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ABSTRACT

The study examined the impact of varying concentrations of hesperetin on the cryopreservation of rooster sperm. Sperm were diluted
with a Lake Extender containing (0, 15, 20, 25, and 30) uM hesperetin. After a 30-second freeze-thaw operation at 37 °C, membrane
integrity, sperm motility characteristics, aberrant morphology, apoptotic status, and mitochondrial activity were assessed. The
concentration of 25 uM hesperetin observed the highest values (P < 0.01) were (64.26 %, 30.44 %, 35.88 mm/s, 21.77 mm/s, 61.08
mm/s, 35.66%, 61.14%, 16.23 Hz, 61.71%, 61.71%, and 61.33%) for (Total matility, progressive motility, average velocity path, curved
velocity, straight-line velocity, linearity, straightness, beat cross frequency, membrane integrity, mitochondrial activity, and viability,
respectively). In contrast, it recorded the lowest values (3.94mm, 13.67%, 13.30%, and 25.37%) for lateral head displacement amplitude,
total abnormality, apoptotic sperm, and dead sperm, respectively. It may be concluded that adding 25 uM hesperetin is an effective
method for preserving the quality of cryopreserved rooster sperm.

https://creativecommons.org/licenses/by-nc/4.0/
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1. Introduction Nevertheless, oxidative stress occurs when active oxygen

] o synthesis surpasses the antioxidant potential in the body® 7,
The poultry industry's success primarily depends on the  QOxjdative stress reduces the number of gametes and sperm
reproductive health of the birdst"l. Cryopreservation is an  mgtility by increasing the proportion of dead cells. For sperm

efficient and well-known technique that conserves the variation membrane protection from oxidative damage, a highly efficient
in bird populations' genetic makeup, particularly those of antioxidant mechanism is required!®!,

endangered and essential species. This approach is not frequently
used in the poultry industry; however, sperm quality drastically Bioflavonoid hesperetin is 5, 7, 30 - trihydroxy -40- methoxy

diminishes in preserved samplest?. flavanone, widely used in Chinese medicinel. It is commonly
. . L . present in citrus plants as the hesperidin glycoside employed as a
Sperm with average motility and good viability are essential for prodrugt®. Intestinal  microorganisms ~ convert dietary
success in chicken production. Only motile sperm can traverse hesperidins to hesperetin before absorption™. The anti-
the vaginal canal.l_\/!anyvarlables_affectigerm motility, including inflammatory, antioxidant, antibacterial, anticarcinogenic, and
environment, nutrition, and physiology®™ *. Oxidative stress also  antj_allergic activities of hesperetin have been demonstrated(®2!
affects reproductive performance. The high fatty acids in the It is an effective antioxidant against cadmium-induced testicular
sperm plasma membrane are sensitive to oxidative stress and damage™. In addition, hesperetin shows a protective effect
- - - g - _pge 5 ) L A 1 ) o )
have a negative link with sperm motility and viability®. against doxorubicin-induced cardiotoxicity!4l. Hesperetin can
* Corresponding author also prevent the testicular toxicity caused by doxorubicin and
E-mail address: sahar salih@spu.edu.iq (Instructor). minimize the testicular injury r|§k in dlabe_tlc mice by decreasing
Peer-reviewed under the responsibility of the University of Garmian. oxidative stress, apoptosis, and inflammation[*l.
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In avian spermatozoa, the addition of antioxidants to freeze
extenders has been tested in several experiments. Furthermore,
by using antioxidants during sperm thawing, several changes
were made to reduce the incidence of oxidative stress!*l.

The current study aims to investigate the effects of varying
concentrations of hesperetin on the quality of the rooster's semen
during cryopreservation.

2. Materials and Methods

Unless otherwise specified, Merck was the supplier of all
materials (Darmstadt, Germany). This experiment was conducted
with the agreement of the Animal Science Department at the
University of Tabriz.

2.1 Animals and Sample Preparation

Ten 28-week-old Broiler roosters were kept in separate
enclosures (70 x 95 x 85) cm maintained at (18 to 20) °C and
treated to a (15 L: 9 D) photoperiod. To feed the birds,
commercial feed for breeding flocks was utilized. All the time,
water was available ad libitum.

To collect sperm, a dorso-abdominal massage is used®l. The
dorso-abdominal was used twice a week for semen collection.
They were placed in a 37°C water bath immediately. 5 ejaculates
per 10 cocks were prepared for semen analysis. Ejaculated sperm
motility of 80%, sperm concentration of 3 x 10° sperm/ml,
volume between 0.2 and 0.6 ml, and 10% irregular morphology
were combined and divided into 6 portions for D-fructose
dilution. (8 g/L) Lake-extender, polyvinylpyrrolidone (3 g/L),
19.2 g/L sodium glutamate, glycine (3.74 g/L), 0.7 g/L, pH 7.1
magnesium acetate, potassium citrate (5 g/L) and osmolarity of
310 mOsm/kg. At 37°C, sperm were stretched in Lake Extender
with various concentrations of hesperetin (control (0), 15, 20, 25,
and 30 pM). Soon after diluting, the processed samples were
drawn with polyvinyl into straws (0.25) mL and then equilibrated
at 4 °C for 3 h'"l, After achieving equilibrium, samples were on
a liquid nitrogen surface (7 minutes) before submerging. After a
week, they were individually thawed in a water bath (37.8°C/30
sec).

2.2 Motility Analysis

A sperm analyzer (CASA) system IVOS 12 was used for sperm
characterization assay. After diluting and thawing the samples,
three millilitres of sperm were placed on a prewar med chamber
slide. The samples were examined using at least 200 cells. The
total motility (TM %), progressive motility (PM, %), velocity
average path (VAP, mm/s), curvilinear velocity (VCL, mm/s),
straight-line velocity (VSL, mm/s), straightness (STR, %) and
linearity (LIN, %) were assessed!®l,

2.3 Plasma Membrane

10 uL of thawed frozen sample was treated with hypo-osmotic
solution (100) mL (100 mOsmol/kg sodium-citrate at 1.9 pM and
fructose at 5.0 uM in 100 mL of distilled water) for 30 minutes to
evaluate the plasma membrane of rooster spermatozoal*®. Two
hundred spermatozoa were examined under a 400X microscope
for damaged and intact plasma membranes.

418

2.4 Sperm Morphological Abnormalities

10 ml of sperm solution was deposited in Eppendorf tubes with
one milliliter of Hancock solution to evaluate sperm
morphological abnormalities. Aberrant sperm total number was
recorded using a microscope on 200 sperm per experimental
treatment and duplicate®,

2.5 Phosphatidylserine Externalization (Annexin V/PI)

The phosphatidylserine detection kit was utilized to identify the
PS flip-flop movement across the membrane. The cell
concentration was readjusted to sperm / mL (1 x 10%) by washing
the samples in 100 puL calcium buffer. Subsequently, 10 pL of
Annexin V FITC was added and incubated (24°C / 20 min). The
preceding cell solution was then combined with 10 puL. PI and
incubated at 24°C for 20 min. Used flow cytometry to label sperm
instantly by fluorescence emission measuring at 530/30 nm FL1
canal and 585/42 FL3 canal. Early sperm apoptosis were labeled
(An+/PI-), viable sperm label (An-\PI-), necrotic sperm were
labeled (An-\PI+), and apoptotic sperm were labeled
(An+\PI+)24,

2.6 Mitochondrial Activity

The Rhodamine-123 (RH-123) assay was applied for evaluating
sperm mitochondrial activity. Thawed diluted sperm (250 pL) 5
uL of (0.01, 1) mg\mL stock R123 and PI solution were inputted.
Before flow cytometry, incubated samples at 37°C for 15 min.
For determining the mitochondrial activity, the percentage of
sperm with R123 high fluorescence and no PI fluorescence was
recorded(??,

2.7 Malondialdehyde (MDA) Concentrations

As a biomarker for lipid peroxidation, thiobarbituric-acid
reaction was used for determining MDA.. Protein precipitate was
obtained by adding cold trichloroacetic acid (1mL, 20% wt/vol)
to diluted sperm (1mL). The pellets were then formed by
centrifugation (963 X g/ 15 min), and the supernatant (1 mL) was
removed and treated in a water bath (100°C / 10 minutes) with
thiobarbituric-acid (1 mL, 0.67% wt. /vol.)?3l. Then they were
cooled, and their absorbance at 532 nm was measured with a
spectrophotometer.

2.8 Statistical Analysis

The Shapiro-Wilk test and the UNI-VARIATE technique were
used to evaluate the normal distribution. For data analysis, the
SAS software's MIXED technique (SAS Institute V 9.1, 2002,
Cary, NC) was chosen. Hesperetin levels' fixed effects were
incorporated in the statistical model. The results were stated as
Lsmeans + SEM with Tukey's test to define the significant
differences. The differences with P values < 0.01 were considered
significant, it should be mentioned.

3. Results

Tables 1, 2, and 3 illustrate the effect of hesperetin levels on
abnormal morphology, motility characteristics, membrane
integrity, mitochondrial activity, and apoptotic status of frozen
sperm. In comparison to the control (0), hesperetin significantly
increased progressive motility% (PM%), straight-line velocity
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mm/s (VSL mm/s), total motility% (TM%), beat cross frequency
Hz (BCF Hz), velocity average path mm/s (VAP mm/s), velocity
curvilinear mm/s (VCL mm/s), linearity% (LIN%),
straightness% (STR%), membrane integrity%, mitochondrial
activity %. It was significantly lower for the lateral head

displacement amplitude mm (ALH mm), total abnormality %,
dead sperm %, and apoptotic sperm % compared to the control.
However, at level 30, the hesperetin effect was reversed for all
parameters.

Table 1: Effect of different levels of hesperetin on motility parameters of rooster sperm.

VAP VSL VCL LIN STR ALH BCF
Treatments (mg/L) | TM (%) | PM (%) (mm/s) (mm/s) (mm/s) (%) (%) (mm) (H2)
Control (0) 40.12° 16.59° 28.85° 17.03° 53.782 32.26° 59.10° 4.522 14.09°
15 44.76° 18.32 30.45% 17.88° 54.482 33.092 59.412 4.402 14.842
20 57.952 21.93° 33.42%® 20.4%® 58.492 34418 60.372 4178 15.702
25 64.26° 30.442 35.88° 21778 61.082 35.66° 61.142 3.942 16.232
30 42.54° 17.37° 29.78 17.13° 53.982 31.742 58.112 4.67° 14.69*
SEM 1.56 1.02 1.03 0.82 1.80 1.74 3.44 0.22 1.36

Abbreviations: ALH, mean amplitude of the lateral head displacement; BCF, mean of the beat cross frequency; LIN, linearity; PM,
progressive motility; STR, straightness; TM, total motility; VAP, average path velocity; VCL, curvilinear velocity; VSL, straight-line

velocity, and SEM, Standard Error.

&¢ Different superscripts within the same column indicate group differences (P < 0.01).

There were significant differences in progressive motility% (PM
%), straight-line velocity mm/s (VSL mm/s), total motility% (TM
%), membrane integrity%, velocity average path mm/s (VAP
mm/s), mitochondria activity%, apoptotic sperm (%), and live
sperm% after hesperetin treatment. There is no statistically
significant difference between straightness% (STR %),
curvilinear velocity mm/s (VCL mm/s), linearity% (LIN %),
lateral head-displacement amplitude mm (ALH mm), total

abnormality%, beat cross frequency Hz (BCF Hz), and dead
sperm%.

Tables 1, 2, and 3 show no significant difference between levels
20 and 25 for all parameters except progressive motility %. There
was no significant difference between controls (0), level 15, and
level 30.

Table 2: Effect of different levels of hesperetin on membrane integrity, total abnormality, and mitochondria activity of rooster sperm.

Treatments (mg/L) Membrane integrity (%) Total abnormality (%) Mitochondria activity (%)
Control (0) 38.36° 17.29° 36.90°
15 41.10° 17.172 41.01°
20 56.53? 14.16° 56.84%
25 61.712 13.672 61.712
30 41.26" 17.192 38.79°
SEM 1.82 1.33 2.02

&< Different superscripts within the same column indicate group differences (P < 0.01).

It was confirmed that hesperetin level 25 uM recorded the highest
values (64.26%, 30.44%, 35.88 mm/s, 21.77 mm/s, 61.08 mm/s,
35.66%, 61.14%, 16.23 Hz, 61.71%, 61.71% and 61.33%) with
VCL mm/s, VAP mm/s, TM%, PM%, VSL mm/s, LIN%, STR%,
BCF Hz, membrane integrity%, mitochondria activity% and live
sperm%, respectively). In contrast, it recorded the lowest values
(3.94mm, 13.67%, 13.30% and 25.37%) with ALH mm, total

abnormality%, apoptotic sperm% and dead sperm %, respectively
(P < 0.01). Nevertheless, total abnormality% and apoptotic
sperm% recorded the highest values (P < 0.01) (17.29% and
29.13%, respectively) with control (0), and the lowest values
(13.67% and 13.30%, respectively) were recorded with level 25
of hesperetin.

Table 3: Effect of different levels of hesperetin on live, apoptosis, and dead status of rooster sperm after freeze-thawing.

Treatments(mg/L) Live sperm % Apoptotic sperm % Dead sperm %
Control (0) 38.91° 20.132 31.952
15 43.78" 28.79% 27.43%
20 56.042 17.50° 26.46°
25 61.33° 13.30° 25.378
30 39.01° 28.88% 32.11°
SEM 1.49 1.38 2.18

&< Different superscripts within the same column indicate group differences (P < 0.01

4. Discussion

This study was conducted to evaluate deferent levels of an
antioxidant that is known hesperetin, it can be used to increase
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the sperm quality. We tested different hesperetin concentrations
to achieve this goal.

The results obtained from the flow cytometric analysis in the
current research showed the hesperetin beneficial effects on
structure and quality cryopreserved sperm cell. After thawing, the
sperm mitochondrial activity was higher in treatments containing
medium concentration of hesperetin. It was demonstrated that
hesperetin treatment can minimize the deleterious effects of
cryopreservation on spermatozoa, hence increasing sperm
fertility potential following the freezing-thawing technique. This
research shows that hesperetin increased spermatozoa motility,
morphology, and viability. These findings are consistent with
earlier results®l, which shows that during cryopreservation
antioxidants can stabilize plasma membranes and mitochondria
in rooster semen from oxidative stresst*l,

Moreover, hesperetin can lower reactive oxygen species (ROS)
levels and the ratio of sperm apoptosis. Hesperetin used in
traditional medicine, and it is a bioflavonoid®™. It is present in
citrus as the glycoside, which functions as a prodrug™®.
Hesperetin can lower the ratio of DNA damage, sperm head
abnormalities, and MDA generated by doxorubicin, it was
discovered recentlyl. In one study, hesperetin was found to
lower ROS in diabetic rats, as well as oxidative stress, apoptosis,
and inflammation[*®l, Recent research revealed high hesperetin
concentrations trigger death via the mitochondrial pathway!?4.

During cryopreservation, the sperm antioxidant level fallsi?],
Recent research has demonstrated that adding antioxidants to
freezing media can increase sperm  quality after
cryopreservation®®l, The hesperetin concentration of 20 puM
considerably improved the VSL, VAP, sperm velocity
parameters, and VCL[2l,

The findings of our study showed that the 20 and 25 uM
hesperetin significantly decreased ROS generation.

Recent research has demonstrated that hesperetin possesses
significant antioxidant properties; the findings of this
investigation indicate that hesperetin possesses potent antioxidant
propertiest4 15 261,

Conclusions

According to our observations, the spermatozoa treatment with
25 uM hesperetin in the sperm extender improved sperm quality
the most the other treatments, and it to the semen extender
appears to be an effective method for preserving the quality of
cryopreserved rooster sperm. In addition, hesperetin's protective
properties against oxidative stress and ability to mitigate the
adverse effects of the post-thawing procedure on sperm quality
are noteworthy.
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