ˚C with 5.00% CO2. After that, the oocytes were
retrieved from oviducts through direct dissection under a
stereomicroscope (T12; Olympus Co., Tokyo, Japan).29
In vitro fertilization. The isolated sperms belonged to
all groups pre-incubated for 1 hr in HTF containing
gentamicin sulfate 10.00 µg mL-1 and 4.00 mg mL-1 bovine
serum albumin at 37.00 ˚C in an atmosphere of 5.00% CO2
to ensure capacitation. A volume of 0.10 mL of sperm
suspension (containing 106 mL-1 sperms) was introduced
into a 0.90 mL fertilization drop of oocytes-containing
HTF. For each animal, a total of 20 oocytes were divided
into 10 drops (four animals, 80 oocytes in 40 drops). All
fertilization steps and embryo culture were carried out
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under detoxified mineral oil. The zygote formation was
verified after 4-6 hr from sperm exposure in each group,
and the results were represented in percentages and
compared between groups.
Statistical analyses. For all numerical results, the
mean and standard error of the measured parameters
were calculated. The results were analyzed using SPSS
Software Package for Windows (version 16.0; SPSS,
Chicago, USA). The comparisons between groups were
made by one-way analysis of variance followed by
Bonferroni post hoc test. A value of p < 0.05 was
considered significant.
Results
Sperm count. The animals in the experimental group
(diabetic, non-diabetic and diabetic liraglutide-received)
represented a significant (p < 0.05) reduction in sperm
count versus control animals. No significant differences
were revealed between non-diabetic liraglutide-received
animals (p > 0.05). The lowest sperm count was revealed
in the 1.80 mg kg-1 liraglutide-received diabetic group.
Accordingly, the diabetic animals received 1.20 mg kg-1,
and 1.80 mg kg-1 liraglutide exhibited a remarkable
reduction in sperm count than the diabetic and control
animals (Fig. 1A).
Sperm motility. No significant differences were
revealed between control and non-diabetic 1.20 mg kg-1
liraglutide-received animals (p > 0.05). However, the other
experimental groups exhibited decreased sperm motility
versus control and non-diabetic 1.20 mg kg-1 liraglutidereceived groups. The mice in diabetic 1.20 mg kg-1 and 1.80
mg kg-1 liraglutide-received groups exhibited diminished
sperm motility (p < 0.05) versus diabetic animals (Fig. 1B).
Sperm chromatin condensation and DNA integrity.
Despite sperm count and motility percentage, the diabetic
animals in both 1.20 mg kg-1 and 1.80 mg kg-1 liraglutidereceived groups represented a significant (p < 0.05)
improvement in sperm chromatin condensation (Fig. 1C).
Hence, the animals in these groups revealed remarkably
higher percentages of sperms with condensed chromatin
versus the diabetes group. No significant changes were
demonstrated between non-diabetic and diabetic
liraglutide-received groups (p > 0.05). About DNA
integrity, the animals in experimental groups represented
a significant (p < 0.05) reduction in the percentage of
sperms with intact DNA integrity versus control animals.
The lowest percentage of DNA integrity was revealed in
diabetic mice, which was significantly (p < 0.05) improved
in 1.20 mg kg-1 liraglutide-received group (Fig. 1D).
Sperm viability. No significant difference was
revealed between control and non-diabetic 1.20 mg kg-1
liraglutide-received groups (p > 0.05). However, the
percentages of sperm viability were decreased in other
experimental groups compared to control animals.
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Comparing the results between diabetic and 1.20 mg kg-1
and 1.80 mg kg-1 liraglutide-received diabetic mice showed
a remarkable (p < 0.05) reduction in sperm viability of
liraglutide-received animals versus the diabetes group (Fig.
1E). Figure 2 also represents the photo-micrographs of
different used staining techniques for sperm analyses.

Fig. 2. A) Immature sperm with low protamine and high
histone is dark blue (sperm outlined; aniline-blue; 400×); B)
Mature sperms with high protamine are bright or light blue
(aniline-blue; 400×.); C) Live sperm is white and dead one is
red (Eosin-Nigrosin;400×); D, E, and F) Sperms with DNA
damage are yellow to orange, and those with intact DNA are
green (Acridine orange; 400×).

Fig. 1. Effects of different treatments on sperm parameters
including A) Sperm count; B) Sperm motility; C) Sperm
maturity; D) Sperm DNA safety; E) Sperm viability. NDL-1:Nondiabetic liraglutide 1.20 mg kg-1; NDL-2: Non-diabetic
liraglutide 1.80 mg kg-1; DL-1: Diabetic liraglutide 1.20 mg kg-1;
DL-2: Diabetic liraglutide1.80 mg kg-1. Different superscripts
designating significant differences (p < 0.05).

Two- and four-cell embryo development.
Observations revealed a significant (p < 0.05) reduction in
percentages of 2- and 4-cell embryos in the experimental
groups versus the control one (Figs. 3A and 3B). No
significant differences were revealed in percentages of 2and 4-cell embryos between diabetic, non-diabetic 1.20
mg kg-1 liraglutide and diabetic 1.20 mg kg-1 liraglutidereceived animals (p > 0.05).
Morula and blastocyst development. No significant
change was demonstrated for a percentage of morula
between control and non-diabetic 1.20 mg kg-1 liraglutidereceived groups (p > 0.05). However, the liraglutide
significantly decreased the percentage of morula in the
non-diabetic 1.80 mg kg-1 liraglutide-received group
(p < 0.05). The other experimental groups exhibited a
significant reduction in percentages of morula versus
control and non-diabetic 1.20 mg kg-1 liraglutide-received
animals (p < 0.05). The lowest percentage of morula was
revealed in diabetic 1.80 mg kg-1 liraglutide-received mice
(Fig. 3C). Similar to other results, the animals in all
experimental groups represented a remarkable (p < 0.05)
reduction in the percentage of blastocyst versus the control
group (Fig. 3D). No significant differences were revealed
between diabetes and diabetic 1.20 mg kg-1 and 1.80 mg
kg-1 liraglutide-received groups (p > 0.05). Figure 4
represents different stages of preimplantation embryos in
different groups.
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Fig. 4. A) Oocytes; B) Fertilization; C) 2-cell embryos; D) 4-cell
embryos; E) Morula; F) Blastocysts. G) Control; H) Non-diabetic
liraglutide 1.20 mg kg-1; I) Non-diabetic liraglutide 1.80 mg kg-1;
J) Diabetic; K) Diabetic liraglutide 1.20 mg kg-1; L) Diabetic
liraglutide 1.80 mg kg-1.

Fig. 3. Effects of different treatments on embryo development
including A) 2-cell stage; B) 4-cell stage of embryo; C) Morula
stage of embryo; D) Blastocyst stage of embryo. NDL-1: Nondiabetic liraglutide 1.20 mg kg-1; NDL-2: Non-diabetic liraglutide
1.80 mg kg-1; DL-1: Diabetic liraglutide 1.20 mg kg-1; DL-2:
Diabetic liraglutide 1.80 mg kg-1. Different superscripts
designating significant differences (p < 0.05).

Discussion
According to the WHO report, the DM is a chronic
metabolic disorder, and its prevalence will rise by 2030.30
Insulin secretion failure or diminished perceptivity of
target tissues to the metabolic effects of insulin is known
as the main reasons for DM.31-33 As a result, DM can impact
fertility potential in both genders.34-37 Different synthetic
and herbal agents, including insulin (at the top), DPP-4
inhibitors, meglitinides, sulfonylureas, metformin, and GLP1 receptor agonists, administrated to ameliorate or inhibit
the DM-induced detrimental impact on different organs.

Among several therapeutic agents, here in the current
study, we focused on liraglutide (a GLP-1 agonist agent)
against DM-induced detrimental effect on sperm
parameters, fertilization potential, and preimplantation
embryo development. It has been well-established that
experimentally-induced DM in the animal model
significantly impacts male reproductive potential by
Sertoli cell vacuolization,38 and diminishing Leydig, Sertoli,
spermatogonium cells in testicular tissue. Via this
mechanism(s), it negatively affects the spermatogenesis
and spermiogenesis processes leading to a severe
reduction in sperm concentration.38-40 In corroboration
with these reports, we revealed a significant reduction in
sperm count of diabetic animals. The interesting point was
that we failed to see a remarkable enhancement in 1.20 mg
kg-1 and 1.80 mg kg-1 liraglutide-received diabetic animals.
It means that liraglutide, despite its insulin-mimic
characteristics, is not able to recover the sperm count.
Minding the diabetes-induced mitochondria-dependent
apoptosis at the germ cell level,7,37 seems that liraglutide
has not been able to recover the spermatogenesis or
spermiogenesis processes. Diabetes, at least in animal
model studies, significantly suppresses testicular antioxidant status. Indeed, diabetes-induced hyperglycemia
increases NADPH consumption. Considering the co-factor
role of NADPH in glutathione regeneration, hyperglycemia
results in redox stress.41-44 On the other hand, free radicals
and reactive oxygen species (ROS) can target the protein,
lipid, and nucleotide content of cells, consequently
inducing severe DNA damage and lipid and protein
peroxidation.44,45 Here, in the current study, we
demonstrated the same pattern. Accordingly, the animals
in the diabetes group exhibited a significant reduction in
the percentage of sperms with intact DNA content.
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However, the 1.20 mg kg-1 liraglutide could fairly upregulate the percentage of sperms with intact DNA
content. Minding the negative effect of 1.20 mg kg-1 and
1.80 mg kg-1of liraglutide on non-diabetic animals as well
as 1.80 mg kg-1 of liraglutide on diabetic animals, we can
come close to this fact that it can ameliorate the
hyperglycemia-induced DNA fragmentation, only when it
is administrated in diabetic condition with a dose level of
1.20 mg kg-1. Otherwise, administration of liraglutide or
higher doses of this chemical solely can even enhance the
DNA fragmentation. All these impacts may be related to
liraglutide inability to recover the testicular antioxidant
status and/or liraglutide administration route, leading to
partial suppressive redox system. Considering the impact
of liraglutide on circular and testicular glucose levels, it is
logical to conclude that in physiological condition,
liraglutide could negatively affect the normal metabolic
system of germ cells. Therefore, an impaired metabolism,
in turn, results in high amounts of free radical production.
It alters the balance between antioxidant/oxidant system
in testicles, which in turn may cause DNA fragmentation
and immobility of sperm cells. However, to better
understand the issue, more experiments are needed to
focus on testicular antioxidant status after liraglutide
consumption. Despite the hypotheses mentioned above,
we assessed the DNA compaction by aniline-blue staining
to determine the possible role of epigenetic in liraglutide
(1.80 mg kg-1) failure to maintain sperm DNA integrity. To
understand the subject, it should be noted that the histoneprotamine replacement protects the sperm DNA content
against ROS-induced damages.46,47 It means that in the case
of impaired protamine replacement, the chromatin
content of sperms will be sensitive to free radicals, and
ROS will easily damage it. Our findings revealed that
diabetes significantly suppressed the replacement process
marked with a decreased percentage of sperms with
chromatin condensation. On the other hand, liraglutide
(especially at a dose level of 1.20 mg kg-1) could fairly
ameliorate the chromatin condensation marked by
aniline-blue staining. This finding shows that liraglutide
could improve the chromatin condensation, and via this
mechanism could recover the sperm DNA integrity.
Although sperm chromatin condensation and DNA
integrity are known as two important parameters, sperm
viability is another essential parameter in evaluating
fertilization potential. Thus, the percentages of sperm
viability were evaluated and compared between groups.
Observations showed that 1.20 mg kg-1 of liragelutide did
not affect the sperm viability when it was administrated
solely. However, the animals in the other liraglutidereceived groups (1.80 mg kg-1 non-diabetic, 1.20 mg kg-1,
and 1.80 mg kg-1 diabetic groups) exhibited a significant
reduction in percentages of viable sperms. Although the
mechanism(s) by which the ROS adversely affected the
sperm motility was/were not assessed in the present

study, impaired axonemal protein phosphorylation and
free radicals diffusion across sperm membrane are
generally known for ROS-induced adverse impacts on
sperm motility.48,49 Here in the current study, we revealed
that the liraglutide could not improve sperm motility and
the diabetic animals in 1.20 mg kg-1 and 1.80 mg kg-1
liraglutide-received groups represented diminished
percentages of motile sperms versus the diabetes group.
Thus, we can suggest that, despite the protective effect of
liraglutide on sperm DNA content, it was not able to
maintain sperm viability and motility.
To determine the exact effect of liraglutide on
fertilization potential, IVF was considered in the current
study. We found that diabetes significantly decreased the
2- and 4-cell embryo development, while it was not
statistically significant compared to 1.20 mg kg-1 liraglutide
diabetic and non-diabetic animals. Both diabetic and nondiabetic 1.80 mg kg-1 liraglutide-received animals
represented lower percentages of 2- and 4-cell embryos
versus the diabetes group. The results for blastocysts
formation, the most important outcome of IVF, showed
that liraglutide at both dose levels could not up-regulate
the percentages of blastocysts. Salamun and co-workers
have shown that liraglutide and metformin can
remarkably improve IVF outcomes in obese women with
polycystic ovary syndrome.49 In contrast to their findings,
here in the current trial, we found that liraglutide exerts no
significant effect on IVF outcomes. This situation may be
related to its inability in up-regulating the sperm viability
and/or motility. Because the immotile sperms with
damaged DNA are not able to initiate intact and wellprogressing preimplantation embryo development.45
Our data showed that administration of liraglutide, at
least in animal models, adversely affects the sperm
parameters in a dose-dependent manner. Moreover, we
found that administering 1.20 mg kg-1 liraglutide fairly
protects the sperm chromatin and DNA integrity via
improving the chromatin condensation process in diabetic
animals. However, at a higher dose level (1.80 mg kg-1), it
negatively affects sperm DNA content in sole and diabetic
conditions. It is shown that liraglutide at both dose levels
does not effectively protect sperm viability and motility
potentials in diabetic conditions. Finally, we demonstrated
that liraglutide in sole form and in diabetic condition
inhibits the preimplantation embryo development.
Acknowledgments
The authors express their appreciation to the Faculty
of Veterinary Medicine, Urmia University, and Faculty of
Medicine, Urmia University of Medical Sciences for their
kind scientific aids. We are also grateful to staff members
of Histology and Embryology and Physiology Laboratories,
particularly Dr. Ali Karimi and Dr. Naseh Abdullahzadeh
for their kind help.

M. Pourheydar et al. Veterinary Research Forum. 2021; 12 (1) 109 - 116

Conflict of interest
The authors declare that they have no conflict of
interest regarding the publication of this article.
References
1. Nordkap L, Joensen UN, Jensen MB, et al. Regional
differences and temporal trends in male reproductive
health disorders: semen quality may be a sensitive
marker of environmental exposures. Mol Cell
Endocrinol 2012; 355(2):221-230.
2. Jackson SH, Martin TS, Jones JD et al. Liraglutide
(victoza): the first once - daily incretin mimetic
injection for type-2 diabetes. Pharm Ther 2010; 35(9):
498-529.
3. Lim AKH. Diabetic nephropathy - complications and
treatment. Int J Nephrol Renovasc Dis 2014; 7: 361-381.
4. Chawla A, Chawla R, Jaggi S. Microvasular and
macrovascular complications in diabetes mellitus:
Distinct or continuum? Indian J Endocrinol Metab
2016; 20(4): 546-551.
5. Glazer CH, Bonde JP, Giwercman A, et al. Risk of
diabetes according to male factor infertility: a
register-based cohort study. Hum Reprod 2017;
32(7): 1474-1481.
6. Bustos-Obregón E, Hartley RB. Ecotoxicology and
testicular damage (environmental chemical pollution).
A review. Int J Morphol 2008; 26(4): 833-840.
7. Jiang L, Zhang X, Zheng X, et al. Apoptosis, senescence,
and autophagy in rat nucleus pulposus cells:
Implications for diabetic intervertebral disc
degeneration. J Orthop Res 2013; 31(5): 692-702.
8. Khavarimehr M, Nejati V, Razi M, et al. Ameliorative
effect of omega-3 on spermatogenesis, testicular
antioxidant status and preimplantation embryo
development in streptozotocin-induced diabetes in
rats. Int Urol Nephrol 2017; 49(9): 1545-1560.
9. Cai L, Chen S, Evans T, et al. Apoptotic germ-cell death
and testicular damage in experimental diabetes:
prevention by endothelin antagonism. Urol Res 2000;
28(5):342-347.
10. Ye X, Qi J, Yu D, et al. Pharmacological efficacy of FGF21
analogue, liragutide and insulin glargine in treatment
of type 2 diabetes. J Diabetes Complications 2017;
31(4): 726-734.
11. Sanusi H. The role of incretin on diabetes mellitus. Acta
Med Indones 2009; 41(4):205-212.
12. Filippatos TD, Panagiotopoulou TV, Elisaf MS. Adverse
effects of GLP-1 receptor agonists. Rev Diabet Stud
2014; 11(3): 202-230.
13. Kim W, & Egan JM. The role of incretins in glucose
homeostasis and diabetes treatment. Pharmacol Rev
2008; 60(4): 470-512.
14. Holst JJ, Deacon CF, Vilsbøll T, et al. Glucagon-like

115

peptide-1, glucose homeostasis and diabetes. Trends
Mol Med 2008; 14(4): 161-168.
15. Timofte L, Stratmann B, Quester W, et al. Liragelutide
and DPP-4 inhibitors – side effects comparative clinical
study. Clujul Med 2013; 86(2): 111-113.
16. Fontoura P, Cardoso MC, Erthal-Martins MC, et al. The
effects of liraglutide on male fertility: a case report.
Reprod Biomed Online 2014; 29(5):644-646.
17. Lin C-H, Lee Y-S, Huang Y-Y, et al. Polymorphisms of
GLP-1 receptor gene and response to GLP-1 analogue
in patients with poorly controlled type 2 diabetes. J
Diabetes Res 2015:176949. doi: 10.1155/2015/176949.
18. Diabetes induction in mice. UCSF office of ethics and
compliance. Institutional animal care and use program.
Available at: https://iacuc.ucsf.edu/sites/g/files/tkss
ra751/f/wysiwyg/DiabetesInduction_0.pdf. Accessed
Jan 08, 2021.
19. Graham ML, Janecek JL, Kittredge JA, et al. The
streptozotocin-induced diabetic nude mouse model:
differences between animals from different sources.
Comp Med 2011;61(4):356-360.
20. Deeds MC, Anderson JM, Armstrong AS, et al. Single
dose streptozotocin-induced diabetes: considerations
for study design in islet transplantation models. Lab
Anim 2011;45(3):131-140.
21. de Castro AM, Cruz TF, Yamada KB, et al. Preliminary
evidence of age-dependent clinical signs associated
with porcine circovirus 2b in experimentally infected
CH3/Rockefeller mice. Res Vet Sci 2015; 103:70-72.
22. Hedrich H. The laboratory mouse. 2nd ed. New York,
USA: Academic Press 2012; 439-446.
23. Ebadi Manas G, Najafi GH. Protective effects of royal
jelly on the histomorphologic, oxidative stress and
sperm parameters in ofloxacin treated rat. Comp Clin
Pathol 2017; 26: 1111-1115.
24. Zambrano E, Rodríguez-González GL, Guzmán C, et al. A
maternal low protein diet during pregnancy and
lactation in the rat impairs male reproductive
development. J Physiol 2005; 563(Pt 1):275-284.
25. Menkveld R, Wong WY, Lombard CJ, et al. Semen
parameters, including WHO and strict criteria
morphology, in a fertile and subfertile population: an
effort towards standardization of in vivo thresholds.
Hum Reprod 2001; 16(6):1165-1171.
26. Mohammadghasemi F, Faghani M, Fallah Karkan M.
The protective effect of melatonin on sperm
parameters, epididymis and seminal vesicle
morphology in adult mouse treated with busulfan. J
Iran Anat Sci 2010; 8: 25-36.
27. Nasr-Esfahani MH, Razavi S, Mardani M. Andrology:
relation between different human sperm nuclear
maturity tests and in vitro fertilization. J Assis Reprod
Genet 2001; 18(4): 221-227.
28. Ebadi Manas G, Hasanzadeh S, Najafi G, et al. The effects
of pyridaben pesticide on the DNA integrity of sperms

116

M. Pourheydar et al. Veterinary Research Forum. 2021; 12 (1) 109 - 116

and early in vitro embryonic development in mice. Iran
J Reprod Med 2013; 11(8):605-610.
29. Nakagata N. Reproductive engineering techniques in
mice. 3rd ed. 2016. Available at: https://www.cosmo
biousa.com/pages/reproductive-engineeringtechniques-in-mice/ Accessed 28 Feb, 2021.
30. Wild S, Roglic G, Green A, et al. Global prevalence of
diabetes: estimates for the year 2000 and projections
for 2030. Diabetes Care 2004; 27(5):1047-1053.
31. González R, Ruiz-León Y, Gomendio M, et al. The effect
of glucocorticoids on mouse oocyte in vitro maturation
and subsequent fertilization and embryo development.
Toxicol In Vitro 2010; 24(1):108-115.
32. Siddiqui A, Siddiqui S, Ahmad S, et al. Diabetes:
Mechanism, pathophysiology and management-A
review. Int J Drug Dev Res 2013; 5:1-23.
33. Deng D, Sun P, Yan C, et al. Molecular basis of ligand
recognition and transport by glucose transporters.
Nature 2015; 526(7573): 391-396.
34. Burén J, Liu HX, Jensen J, et al. Dexamethasone impairs
insulin signalling and glucose transport by depletion of
insulin receptor substrate-1, phosphatidylinositol 3kinase and protein kinase B in primary cultured rat
adipocytes. Eur J Endocrinol 2002; 146(3):419-29.
35. Du Plessis SS, Cabler S, McAlister DA, et al. The effect of
obesity on sperm disorders and male infertility. Nat
Rev Urol 2010; 7(3): 153-161.
36. Fedele D. Therapy insight: sexual and bladder
dysfunction associated with diabetes mellitus. Nat Clin
Pract Urol 2005; 2(6): 282-290.
37. Roessner C, Paasch U, Kratzsch J, et al. Sperm apoptosis
signalling in diabetic men. Reprod Biomed Online
2012; 25(3): 292-299.
38. Jelodar G, Khaksar Z, Pourahmadi M. Endocrine profile
and testicular histomorphometry in adult rat offspring
of diabetic mothers. J Physiol Sci 2009; 59(5): 377-382.
39. Mora-Estevez C, Shin D. Nutrient supplementation:
improving male fertility fourfold. Semin Reprod Med
2013; 31(4): 293-300.

40. Singh S, Malini T, Rengarajan S, et al. Impact of
experimental diabetes and insulin replacement on
epididymal secretory products and sperm maturation
in albino rats. J Cell Biochem 2009; 108(5): 1094-1101.
41. Agarwal A, Virk G, Ong C, et al. Effect of oxidative stress
on male reproduction. World J Mens Health 2014;
32(1): 1-17. doi: 10.5534/wjmh.2014.32.1.1.
42. Agbaje IM, Rogers DM, McVicar CM, et al. Insulin
dependent diabetes mellitus: implications for male
reproductive function. Hum Reprod 2007; 22(7):
1871-1877.
43. Vikramadithyan RK, Hu Y, Noh HL, et al. Human aldose
reductase expression accelerates diabetic atherosclerosis in transgenic mice. J Clin Invest 2005;
115(9):2434-2443.
44. Rains JL, Jain SK. Oxidative stress, insulin signaling, and
diabetes. Free Radic Biol Med. 2011; 50(5):567-575.
45. Moshari S, Nejati V, Najafi G, et al. Insight into curcumin
nanomicelle-induced
derangements
in
male
reproduction potential: An experimental study.
Andrologia 2018; 50(2). doi: 10.1111/and.12842.
46. Noblanc A, Damon-Soubeyrand C, Karrich B, et al. DNA
oxidative damage in mammalian spermatozoa: where
and why is the male nucleus affected? Free Radic Biol
Med 2013; 65:719-723.
47. Simon L, Castillo J, Oliva R, et al. Relationships between
human sperm protamines, DNA damage and assisted
reproduction outcomes. Reprod Biomed Online 2011;
23(6):724-734.
48. Razi M, Sadrkhanloo RA, Malekinejad H, et al.
Varicocele time- dependently affects DNA integrity of
sperm cells: evidence for lower in vitro fertilization rate
in varicocele- positive rats. Int J Fertil Steril 2011; 5(3):
174-185.
49. Salamun V, Jenesterle M, and Janez A, et al. Liraglutide
increases IVF pregnancy rates in obese PCOS women
with poor response to first-line reproductive treatments: a pilot randomized study. Eur J Endocrinol
2018; 179(1); 1-11. doi: 10.1530/EJE-18-0175.

