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Abstract

Background: Extensive use of different nanoparticles caused significant concerns
about their biological safety.

Objective: This study aimed to evaluate the effects of cryopreservation on ram semen
after adding magnetic nanoparticles (MNPs) to separate X and Y chromosome-bearing
spermatozoa.

Methods: The experimental ram sperms in this research included treated spermato-
zoa (50 ug/ml MNPs) and non-treated spermatozoa. DNA damage of spermatozoa was
examined using an acridine orange (AO) assay. Sperm viability, membrane functionality,
abnormality and malondialdehyde (MDA) level were also measured.

Results: Results indicated that the pre-treatment of ram semen extender with MNPs
did not significantly affect the semen parameters such as viability, membrane function-
ality, abnormality, as well as lipid peroxidation (LPO) levels and DNA integrity in com-
parison with the control group (p < 0.05).

Conclusions: These observations suggest that pre-treatment of ram semen extender
with MNPs after semen sexing did not have adverse effects on different semen param-

eters after cryopreservation.
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ogy was applied to livestock like ovine species in on effort to raise the
chances of birth of selected sex for production purposes such as the

Sexed semen plays a crucial role in producing the desired gender of
offspring. One great example would be the production of males for
meat production (Hossein-Zadeh et al., 2010). Flow cytometry (Sei-
del, 2003), percoll and albumin gradient centrifugation (Machado et al.,
2009; Wolf et al., 2018) swim up (Azizeddin et al., 2014), Sephadex
columns (Vidal et al., 1993) and immunological methods (Bennett &
Boyse, 1973; Ellis et al., 2011) have all been used to sex sperm in mam-

mals. But not all of them were very successful. Sperm sexing technol-

use of donkey milk as a substitute for cow milk for allergic children,
as a dietary supplement, and as a product used by cosmetic industry.
Such a technology can be a basis to organise artificial insemination (Al)
program. (Rasad et al., 2019). The majority of X and Y chromosome-
bearing spermatozoa isolation methods in farm animals are based on
differences in DNA content by cell sorting. Based on the last reports,
this technique harms the sperm quality and its parameters (Johnson
et al.,, 1987; Seidel & Garner, 2002; Suh et al., 2005). Although it was

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Veterinary Medicine and Science published by John Wiley & Sons Ltd.

792 wileyonlinelibrary.com/journal/vms3

Vet Med Sci. 2022;8:792-798.


https://orcid.org/0000-0003-0738-429X
https://orcid.org/0000-0002-4810-2415
https://orcid.org/0000-0002-5007-5110
https://orcid.org/0000-0003-3059-413X
mailto:h.hajarian@razi.ac.ir
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/vms3

MORADI ET AL.

WILEY -2

contradicted for ram sperms by de Grraaf et al. (2006). Rath et al.
(2013) and Garner (2006) stated that the magnetic nanoparticle is
one of the suitable and efficient methods for sperm sexing in domes-
tic animals. Using MNPs for sperm sexing in donkey, Dominguez et al.
(2018) indicated that most isolated particles contain X chromosome-
bearing sperm. MNPs have been successfully used to select sperma-
tozoa with better cryopreservation tolerance and fertilisation poten-
tial for assisted reproduction in humans (Berteli et al., 2017; Said et al.,
2006). Although this approach successfully sorted examined sperm,
one problem with sexed sperm is the poor quality of spermatozoa after
freezing and their high cost. Therefore, it is important to find methods
with low separation cost and higher quality after cryopreservation. No
information is available on the quality of ram sperm after X and Y chro-
mosome bearing spermatozoaisolation by magnetic nanoparticles. The
aim of this study was to determine the effects of cryopreserving of ram
semen sexed with magnetic nanoparticles on selected quality parame-

ters of frozen-thawed ram semen.

2 | MATERIAL AND METHODS

2.1 | Chemicals
Unless otherwise indicated, all reagents used in the experiment were

obtained from Sigma-Aldrich Company.

2.2 | Experimental design

In our pervious study, semen collected from rams was pre-treated
with magnetic nanoparticles (MNPs) to isolate X and Y chromosome-
bearing spermatozoa (Moradi et al., 2021). In present study, cryop-
reservation ability was evaluated following the pre-treated of ram
semen with MNPs. The most suitable concentration (50 ug/ml) of
MNPs for X and Y chromosome-bearing spermatozoa along with the
group (control) not receiving any MNPs were used to perform cryop-
reservation process (Moradi et al., 2021). Studied parameters included
motility, viability, DNA and membrane integrity and morphological

abnormality of sperms.

2.3 | Semen collection and initial evaluation
Ejaculates from three adult fertile rams (1-3 years old) were used in
this study. Two ejaculates were collected from rams using an artifi-
cial vagina twice a week according to Al standard procedures. Semen
samples were first tested for volume (in a graduated tube), sperm
motility and live sperm per cent after being transported to the lab
under standard conditions. To be studied further, neat semen sam-
ples with more than 80% total motility were selected. Semen sam-
ples were pooled to avoid individual variations (Akhtarshenas et al.,
2018).

2.4 | Semen cryopreservation

The sperm were cryopreserved after being isolated from X and Y
chromosome-bearing spermatozoa using the MNPs method developed
by Dominguez et al. (2018). In our study, briefly speaking, MNPs with
diameter of 50 nm were coated with silica. Semen samples in exten-
der (Oviplus, Minitube, Germany) were diluted up to the concentra-
tion of 50 million sperm/ml and, then, centrifuged. Next, sperm pel-
lets were suspended mHTF (modified Human Tubal Fluid) to a concen-
tration of 100 million sperm/ml. The group not incubated with MNPs
was considered as a control one. After that, the groups were gen-
tly mixed for 5 min. Each type of sperms exhibited different interac-
tions between negative charges of MNPs and Z electronic potentials
of spermatozoa. Y chromosome bearing spermatozoa, therefore closer
to MNPs because of their Zeta electrical potential (-16 m mV). Then,
mixtures were placed on an external magnetic field consisting of mag-
nets fixed on polycarbonate. Sperm-bound MNPs were pulled down
to the walls of the falcons (conical tubes), which were considered as
Y sperms. And, MNPs-free spermatozoa were collected into different
50-ml falcon centrifuge tubes, which were considered as X sperms.
The process was repeated 3-4 times until the maximum amounts of
nanoparticles were removed. Centrifuged semen pellets were diluted
in tris-base extenders. The tris-based extender was used as the one
containing 105.35 mM citric acid, tris 297.58 mM, 82.59 mM fruc-
tose, glycerol 6% v/v and egg yolk 20% v/v dissolved in distilled water
(Salamon & Maxwell, 2000). Some ejaculates were pre-treated with
MNPs (50ug/ml), and non-treated ones were diluted with the tris-
based extender at a final concentration of 400 x 106 sperm/ml. Diluted
semen was cooled from 37°C to 4°C for 4-5 h. Then, it was transferred
into 0.25 ml french straws. French straws were kept on liquid nitro-
gen vapours for 10 min and stored in liquid nitrogen (-196°C). Straws
containing sperm were thawed in a thawing unit held at 37°C for 30 s
to test sperms. The studied parameters included sperm viability, mem-
brane functionality, abnormality, lipid peroxidation and apoptosis test
with acridine orange (AO) test.

2.5 | Sperm motility
The sperm motility was performed under a phase-contrast microscope

at x400 total magnification.

2.6 | Sperm viability

Sperm viability was investigated by eosin-nigrosine stain (Evans &
Maxwell, 1987). According to this technique, smears of spermatozoa
were prepared with staining solution (eosin-Y 1.67 g, nigrosine 10 g,
sodium citrate 2.9 g, dissolved in 100 ml distilled water) (Bjérndahl
et al., 2003). Smears of sperm were examined, and each slide yielded
200 spermatozoa. Sperm were classified based on colours: white (alive)
and red (dead) (Memon et al., 2012).
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2.7 | Spermatozoa membrane integrity

HOS-test indicates the membrane integrity of the spermatozoa and
damage is caused to the sperm membrane during cryopreservation.
The HOS solution contained 0.73 g tri-sodium citrate dihydrate and
1.35 g fructose, dissolved in 100 ml distilled water (osmotic pressure
~190 mOsmol/kg). The assay was performed by mixing 50 ul of frozen-
thawed semen sample to 500 ul of HOS solution and incubating at 37°C
for 60 min. After incubation, 200 spermatozoa per slide were assessed
and the percentage of spermatozoa with curled tails (swollen/intact

plasma membrane) was calculated (Ahmad et al., 2003).

2.8 | Morphological abnormalities

To evaluate sperm abnormalities, we added at least 15 ul of each sam-
ple to tubes containing 1 ml of the Hancock solution (62.5 ml of for-
malin, 150 ml of sodium saline solution, 150 ml of buffer solution and
500 ml of double-distilled water). One drop of this mixture was placed
on a microscope slide and covered with a coverslip. Percentages of the
sperm head, tail and total abnormalities were determined by counting
200 sperms per slide under phase contrast microscopy at x1000 (Zhu
etal., 2015).

2.9 | Malondialdehyde (MDA) test

MDA levels were measured by thiobarbituric acid (TBA). An MDA test-
ing kit (Teb pajohan Razi) was used. According to the kit instructions,
MDA content was measured at 532 nm on the spectrophotometer and
expressed as nanomole per milligram.

2.10 | Acridine orange (AO) test

The acridine orange (AQ) assay measures the ability of sperm nuclear
DNA to be denatured by the acid and bound to DNA, with an excita-
tion limit of 502 nm (red) and an emission maximum of 525 nm (green),
resulting in a metachromatic change of AO fluorescence from green
(native DNA) to red (sperm DNA) (denatured DNA). Fluorochrome AO
is a monomer that binds to single-stranded DNA in double-stranded
DNA (Chisty et al., 2018).

To perform the AO assay, spermatozoa smears were first prepared
and fixed overnight in carney’s solution (Liu & Baker 1994). The slides
were then stained for 5 min in citrate-phosphate buffer solution with
AO stain. Finally, all of them were evaluated using a fluorescent micro-
scope (Leica, type; 11090-137002).

2.11 | Statistical analysis

Results are presented as mean + SD. Statistical differences between

the means of the two groups were evaluated by the Student’s t-test.
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FIGURE 1 The effect of pre-treatment of MNPs on sperm total
motility
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FIGURE 2 The effects of pre-treatments of MNPs on sperm
morphological parameters. p < 0.05 compared to the controls by
independent sample t-test

The value of p < 0.05 was considered statistically significant. All data
were verified to accomplish the parametric assumptions of homogene-

ity of variances and normality.

3 | RESULTS

3.1 | Sperm motility

The total motility of sperms treated with MNPs cryopreservation and
thawing was about 51%, and there was no significant difference with
the control group (p < 0.05) (Figure 1).

3.2 | Sperm viability, abnormality and membrane
functionality

The percentages of sperm viability, morphological abnormality and

membrane functionality are presented in Figure 2. Mean + SD



MORADI ET AL.

WILEY -2

10.25

9.25 Mean of MDA
(nM/mgr)

Lipid Peroxidation

control 50pgr/ml (MNP)

Treatments

FIGURE 3 Mean =+ SD of lipid peroxidation (MDA) after
cryopreservation of ram semen in the control group and groups
pre-treated with MNPs
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FIGURE 4 The effects of pre-treatments of MNPs on sperm DNA
integrity

percentage of viability, morphological abnormality and membrane
functionality of sperm in frozen-thawed semen pre-treated with MNPs
were not significantly different from those of the frozen-thawed con-

trol semen (p < 0.05).

3.3 | Sperm lipid peroxidation

Figure 3 reports the data on the effects of pre-treatment with MNPs on
MDA production by ram sperm following freeze-thawing. This analysis
did not reveal any significant differences in MDA levels between the
control group and the group pre-treated with MNPs.

3.4 | Chromatin integrity

DNA integrity of frozen-thawed ram sperms pre-treated with MNPs is

depicted in Figures 4 and 5. Results show that pre-treating ram semen

FIGURE 5 Ram sperm stained with 1% acridine orange (AQ).
Sperm with normal chromatin structure display green fluorescence
and those with an abnormal DNA (single-strand) shows a yellow to red
fluorescence colour

extender with MNPs does not impact DNA integrity after freeze-
thawing compared to the control group (p < 0.05).

4 | DISCUSSION

As a small ruminant, sheep serve as a source of wool, meat and milk.
It can be concluded that sperm sexing is very useful to increase the
number of desired-sex offspring during the breeding season. Recently,
MNPs as a useful method can separate X from Y-bearing sperm. After
using the MNPs system and subsequent cryopreservation, there was
little knowledge on sperm quality. It is argued that flow cytometry
can, currently, be used as a commercially available tool to sex sperms,
but it is a costly method with extremely low rates of sperms surviv-
ing from the cryopreservation processes, which is due to application
of UV rays to death of sperms. Different methods for separation X
and Y chromosome-bearing spermatozoa have been studied that are
inexpensive and maintain the relative quality of sperm after treat-
ment of samples. The high-efficiency MNPs have recently been used
to isolate X from Y sperm (Dominguez et al., 2018; Moradi et al,,
2021). According to previous studies, ram sperms are highly vulner-
able to cryopreservation due to high levels of polyunsaturated fatty
acids on the cell membrane (Alvarez et al., 1987; Gandini et al., 2000).
As a result of such sensitivity, cell membranes are damaged, leading
to reduced viability, decreased motility and changed metabolic activ-
ity (Ball et al., 2001). Various studies have been performed to improve
viability after freeze-thawing. Different compounds have been added
to the semen extenders, ultimately inhibiting oxidative stresses and
improving sperm motility in ram (Bucak et al., 2007; Moradi et al.,
2013). Our results showed that MNPs could separate X from Y-bearing
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sperm without any adverse effect on the viability and integrity of treat-
ment sperm compared with controls.

The content of X chromosome-bearing sperm was evaluated in this
study. The X sperm were treated with 50ug/ml MNPs after separa-
tion. Despite the fact that different stages of isolation, such as wash-
ing, centrifugation, nanoparticles treatment and nanoparticle separa-
tion, were described in detail in the Dominguez et al. (2018) study, we
found no significant differences in the amount of viability, abnormality
and membrane functionality of sperm and level of MDA, as well as DNA
integrity, after being frozen-thawed. In this study, motility, morphologi-
cal abnormality and membrane functionality showed relatively accept-
able values. Our results indicated that these parameters in treatment
and control samples were not changed, and at least the MNPs had no
negative effects on sperm in these two samples. The only study inves-
tigating X chromosome-bearing spermatozoa isolation using nanopar-
ticles was the research by Dominguez et al. (2018) donkey semen. In
contrast to our findings, Dominguez et al. (2018) reported the lower
values of sperm parameters. Several techniques are being used to sep-
arate appropriate sperm from inappropriate ones, including a swim-
up, gradient density of percoll and magnetic-assisted cell sorting meth-
ods (Gil et al., 2013; Kaneko et al., 1986; Mortimer, 2000). Recently,
research has shown that nanoparticles are capable of isolating sper-
matozoa with appropriate fertility from defective and damaged sperm.
The results showed that after treating pig spermatozoa with MNPs
coated with lectin or annexin V for 10-15 min, sperm motility, acro-
somal, mitochondrial and plasma membrane integrity increased while
ROS production decreased. However, treatment groups showed no dif-
ference in the rate of spermatozoa viability with the control group. In
addition, it was found that MNPs could be a suitable tool for remov-
ing abnormal and defective sperm and improving fertility, especially in
male animals under heat stress (Durfey et al., 2019; Odhiambo et al.,
2014). Lectin-coated MNPs can remove the abnormal sperm in bull
cattle and improve fertilisation after artificial insemination (Odhiambo
et al,, 2014). Feugang et al. (2015) used lectin-coated magnetic iron
oxide nanoparticles to isolate dead or dysfunctional spermatozoa from
healthy sperms. They observed an increase in sperm motility. Also,
MNPs had no toxic effects on the fertility rate of pig sperm and the sur-
vival of newborn pigs. On the surface of sperm plasma membranes are
lectin and carbohydrate receptor systems, which are used for a variety
of functions. Lectins are carbohydrates capable of creating an accumu-
lative system in sperms by binding to carbohydrate plasma membranes.
MNPs combined with fluorescent dyes, antibodies or magnetism has
been used to isolate apoptotic spermatozoa in semen samples (Feu-
gang et al., 2015). According to recent studies, MNPs improved freez-
ing resistance and fertilisation rate in human sperm samples (Berteli
etal, 2017;Said et al., 2006). Treatment of spermatozoa with magnetic
iron nanoparticles (Fe304-PVA) at 37°C for 2 h showed that MNPs
could influx to cells without any adverse effects on motility and acroso-
mal reaction (Ben-David et al., 2006). In other words, since MNPs can
effectively extract abnormal and dead sperm, the rate of fertilisation
using this technique can be increased.

MDA levels are a good indicator of peroxidation-induced lipid per-

oxidation. Also, this measurement can provide a good perspective on

the complex process of fatty peroxide formation and decomposition.
Additionally, sperm motility is highly related to seminal plasma MDA
levels (Zarghami & Khosrowbeygi, 2004), so it is very important to
evaluate it after the cryopreservation process. In this study, MDA con-
centration was measured against the previous study on donkeys. Our
results showed no significant differences in MDA levels between the
groups pre-treated with MNPs and the control group after cryop-
reservation. So, these MNPs did not result in lipid peroxidation on the
sperm plasma membrane after different steps. Our findings differ from
those reported by Peris-Frau et al. (2020) who based their findings
on a decrease in MDA levels following cryopreservation procedures.
According to the findings of this study, there was no substantial dif-
ference in post-cryopreservation DNA integrity between the control
group and the group pre-treated with MNPs, while Dominguez et al.
(2018) found a higher value. Different approaches were used in this
study and Dominguez et al. (2018) study, which may explain why dif-
ferent responses were observed.

Finally, it should be noted that, based on our results, no differences
in semen parameters, MDA levels and DNA integrity were observed
between semen samples of control and treated group. Further studies
are needed to compare MNPs isolation methods with others and eval-

uate sperm quality and fertility after the freeze-thawing process.

5 | CONCLUSION

In summary, our study’s MNPs had no negative effect on X-bearing
sperm. Even though the flow cytometry and MNPs approaches are use-
ful and effective for X from Y chromosome-bearing sperm, the MNPs
are more accessible and cheaper than flow cell sorter. The MNPs can be
produced commercially and used in sperm sexing in sheep industries.
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