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Abstract 

Objective was to determine whether addition of coenzyme Q10 - ubiquinol to glycerol extender improved cryopreserved ram sperm 
quality. Semen was collected (electroejaculation) from mature Suffolk rams (n = 6) 6 times during the breeding season. Pooled semen 
from each session was processed and cryopreserved in extenders with 150 µmol/liter of ubiquinol (treated) and without (control). 
Thawed cryopreserved semen was evaluated using computer-assisted sperm analysis for motility and kinetic parameters. Sperm via-
bility was determined via plasma membrane integrity. After thawing, measurements were obtained at 10, 20, 60, and 120 minutes. In 
treated samples, there were increases in progressive motility (p < 0.0001), curvilinear velocity (p = 0.002), straight line velocity 
(p = 0.003) and time average velocity (p = 0.001), and sperm tended (p = 0.07) to have more viability. Furthermore, there were 
time-related decreases in all variables in treated control and samples. Ubiquinol improved cryopreserved ram sperm quality. 
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Introduction

Artificial insemination has been beneficial to the livestock 
industry, as it allows dissemination of valuable genetics and 
hastens improvement in genetic makeup of production ani-
mals.1 Semen processing, storage, and transport should 
meet high quality standards to maximize conception rates.2 
Manipulation and storage of semen impairs sperm func-
tion. Mammalian sperm are highly susceptible to oxidative 
stress due to high concentrations of polyunsaturated fatty 
acids in cell membranes and lack of cytoplasmic antioxi-
dants. Oxidative stress and accumulation of radical oxygen 
species (ROS) are major factors contributing to poor sperm 
function and low conception rates.3 During mitochondrial 
redox reactions via oxidative phosphorylation, ~ 5% oxygen 
is transformed into ROS.4 Freezing, thawing, and proce-
dures associated with semen storage induce oxidative stress 
damage to sperm. These may be factors contributing to cryo-
damage and alteration of sperm function and structure. 
Oxidative stress is partially responsible for reductions in 
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postthaw sperm motility, viability, membrane and acro-
some integrity, mitochondrial function, DNA integrity, and 
finally, fertility in stallions.5 Several approaches have been 
used to limit ROS formation in semen, including systemic 
supplementation with antioxidants or their addition to 
semen extenders.6 

In men, reduced sperm motility was attributed to a relative 
deficiency of Coenzyme Q10 (CoQ10).4 Additionally, energy 
use by sperm depends on CoQ10 availability.

7 CoQ10 exists in 
2 forms: ubiquinone and ubiquinol. Ubiquinol is the 
reduced, electron-rich bioactive form of CoQ10 and a potent 
nonenzymatic antioxidant. Most CoQ10 in mammalian body 
(> 90%) exists as ubiquinol. It protects lipids, proteins, and 
DNA by minimizing first stages of lipid peroxidation and par-
ticipates in recycling of secondary antioxidants like α-tocoph-
erol.8 These reactions result in temporary oxidation of 
ubiquinol to ubiquinone that serves as an electron carrier in 
mitochondrial respiratory chain. This function is associated 
with ROS production and reduction of ubiquinone back to 
ubiquinol.9 CoQ10 is naturally present in every body cell, 
including sperm midpiece.10 CoQ10 has enhanced postthaw 
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sperm quality in men,11 stallions,12 bulls,11 goat bucks,13 roost-
ers,14 and rams.15 

Several ubiquinone preparations are commercially available 
but have poor water solubility and limited bioavailability. 
CoQ10 is absorbed from the intestine as ubiquinol. Intestinal 
absorption is variable and affected mainly by CoQ10 formu-
lation type.16 Recently, a water-dispersible preparation of 
ubiquinol was developed and provided better bioavailability 
compared to conventional CoQ10 preparations.17 Our objec-
tive was to determine whether adding water-dispersi ble ubi-
quinol preparation to a ruminant semen extender improved 
motion parameters and viability of frozen-thawed ram 
sperm. We hypothesized that addition of water-dispersi ble 
ubiquinol to freezing extender improves sperm motility and 
viability compared to similar extender without ubiquinol. 

Materials and methods

In accordance with WSU IACUC policy # 21, this research is 
exempt because it utilized tissues collected from animas for a 
routine breeding soundness examination that occurred for 
clinical purposes and no animals were manipulated for the 
purpose of this research. 

Animals and study location

Six mature Suffolk rams aged 1-4 years, in good physical 
condition and with proven fertility were used. Rams were 
raised in Pacific Northwest of US (46° 44’ 32.4708”, 117° 1’ 
3.234), housed separately from ewes, and received a daily 
diet consisting of alfalfa hay, grass hay, barley, commercial 
sheep concentrate, canola meal, and ground corn. Diet con-
tained, on a dry matter basis, 2.97 megacalorie metaboliz-
able energy/kg, 12.6% crude protein, 0.8% calcium, 0.31% 
phosphorus, 0.19% magnesium, 1.71% potassium, and 
0.92% sodium.18 Rams had access to mineral blocks and 
fresh water.

Experimental design

Semen was collected via electroejaculation on 6 days during 
the September-October breeding season. The low-voltage set-
ting of a ram ejaculator (Lane Manufacturing, Denver, Co, 
USA) with a probe length of 6 inches was utilized. Each ejacu-
late was evaluated for volume and concentration. Only ejacu-
lates of > 1 ml with a concentration of > 2 x 109 sperm/ml, 
total motility > 50%, and abnormal sperm < 10%, determined 
with a computer-assisted sperm analyzer, were used. Ejaculates 
from each collection day were pooled and divided into 2 
equal aliquots and then diluted to achieve the final cryopres-
ervation concentration of 200 x 106/ml. Dilutions were made 
with a commercial semen extender containing 20% egg yolk. 
Either 0 µmol/liter (control) or 150 µmol/liter of a 30% solu-
tion (treated) of water-dispersible ubiquinol (Petroeuroasia, 
Shizuoka, Japan) was added to extender and homogenized for 
30 minutes before use. 

For cryopreservation, semen samples plus Triladyl® were 
transferred into a warm water bath (30°C) and then cooled 
to 5°C at an approximated rate of 0.27°C/minute. Semen 
was equilibrated for 4 hours at 5°C then loaded into 0.5 ml 
straws. After equilibration, the straws were placed 4 cm 
above the liquid nitrogen surface for 20 minutes and then 
plunged into liquid nitrogen. Frozen semen straws were 

stored for 30 days in liquid nitrogen until postthaw 
evaluation. 

Semen evaluation 

All ejaculates fulfilled inclusion criteria. Semen evaluations 
were replicated 6 times on each stored sample. Cryopreserved 
straws were thawed at 37°C for 30 seconds. Samples were kept 
at 37°C and evaluated for sperm motility, kinetics, and viabil-
ity at 10, 20, 60, and 120 minutes after thawing.

Sperm motion parameters were determined using compute-
rized assisted semen analysis (CASA SpermVision®, Mofa®, 
Verona, WI, USA) equipped with a monochrome video cam-
era (Imi Tech, IMB-12 FT). For analysis, 3 μl of sample was 
placed on a prewarmed (37°C) calibrated slide (Leja®, IMV 
Technologies, Maple Grove, MN, USA). Seven fields were ran-
domly evaluated under a phase contrast microscope 20 x pos-
itive low objective (AXIO 10, Carl Zeiss) with a warmed stage. 
The acquisition frame rate was set at 75 frames/second. 
Output criteria of CASA included the proportion of motile 
sperm and the proportion of sperm with progressive motility 
(PM). Sperm motion characteristics were analyzed as follows: 
if the average velocity was below 10 µm/second, sperm were 
regarded as immotile, whereas velocity minimums for slow, 
medium and rapid sperm were 10, 25 and 50 µm/second, 
respectively. Sperm motion velocity was measured in 3 ways: a) 
straight line velocity (VSL) is the time-average velocity of a 
sperm head along the straight line between its first and last 
detected positions; b) curvilinear velocity (VCL) is the average 
velocity measured over the actual point-to-point track follo-
wed by the sperm; and c) time-average velocity (VAP) mea-
sures sperm head along its spatial average trajectory (i.e. 
smoothed version of VCL). Linearity (LIN) is the linearity of 
the curvilinear trajectory calculated as VSL/VCL × 100. 
Straightness (STR) is the LIN of the sperm average path calcu-
lated as VSL/VAP × 100. Minimal LIN was 50%, and minimal 
STR for progressive fast sperm was 70%. Amplitude of lateral 
head displacement (ALH) is the maximum lateral displace-
ment of a sperm head about its spatial average trajectory (i.e. 
track width).

Sperm viability was assessed using the SYBR14/PI stain 
(Minitube, Germany) to test sperm membrane integrity, fol-
lowing manufacturer’s instructions. Briefly, 100 μl of semen 
was mixed with 10 μl of warm SYBR14/PI fluorescent stain 
and incubated for 10 minutes at 37°C. After incubation, 5 
µl droplet of the stained sample was placed over a slide, 
covered with a coverslip, and analyzed under epifluores-
cence microscopy (400 x). Red-stained sperm head was con-
sidered to have a nonintact membrane (nonviable, PI 
positive), and green-stained sperm were regarded as having 
intact membranes (viable, SYBR14 positive). Two hundred 
sperm were evaluated per sample for frozen-thawed 
samples.

Data analyses

As data were normally distributed (Shapiro-Wilk test), para-
metric tests were used. Effects of time of incubation, diluent, 
and their interactions on CASA measurements of sperm 
motility kinetics (PM, VSL, VCL, VAP, LIN, STR, ALH) and 
sperm viability were analyzed by a general linear model ran-
domized complete block design with repeated measures 
analysis of variance. If significant treatment x time interac-
tions were identified, pair-wise tests for the interaction effects 
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were conducted with the Tukey-Kramer adjustment to iden-
tify significant pairs of interactions. Analyses were performed 
using the SAS 9.4 studio online platform (SAS 2022 Institute, 
Cary, NC, USA) to test treatment effects of extender with ubi-
quinol on sperm parameters; p < 0.05 was considered signif-
icant. Values are expressed as mean ± standard deviation. 

Results

Mean values of sperm motility and kinetics are reported 
(Table 1). Postthaw progressive motility was higher (p < 
0.0001) in extender containing ubiquinol compared to con-
trol. VSL (p = 0.003), VCL (p = 0.002), and VAP (p = 0.001) 
were higher in treated samples. There was an effect of treat-
ment with ubiquinol on ALH (p = 0.029) but not on LIN (p = 
0.67) or STR (p = 0.68). The values declined over time for 
control and treated samples (Table 1).

Values for viability (plasma membrane integrity) at each time 
point are reported (Table 2). There was no significant extender 
treatment effect on the percentage of sperm with intact mem-
branes, although the difference approached significance 
(p = 0.073). 

Discussion

Addition of 150 µmol/liter of ubiquinol to extender improved 
PM and motion kinetics parameters (VAP, VCL, VSL, ALH) after 
thawing. Viability of samples exposed to extender plus ubiqui-
nol tended to be higher; however, the improvement (p = 0.073) 
did not meet the p < 0.05 criterion for significance. Concentration 
of ubiquinol (150 µmol/liter) used was based on a stallion 
semen report wherein 75 µmol/liter of CoQ10-ubiquinone had 
positive effects on certain parameters of sperm motion.19 We 
tested a higher concentration of ubiquinol because of the pos-
sibility that egg yolk in the extender could bind with ubiquinol 
and make it less available to sperm.20 

Although causes of subfertility and infertility in male repro-
duction are multifactorial, oxidative stress has an important 
role.21 Use of exogenous antioxidants improved the quality 
and lifespan of poor-quality sperm such as in conditions asso-
ciated with asthenozoospermia and teratozoospermia.22 
Addition of CoQ10 and other antioxidants to diet and semen 
extenders had positive effects on sperm quality.22–24 Ubiquinol 
is the antioxidant form of CoQ10 and has been widely used to 
enhance reproductive health and prevent neurodegenerative 
diseases and musculoskeletal disorders in people.24 Several 
CoQ10 preparations are available, differing mainly in their 
redox state and degree of bioavailability, due primarily to their 
relative insolubility in water. We used a synthesized water- 
dispersible formulation of ubiquinol preparation that has 
high availability and stability once in solution.17

Ubiquinol-treated samples had a higher PM at each time point. 
These results agree in part with another study on ram semen 
that had a higher progressive motility after storage for 5 days at 
room temperature in samples to which 50 µmol/liter ubiquinol 
was added.15 Better PM associated with using ubiquinol-treated 
extender was likely due to its protective antioxidant effect on 
sperm plasma membrane. However, an effect on the mitochon-
drial respiratory chain and the synthesis of ATP might have also 
contributed. Higher postthaw PM observed in samples contain-
ing ubiquinol was also similar to a study on goat semen; addi-
tion of 1 µM of CoQ10 significantly improved motility of Ta
b
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frozen-thawed samples. However, no details were given regard-
ing the method of addition of CoQ10 to extender. In addition, 
studies on cattle and buffalo bulls,25 stallions,26 boars,27 and 
rams28 also reported that CoQ10-supplemented extenders 
improved sperm motility supporting current results.

Some decrease in PM of frozen-thawed samples overtime was 
expected, regardless of whether control or treated semen was 
used. For the treated extender, reduction in PM may be due to 
the progressive utilization of bioactive ubiquinol, as the great-
est decrease in PM occurred between 60 and 120 minutes. This 
decrease in PM after 60 minutes, despite ubiquinol presence, 
may not be practically relevant, because frozen-thawed semen 
have to be used within 10 minutes to achieve good fertiliza-
tion rates.29

Addition of ubiquinol to semen extender increased VSL, VCL, 
VAP, and ALH; VCL and VAP are positively correlated with 
sperm quality. There are no standardized values for farm ani-
mals’ sperm kinetics. Nonetheless, ram VCL is higher than 
bulls or men.30 Frozen-thawed ram sperm undergo high oxi-
dative stress during incubation as evident by reduction in 
kinetics parameters over time.31 In our study, ubiquinol-treated 
frozen-thawed samples had higher values for PM and most 
motion kinetics parameters at specific time points compared 
to controls. This may suggest that the addition of water- 
dispersible ubiquinol had a mitigating effect on the oxidative 
stress imposed on ram semen by freeze-thaw process. 

Addition of ubiquinol to semen extender did not increase 
(p = 0.073) plasma membrane integrity. There was a high vari-
ance in results for this parameter might explain lack of signif-
icant treatment effect. Nonetheless, mean percentage of sperm 
with intact membranes was numerically higher at each analy-
sis time following addition of ubiquinol to extender. 
Maintenance of plasma membrane integrity was expected 
with ubiquinol addition. CoQ10 regenerated α-tocopherol and 
increased its action against ROS damage to plasma mem-
brane.9 Freezing and thawing of semen impose substantial 
stress on sperm plasma membrane integrity and functionality. 
Increases in ROS exacerbate oxidative stress that leads to irre-
versible cell damage.32 DNA damage induced by high concen-
trations of ROS may hasten sperm apoptosis leading to 
reduced numbers of live sperm.33 Addition of CoQ10 to semen 
extenders improved sperm plasma membrane integrity and 
viability in bulls,25 bucks,13 men,11 and roosters.34 Although 
there was no significant difference between treatment and 
control groups, percentage of viable cells tended to remain 
higher in ubiquinol-treated samples at each time point. Due 
to lack of direct measurement of free radicals, ROS, and total 
antioxidant capacity,15 we can only speculate that the mainte-
nance of plasma membrane integrity indirectly reflected a 
reduction in lipid peroxidation and DNA fragmentation due 
to ubiquinol addition, as those parameters were also not 
directly measured.

Conclusion

There were positive effects of water-dispersible ubiquinol’s 
addition to semen extender on cryopreserved ram sperm. 
Sperm PM and most kinetics parameters were higher in ubi-
quinol-treated extender. There was also a trend towards bet-
ter viability. Addition of water-dispersible form of ubiquinol 
to extenders may improve frozen/thawed stored sperm 
quality. Lack of measurements of lipid peroxidation, DNA 
fragmentation, total antioxidant capacity, and content of 
ROS are major limitations of the study; further research is 
warranted. 
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