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Investigation of the effects of Nepeta italica subsp. cadmea extract on frozen-
thawed Ankara buck spermatozoa
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ABSTRACT: Semen cryopreservation causes adverse effects on the sperm structure especially on plasmalem-
ma, acrosomes and DNA which results in lowered fertilization capacity. Hereby, cryoprotective antioxidant
molecules have been extensively investigated to overcome the deleterious effects of oxidative stress caused by
cryopreservation in spermatozoa. In recent years, natural antioxidants rich in flavonoids and phenolic compounds
have gained increasing attention to develop as novel cryoprotectants in spermatozoa cryopreservation. Nepeta
italica subsp. cadmea (Boiss.) rich in terpenoids and flavonoids is endemic to Turkey. In this study, the effects
of three different doses of Nepeta italica subsp. cadmea extract (0.75 pL/10 mL, 1.5 pL/10 mL and 6 uL/10
mL) on motility, acrosome integrity, mitochondrial activity and DNA fragmentation in frozen-thawed Ankara
buck spermatozoa were investigated. The plants were harvested during the flowering stage on Honaz Mountain
(Denizli, Turkey) and air dried in the shade at room temperature. The extract of the powdered plant was extracted
by hydrodistillation using a Clevenger apparatus system, then stored at 4 °C in an amber colored glass bottle.
The ejaculates taken from the Ankara bucks during the breeding season with an electroejaculator were combined
and used in the diluting and freezing of semen. The experomental groups were formed by adding three different
doses of Nepeta italica subsp. cadmea extract (0.75 pLL/10 mL, 1.5 pL/10 mL and 6 pL/10 mL) to the control
extender. The semen was diluted with the different extenders at 35—37 °C and loaded into straws. Sperm samples
frozen in liquid nitrogen vapors, following equilibration, were stored in liquid nitrogen. The plant extract at the
dose of 0.75 uL/10 mL improved motility, acrosome integrity, mitochondrial activity and DNA fragmentation in
post-thawed Ankara buck spermatozoa (p<0.05). As a result, it can be suggested that the most effective dose of
0.75 uL/10 mL of Nepeta italica subsp. cadmea (Boiss.) extract can be used as an effective additive for freezing
Ankara buck spermatozoa.
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INTRODUCTION

Cryopreservation and long-term storage of mamma-
lian sperm is a valuable process for preservation of
spermatozoa survival and fertilizing ability. On the
other hand, cryopreservation of spermatozoa causes
structural and molecular alterations because of ox-
idative, temperature and osmotic stresses, resulting
in deteriorating of sperm parameters (motility, via-
bility and DNA integrity etc.) (Ozimic et al., 2023).
However, the addition of effective additives to the
cryopreservation medium provide a cryoprotective
effect on sperm survival (Karasor et al., 2022).

Recently, herbal natural products with high an-
tioxidant potential have fostered interest as a cheap
and natural source of additives for the cryopreser-
vation of spermatozoa (Ros-Santaella and Pintus,
2021; Rahim et al., 2023). It has been determined
that the addition of some antioxidant substances such
as glutathione (an essential metabolite for plants in
the control of reactive oxygen species-ROS) (Gadea
et al., 2011; Dorion et al., 2021; Zou et al., 2021),
resveratrol (a bioactive compound in many foods)
(Brito et al., 2020; Meng et al., 2020), quercetin
(a natural flavonoid compound present in the plant
kingdom) (Seifi-Jamadi et al., 2016; Wang et al.,
2022), Coenzyme Q,, (CoQ, ; mitochondrial electron
transport chain cofactor, also a lipophilic antioxi-
dant) (Yousefian et al., 2018), curcumin (a constit-
uent of the traditional medicine known as turmeric)
(Bucak et al., 2010; Nelson et al., 2017), arbutin (a
glycosylated hydroquinone found in high amounts in
the leaves of the plant) (Aboagla and Maeda, 2011)
to the freezing medium during cryopreservation re-
duce oxidative stress (OS) caused cryodamages in
spermatozoa.

Flavonoids are polyphenolic plant compounds
which have antiviral, antiallergic, antiplatelet, anti-
inflammatory, antitumor, antidiabetic, immunostim-
ulating, antiapoptotic and antioxidant effects (Tan-
war and Modgil, 2012; Wang et al., 2019; Ye et al.,
2020). They also play a role in the treatment of male
reproductive system dysfunction, such as testicular
structural disruption, spermatogenesis disturbance
and sperm quality decline (Ye et al., 2020). Hence,
many studies have attempted to use herbs such as
Rosmarinus officinalis (Malo et al., 2010, 2011),
Foeniculum vulgare (Malo et al., 2012), Melissa offi-
cinalis, llex paraguensys (Luno et al., 2015), Rhodi-
ola rosea L. (Zhao et al., 2009), Camellia sinensis
(green tea) (Mustofa et al., 2021), Marsilea crena-
ta (Wahjuningsih et al., 2021a), Mesona palustris

B. (Wahjuningsih et al., 2021b), Turraea fischeri
(Hassan et al., 2021), Nigella sativa (Maidin et al.,
2018), Tribulus terrestris, Cinnamomum zeylanicum
(Ariyan et al., 2021), Thymus vulgaris (Vahedi et al.,
2018), Silybum marianum (Eskandari and Momeni,
2016) and Opuntia ficus-indica (Allai et al., 2016) as
natural cryoprotectants for sperm cryopreservation.

Researches have found that natural plant compo-
nents improve sperm quality by protecting the sperm
plasma membrane from OS-related damage (Maidin
et al., 2018), reducing sperm lipid membrane per-
oxidation (Luno et al., 2015), and decreasing DNA
fragmentation (Allai et al., 2016). They also enhance
sperm motility (Baiee et al., 2018), preserve plasma
membrane and acrosome integrity (Eskandari and
Momeni, 2016), and maintain normal sperm mito-
chondrial function (Yan et al., 2020).

The genus Nepeta (Lamiaceae) is represented by
39 species, in total 50 taxa, 19 of which are endemic
in Turkey (Y1lmaz et al., 2020). They have been ex-
tensively used as traditional medicine, particularly
in India, Pakistan, Nepal, China, Iran and Turkey
(Sharma et al., 2021). Their major component is
nepetolactones (Shafaghat and Oji, 2010) and they
are also rich in flavonoids (epicatechin, quercetin,
and rutin), phenolic acids (gallic acid, hydroxyben-
zoic acid, chlorogenic acid, p-coumaric acid, ferulic
acid and cinnamic acid), tannin content and mineral
composition (P, Mg, K, Fe and Cu) (Kaska et al.,
2019). They have several activities such as an an-
tioxidant, anti-inflammatory, cytotoxic, genotoxic,
anticonvulsant, analgesic, antidepressant (Siintar et
al., 2018), antibacterial, antifungal, antispasmodic
and anti-asthmatic (Kaska et al., 2019). Nepeta itali-
ca L. subsp. cadmea (Boiss.) A. L. Budantsev is one
of the endemic species of the genus Nepeta and is
extensively distributed in the Western, Southwest
and Southern Anatolia of Turkey (Dirmenci, 2003).
In this study, we aimed to investigate the possible
cryoprotective dose-related effects of Nepeta italica
subsp. cadmea extract on motility, acrosome integ-
rity, mitochondrial activity and DNA fragmentation
in Ankara buck spermatozoa.

MATERIALS AND METHODS

Preparation of essential oil

Nepeta italica subsp. cadmea was collected from
Honaz Mountain, Denizli, Turkey, in the months of
July and August. They were air dried in a shaded and
moisture-free room at room temperature and then
stored in polyethylene bags until used. The flowers,
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leaves, seeds and stems of the dried plants were cut
into small pieces and pulverized in a shredder. The
essential oil was extracted by hydrodistillation using
the Clevenger apparatus. The mixture (1:8-plant and
water) inside of the distillation flask in the Clev-
enger apparatus was boiled for 4 hr and the vapor
was condensed. The condensate was collected in a
small burette and then the top oil layer was removed.
The oil was dried over anhydrous sodium sulfate
and stored in an amber colored glass bottle at 4 °C
(Sarikurkcu et al., 2016).

Determination of phytochemical compounds of
the plant

Analysis of the content of Nepeta italica subsp. cad-
mea extract was performed by gas chromatography
using two types of detectors: flame ionization and
mass spectrometric at the Bezmialem Vakif Univer-
sity Phytotheraphy Education Research and Appli-
cation Center, Istanbul, Turkey (Table 1).

Animals and semen collection

Ejaculates from 5 Ankara bucks aged 3-4 years,
which are known to be healthy and fertile, were
collected by an electroejaculator three times a week
for six weeks during the breeding season. Only ejac-
ulates with spermatozoa motility of >80%, concen-
tration of spermatozoa >2x10°/mL were pooled and
used in the freezing process of semen (Bucak et al.,
2024).

Semen extending, freezing and thawing

The Tris-based extender solution (500 mL) con-
sisting of 297.58 mM Tris, 96.32 mM citric acid,
82.66 mM fructose, 0.5 mL of the penicillin-strep-
tomycin-amphotericin B mixture, 15% egg yolk, and
5% glycerol (pH value: 6.90; osmotic pressure: 304
mOsm/kg) was used for semen freezing (Bucak et
al., 2024).

The pooled ejaculate was divided into four ali-
quots, and each aliquot was diluted at 37 °C with one
of the freezing extenders containing Nepeta italica
subsp. cadmea extract (0.75 pL/10 mL, 1.5 pL/10
mL and 6 pL/10 mL), and no additives (control) for
a total of four experimental groups to a final concen-
tration of approximately 100 million spermatozoa
per one straw (0.25 mL). Groups were as follows:
TO: Control (base extenders), T1: (base extenders+
0.75 uL/10 mL extract), T2: (base extenders+1.5
uL/10 mL extract), T3: (base extenders+6 pL/10
mL extract).

The process took place in one step using a 10 mL

Table 1. The percentage composition of Nepeta
italica subsp. cadmea extract detected by GC-
MS and GC-FID analysis.

Compounds (%)
o-Pinene 0,522
Sabinene 0,440
a-Terpinene 0,261
1,8-Cineole 1,155
v-Terpinene 0,509
Linalool 3,965
Caryophyllene 6,889
4-Terpineol 1,423
a-Copaene 0,349
o-Humulene 0,330
Lavandulol 0,930
a-Terpineol 0,349
Germacrene 0,863
v-Cadinene 0,518
Calamenene 1,326
Caryophyllene oxide 2,293
Nepetalactone (Total isomers) 74,008
Others 3,870
Total 100

glass centrifuge tube. Diluted sperm groups were
drawn into straws (0.25 mL) at room temperature,
the open ends were sealed with polyvinyl, and they
were equilibrated at 4 °C for 2.5-3 hr. After equili-
bration, the straws were frozen by keeping them in
liquid nitrogen vapor for 15 min at approximately
-120 °C at a height of 5 cm above the liquid nitrogen
level. Afterwards, semen frozen in liquid nitrogen
vapor was stored in liquid nitrogen at ~-196 °C at
least 1 week and then thawed in a 37 °C water bath
for 30 seconds. The research was carried out in five
replications (Karasor et al., 2022).

Spermatozoa motility test

After taking a drop from the spermatozoa sample
on a slide and covering it with a coverslip, the test
was performed under a phase-contrast microscope
with a 37 °C heating table at 400x magnification
by considering the spermatozoa that move forward
smoothly in at least 3-5 different microscope fields.
The average of the motility values in the fields was
taken and recorded as the % motility ratio (Evans
and Maxwell, 1987).
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Assessment of spermatozoa acrosome integrity

The method of Nagy et al. (2003) was modified to
determine acrosome integrity in spermatozoa. Acro-
some-specific Fluorescein isothiocyanate-conjugat-
ed peanut agglutinin (FITC-PNA)/propidium iodine
(PI) fluorescent staining was applied. The sperma-
tozoa in 0.25 mL straws dissolved at 37 °C was
taken into an ependorf tube and diluted by adding
300 pL of phosphate buffered saline (PBS). 60 pL
of this sample was taken and 10 uL of FITC-PNA
and 3 pL of PI solutions were added and then incu-
bated at 37 °C for 10 min. Thereafter, the reaction
was terminated by adding 1 uL of Hancock liquid.
After the 2.5 pL sample was taken on a slide, it was
covered with a coverslip and evaluated for acrosome
integrity under a phase-contrast microscope with
fluorescent attachment (Leica DM3000, Germany) at
a wavelength of 450-490 nm. Those who stained the
acrosome green showed sperm with damaged acro-
somes and those who did not stain the acrosome with
green showed sperm with intact acrosomes. At least
200 cells were counted for each sample, and sperm
acrosome integrity was expressed as a percentage.

Spermatozoa mitochondrial activity

Garner et al. (1997) method was modified to deter-
mine mitochondrial activity in spermatozoa. JC-1/PI
fluorescent staining was applied. The sperm sample
in 0.25 mL straws thawed at 37 °C was taken into
eppendorf tube and 300 uL of PBS was added. 3 uL
of JC-1 and 3 pL of PI stock liquids were added to
300 pL of diluted spermatozoa and incubated at 37
°C for 10 min. Then, the reaction was terminated by
adding 1 pL of Hancock liquid. 2.5 pL of samples
were taken on slides and covered with coverslips.
The midpiece of spermatozoa was stained orange to
bright green showed the presence of mitochondrial
activity, while those with a matte color midpiece
showed no mitochondrial activity. 200 cells were
counted for each sample and the presence of sper-
matozoa mitochondrial activity was expressed as a
percentage.

TUNEL assay

The TUNEL (TdT-mediated dUTP nick end labeling)
assay is a method that shows DNA breaks (~180-200
base pairs) caused by the activation of endonucleases
in the apoptotic process of cells. For this method,
spermatozoa in straws stored in liquid nitrogen were
thawed by keeping them in a water bath at 37 °C for
30 sec, transferred to eppendorf tubes, and then cen-
trifuged at 2500 rpm for 5 min to remove diluents.

Then, 100 uL of PBS was added to the spermatozoa,
which were then washed three times with PBS, 10
uL of the sample was spread on poly-L-lysine coated
slides as smears and dried at room temperature for 30
min. Then, the TUNEL kit (Roche, InSitu Cell Death
Detection Kit, POD, Roche-11 684 817 910) pro-
cedure was applied according to the manufacturer’s
recommendations. Slides were fixed in 4% parafor-
maldehyde for 1 hr at room temperature and washed
three times with PBS. They were left for 10 min in
a blocking solution (3% H,O, in methanol) and then
washed with PBS. Next, the slides were incubated
and washed on ice for 10 min with permabilization
solution (0.1% Triton X 100 and 0.1% Sodium Ci-
trate). The coverslips were covered by adding 50
uL of the label solution (450 uL) and enzyme (50
uL) mixture. They were all incubated for 60 min at
37 °C in a dark and humid environment and then
washed three times with PBS. For signal conversion
to slides, 50 uL of converter-POD was added to each
slides and covered them with coverslips. The slides
were kept in the dark for 30 min by adding 100 pL
of DAB substrate per sample for color rendering, and
after washing, they were counterstained with 0.5%
methyl green and then washed. After the slides were
closed, statistical analysis was performed by count-
ing TUNEL-positive cells at 1000x magnification
from 6 different regions of each slide.

Statistical Analysis

In statistical analysis, the averages of the data ob-
tained from five different replications were used. The
overall data were defined as a mean + SE. The means
of microscopic sperm parameters were analyzed with
Duncan’s post-hoc test and variance analysis to ad-
just for considerable differences. Statistical analysis
were verified through IBM SPSS (Version 22), and
statistical relevance was adjusted at p<0.05.

RESULTS

The effects of the doses of 0.75 pL/10 mL (T1),
1.5 uL/10 mL (T2), 6 uL/10 mL (T3) of Nepeta
italica subsp. cadmea extract (NE) on motility, ac-
rosome integrity, mitochondrial activity and DNA
fragmentation were evaluated in post-thaw Ankara
buck spermatozoa.

Spermatozoa motility in post-thawing semen was
significantly different between groups (p<0.05). The
sperm motility was highest in the NE . VL0 mL (TD)
group (63%) compared to the other groups [control
(TO): 46.25%, T2: 58.75%, and T3: 41.67%] (Fig-
ure 1).
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Figure 1. Post-thawed motility, acrosome integrity, mitochondrial activity and DNA fragmentation

of Ankara buck spermatozoa. Control (T0), NE

0.75 pL/10 mL (Tl)’ NEI.S pL/10 mL (T2), NE6 pL/10 mL (T3) (*)

p<0.05, the different letters denote significant differences between groups.

Acrosome integrity of spermatozoa after thawing
was 71.71% inthe NE . (T1) group, whereas
it was 65.34% in the dose of NE, | JL/10 mL (T2) and
60.64% in the dose of NE, WL/l (T3) compared with
the TO (65.58%) (p<0.05) (Figure 1). In the acro-
some integrity analysis, green covered cap on the
sperm heads showed damaged acrosomes, on the
other hand, without a green cap on the sperm heads

showed intact acrosomes (Figure 2).

According to the results obtained for sperm mi-
tochondrial activity, the T1 group (61.21%) showed
a higher mitochondrial activity rate than the control
(TO) (43.84%), NE, | | ), (T2) (56.51%) and NE,
(T3) (40.26%) groups (p<0.05). Therefore,
(T1) supplementation appeared to be

uL/10mL

NE

0.75 pL/10 mL

the optimum dose for mitochondrial activity (Figure
1). The stained bright green in color in the sperma-
tozoa midpiece was considered to have mitochondri-
al activity, whereas the spermatozoa midpiece with
a matte color indicated no mitochondrial activity
(Figure 3).

Looking at the results of the TUNEL assay (Fig-
ure 1), the group with NE_ _, JLA0mL (T1) has the low-
est DNA fragmentation as 3.23% compared to the
other groups (T0: 5.70%, T2: 5.90%, T3: 7.77%).
DNA fragmentation was observed at the highest level
inNE, JL/10mL (T3) group. Tunnel-positive DNA frag-
mentation was observed as dark brown fragments in

the sperm head (Figure 4).
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Figure 2. The green cap (red arrow) on the
sperm heads demonstrates damaged acrosomes,
without a green cap (green arrow) on the sperm
heads demonstrates intact acrosomes. FITC-
PNA/PI staining.

Figure 3. The stained bright green fluorescence
of the sperm midpiece (green arrows) was
considered to indicate mitochondrial activity,
whereas the sperm midpiece with matte color
(red arrows) indicated no mitochondrial activity.
JC-1/PI staining.

DISCUSSION

Recent studies have shown that different antioxidants
can effectively improve spermatozoa quality during
cryopreservation. In this regard, many herbs with an-
tioxidant properties have gained the special attention
of researchers. Due to their bioactive compounds
such as flavonoids and phenols, several plants have
antioxidant properties (Ariyan et al., 2021). It has
been also revealed that flavonoids and phenolic acids
have antioxidative activities as therapeutic agents
(Saxena et al., 2012). Flavonoids scavenge reactive
oxygen species (Baskar et al., 2018) to display their
antioxidant properties (Moretti et al., 2012). Consid-
ering the findings in the previous studies, we inves-

Figure 4. TUNEL-positive DNA fragmentation
(arrow), 1000x.

tigated the effects of extract obtained from Nepeta
italica subsp. cadmea, which contains flavonoids, on
motility, acrosome integrity, mitochondrial activity
and DNA fragmentation parameters in cryopreserved
Ankara buck spermatozoa.

Sperm motility is an important parameter of se-
men quality that should be considered before ar-
tificial insemination. The reduction in the number
and motility of spermatozoa is highly correlated
with an increased risk of infertility (Dcunha et al.,
2022). Cryopreservation of spermatozoa causes a
decrease in motility. Therefore, many studies have
been performed to diminish cryodamages in sper-
matozoa adding antioxidant agents such as herbal
antioxidants. For instance, according to post-thawing
assessments, the sperm motilities in semen extend-
ed with Tris-citrate-glucose extender supplemented
with 0.64 mg/mL Moringa oleifera leaf methanolic
extract were found as 55.22+0.98% in ram sperma-
tozoa (El-Seadawy et al., 2022). In addition, add-
ing 0.1 mg of green tea extract/100 mL extender
in bull semen showed the highest percentages of
sperm motility as 69.17 + 1.47% (Susilowati et al.,
2021). Also, 3% Marsilea crenata extract (contains
flavonoid bioactive components) in egg yolk skim
milk extender was the best concentration to improve
motility as 58.5 +4.74% in post-thawing buck semen
(Wahjuningsih et al., 2019). In this study, we add-
ed different doses of Nepeta italica subsp. cadmea
extract (0.75, 1.5 and 6 uL/10 mL) to the extender
(tris+citric acid+fructose+egg yolk). Then, post-
thaw motility of Ankara buck semen was investi-
gated. The highest sperm motility 63 + 1.23% was
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detected in the dose of NE . WLAOmL. Therefore, it has
been evaluated that the dose of 0.75 pL/10 mL is the
best concentration/dose to preserve sperm motility.
The motility findings in this study also showed that
Nepeta italica subsp. cadmea extract improved the
motility of spermatozoa in a dose-dependent manner

as shown in previous studies.

Semen cryopreservation negatively affects acro-
some integrity (Sun et al., 2020). When there is an
acrosome dysfunction, fertility can be compromised
(Esteves and Verza Jr, 2011). Herbal agents were
used as cryoprotectants, for instance, adding 50 pg/
mL thymoquinone, which is the most essential ac-
tive compound of Nigella sativa, to the ram semen
increased the acrosome integrity to 59.56+£5.92%
(Inang et al., 2022). The concentration of 1.0 mmol
genistein, a polyphenol from the flavonoid group of
compounds that is abundant in many plants, gave
the highest mean percentage of bull spermatozoa
acrosome integrity (49.58 = 0.98 %) after freezing
(Prihantoko et al., 2020). In our study, consistent
with the same concentration/dose of Nepeta italica
subsp. cadmea extract in motility results, acrosome
integrity values as 71.71 + 0.33% were preserved
at the highest value obtained at NE WL/0 me COM=
pared to the control and other groups (p<0.05). The
findings of the acrosome integrity after thawing in
this research are generally consistent with the herbal
agents dose-depented effects on acrosome integrity
revealed in previous studies.

Mitochondria produce adenosine triphosphate
through oxidative phosphorylation to provide energy
to spermatozoa. They are also one of the main source
of ROS generation in spermatozoa (Park and Pang,
2021). The increase in ROS during cryopreservation
causes changes in mitochondrial membrane permea-
bility (Gualtieri et al., 2021). Changes in mitochon-
drial integrity and functionality have been associated
with a loss of sperm quality parameters (Costa et
al., 2023). Because of the association between mi-
tochondrial activity and sperm motility, researchers
have been tested the effects of herbal antioxidants on
mitochondrial integrity as cryoprotectants in cryo-
preserved spermatozoa. Mao et al. (2018) showed
that under OS induced by cadmium (Cd*?), querce-
tin (a plant pigment /flavonoid) protected the mito-
chondrial function of buck spermatozoa. Besides,
50 uM taxifolin (an antioxidant, natural flavonoid)
significantly improved motility, mitochondrial mem-
brane potential and the ratios of spermatozoa with
acrosomal damage compared to the control group in

rabbit semen after freezing-thawing processes (Y1l-
maz et al., 2023). In addition, Bucak et al. (2020)
reported that co-supplementation of tris-based ex-
tender having 3% glycerol with 10 uM taxifolin hy-
drate resulted in the highest post-thawed viability
and mitochondrial activity in ram spermatozoa. In
our study, a dose of NE_ ., had cryoprotec-
tive effects on mitochondrial activity compared to
other groups which is similar to the herbal extracts
dose-response related previous studies.

Sperm DNA integrity is very sensitive to the
freezing-thawing process (Alcay et al. 2016). It has
been suggested that ROS and cryopreservation lead
to DNA fragmentation in equine spermatozoa (Ba-
umber et al., 2003). OS induced sperm DNA damage
might cause a detrimential effect on fertilization (Ho-
sen et al., 2015). The DNA damage level provides
very important clues about the quality and reproduc-
tive potential of the spermatozoa. Therefore, deter-
mining DNA damage using the TUNEL technique
is of great importance for assessment of quality of
spermatozoa. Studies are being conducted showing
the effects of many different cryoprotectants on DNA
damage in spermatozoa. Anderson et al. (2000) re-
ported that flavonoids transfer electrons to radical
sites on DNA and thereby repair some oxidative
damage caused by hydroxyl radical attack. Besides,
addition of 50 ug/mL Tribulus terrestris ethanol ex-
tract to the buck spermatozoa extender showed the
lowest DNA fragmentation (Ariyan et al., 2021).
Azimi et al. (2020) showed that the supplementation
of 50 ng/mL purslane methanolic extract to the buck
spermatozoa extender reduced DNA fragmentation.
Also, it has been stated that adding 10 uM taxifolin
hydrate along with 5% glycerol to the ram sperm
extender prevents DNA fragmentation (Bucak et
al., 2020). Additionaly, 10 mM raffinose and 5 mM
raffinose + 2.5 mM hypotaurine groups resulted in
lower sperm with TUNEL-positive cell (1.5 +1.2%
and 2.1 + 0.9%) than that of control (4.9 + 2.5%)
(Bucak et al., 2013). In the present study, the dose
of NE . WL/10 L reduced DNA fragmentation (3.23
+ 0.19%) compared to the other groups (p<0.05).
This findings revealed that the dose of NE . W0 mL
showed a positive effect on DNA fragmentation as
for motility, acrosome and mitochondrial integrity
parameters. Our findings are in agreement with the
findings of some similar studies as mentioned above.

CONCLUSION
As a result, our study has shown that the best dose
of 0.75 uL/10 mL of Nepeta italica subsp. cadmea
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extract containing antioxidants improve motility,
DNA fragmentation, acrosome and mitochondrial
integrity as a cryoprotectant in post thaw Ankara
buck spermatozoa. However, it can be suggested
that the dose of NE . |/, extract should be tested
using further molecular analysis on the post-thaw

quality of spermatozoa.

Declaration of interest
The authors declare no conflicts of interest associ-
ated with this manuscript.

Funding

This work was supported by Pamukkale University
Scientific Research Projects Fund under Grant no:
2020SABE006.

Ethical statement

Our study was approved by Pamukkale Uni-
versity Animal Ethics Committee (No: PAUH-
DEK-2021/01).

Author contribution

Siddika Boztas: Material preparation, Data collec-
tion, Methodology; Mustafa Numan Bucak, Filiz
Taspinar and Mustafa Bodu: Cryopreservation,
Methodology and Statistical Data Analysis; Buket
Er Urganci: Methodology; Nazan Keskin: The
Study Design and Writing with input from all other
authors.

REFERENCES

Aboagla EME, Maeda T (2011) Arbutin’s suppression of cryodamage in
goat sperm and its mechanism of cryoprotection. Theriogenology
76: 538-546.

Alcay S, Gokce E, Toker MB, Onder NT, Ustuner B, Uzabac1 E, Gul Z,
Cavus S (2016) Freeze-dried egg yolk based extenders containing
various antioxidants improve post-thawing quality and incubation
resilience of goat spermatozoa. Cryobiology 72(3): 269-273.

Allai L, Druart X, Oztiirk M, BenMoula A, Nasser B, El Amiri B (2016)
Protective effects of Opuntia ficus-indica extract on ram sperm
quality, lipid peroxidation and DNA fragmentation during liquid
storage. Anim Reprod Sci 175: 1-9.

Anderson RF, Amarasinghe C, Fisher LJ, Mak WB, Packer JE (2000)
Reduction in free-radical-induced DNA strand breaks and base
damage through fast chemical repair by flavonoids. Free Radic
Res 33(1): 91-103.

Ariyan F, Farshad A, Rostamzadeh J (2021) Protective effects of Tribulus
terrestris and Cinnamomum zeylanicum extracts and trehalose added
to diluents on goat epididymal sperm freezability. Cryobiology
98: 172-180.

Azimi G, Farshad A, Farzinpour A, Rostamzadeh J, Sharafi M (2020)
Evaluation of used Purslane extracts in Tris extenders on cryopre-
served goat sperm. Cryobiology 94: 40-48.

Baiee FH, Wahid H, Rosnina Y, Ariff O, Yimer N, Jeber Z, Salman H,
Tarig A, Harighi F (2018) Impact of Eurycoma longifolia extract
on DNA integrity, lipid peroxidation, and functional parameters
in chilled and cryopreserved bull sperm. Cryobiology 80: 43-50.

Baskar V, Venkatesh R, Ramalingam S (2018) Flavonoids (antioxidants
systems) in higher plants and their response to stresses. In: Gupta
D, Palma J, Corpas F (eds) Antioxidants and antioxidant enzymes
in higher plants. Chapter 12, pp. 253-268.

Baumber J, Ball BA, Linfor JJ, Meyers SA (2003) Reactive oxygen
species and cryopreservation promote DNA fragmentation in equine
spermatozoa. J Androl 24(4): 621-628.

Brito LS, Barbosa LP, Pinheiro AM, Resende MV, de Lima Costa NG,
Machado WM, de Jesus RDL, de Oliveira Ribeiro M, da Franca
CS, de Carvalho Cardoso R (2020) Does resveratrol preserve the
integrity of the sperm membrane in goats after thawing?. Semina:
Ciéncias Agrarias 41(6): 3189-3198.

Bucak MN, Sari6zkan S, Tuncer PB, Sakin F, Atessahin A, Kulaksiz R,
Cevik M (2010) The effect of antioxidants on post-thawed Angora
goat (Capra hircus ancryrensis) sperm parameters, lipid perox-
idation and antioxidant activities. Small Rum Res 89(1): 24-30.

Bucak MN, Keskin N, Tagpinar M, Coyan K, Bagpinar N, Cenariu MC,
Bilgili A, Oztiirk C, Kursunlu AN (2013) Raffinose and hypotaurine
improve the post-thawed Merino ram sperm parameters. Cryobi-
ology 67(1): 34-39.

Bucak MN, Keskin N, Ili P, Bodu M, Akalin PP, Oztiirk AE, Ozkan H,
Topraggaleh TR, Sari F, Bagpinar N, Dursun $ (2020) Decreasing
glycerol content by co-supplementation of trehalose and taxifolin
hydrate in ram semen extender: Microscopic, oxidative stress, and
gene expression analyses. Cryobiology 96: 19-29.

Bucak MN, Karasor OF, Sar1 A, Bodu M, 1li P, Narligay S, Ataman MB,
Sari F (2024) Lipid mixtures (from a liposome kit) and melatonin
improve post-thawed Angora goat sperm parameters. Cryobiology
115: 104897.

Costa J, Braga PC, Rebelo I, Oliveira PF, Alves MG (2023) Mitochondria
quality control and male fertility. Biology 12(6): 827.

Dcunha R, Hussein RS, Ananda H, Kumari S, Adiga SK, Kannan N,
Zhao Y, Kalthur G (2022) Current insights and latest updates in
sperm motility and associated applications in assisted reproduction.
Reprod Sci 29: 7-25.

Dirmenci T (2003) Nepeta cadmea Boiss ile Nepeta sulfuriflora P.H.
Davis tiirlerinin morfolojik olarak karsilastirilmasi. BAU Fen Bil
Enst Derg 5(2): 38-46.

Dorion S, Ouellet JC, Rivoal J (2021) Glutathione metabolism in plants
under stress: Beyond reactive oxygen species detoxification. Me-
tabolites 11(9): 641.

El-Seadawy IE, Kotp MS, El-Maaty AMA, Fadl AM, El-Sherbiny HR,
Abdelnaby EA (2022) The impact of varying doses of moringa
leaf methanolic extract supplementation in the cryopreservation
media on sperm quality, oxidants, and antioxidant capacity of fro-
zen-thawed ram sperm. Trop Anim Health Prod 54(6): 344.

Eskandari F, Momeni HR (2016) Silymarin protects plasma membrane
and acrosome integrity in sperm treated with sodium arsenite. Int
J Reprod Biomed 14(1): 47-52.

J HELLENIC VET MED SOC 2025, 76 (3)
TIEKE 2025, 76 (3)



S. BOZTAS, N. KESKIN, M. N. BUCAK, B. ER URGANCI, M. BODU, F. TASPINAR

9527

Esteves SC, Verza Jr S (2011) Relationship of in vitro acrosome reaction

to sperm function: An update. The Open Reprod Sci J 3: 72-84.
Evans G, Maxwell WMC (1987) Salamon’s artificial insemination
of sheep and goats; Butterworths: Sydney, Australia, pp. 1-194.

Gadea J, Molla M, Selles E, Marco MA, Garcia-Vazquez FA, Gardon JC
(2011) Reduced glutathione content in human sperm is decreased
after cryopreservation: Effect of the addition of reduced glutathione
to the freezing and thawing extenders. Cryobiology 62(1): 40-46.

Garner DL, Thomas CA, Joerg HW, De Jarnette JM, Marshall CE (1997)
Fluorometric assessments of mitochondrial function and viability in
cryopreserved bovine spermatozoa. Biol Reprod 57(6): 1401-1406.

Gualtieri R, Kalthur G, Barbato V, Di Nardo M, Adiga SK, Talevi R
(2021) Mitochondrial dysfunction and oxidative stress caused by
cryopreservation in reproductive cells. Antioxidants 10(3): 337.

Hassan SA, Khalil WA, Hassan MAE, Yousif Al, Sabry OM, Wink M,
Sobeh M (2021) Antioxidant and antiapoptotic effects of a Tur-
raea fischeri leaf extract on cryopreserved goat sperm. Animals
11(10): 2840.

Hosen MB, Islam MR, Begum F, Kabir Y, Howlader MZH (2015) Ox-
idative stress induced sperm DNA damage, a possible reason for
male infertility. Iran J Reprod Med 13(9): 525-532.

inang ME, Giingér S, Avdatek F, Yeni D, Giilhan MF, Olga¢ KT, Denk
B, Tasdemir U (2022) Thymoquinone improves motility, plasma
membrane integrity and DNA integrity of frozen-thawed ram semen.
Andrologia 54(10): e14547.

Karasor OF, Bucak MN, Cenariu M, Bodu M, Taspinar M, Tagpinar F
(2022) The effects of different doses of ROCK inhibitor, antifreeze
protein III, and boron added to semen extender on semen freezea-
bility of Ankara bucks. Molecules 27(22): 8070.

Kaska A, Cigek M, Mammadov R (2019) Biological activities, phenolic
constituents and mineral element analysis of two endemic medicinal
plants from Turkey: Nepeta italica subsp. cadmea and Teucrium
sandrasicum. S Afr J Bot 124: 63-70.

Lufio V, Gil L, Olaciregui M, Jerez RA, de Blas I, Hozbor F (2015)
Antioxidant effect of lemon balm (Melissa officinalis) and mate tea
(Ilex paraguensys) on quality, lipid peroxidation and DNA oxida-
tion of cryopreserved boar epididymal spermatozoa. Andrologia
47:1004-1011.

Maidin MS, Padlan MH, Azuan SAN, Jonit R, Mohammed NH, Abdullah
R (2018) Supplementation of Nigella sativa oil and honey prolong
the survival rate of fresh and post-thawed goat sperms. Trop Anim
Sci J 41(2): 94-99.

Malo C, Gil L, Gonzalez N, Martinez F, Cano R, de Blas I, Espinosa E
(2010) Anti-oxidant supplementation improves boar sperm charac-
teristics and fertility after cryopreservation: comparison between
cysteine and rosemary (Rosmarinus officinalis). Cryobiology 61(1):
142-147.

Malo C, Gil L, Cano R, Martinez F, Gale, I (2011) Antioxidant effect of
rosemary (Rosmarinus officinalis) on boar epididymal spermatozoa
during cryopreservation. Theriogenology 75(9): 1735-1741.

Malo C, Gil L, Cano R, Gonzalez N, Luno V (2012) Fennel (Foeniculum
vulgare) provides antioxidant protection for boar semen cryopres-
ervation. Andrologia 44(1): 710-715.

Mao T, Han C, Wei B, Zhao L, Zhang Q, Deng R, Liu J, Luo Y, Zhang Y
(2018) Protective effects of quercetin against cadmium chloride-in-
duced oxidative injury in goat sperm and zygotes. Biol Trace Elem
Res 185(2): 344-355.

Meng X, Zhou J, Zhao CN, Gan RY, Li HB (2020) Health benefits and
molecular mechanisms of resveratrol: A narrative review. Foods
9(3): 340.

Moretti E, Mazzi L, Terzuoli G, Bonechi C, Iacoponi F, Martini S,
Rossi C, Collodel G (2012) Effect of quercetin, rutin, naringenin
and epicatechin on lipid peroxidation induced in human sperm.
Reprod Toxicol 34(4): 651-657.

Mustofa I, Susilowati S, Wurlina W, Hernawati T, Oktanella Y (2021)
Green tea extract increases the quality and reduced DNA mutation
of post-thawed Kacang buck sperm. Heliyon 7: €06372.

Nagy S, Jansen J, Topper EK, Gadella BM (2003) A triple-stain flow
cytometric method to assess plasma-and acrosome-membrane in-
tegrity of cryopreserved bovine sperm immediately after thawing
in presence of egg-yolk particles. Biol Reprod 68(5): 1828-1835.

Nelson KM, Dahlin JL, Bisson J, Graham J, Pauli GF, Walters MA
(2017). The essential medicinal chemistry of curcumin. J Med Chem
60(5): 1620-1637.

Ozimi¢ S, Ban Frangez H, Stimpfel M (2023). Sperm cryopreservation
today: Approaches, efficiency, and pitfalls. Curr Issues Mol Biol
45(6): 4716-4734.

Park YJ, Pang MG (2021) Mitochondrial functionality in male fertili-
ty: From spermatogenesis to fertilization. Antioxidants 10(1): 98.

Prihantoko KD, Yuliastuti F, Haniarti H, Kusumawati A, Widayati DT,
Budiyanto A (2020) The effect of genistein on the plasma membrane
integrity of frozen Ongole grade bull semen based on skim milk-soy
lecithin extender. IOP Conf Ser: Earth Environ Sci 465: 012054.

Rahim A, Salhi S, El Khelfaoui N, Abdelkhalid E, El Amiri B (2023)
Ameliorative effects of plant extracts on ram semen preservation
and its fertilization ability. Afrimed. AJ-Al Awamia 138: 19-34.

Ros-Santaella JL, Pintus E (2021) Plant extracts as alternative additives
for sperm preservation. Antioxidants 10(5): 772.

Sarikurkcu C, Uren MC, Kocak MS, Cengiz M, Tepe B (2016) Chemical
composition, antioxidant, and enzyme inhibitory activities of the
essential oils of three Phlomis species as well as their fatty acid
compositions. Food Sci Biotechnol 25(3): 687-693.

Saxena M, Saxena J, Pradhan A (2012) Flavonoids and phenolic acids
as antioxidants in plants and human health. Int J Pharm Sci Rev
Res 16(2): 130-134.

Seifi-Jamadi A, Kohram H, Shahneh AZ, Ansari M, Macias-Garcia B
(2016) Quercetin ameliorate motility in frozen-thawed turkmen
stallions sperm. J Equine Vet Sci 45: 73-77.

Shafaghat A, Oji K (2010) Nepetalactone content and antibacterial ac-
tivity of the essential oils from different parts of Nepeta persica.
Nat Prod Commun 5(4): 625-628.

Sharma A, Cooper R, Bhardwaj G, Cannoo DS (2021) The genus Nepeta:
Traditional uses, phytochemicals and pharmacological properties.
J Ethnopharmacol 268: 113679.

Sun W, Jiang S, Su J, Zhang J, Bao X, Ding R, Shi P, Li S, Wu C, Zhao G,
Cao G, Sun QY, Yu H, Li X (2020) The effects of cryopreservation
on the acrosome structure, enzyme activity, motility, and fertility
of bovine, ovine, and goat sperm. Anim Reprod 17(4): €20200219.

Susilowati S, Sardjito T, Mustofa I, Widodo OS, Kurnijasanti R (2021)
Effect of green tea extract in extender of Simmental bull semen on
pregnancy rate of recipients. Anim Biosci 34(2): 198-204.

Stintar I, Nabavi SM, Barreca D, Fischer N, Efferth T (2018) Pharma-
cological and chemical features of Nepeta L. genus: Its importance
as a therapeutic agent. Phytother Res 32(2): 185-198.

Tanwar B and Modgil R (2012) Flavonoids: Dietary occurrence and
health benefits. Spatula DD 2(1): 59-68.

Vahedi V, Hedayat-Evrigh N, Behroozlak M, Dirandeh E (2018) Anti-
oxidant effects of thyme (Thymus vulgaris) extract on ram sperm
quality during cryopreservation. Iran J Appl Anim Sci 8(2): 263-269.

Wahjuningsih S, Ciptadi G, Pridiawati K (2019) The effect of water
clover (Marsilea crenata) extract addition in egg yolk and skim
milk extender on frozen goat semen quality. IOP Conf Ser: Earth
Environ Sci 387: 012103.

Wahjuningsih S, Thsan MN, Pahlevi R, Pratiwi H (2021a) Effect of
water clover (Marsilea crenata) extract within tris-fructose citric
glycerol extender on frozen semen quality of boer goat. IOP Conf
Ser: Earth Environ Sci 743: 012012.

Wahjuningsih S, Thsan MN, Siswoyo DA, Fatmila DT, Firmawati A
(2021b) Extract of Cincau (Mesona palustris B.) supplementation
in semen extender improves Boer goat sperm cryopreservation. J
Adv Vet Res 11(4): 247-253.

Wang SH, Hu YL, Liu TX (2019) Plant distribution and pharmacological
activity of flavonoids. Tradit Med Res 4(5): 269-287.

J HELLENIC VET MED SOC 2025, 76 (3)
TIEKE 2025, 76 (3)



9528

S. BOZTAS, N. KESKIN, M. N. BUCAK, B. ER URGANCI, M. BODU, F. TASPINAR

Wang G, Wang Y, Yao L, Gu W, Zhao S, Shen Z, Lin Z, Liu W, Yan T
(2022) Pharmacological activity of quercetin: An updated review.
Evid Based Complement Alternat Med 2022: 3997190.

Yan B, Zhang X, Wang J, Jia S, Zhou Y, Tian J, Wang H, Tang Y (2020)
Inhibitory effect of Lycium barbarum polysaccharide on sperm
damage during cryopreservation. Exp Ther Med 20(4): 3051-3063.

Ye RJ, Yang JM, Hai DM, Liu N, Ma L, Lan XB, Niu JG, Zheng P, Yu
JQ (2020) Interplay between male reproductive system dysfunction
and the therapeutic effect of flavonoids. Fitoterapia 147: 104756.

Yilmaz G, Oztiirk G, Cigek M, Demirci B (2020) Phytochemical char-
acterization and biological activities of Nepeta cadmea Boiss. Int
J Second Metab 7(1): 28-34.

Yilmaz I, Tiirk G, Cakir Cihangiroglu A, Acisu TC, Giingér IH, Arkali
G, Ekmen EG (2023) Effect of taxifolin on cold-shock damages in
spermatozoa in rabbits. Asian Pac J Reprod 12(5): 239-248.

Yousefian I, Emamverdi M, Karamzadeh-Dehaghani A, Sabzian-Melei
R, Zhandi M, Zare-Shahneh A (2018) Attenuation of cryopreserva-
tion-induced oxidative stress by antioxidant: impact of Coenzyme
Q,, on the quality of post-thawed buck spermatozoa. Cryobiology
81: 88-93.

Zhao H, Li Q, Ning G, Han Z, Jiang Z, Duan Y (2009) Rhodiola sacra
aqueous extract (RSAE) improves biochemical and sperm character-
istics in cryopreserved boar semen. Theriogenology 71(5): 849-857.

Zou J, Wei L, Li D, Zhang Y, Wang G, Zhang L, Cao P, Yang S, Li G
(2021) Effect of glutathione on sperm quality in Guanzhong dairy
goat sperm during cryopreservation. Front Vet Sci 8: 771440.

J HELLENIC VET MED SOC 2025, 76 (3)
TIEKE 2025, 76 (3)


http://www.tcpdf.org

