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Abstract

BACKGROUND: Storing spermatozoa in a cold environment decreases rmatozoa
y _ "
metabolism while maintaining sperm fertility potential. Because of their unique phisioiogical

characteristics, cooling reduces the reproductive ability of sperm cells in ‘nzhninants.
Q- N
OBJECTIVES: The purpose of this study was to assess the‘impact oi\pplementing chilling

medium with coenzyme Q10 (CoQ10) on the quality pa ters} buck's semen after chilling at

4°C. 6 N

METHODS: Semen was collected, dilutet% assMinto five groups with different CoQ10
supplementation concentrations (0, 1 Q d 10,uM CoQ10). Collected semen were stored at 4
S
degrees Celsius during 50 h. The r\no ty, miitochondrial activity, membrane integrity, viability,

el
and lipid peroxidation were *asu&fter 0, 25, and 50 h of chilling.

CN\\

RESULTS: Differént c@ew&ons of CoQ10 had no impact (P>0.05) on semen at time 0 of
storage,, accotdi Mndings. After 25 and 50 hours of storage, supplementing chilling
m@h 5 ul}d CoQ10 increased (P<0.05) progressive motility, total motility, viability,
mitocho

ial\ctivity, and membrane integrity than other groups. Furthermore, 5 uM CoQ10

produced less lipid peroxidation (P<0.05) compared to the other groups after 25 and 50 h.
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CONCLUSIONS: Adding 5 M CoQI10 to the buck's semen cooling medium is an effective

procedure for protecting the quality of buck spermatozoa during cooling storage.

Keywords: Cooling, CoQ10, Goat, Quality, Semen x
yp __

Introduction ‘

Preservation of spermatozoa at a cold situation decre@ *tabolism hile protecting

the outp&f sperm preservation

N
for 24 h (Zarei et al., 2021; Javaheri et al., 2023). T oling procedure reduces fertility in

reproductive performance. Scientists have attempted to impro

small ruminants due to the unique physiological CW ics & their spermatozoa (Zarei et al.,
2021). A common medium for sperm prese tio@all ruminants is a tris-based extender
composed of tris, citric acid, and fructose asou‘l al., 2021). Adding exogenous antioxidants
to sperm extender could be a usefu for p’r:eserving sperm quality in farm animals during

S
storage (Sharafi et al., 2015‘ \

CoQ10 is made up of\b&oquinone ring and a lipophilic isoprenoid side chain found in
N

mitochondrial inne@a&. It plays an effective role in the electron transport chain used in

ATP s?‘e(as\l as acting as a liposoluble chain-breaking antioxidant (Masoudi et al.,
20Ne t‘tis ‘contains high concentrations of CoQ10, demonstrating its cell-protective

impact against free radicals. CoQ10 also influences sperm function by facilitating production of

sperm energy (Yousefian et al., 2018), and in human sperm, it works as a motility enhancer

3
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(Telavi et al., 2013). Other animal studies show that CoQ10 improves sperm cryo-resistance in

horses (Yousefian et al., 2014), roosters (Masoudi et al., 2019) and goats (Yousefian et al.,

2018). Because no research has been conducted to assess the impact of c

supplementation with CoQ10 on the buck sperm quality during chilling stora@is tudy was

conducted to assess the impact of CoQ10 on progressive motility, totaltu i 't.chondrial

activity, viability, membrane integrity, and lipid peroxidatior@c*oled semen.

Materials and methods ¥ \
&

Processing of semen

N

The samples of semen were collected from@m goats via an artificial vagina. The
samples were selected if abnormal mc!o;o Mﬁ, sperm concentration of >3x10°
: 1-2ymL. The samples were pooled and diluted in

spermatozoa/ml, motility >70% andQ
=
the extender [fructose (1.26 g/ 100'm , citri¢ acid (1.64 g/100 mL), glycerol (5% v/v), soybean

Tl

lecithin (1.5% w/v), Trisﬁ.&/ IML), osmolarity (425 mOsm), pH (6.8)]. Then, the samples

were divided into 4 aliquots as follows: medium without CoQ10 (Q0), medium with 1 uM (Q1),

Nt/

2 uM (Q2), Suut Q5), and 10uM (Q10) CoQ10. The final concentration was 400x10°

N\

4
Evm ol‘he quality of semen
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Sperm motility parameters were assessed via sperm class analysis program. The samples
were observed About 400 spermatozoa in each sample were evaluated and the PM (%) and the
TM (%) were reported (Masoudi et al., 2020a).

Sperm viability was evaluated using Eosin-nigrosine staining. The Live celisndi ot show

stained head, whereas the heads in dead cells were stained (Masoudi et al‘ 2\& ’

The HOST Test looked into how the membrane work@s&' et aﬂ022). A total of

300 spermatozoa were counted. As a functional membrane, swollen tails sperm cells were

®
0 N

Mitochondria activity was measured u% flow cytometry (Zarei et al., 2022). At a flow

recorded.

rate of 100 cells/s, each assay analyzed a@)xirM 10,000 events. The FlowJo program was

)
used to process the data. . O -
Y

T
The peroxidation of li&s w&sessed via the concentration of malondialdehyde (MDA)

using a spectrophoto& r se&(,T 1200, Japan) at 532 nm (Sharafi et al., 2015).

Statistical a@s'\u

he current study's data (six replicates) were analyzed using SAS 9.1 software's GLM
procedure. To determine statistical differences between groups, Tukey's test was used. If the P

values were less than 0.05 (P<0.05), the differences were statistically significant.

5
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Results

Motility parameters

Table 1 shows the impact of CoQ10 on the TM and PM of a buck's semen:"Ag, st a%e time

zero, there were no significant differences between treatments. Q5 \\car’ly higher

(P<0.05) PM and TM than other treatments after 25 and 50 ho b *rage

Viable spermatozoa and MDA concentration \
o

The impacts of CoQ10 on viability and MDA content within low-temperature storage are
shown in table 2. Time 0 showed no signiﬁt‘dif ence,among groups for viability and MDA

content. After 25 and 50 hours of chillin@e Mwed a greater (P<0.05) viability than the

)
others. No statistically 51gn1ﬁcant ces (P>0.05) was found between QO, QI, Q2, and

Q10. Lipid peroxidation w. {) (47‘05) in Q5 than in the other treatments after 25 and 50

hours of storage.

Membrane inte ri‘ an}lmichondria activity

4
tivity. Time 0 showed no significant difference among groups. Q5 demonstrated

T&nd gs(\ble 3) revealed the effect of CoQl0 on the membrane integrity and
mitox'
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higher (P<0.05) membrane integrity and mitochondria activity than the others after 25 and 50

hours of chilling storage. No significant difference (P>0.05) was found between the rest groups.

Discussion

The beneficial effect of adding CoQ10 to the buck's sperm chllhn‘ \Nm’storage at

4°C for 50 hours was investigated in this study. The quality p 6 1n chilled sperm showed
th

a time-dependent decrease across treatment groups. Meanwh e QSsoup experienced less

sperm motility reduction than the other groups. Buck's ing extetier supplemented with 5SM

CoQ10 demonstrated higher TM, PM, membrane '61 Viaﬁlity, mitochondrial activity, and
lower LPO during storage periods than oth!gro@cause the generation of ROS during
cooling storage reduces the quality of ch@l—sto‘r»sperm and damages the plasma membrane
of spermatozoa, the presence ofgan ants is important for preserving sperm viability and
activity (Balercia et al., 200‘ Thwic‘);(idant properties of CoQ10 may account for the higher
quality of stored sperrﬁ e&e&rs supplemented with CoQ10. The increased percentage of
N
TM, PM, and viability cht(ld sperm cells under the effects of CoQ10 are consistent with the
ﬁnding‘ im@s that demonstrated the effective role of CoQ10 in frozen and chilled
store perm‘)zoa (Yousefian et al., 2018; Masoudi et al., 2019). The use of 5 M CoQ10

resulted in a higher viability rate because a suitable concentration of CoQ10 reduces apoptosis

through plasma membrane stabilization and ROS scavenging. CoQ10 has been shown to reduce

7
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the rate of apoptosis in cattle blastocysts (Gualtieri et al., 2014). The CoQ10 treatments had no

effect on the rate of abnormal morphology in sperm cells. Because sperm abnormality occurs

during the spermatogenesis step, laboratory manipulation has no effect on it (Zar al., 2022).
The sperm morphology results were consistent with previous studies thaf” féund %n vitro
manipulation has no effect on the morphology of rooster spermatozoa &t &I., 2019).
Membrane integrity in spermatozoa can be maintained by r: 'n*olyun@rated fatty acid
peroxidation, so LPO inhibition by CoQ10 protects sperm rne{nbrane\tegrity (Littarru and
Tiano, 2007). The improvement in membrane integrity, ed in this study is consistent with
previous research that found CoQ10 to be ben@ stal}lon sperm membrane integrity
(Yousefian et al., 2018) CoQ10's antioxiprroM increased mitochondrial activity by
neutralizing lipid peroxyl radicals (Mancini et E“\998). CoQ10 also regenerates -tocopherol
from -tocopheroxyl radicals (Turunbalx, 2604). It scavenges free radicals by preventing
cytotoxic aldehyde accumulation. M ;nergy carrier, CoQ10 aids in the synthesis of adenosine
triphosphate (ATP) &igru &d\iano, 2007) and regulates the permeability of transition pores
in the mitochondria%eA al., 2004). Higher doses of CoQ10, on the other hand, were not
as bene‘\a tlr\otimum concentration for sperm cells because higher concentrations of
adNoul\be toxic for cooled sperm cells, indicating that the antioxidant concentration must

be carefully fine-tuned to achieve the best performance (Yousefian et al., 2018). Exogenous

additives such as antioxidants may unintentionally increase ROS concentrations, resulting in a

8
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decrease in the rate of functional sperm cells (Asadzadeh et al., 2021; Mohajer and Davachi,

2023).

Conclusion
g N

N
Addition of CoQ10 to the cooling medium of buck sperm ptx&e buality of

spermatozoa via reducing the peroxidation of lipids and prot%r*chondria ctive potential,
so buck's cooling media supplementation with 5 uM CoQ10 ceuld be amyapplied technique for

transportation of buck's spermatozoa during repro e programs without a significant

reduction in quality and fertility potential. o N
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220

221

222

223

224

225

226

227

228

229

ck’s cooled sperm TM and PM.

T™ (%) PM (%)
25h 50 h Oh 25h 50 h
Qo 82.2+0.7 520+ 1.0° 200+1.1° 64.0+1.0 258+1.5° 125+1.1°

14



Q1

Q2

Q5

Q10

83.1+£0.7

82.5+0.7

83.0+£0.7

84.1+£0.7

522+£1.0° 202+1.1°
53.5+1.0°  214=£1.1°
55.6 £1.0% 253+1.12
52.2+1.0° 19.8+1.1°

62.8+1.0

63.2+1.0

62.5+1.0

639+1.0

27.6 £1.5°
28.4+1.5°
32.5+1.5°

26.2450

133+1.1°
142+1.1°

16.7+1.1°

1{.0i1.1b

231

232 Table 2. Effects of CoQ10 on buck’s cooled sperm vi

230 Different letters within the same column show significant differences among tl‘ N&ﬁ).’)'

ility andlipid perxddation.

M]a concentration (nmol/ml)

Viability (%)
Treatments Oh 25h Oh 25h 50 h
Qo 87.0+£0.6 542 + 1( Siw 2.55+0.10 425+020> 8.25+.0.25°
Q1 87.5+0.6 5 . 28.0+1.0° 2.65+0.10 4.10+0.20>  8.05+0.25°
v
Q2 88.0+£0.6 55 2"‘ 23.4+1.0° 2.60£0.10 4.00+020> 7.85+0.25°
Q5 87.1+ O* \i 1.22 27.8+1.0° 2.65+0.10 3.00+0.20*  7.15+0.25*
Q10 & ) 53 54+1.20 22.0+1.0° 2.60+0.10 430+020> 8.35+0.25°

234

236  integrity.

15

233 DiffeTtte\Wthe same column show significant differences among the groups (P<0.05).

235 Ta&ff)ts of CoQ10 on buck’s cooled sperm mitochondrial activity and membrane
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238

239

240

241

242

243

244

245

246

Mitochondrial activity (%) Membrane functionality (%)

Treatments 0Oh 25h 50 h 0h 25h 50h

Qo 91.0+1.0 62.1+£1.2° 28.8£1.6° 87.6 £1.0 545+ It 245+1.3°

Q1 900+1.0 6354120 302416 885410 55, 258 1.3
Q2 898410 640412 315416  89.0+1.0 ‘\ ’ 263+ 1.3°

Q5 90.5+1.0 66.8 +1.2° 355+ 1.6 { 60:0&1.0° 31.0+1.3?
Q10 91.5+£1.0 62.0+1.2° 28.5 £ L.6* £1.0 \54.0 +1.0° 242 +1.3°
Different letters within the same column show significan ces among the groups (P<0.05).
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