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Abstract

Background: Although routinely used in assisted reproductive technology, human sperm cryopreservation is not
an entirely successful procedure. This study determined the effect of nerve growth factor (NGF) supplementation of
cryopreservation medium on post-thaw viability, motility, intracellular nitric oxide (NO) concentration, and DNA
fragmentation of human spermatozoa in asthenozoospermic men.

Methods: Semen samples were collected from 25 asthenozoosprmic men and divided into the following groups
(n = 5/group): fresh semen (control); frozen-thawed semen without treatment; frozen-thawed semen with NGF
treatment (0.5, 1, and 5 ng/ml). Prior to dividing the asthenozoospermic samples, 200 μl of each sample was
collected for NGF content assessment by ELISA and then compared with normozoospermic semen samples (25
normozoospermic men). Sperm motility and viability were assessed according to WHO criteria. Furthermore,
intracellular nitric oxide and DNA fragmentation were evaluated by Flow Cytometry.

Results: NGF content was significantly higher in normozoospermic compared with asthenozoospermic men.
Cryopreservation of asthenozoospermic semen samples significantly decreased sperm viability and motility, and
increased intracellular nitric oxide concentration and DNA damage (p < 0.01). In asthenozoospermic frozen–thawed
samples treated with 0.5 ng/ml exogenous NGF, we observed a significantly increased viability, motility, and
decreased DNA fragmentation (p < 0.05), but intracellular nitric oxide concentration was not reduced. The other
high doses (1 and 5 ng/ml) had no significant effect on the variables.

Conclusion: Supplementation with exogenous NGF could have partial and limited protective effect during
cryopreservation of human spermatozoa but further research is needed to evaluate the possible clinical applications.
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Background
Cryopreservation is a useful strategy in long term storage
of sperm cells and conservation of male fertility [1]. How-
ever, during cryopreservation spermatozoa are affected by
physical and chemical stresses that cause damages in
membrane lipid composition, motility, viability, acrosome
status, and fertilization capacity of spermatozoa [2, 3]. In
brief, cryopreservation results in the elevation of lipid per-
oxidation rate in the plasma membrane which can induce
an excessive increase in reactive oxygen species (ROS)

concentration and can eventually lead to oxidative stress.
This oxidative stress can adversely affect DNA integrity
[4]. In view of paternal genetic contribution, mammalian
chromatin structure integrity is one of the vital parameters
for normal fetus development and healthy offspring [5].
It is also recognized that cryopreservation can induce

sperm cells to lose their antioxidant defense systems [6].
Moreover, in poor semen samples, the concentration of
ROS is unusually high while the effects of endogenous
antioxidants are often diminished [7, 8].
In order to improve and maintain sperm quality during

cryopreservation, the application of antioxidants has re-
cently been extensively studied to decrease the deleterious
effects of ROS [7–10]. NGF, an antioxidant supplement, is
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a member of neurotrophins which has reported to play an
important role in the male reproductive system and sperm
function [11–15]. NGF stimulates sperm motility [12,
16, 17], viability [13] and facilitates sperm cell acro-
some reactions [12], and also play an important role in
the proliferation and differentiation of leydig cells and
testosterone production [18].
Furthermore, intracellular nitric oxide (NO), a free

radical, is another factor that physiologically regulates
spermatozoa function, and pathophysiology of male
reproductive system [19, 20]. The role of NO in mul-
tiple signal transduction pathways of male germ cells
like capacitation and acrosomal reaction is well docu-
mented [21]. The motility of mouse [22], hamster [23],
and human [24, 25] spermatozoa, and also the zona
pellucida-binding ability of human spermatozoa were im-
proved by low concentrations of NO. On the contrary,
maturity of human spermatozoa was correlated with ac-
tive NO production by NO synthase and inactivated apop-
tosis signaling, indicating a rather anti-apoptotic effect of
NO [21].
Since there is limited evidence for the cryoprotec-

tive effects of NGF on human spermatozoa espe-
cially in asthenozoospermic samples, we investigated
the effects of the addition of NGF to the freezing
and thawing extender on viability, motility, intracel-
lular nitric oxide concentration, and DNA fragmen-
tation, and also assessment of semen NGF content
in asthenozoospermic men.

Methods
Collection and preparation of samples
This study was approved by the Ethics Committee of
Baqiyatallah Medical University and was performed in ac-
cordance with national and international guidelines. All
subjects were informed with respect to this study and a
written consent to participate in the study was obtained,
as well as informed consent to publish their clinical data.
Semen samples were collected from 25 normozoos-

permic and 25 asthenozoospermic donors referred to
Shariati hospital via masturbation following 3–5 days
of sexual abstinence. After liquefaction at 37°C and
5 % CO2, a basic seminal analysis was carried out ac-
cording to the 5th edition of World Health
Organization guidelines [26]. Prior to dividing the
asthenozoospermic semen samples, 200 μl of each
sample was collected for semen NGF content assess-
ment and then compared with normozoospermic
semen samples (25 normozoospermic men). The asth-
enozoospermic (n = 25) samples were further divided
into the following subgroups (n = 5/group): Fresh
semen (control); frozen-thawed semen samples with-
out treatment; frozen-thawed semen samples with
NGF treatment (final concentration: 0.5, 1, and 5 ng/ml).

Freezing and thawing process
In the fresh semen sample (control) groups, all parame-
ters were assessed freshly. In the other groups, after the
addition of equal volume (1:1) of pre-warmed sperm
freezing medium (Vitrolife, Sweden), the mixture was
swirled lightly and cryotubes were kept at room
temperature for 10 min. Afterward, the cryotubes were
suspended in the liquid nitrogen vapor at −80°C (15–
30 cm above the level of liquid nitrogen) for 20–30 min.
Then, they were plunged into liquid nitrogen and stored
for two weeks. The samples were then thawed at room
temperature for 5 min, and incubated at 37°C for 20 min.
The freezing medium was removed by centrifugation at
1000 rpm for 5 min and the appropriate medium, accord-
ing to the protocol which will be mentioned for each as-
sessment, was added.

Determination of NGF content of semen
NGF assessment was evaluated using an enzyme-linked
immunosorbent assay (ELISA) kit (abcam ab99986, USA).
This assay employs an antibody specific for human NGF
coated on a 96-well plate. All reagents, samples and stan-
dards were prepared as instructed. 100 μl of each of a
standard or a sample was transferred into each well and
then incubated for 2.5 h at room temperature. 100 μl of
prepared biotin antibody was added to each well and incu-
bated, again, for 1 h at room temperature. The wells were
then washed to remove any unbound biotinylated anti-
body. HRP conjugated streptavidin was pipetted to the
wells and incubated for 45 min at room temperature. The
wells were washed again and 100 μl of TMB substrate so-
lution was added to the wells. The intensity of the color
that formed in the wells, was in proportion to the amount
of bound NGF. Stop Solution was added which changed
the color from blue to yellow, and the intensity of the
color was measured at 450 nm.

Assessment of sperm viability and motility
Sperm viability was evaluated using Eosin/Nigrosin stain.
Staining was performed by mixing 20 μl of semen with
20 μl of Eosine (1 %). Afterwards, 20 μl of Nigrosin (10 %)
was added to each solution. A smear was made on a glass
slide and allowed to air-dry. Unstained (intact) and red
(with disrupted membranes) spermatozoa were counted
under oil immersion light microscopy at × 1000 magnifi-
cation. Vitality was quantified by counting a minimum of
200 spermatozoa on each slide, and the proportion of
membrane-intact spermatozoa was expressed as a per-
centage of total cell number.
Sperm motility parameters were analyzed according to

World Health Organization guidelines [26]. A 10 μl drop
of gently mixed semen was put on a microscope slide and
covered with coverslip and assessed using a phase contrast
microscope at 4000 magnification in multiple views.
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Intracellular nitric oxide (NO) detection
Briefly, for NO measurements each sample was loaded
with DAF-2/DA (4,5 diaminofluorescein- 2/diacetate)
and incubated in the dark (120 min, 37°C) before being an-
alyzed by fluorescence-activated cell sorter (FACS) [27].
Excitation wavelength (488 nm) and emission wavelength
(530 nm) were used in the single-cell level, and data were
analyzed using CellquestTM version 3.3 software (Becton
Dickinson, San Jose, CA, USA). The mean fluorescence
intensity of the analyzed sperm cells was ascertained after
gating the cell population by 90° and forward-angle light
scatter to exclude debris and aggregates. The final gated
populations usually consisted of 8000–12000 sperm cells.
Fluorescence in these cells was recorded on a frequency
histogram by logarithmic amplifiers.

Evaluation of sperm DNA fragmentation
In situ cell death detection kit, fluorescein (Roche,
11684795910, Germany) was applied to detect sperm
DNA fragmentation according to manufacturer’s instruc-
tion. Using this kit, apoptosis at the single cell was quan-
tified. Briefly, 3 × 106 cells were washed twice with
phosphate-buffered saline (PBS; pH 7.4), then fixed with
200 μL of freshly prepared 4 % paraformaldehyde for 1 h
at room temperature in the dark. Afterwards, sperm
cells were washed with PBS and permeabilized with
0.1 % triton X-100 in 0.1 % sodium citrate for 15 min on
ice. After washing with PBS, the labelling reaction was
performed by incubating sperm cells with 50 μl of
TUNEL reaction mixture (Tdt enzyme and fluorescein
isothiocyanate conjugate [FITC]-labeled nucleotides) for
1 h at 37°C in a humidified atmosphere in the dark. Finally,
the cells were washed twice with PBS and analyzed using
flow cytometry. Assessment of a negative control (sample
without the addition of Tdt enzyme) and a positive con-
trol (sample treated with DNase I (3 U/ml, Invitrogen) for
10 min at room temperature to produce DNA strand
breaks) by TUNEL assay is necessary. Finally, samples
were washed twice with PBS and analyzed with flow cy-
tometry. For each semen sample, sperm DNA fragmenta-
tion was determined before and after cryostorage [10].

Statistical analysis
Data are expressed as the mean ± SEM. T-test was used to
analyze NGF concentration in normozoospermic and asthe-
nozoospermic semen samples. Viability, motility, intracellu-
lar nitric oxide, and DNA fragmentation were analyzed by
one-way ANOVA in order to assess the effect of NGF in
the different groups. When variances in the Levene test
were statistically significant, Dunnett T3 for multiple com-
parison post hoc tests was used. If variances in the Levene
test were not statistically significant, Tukey HSD for mul-
tiple comparison post hoc tests was used. Differences were
regarded as statistically significant at p < 0.05.

Results
NGF content in normozoospermic and asthenozoosprmic
men
NGF concentration was measured with ELISA kits.
Concentrations were calculated from respective stand-
ard curves and expressed as pictogram per milligram of
entire protein. The NGF content (mean ± SEM) was
significantly higher in normozoospermic (1160 ± 94.71)
compared with asthenozoospermic (563 ± 44.58) sam-
ples (P-value <0.05).

Effect of exogenous NGF on viability
In asthenozoospermic men (n = 25) viability of frozen-
thawed group (8 ± 1.22) was significantly reduced com-
pared with fresh group (36 ± 4.30) (P-value <0.00). The
addition of NGF in freezing medium at 0.5 ng/ml (27 ±
1.22) and 1 ng/ml (23 ± 3.74) significantly increased viabil-
ity vs. frozen-thawed group (8 ± 1.22) (P-value <0.05). But
viability in frozen-thawed samples with exogenous NGF at
5 ng/ml (17 ± 5.38) had no significant difference compared
with frozen-thawed group (8 ± 1.22) (P-value > 0.02)
(Fig. 1a).

Effect of exogenous NGF on motility
The percentage of sperm motility in all groups was
evaluated and has been summarized in Table 1. In asth-
enozoospermic men (n = 25), percentage of total motil-
ity of sperm in fresh group (45 ± 1.97) had a significant
increase vs. frozen-thawed group (10 ± 1.57) (P < 0.001),
whereas percentage of immotile sperm in the frozen-
thawed group increased significantly compared with
fresh group (P < 0.001). Treatment of frozen–thawed
samples with exogenous NGF at 0.5 ng/ml increased
the percentage of total motility (27 ± 3.81) and also showed
a significantly decrease in the percentage of immotile
sperm vs. frozen–thawed group (P < 0.001) (Table 1).

Effect of exogenous NGF on nitric oxide
In asthenozoospermic men, NO content of frozen-thawed
group (13 ± 1.53) showed significant elevation vs. fresh
group (3.18 ± 0.52) (P-value <0.01). The addition of NGF
in freezing medium at all concentrations could not cause
any change in NO content of samples vs frozen-thawed
group (Fig. 2a, b, c, and d).

Effect of exogenous NGF on apoptosis
In asthenozoospermic men, DNA damage rate of frozen-
thawed group (24.26 ± 1.00) was significantly increased vs.
fresh group (6.80 ± 1.14) (P-value <0.01). The addition of
NGF at 0.5 ng/ml (7.37 ± 1.22) in freezing medium
showed significant difference in DNA fragmentation com-
pared with frozen-thawed group (24.26 ± 1.00) (P < 0.01).
But NGF at 1 ng/ml (19.99 ± 0.530) and 5 ng/ml (23.44 ±
1.19) had no significant difference vs. frozen-thawed
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group (24.26 ± 1.00) (P-value >0.1) (Fig. 3a). Dot plot and
histogram of semen samples that were analyzed by flow
cytometry are shown in Fig. 3b, c, and d.

Discussion
Freezing and thawing cycle is associated with oxidative
stress affecting those processes required for successful
in vivo and in vitro fertilization of the oocyte. Produc-
tion of ROS and alteration in antioxidant defense systems
have been reported to be the significant contributing fac-
tors [4, 6, 28, 29]. Therefore various antioxidant com-
pounds along with cryo-media have been implemented to
minimize sperm cryoinjury and improve post-thaw semen
parameters [7–10].
In the current study, we treated freeze-thawed sperm-

atozoa with NGF at different concentrations to deter-
mine whether this member of the neurotrophin protein
family could improve the post-thaw viability, motility,
intracellular nitric oxide, and DNA integrity of sperm-
atozoa in asthenozoospermic men.
Nerve growth factor is probably the most extensively

studied member of neurotrophins which its function is
mediated through tyrosine kinase receptor A (TrkA) [30].
Many studies have shown its presence in all stages of
germinal cells. Moreover, the impact of NGF on the repro-
ductive systems [11, 13, 15] and functions of spermatozoa
was recently assessed in animal model researches indicating

its role in promoting the formation and development of
testis, the spermatozoon differentiation, maturation [31,
32], viability [13], and motility [12], and also DNA integrity
in human hippocampus [33]. The first evidence of a
measured NGF concentration in human elucidated that
oligoasthenozoospermic men, compared with asthenozoos-
permic and fertile men, have lower NGF concentrations in
their seminal plasma. TrkA mRNA levels are also signifi-
cantly lower in spermatozoa samples from oligoastheno-
zoospermic men than in those from asthenozoospermic
and fertile men [34]. Similar to the study above, NGF con-
tent was also found to be increased in normozoospermic
samples in our previous study [17].
Cryopreservation promotes ROS production and thus

can induce lipid peroxidation leading to decreased sperm
viability and activity of mitochondria whilst inducing
sperm apoptosis [2, 35]. Previous studies demonstrated
that addition of exogenous NGF to the incubation
medium had significant effects on bovine [13] and human
[17] sperm cell viability, and also exhibits trophic activity
in the rescue of sertoli cell viability mediated by the Trk
receptor protein [36]. In addition, the positive effect of
NGF addition (0.5 and 1 ng/ml) to the freezing extender
on human sperm viability in asthenozoospermic men has
been demonstrated according to our results.
Motility is one of the most important features that

play a crucial role in fertilizing ability of spermatozoa
[37]. The freezing-thawing procedure results in DNA
fragmentation, and can also suppress glycolysis pathway
and ATP production leading to a reduction in sperm
motility [38]. However, sperm cell motility significantly
increases following using different antioxidants as freezing
extender [8–10]. It has been demonstrated that NGF
which exhibits an antioxidant activity can promote the pa-
rameters of sperm motility in a time- and dose-dependent
manner [12, 16]. Furthermore, we previously reported that
exogenous NGF as cryoprotectant improved post-thaw
motility of frozen sperm in normozoospermic men [17].

Fig. 1 Effect of nerve growth factor on sperm viability in asthenozoospermic men (a). Human spermatozoa staining with Eosin/Nigrosin dye
assessed by oil immersion light microscopy at × 1000 magnification. Live spermatozoa appeared white whilst dead spermatozoa with disrupted
membranes have taken up the Eosin stain and appeared red (b). P-values <0.05 were considered significant.*: Significant difference vs. fresh
group (P-value <0.05). **: Significant difference vs. frozen-thawed group (P-value <0.05). Error bars: ±1 SE

Table 1 Effect of nerve growth factor (NFG) on sperm motility
in asthenozoospermic men

Groups Total motility
(Mean ± SEM)

Fresh 1.97 ± 45

Frozen – thawed 1.57 ± 10

Asthenozoospermic men NGF 0.5 ng/ml 3.81 ± 27

NGF 1 ng/ml 3.66 ± 17

NGF 5 ng/ml 2.16 ± 14
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According to this study, post-thawed asthenozoospermic
samples along with NGF 0.5 ng/ml were also more motile.
In this regard, these findings may promote the clinical ap-
plication of NGF in ARTs.
As far as sperm functions are concerned, NO is

synthesized through the oxidation of L-arginine to L-
citruline by three isoforms of reduced NADPH-dependent
NO synthases (NOS), and plays an important role in cap-
acitation and acrosomal reaction [21, 39–41]. NO stimu-
lates human sperm motility via soluble guanylate cyclase
activation, and subsequent cGMP synthesis and cGMP-
dependent protein kinases activation [25]. NO is produced
both in fresh and frozen-thawed stallion spermatozoa, and
its production increases after cryopreservation [42], as in
cryopreserved human spermatozoa of asthenozoospermic
samples. Moreover, our preceding report regarding normo-
zoospermic cases disclosed that, in compare with untreated
frozen-thawed samples, addition of 0.5 ng/ml NGF to the
freezing medium followed by lower NO concentration, and
consequently higher viability and motility [17].
Some studies reported that cryopreservation resulted

in DNA damage of human spermatozoa which is in-
duced by ROS formation [4, 8, 43]. In recent years, dif-
ferent pro-survival factors such as antioxidants have
been added to cryopreservation medium to decrease the

effect of ROS on DNA integrity [7, 10, 37]. As a result,
maintenance of DNA integrity of frozen-thawed sperm-
atozoa is one of the important indicators to assess the
effectiveness of cryopreservation [7]. NGF is one supple-
mentation which its effect has been determined on
different cells. Nguyen et al. have shown that NGF pre-
vents staurosporine -induced apoptotic morphology and
caspase-3 activity in hippocampus, by upregulating
phosphorylation of the tropomyosin receptor kinase
(Trk) receptor [33]. It has also been found that endothe-
lial cells and skeletal myocytes are not only protected
from apoptosis, by the use of exogenous NGF, but also
induce neovascularization in murine ischemic limb mus-
cles and diabetic skin wounds [44, 45]. In dopaminergic
cells, NGF prevents rotenone-induced neurotoxic apop-
tosis through the activation of the PI3-kinase pathway
[46]. Furthermore, NGF may play an essential role in cell
survival as an antiapoptotic factor in non-neuronal
osteoblastic cells and inhibiting the apoptosis of rat peri-
toneal mast cells [47].
In our previous report, supplementation of the ex-

tender with 0.5 ng/ml NGF lead to decrease DNA frag-
mentation compared with untreated frozen–thawed
samples [17]. Although in the present study we showed
that the effect of NGF (0.5 ng/ml) lead to improve DNA

Fig. 2 Effect of nerve growth factor on sperm nitric oxide content in normozoospermic men (a). Dot plot represents total acquired events and
final gated population (R2) of spermatozoa (b). Histogram of negative control without incubation with baseline 4, 5-diaminofluorescein-2/diacetate
(DAF-2/DA) fluorescence (M1) (c). Histogram of one of semen samples, incubated with DAF-2/DA fluorescence. The population producing nitric oxide
corresponds to M2 region of the histograms (d). P-values <0.05 were considered significant.*: Significant difference vs. fresh group (P-value
<0.05). **: Significant difference vs. frozen-thawed group (P-value <0.05). Error bars: ±1 SE
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integrity of asthenozoospermic samples, it seems pro-
tective effect of NGF in normozoospermic cases is more
noticeable. It is possible that cryodamage to sperm DNA
integrity of asthenozoospermic samples is much higher.
Furthermore, in spite of the protective effect of NGF at

0.5 ng/ml on viability, motility, and DNA fragmentation,
the other high doses (1 and 5 ng/ml) had no significant ef-
fects. It is feasible that these higher concentrations exerted
a negative effect through an extreme scavenging and anti-
oxidant activity or interfering with intracellular pathways
during vital steps of the cryopreservation procedure.
However, only a partial aspect of the cryoprotective

effect of NGF has been analyzed and further examina-
tions will be needed to assess the clinical application of
NGF for improving post-thawed human sperm parame-
ters and investigating the possible interactions between
NGF and the other semen parameters to explain detailed
mechanisms of its functions.

Conclusion
In conclusion, a significant improvement in asthenozoos-
permic human sperm viability, motility, and apoptosis was
observed when NGF was added in the freezing media.
This study suggests that NGF supplementation can be

profitable for successful freezing in asthenozoospermic
men due to their lower NGF content.

Abbreviations
DAF-2/DA, 4,5 diaminofluorescein- 2/diacetate; ELISA, enzyme-linked immuno-
sorbent assay; FACS, fluorescence-activated cell sorter; NGF, nerve growth factor;
NO, nitric oxide; NOS, NO synthases; ROS, reactive oxygen species; TrkA, tyrosine
kinase receptor A.

Acknowledgements
This project was financially supported by Research and Technology
Foundation (Iran National Science foundation (INSF)). Thus, we are thankful
for the facilities provided to us during the research. The authors are also
grateful to all participants, without whom this work would have been
impossible.
- This work has been carried out in Department of Anatomy of Baqiyatallah
University of Medical Sciences.
- This project was financially supported by Research and Technology
Foundation (Iran National Science foundation (INSF)).

Authors’ contributions
FA and HB helped with the design of the study and manuscript revision. SS
carried out all experiments. AA participated in coordination and data
collection. SS and MSH analyzed, interpreted data and wrote the manuscript.
All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interest.

Fig. 3 Effect of nerve growth factor on sperm DNA fragmentation in asthenozoospermic men (a). Dot plot represents total acquired events and
final gated (R1) population of spermatozoa (b). Histogram of negative control (without deoxynucleotidyl transferase enzyme) with 1.35 % TUNEL
positive cells (M1) (c). Histogram of one of semen samples (stained by dUTP-FITC) with 9.1 % TUNEL positive cells (M2) (d). P-values <0.05 were
considered significant.*: Significant difference vs. fresh group (P-value <0.05). **: Significant difference vs. frozen-thawed group (P-value <0.05).
Error bars: ±1 SE

Saeednia et al. Reproductive Biology and Endocrinology  (2016) 14:29 Page 6 of 8



Author details
1School of medicine, Shahroud University of Medical Sciences, Shahroud,
Iran. 2Department of Anatomy, School of medicine, Tehran University of
Medical Sciences, Tehran, Iran. 3Department of Anatomy, School of Medicine,
Baqiyatallah University of Medical Sciences, Tehran, Iran. 4Department of
Infertility, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran.

Received: 1 March 2016 Accepted: 9 May 2016

References
1. Aitken RJ, Koppers AJ. Apoptosis and DNA damage in human spermatozoa.

Asian J Androl. 2011;13(1):36–42.
2. Nallella KP, Sharma RK, Allamaneni SS, Aziz N, Agarwal A. Cryopreservation

of human spermatozoa. comparison of two cryopreservation methods and
three cryoprotectants. Fertil Steril. 2004;82(4):913–18.

3. Meseguer M, Martinez-Conejero J, O'Connor JE, Pellicer A, Remohí J, Garrido
N. The significance of sperm DNA oxidation in embryo development and
reproductive outcome in an oocyte donation program: a new model to
study a male infertility prognostic factor. Fertil Steril. 2008;89(5):1191–9.

4. Kopeika J, Thornhill A, Khalaf Y. The effect of cryopreservation on the
genome of gametes and embryos: principles of cryobiology and critical
appraisal of the evidence. Hum Reprod Update. 2014;21(2):209–27.

5. Yildiz C, Ottaviani P, Law N, Ayearst R, Liu L, McKerlie C. Effects of
cryopreservation on sperm quality, nuclear DNA integrity, in vitro
fertilization, and in vitro embryo development in the mouse. Reproduction.
2007;133(3):585–95.

6. Agarwal A, Said TM, Bedaiwy MA, Banerjee J, Alvarez JG. Oxidative stress in
an assisted reproductive techniques setting. Fertil Steril. 2006;86(3):503–12.

7. Taylor K, Roberts P, Sanders K, Burton P. Effect of antioxidant
supplementation of cryopreservation medium on post-thaw integrity of
human spermatozoa. Reprod Biomed Online. 2009;18(2):184–9.

8. Gadea J, Molla M, Selles E, Marco MA, Garcia-Vazquez FA, Gardon JC.
Reduced glutathione content in human sperm is decreased after
cryopreservation: Effect of the addition of reduced glutathione to the
freezing and thawing extenders. Cryobiology. 2011;62(1):40–6.

9. Kalthur G, Raj S, Thiyagarajan A, Kumar S, Kumar P, Adiga SK. Vitamin E
supplementation in semen-freezing medium improves the motility and
protects sperm from freeze-thaw-induced DNA damage. Fertil Steril. 2011;
95(3):1149–51.

10. Zribi N, Chakroun NF, Abdallah FB, Elleuch H, Sellami A, Gargouri J, et al.
Effect of freezing–thawing process and quercetin on human sperm survival
and DNA integrity. Cryobiology. 2012;65(3):326–31.

11. Jin W, Arai KY, Shimizu K, Kojima C, Itoh M, Watanabe G, et al. Cellular
localization of NGF and its receptors trkA and p75LNGFR in male
reproductive organs of the Japanese monkey, Macaca fuscata fuscata.
Endocrine. 2006;29(1):155–60.

12. Jin W, Tanaka A, Watanabe G, Matsuda H, Taya K. Effect of NGF on the
motility and acrosome reaction of golden hamster spermatozoa in vitro. J
Reprod Dev. 2010;56(4):437–43.

13. Li C, Sun Y, Yi K, Ma Y, Sun Y, Zhang W, et al. Detection of nerve growth
factor (NGF) and its specific receptor (TrkA) in ejaculated bovine sperm, and
the effects of NGF on sperm function. Theriogenology. 2010;74(9):1615–22.

14. Levine E, Cupp AS, Skinner MK. Role of neurotropins in rat embryonic testis
morphogenesis (cord formation). Biol Reprod. 2000;62(1):132–42.

15. Muller D, Paust HJ, Middendorff R, Davidoff MS. Nerve growth factor (NGF)
receptors in male reproductive organs. Adv Exp Med Biol. 1997;424:157–8.

16. Shi C-G, Lin K, Xu X-B, Zhang S-C, Wang N, Fan M. Evidence for the
involvement of NGF in human sperm motility. J Biomed Sci Eng. 2012;5(9):534.

17. Saeednia S, Bahadoran H, Amidi F, Asadi MH, Naji M, Fallahi P, et al. Nerve
growth factor in human semen: Effect of nerve growth factor on the
normozoospermic men during cryopreservation process. Iran J Basic Med
Sci. 2015;18(3):292–9.

18. Zhang L, Wang H, Yang Y, Liu H, Zhang Q, Xiang Q, et al. NGF induces adult
stem Leydig cells to proliferate and differentiate during Leydig cell
regeneration. Biochem Biophys Res Commun. 2013;436(2):300–5.

19. Gross SS, Wolin MS. Nitric oxide: pathophysiological mechanisms. Annu Rev
Physiol. 1995;57:737–69.

20. Romeo C, Ientile R, Santoro G, Impellizzeri P, Turiaco N, Impala P, et al. Nitric
oxide production is increased in the spermatic veins of adolescents with
left idiophatic varicocele. J Pediatr Surg. 2001;36(2):389–93.

21. Roessner C, Paasch U, Glander HJ, Grunewald S. Activity of nitric oxide
synthase in mature and immature human spermatozoa. Andrologia. 2010;
42(2):132–7.

22. Herrero MB, Cebral E, Boquet M, Viggiano JM, Vitullo A, Gimeno MA. Effect
of nitric oxide on mouse sperm hyperactivation. Acta Physiol Pharmacol
Ther Latinoam. 1994;44(3):65–9.

23. Yeoman RR, Jones WD, Rizk BM. Evidence for nitric oxide regulation of
hamster sperm hyperactivation. J Androl. 1998;19(1):58–64.

24. Hellstrom WJ, Bell M, Wang R, Sikka SC. Effect of sodium nitroprusside on
sperm motility, viability, and lipid peroxidation. Fertil Steril. 1994;61(6):1117–22.

25. Miraglia E, De Angelis F, Gazzano E, Hassanpour H, Bertagna A, Aldieri
E, et al. Nitric oxide stimulates human sperm motility via activation of
the cyclic GMP/protein kinase G signaling pathway. Reproduction. 2011;
141(1):47–54.

26. World Health Organization. WHO laboratory manual for the examination
and processing of human semen. 5th ed. Geneva: WHO Press; 2010.

27. Lampiao F, Strijdom H, du Plessis SS. Direct nitric oxide measurement in
human spermatozoa: flow cytometric analysis using the fluorescent probe,
diaminofluorescein. Int J Androl. 2006;29(5):564–7.

28. Lasso JL, Noiles EE, Alvarez JG, Storey BT. Mechanism of superoxide
dismutase loss from human sperm cells during cryopreservation. J Androl.
1994;15(3):255–65.

29. Thomson LK, Fleming SD, Aitken RJ, De Iuliis GN, Zieschang JA, Clark AM.
Cryopreservation-induced human sperm DNA damage is predominantly
mediated by oxidative stress rather than apoptosis. Hum Reprod. 2009;
24(9):2061–70.

30. Mutter DMR, Davidoff MS. Neurotrophic factors in the testis. Biomed Rev.
1999;10:25–30.

31. Lipps BV. Isolation of nerve growth factor (NGF) from human body fluids;
saliva, serum and urine: comparison between cobra venom and cobra
serum NGF. J Nat Toxins. 2000;9(4):349–56.

32. MacGrogan D, Despres G, Romand R, Dicou E. Expression of the beta-nerve
growth factor gene in male sex organs of the mouse, rat, and guinea pig. J
Neurosci Res. 1991;28(4):567–73.

33. Nguyen TL, Kim CK, Cho JH, Lee KH, Ahn JY. Neuroprotection signaling
pathway of nerve growth factor and brain-derived neurotrophic factor
against staurosporine induced apoptosis in hippocampal H19-7 cells. Exp
Mol Med. 2010;42(8):583–95.

34. Li C, Zheng L, Wang C, Zhou X. Absence of nerve growth factor and
comparison of tyrosine kinase receptor A levels in mature spermatozoa
from oligoasthenozoospermic, asthenozoospermic and fertile men. Clin
Chim Acta. 2010;411(19):1482–6.

35. Bansal AK, Bilaspuri GS. Impacts of oxidative stress and antioxidants on
semen functions. Vet Med Int. 2010;2011.

36. Chen Y, Dicou E, Djakiew D. Characterization of nerve growth factor
precursor protein expression in rat round spermatids and the trophic effects
of nerve growth factor in the maintenance of Sertoli cell viability. Mol Cell
Endocrinol. 1997;127(2):129–36.

37. Branco CS, Garcez ME, Pasqualotto FF, Erdtman B, Salvador M. Resveratrol
and ascorbic acid prevent DNA damage induced by cryopreservation in
human semen. Cryobiology. 2010;60(2):235–37.

38. Baumber J, Ball BA, Linfor JJ, Meyers SA. Reactive oxygen species and
cryopreservation promote DNA fragmentation in equine spermatozoa. J
Androl. 2003;24(4):621–28.

39. Herrero MB, Viggiano JM, Pérez MS, De Gimeno M. Evidence that nitric
oxide synthase is involved in progesterone-induced acrosomal exocytosis in
mouse spermatozoa. Reprod Fertil Dev. 1996;9(4):433–39.

40. Rotem R, Zamir N, Keynan N, Barkan D, Breitbart H, Naor Z. Atrial natriuretic
peptide induces acrosomal exocytosis of human spermatozoa. Am J Physiol
Endocrinol Metab. 1998;274(2):218–23.

41. Zamir N, Barkan D, Keynan N, Naor Z, Breitbart H. Atrial natriuretic peptide
induces acrosomal exocytosis in bovine spermatozoa. Am J Physiol
Endocrinol Metab. 1995;269(2):216–21.

42. Ferrusola CO, Fernandez LG, Garcia BM, Salazar-Sandoval C, Rodriguez AM,
Martinez HR, et al. Effect of Cryopreservation on Nitric Oxide Production by
Stallion Spermatozoa. Biol Reprod. 2009;81(6):1106–11.

43. Paoli D, Lombardo F, Lenzi A, Gandini L. Sperm cryopreservation: effects on
chromatin structure. In: Baldi E, Muratori M, editors. Genetic Damage in
Human Spermatozoa. New York: Springer; 2014. p. 137–50.

44. Graiani G, Emanueli C, Desortes E, Van Linthout S, Pinna A, Figueroa CD,
et al. Nerve growth factor promotes reparative angiogenesis and inhibits

Saeednia et al. Reproductive Biology and Endocrinology  (2016) 14:29 Page 7 of 8



endothelial apoptosis in cutaneous wounds of Type 1 diabetic mice.
Diabetologia. 2004;47(6):1047–54.

45. Salis MB, Graiani G, Desortes E, Caldwell RB, Madeddu P, Emanueli C. Nerve
growth factor supplementation reverses the impairment, induced by Type 1
diabetes, of hindlimb post-ischaemic recovery in mice. Diabetologia. 2004;
47(6):1055–63.

46. Hirata Y, Meguro T, Kiuchi K. Differential effect of nerve growth factor on
dopaminergic neurotoxin-induced apoptosis. J Neurochem. 2006;99(2):416–25.

47. Kawamoto K, Okada T, Kannan Y, Ushio H, Matsumoto M, Matsuda H. Nerve
growth factor prevents apoptosis of rat peritoneal mast cells through the
trk proto-oncogene receptor. Blood. 1995;86(12):4638–44.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Saeednia et al. Reproductive Biology and Endocrinology  (2016) 14:29 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Collection and preparation of samples
	Freezing and thawing process
	Determination of NGF content of semen
	Assessment of sperm viability and motility
	Intracellular nitric oxide (NO) detection
	Evaluation of sperm DNA fragmentation
	Statistical analysis

	Results
	NGF content in normozoospermic and asthenozoosprmic men
	Effect of exogenous NGF on viability
	Effect of exogenous NGF on motility
	Effect of exogenous NGF on nitric oxide
	Effect of exogenous NGF on apoptosis

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Competing interests
	Author details
	References

