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Abstract 17 

BACKGROUND: Storing spermatozoa in a cold environment decreases spermatozoa 18 

metabolism while maintaining sperm fertility potential. Because of their unique physiological 19 

characteristics, cooling reduces the reproductive ability of sperm cells in small ruminants. 20 

OBJECTIVES: The purpose of this study was to assess the impact of supplementing chilling 21 

medium with coenzyme Q10 (CoQ10) on the quality parameters of buck's semen after chilling at 22 

4°C. 23 

METHODS: Semen was collected, diluted, and assigned into five groups with different CoQ10 24 

supplementation concentrations (0, 1, 2, 5, and 10 µM CoQ10). Collected semen were stored at 4 25 

degrees Celsius during 50 h. The motility, mitochondrial activity, membrane integrity, viability, 26 

and lipid peroxidation were measured after 0, 25, and 50 h of chilling. 27 

RESULTS: Different concentrations of CoQ10 had no impact (P>0.05) on semen at time 0 of 28 

storage, according to the findings. After 25 and 50 hours of storage, supplementing chilling 29 

medium with 5 µM CoQ10 increased (P≤0.05) progressive motility, total motility, viability, 30 

mitochondrial activity, and membrane integrity than other groups. Furthermore, 5 µM CoQ10 31 

produced less lipid peroxidation (P≤0.05) compared to the other groups after 25 and 50 h. 32 
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CONCLUSIONS: Adding 5 M CoQ10 to the buck's semen cooling medium is an effective 33 

procedure for protecting the quality of buck spermatozoa during cooling storage. 34 

Keywords: Cooling, CoQ10, Goat, Quality, Semen 35 

Introduction 36 

 Preservation of spermatozoa at a cold situation decreases its metabolism while protecting 37 

reproductive performance. Scientists have attempted to improve the output of sperm preservation 38 

for 24 h (Zarei et al., 2021; Javaheri et al., 2023). The cooling procedure reduces fertility in 39 

small ruminants due to the unique physiological characteristics of their spermatozoa (Zarei et al., 40 

2021). A common medium for sperm preservation in small ruminants is a tris-based extender 41 

composed of tris, citric acid, and fructose (Masoudi et al., 2021). Adding exogenous antioxidants 42 

to sperm extender could be a useful way for preserving sperm quality in farm animals during 43 

storage (Sharafi et al., 2015).  44 

 CoQ10 is made up of a benzoquinone ring and a lipophilic isoprenoid side chain found in 45 

mitochondrial inner membranes. It plays an effective role in the electron transport chain used in 46 

ATP synthesis, as well as acting as a liposoluble chain-breaking antioxidant (Masoudi et al., 47 

2018). The testis contains high concentrations of CoQ10, demonstrating its cell-protective 48 

impact against free radicals. CoQ10 also influences sperm function by facilitating production of 49 

sperm energy (Yousefian et al., 2018), and in human sperm, it works as a motility enhancer 50 
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(Telavi et al., 2013). Other animal studies show that CoQ10 improves sperm cryo-resistance in 51 

horses (Yousefian et al., 2014), roosters (Masoudi et al., 2019) and goats (Yousefian et al., 52 

2018). Because no research has been conducted to assess the impact of chilling medium 53 

supplementation with CoQ10 on the buck sperm quality during chilling storage, this study was 54 

conducted to assess the impact of CoQ10 on progressive motility, total motility, mitochondrial 55 

activity, viability, membrane integrity, and lipid peroxidation of buck cooled semen. 56 

Materials and methods 57 

Processing of semen  58 

 The samples of semen were collected from 5 Saanen goats via an artificial vagina. The 59 

samples were selected if abnormal morphology ≤15%, sperm concentration of ≥3×109 60 

spermatozoa/ml, motility ≥70% and volume: 1-2 mL. The samples were pooled and diluted in 61 

the extender [fructose (1.26 g/100 mL), citric acid (1.64 g/100 mL), glycerol (5% v/v), soybean 62 

lecithin (1.5% w/v), Tris (3.07 g/100 mL), osmolarity (425 mOsm), pH (6.8)]. Then, the samples 63 

were divided into 4 aliquots as follows: medium without CoQ10 (Q0), medium with 1 µM (Q1), 64 

2 µM (Q2), 5 µM (Q5) and 10µM (Q10) CoQ10. The final concentration was 400×106 65 

sperm/mL. 66 

Evaluation of the quality of semen  67 
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 Sperm motility parameters were assessed via sperm class analysis program. The samples 68 

were observed About 400 spermatozoa in each sample were evaluated and the PM (%) and the 69 

TM (%) were reported (Masoudi et al., 2020a). 70 

 Sperm viability was evaluated using Eosin-nigrosine staining. The Live cells did not show 71 

stained head, whereas the heads in dead cells were stained (Masoudi et al., 2020b).  72 

 The HOST Test looked into how the membrane worked (Masoudi et al., 2022). A total of 73 

300 spermatozoa were counted. As a functional membrane, swollen tails sperm cells were 74 

recorded.  75 

 Mitochondria activity was measured using flow cytometry (Zarei et al., 2022). At a flow 76 

rate of 100 cells/s, each assay analyzed approximately 10,000 events. The FlowJo program was 77 

used to process the data.  78 

 The peroxidation of lipids was assessed via the concentration of malondialdehyde (MDA) 79 

using a spectrophotometer set (UV-1200, Japan) at 532 nm (Sharafi et al., 2015).  80 

Statistical analysis  81 

 The current study's data (six replicates) were analyzed using SAS 9.1 software's GLM 82 

procedure. To determine statistical differences between groups, Tukey's test was used. If the P 83 

values were less than 0.05 (P≤0.05), the differences were statistically significant. 84 
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Results 85 

Motility parameters 86 

 Table 1 shows the impact of CoQ10 on the TM and PM of a buck's semen. At storage time 87 

zero, there were no significant differences between treatments. Q5 had significantly higher 88 

(P≤0.05) PM and TM than other treatments after 25 and 50 hours of storage.  89 

Viable spermatozoa and MDA concentration 90 

 The impacts of CoQ10 on viability and MDA content within low-temperature storage are 91 

shown in table 2. Time 0 showed no significant difference among groups for viability and MDA 92 

content. After 25 and 50 hours of chilling, the Q5 showed a greater (P≤0.05) viability than the 93 

others. No statistically significant differences (P>0.05) was found between Q0, Q1, Q2, and 94 

Q10. Lipid peroxidation was lower (P≤0.05) in Q5 than in the other treatments after 25 and 50 95 

hours of storage. 96 

Membrane integrity and mitochondria activity  97 

 The findings (Table 3) revealed the effect of CoQ10 on the membrane integrity and 98 

mitochondria activity. Time 0 showed no significant difference among groups. Q5 demonstrated 99 
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higher (P≤0.05) membrane integrity and mitochondria activity than the others after 25 and 50 100 

hours of chilling storage. No significant difference (P>0.05) was found between the rest groups. 101 

Discussion 102 

  The beneficial effect of adding CoQ10 to the buck's sperm chilling extender for storage at 103 

4oC for 50 hours was investigated in this study. The quality parameters in chilled sperm showed 104 

a time-dependent decrease across treatment groups. Meanwhile, the Q5 group experienced less 105 

sperm motility reduction than the other groups. Buck's chilling extender supplemented with 5M 106 

CoQ10 demonstrated higher TM, PM, membrane integrity, viability, mitochondrial activity, and 107 

lower LPO during storage periods than other groups. Because the generation of ROS during 108 

cooling storage reduces the quality of chilled-stored sperm and damages the plasma membrane 109 

of spermatozoa, the presence of antioxidants is important for preserving sperm viability and 110 

activity (Balercia et al., 2009). The antioxidant properties of CoQ10 may account for the higher 111 

quality of stored sperm in extenders supplemented with CoQ10. The increased percentage of 112 

TM, PM, and viability of stored sperm cells under the effects of CoQ10 are consistent with the 113 

findings of previous studies that demonstrated the effective role of CoQ10 in frozen and chilled 114 

stored spermatozoa (Yousefian et al., 2018; Masoudi et al., 2019). The use of 5 M CoQ10 115 

resulted in a higher viability rate because a suitable concentration of CoQ10 reduces apoptosis 116 

through plasma membrane stabilization and ROS scavenging. CoQ10 has been shown to reduce 117 
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the rate of apoptosis in cattle blastocysts (Gualtieri et al., 2014). The CoQ10 treatments had no 118 

effect on the rate of abnormal morphology in sperm cells. Because sperm abnormality occurs 119 

during the spermatogenesis step, laboratory manipulation has no effect on it (Zarei et al., 2022). 120 

The sperm morphology results were consistent with previous studies that found in vitro 121 

manipulation has no effect on the morphology of rooster spermatozoa (Masoudi et al., 2019). 122 

Membrane integrity in spermatozoa can be maintained by reducing polyunsaturated fatty acid 123 

peroxidation, so LPO inhibition by CoQ10 protects sperm membrane integrity (Littarru and 124 

Tiano, 2007). The improvement in membrane integrity observed in this study is consistent with 125 

previous research that found CoQ10 to be beneficial to stallion sperm membrane integrity 126 

(Yousefian et al., 2018) CoQ10's antioxidant properties increased mitochondrial activity by 127 

neutralizing lipid peroxyl radicals (Mancini et al., 1998). CoQ10 also regenerates -tocopherol 128 

from -tocopheroxyl radicals (Turunen et al., 2004). It scavenges free radicals by preventing 129 

cytotoxic aldehyde accumulation. As an energy carrier, CoQ10 aids in the synthesis of adenosine 130 

triphosphate (ATP) (Littarru and Tiano, 2007) and regulates the permeability of transition pores 131 

in the mitochondria (Turunen et al., 2004). Higher doses of CoQ10, on the other hand, were not 132 

as beneficial as the optimum concentration for sperm cells because higher concentrations of 133 

additives could be toxic for cooled sperm cells, indicating that the antioxidant concentration must 134 

be carefully fine-tuned to achieve the best performance (Yousefian et al., 2018). Exogenous 135 

additives such as antioxidants may unintentionally increase ROS concentrations, resulting in a 136 
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decrease in the rate of functional sperm cells (Asadzadeh et al., 2021; Mohajer and Davachi, 137 

2023). 138 

Conclusion 139 

Addition of CoQ10 to the cooling medium of buck sperm preserves the quality of 140 

spermatozoa via reducing the peroxidation of lipids and protecting mitochondria active potential, 141 

so buck's cooling media supplementation with 5 µM CoQ10 could be an applied technique for 142 

transportation of buck's spermatozoa during reproductive programs without a significant 143 

reduction in quality and fertility potential. 144 
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 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

Table 1. Effects of CoQ10 on buck’s cooled sperm TM and PM. 229 

 PM (%)   TM (%)   

50 h 25 h 0 h 50 h25 h0 h Treatments 

12.5 ± 1.1b 25.8 ± 1.5b 64.0 ± 1.0 20.0 ± 1.1b52.0 ± 1.0b82.2 ± 0.7 Q0 
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13.3 ± 1.1b 27.6 ± 1.5b 62.8 ± 1.0 20.2 ± 1.1b52.2 ± 1.0b83.1 ± 0.7 Q1 

14.2 ± 1.1b 28.4 ± 1.5b 63.2 ± 1.0 21.4 ± 1.1b 53.5 ± 1.0b 82.5 ± 0.7 Q2 

16.7 ± 1.1a 32.5 ± 1.5a 62.5 ± 1.0 25.3 ± 1.1a55.6 ± 1.0a83.0 ± 0.7 Q5 

12.0 ± 1.1b 26.2 ± 1.5b 63.9 ± 1.0 19.8 ± 1.1b52.2 ± 1.0b84.1 ± 0.7 Q10 

Different letters within the same column show significant differences among the groups (P≤0.05). 230 

 231 

Table 2. Effects of CoQ10 on buck’s cooled sperm viability and lipid peroxidation. 232 

MDA concentration (nmol/ml) Viability (%)  

50 h 25 h 0 h 50 h25 h0 h Treatments 

8.25 ±.0.25b 4.25 ± 0.20b 2.55 ±0.10 22.5 ± 1.0b 54.2 ± 1.2b 87.0 ± 0.6 Q0 
8.05 ± 0.25b 4.10 ± 0.20b 2.65 ± 0.10 23.0 ± 1.0b 55.0 ± 1.2b 87.5 ± 0.6 Q1 

7.85 ± 0.25b 4.00 ± 0.20b 2.60 ± 0.10 23.4 ± 1.0b 55.4 ± 1.2b 88.0 ± 0.6 Q2 

7.15 ± 0.25a 3.00 ± 0.20a 2.65 ± 0.10 27.8 ± 1.0a 58.9 ± 1.2a 87.1 ± 0.6 Q5 

8.35 ± 0.25b 4.30 ± 0.20b 2.60 ± 0.10 22.0 ± 1.0b 53.5 ± 1.2b 87.0 ± 0.6 Q10 

Different letters within the same column show significant differences among the groups (P≤0.05). 233 

 234 

Table 3. Effects of CoQ10 on buck’s cooled sperm mitochondrial activity and membrane 235 

integrity. 236 
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Membrane functionality (%) Mitochondrial activity (%)  

50h 25 h 0 h 50 h25 h0 h Treatments 

24.5 ± 1.3b54.5 ± 1.0b 87.6 ±1.028.8 ± 1.6b62.1 ± 1.2b91.0 ±1.0 Q0 
25.8 ± 1.3b55.0 ± 1.0b 88.5 ± 1.030.2 ± 1.6b63.5 ± 1.2b90.0 ± 1.0 Q1 

26.3 ± 1.3b 55.5 ± 1.0b 89.0 ± 1.0 31.5 ± 1.6b 64.0 ± 1.2b 89.8 ± 1.0 Q2 

31.0 ± 1.3a60.0 ± 1.0a 89.7 ± 1.035.5 ± 1.6a66.8 ± 1.2a90.5 ± 1.0 Q5 

24.2 ± 1.3b54.0 ± 1.0b 89.4 ± 1.028.5 ± 1.6a62.0 ± 1.2b91.5 ± 1.0 Q10 

Different letters within the same column show significant differences among the groups (P≤0.05). 237 

 238 

 239 

وتنيك ميبا استفاده از كوانز ييسرما رهياسپرم بز در هنگام ذخ تيفيمحافظت از ك  240 

 241 

 242 1عودي، رضا مس2، نويد داداشپور دواچي1، هدي جواهري بار فروشي*1، نادر اسدزاده1مختار مهاجر

  243 

 244  . موسسه تحقيقات علوم دامي كشور، سازمان تحقيقات آموزش و ترويج كشاورزي، كرج، ايران.1

 245موزش و آ قاتيسازمان تحق ،يراز يساز سرم واكسن و قاتيموسسه تحق ،يشگاهيآزما واناتيح ديپرورش و تول ق،يبخش تحق. 2

.رانيكرج، ا ،يكشاورز جيترو  246 
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 248  چكيده

 249ماني دهد درحاليكه قابليت باروري و زندهايي اسپرم متابوليسم اسپرم را كاهش ميذخيره سرمزمينه مطالعه: 

 250هاي خاص اسپرم نشخواركنندگان كوچك، فرايندسردسازي توانايي باروري شود. به علت ويژگياسپرم حفظ مي

 251 دهد.ها كاهش مياسپرم را در اين گونه

 252به محيط سردسازي بر كيفيت اسپرم بز طي فرايند  وتنيك ميكوانزهدف از اين مطالعه بررسي اثر افزودن  هدف:

 253  درجه سانتيگراد بوده است.  4ذخيره سرمايي در دماي 

 254و  5، 2، 1، 0نمونه هاي اسپرم پس جمع آوري و رقيق سازي به پنج قسمت تقسيم شده و مقادير  روش كار:

 255درجه سانتيگراد سرد شده و طي  4ي را دريافت نمودند. سپس نمونه ها در دما وتنيك ميكوانزميكرومولار  10

 256ساعت ذخيره شدند. جنبايي كل و پيشرونده، زنده ماني، سلامت غشا، فعاليت ميتوكندري و پراكسيداسيون  48

 257  ساعت ذخيره سرمايي مورد ارزيابي قرار گرفتند.  50و  25، 0ليپيدهاي غشايي در زمان هاي 

 258 50و  25. در زمان هاي )P(0.05<نه هاي اسپرم نداشتند ، تيمارها تاثيري بر كيفيت نمو0در زمان  نتايج:

 259جنبايي كل و پيشرونده،  )P(0.05≥مقادير بالاتر  وتنيك ميكوانزميكرومولار  5ساعت از ذخيره سرمايي، تيمار 

 260 كرومولاريم 5زنده ماني، سلامت غشا و فعاليت ميتوكندري را نسبت به ساير گروه ها نشان داد. همچنين تيمار 

 261ساعت از ذخيره سرمايي  50و  25در زمان هاي )P(0.05≥موجب پراكسيداسيون ليپيدي كمتر  وتنيك ميكوانز

 262  نسبت به ساير گروه ها شد. 
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 263در محيط ذخيره سرمايي اسپرم بز مي وتنيك ميكوانز كرومولاريم 5در نتيجه، استفاده از  گيري نهايي:نتيجه

 264ساعت سردسازي در مقابل آسيب هاي  50و  25هنگام تواند راهي مناسب براي محافظت از اسپرم بز در 

 265  ساختاري و عملكردي طي ذخيره سرمايي باشد. 

 266 .يمن ت،يفيبز، ك وتن،يك ميكوانز ،يسردساز كلمات كليدي:

 267 

 268 

 269 

 270 

 271 

 272 


