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ABSTRACT

Background: Membrane lipid peroxidation is one of the most significant chemical stresses
in sperm. However, the utilization of antioxidants in semen diluent protects cells against
oxidative damage, which could be a beneficial way to preserve semen quality during the
storage process.

Objectives: The current study aimed to assess the effect of Mito-TEMPO on quality
parameters of buck semen during the cooling process.

Methods: In this experiment, 5 Saanen bucks were used, and their semen samples were
collected twice a week. After semen collection and primary evaluation, semen samples
were diluted and assigned into 5 equal aliquots. Then, the samples were added to extenders
containing 0, 1, 10, 100, and 1000 uM Mito-TEMPO (triphenylphosphonium chloride). The
prepared samples were stored at 5 °C for up to 60 h. Chilled sperm motility, progressive
motility (PM), viability, mitochondrial activity, membrane functionality, and malondialdehyde
(MDA) concentration were analyzed during 0, 30, and 60 h.

Results: In results at time 0, no difference was observed among groups, but at 30 and 60 h
storage, higher (P<0.05) sperm total motility (TM), PM, mitochondrial activity, membrane
functionality, viability, and lower lipid peroxidation were observed in 10 and 100 M Mito-

TEMPO groups than the others.
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Introduction

s one of the key stages of assisted repro-

ductive techniques, artificial insemination

plays an important role in the optimization

of ruminant reproduction. Success in this

method depends on semen quality, which

relies on the semen processing and the
ability of the extenders to maintain sperm characteris-
tics (Zarei et al., 2022). Although semen liquid storage
at 5 °C for a short time can prolong the lifespan of sperm
via decreasing the cell metabolism rate, it also reduces
sperm quality and fertility (Zarei et al., 2022; Stefanov
et al., 2015). Essentially, the sperm membrane is rich
in polyunsaturated fatty acids, making it highly sensi-
tive to lipid peroxidation by reactive oxygen species
(ROS) produced during semen storage, which reduces
the functional life of spermatozoa (Aitken et al., 2014).
It appears that supplementing extenders with exogenous
antioxidants could be an effective method to counteract
ROS activities (Masoudi et al., 2022).

Mito-TEMPO, as a novel mitochondria-targeted anti-
oxidant, has been used to reduce sperm storage-associat-
ed damage. Mito-TEMPO is a compound with superox-
ide dismutase (SOD)-like activity, which scavenges the
superoxide anion (Dikalova et al., 2010). This substance
is combined from piperidine nitroxide TEMPO with an-
tioxidant properties and lipophilic cation triphenylphos-
phonium (TPP+), which accumulates several hun-
dredfold within mitochondria driven by the membrane
potential (Trnka et al., 2008). In this way, a large amount
of TEMPO antioxidant, which is conjugated with TPP,
accumulates at the mitochondria, the main site of ROS
production, and protects the cell against oxidative injury
(Zarei et al., 2022). Supplementation of semen extender
with Mito-TEMPO has been shown to conserve sperm
quality in humans (Lu et al., 2018) and rams (Zarei et
al., 2022).

Nowadays, soybean lecithin is used commercially as
an alternative to egg yolk in semen extenders (Sharafi et
al., 2015). The effective components of soybean lecithin,
such as low-density lipoproteins and phospholipids, can
protect the sperm plasma membrane from damage dur-
ing the cooling and freezing process (Bergeron & Man-
junath, 2006). This non-animal additive can decrease
hygienic risks of disease transmission in international
semen transport (Chelucci et al., 2015). No study has yet
reported on the effect of Mito-TEMPO on the quality of
buck semen chilled in an extender containing soybean
lecithin. Therefore, the objective of the current study was
to determine the effects of different concentrations of
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Mito-TEMPO on total motility (TM), progressive mo-
tility (PM), viability, mitochondrial activity, membrane
functionality, and malondialdehyde (MDA) concentra-
tion of buck’s cooled semen.

Materials and Methods
Ethics and used chemicals

The current study was approved by the Research Eth-
ics Committees of the Animal Science Research Institute
of Iran. All chemicals were purchased from Sigma (St.
Louis, MO, USA) and Merck (Darmstadt, Germany)
companies.

Semen collection and chillingmedium preparation

Five Saanen goats (3-4 years old) were used in this
study. Semen samples were collected during the breed-
ing season and twice a week by an artificial vagina. Col-
lected samples were transported to the laboratory in a
water bath (38 “C) for quality evaluation. Only samples
with the following parameters were selected for cooling
storage: Sperm concentration >3x10° sperm/mL, semen
volume 1-2 mL, abnormal morphology <15% and total
sperm motility >70%. After evaluation, selected samples
were mixed to omit individual differences and diluted in
the extender.

The chilling medium was composed of fructose (1.26
2/100 mL), citric acid (1.64 g/100 mL), soybean lecithin
(1.5% w/v), Tris (3.07 g/100 mL), streptomycin (1 mg),
penicillin (100 IU), and catalase (200 IU/mL). Osmolar-
ity and pH were set at 425 mOsm/kg and 6.8, respective-
ly. Then, different concentrations of Mito-TEMPO were
added to this extender, and five experimental groups
were prepared as follows: Medium without Mito-TEM-
PO (MTO), medium containing 1 pM (MT1), 10 uM
(MT10), 100 uM (MT100), and 1000 uM (MT1000)
Mito-TEMPO. Sperm TM, PM, viability, membrane
functionality, mitochondrial activity, and MDA content
were assessed at 0 (start time), 30, and 60 h after cooling.

Chilled semen quality evaluation

Sperm class analysis software (SCA) (Version 5.1; Mi-
croptic, Barcelona, Spain) was used to assess sperm TM
and PM during 0, 30, and 60 h chilling times. To de-
termine sperm motility parameters, 5 uL of each semen
sample was placed onto a pre-warmed chamber slide.
Afterward, for each sample, 6 fields containing a mini-
mum of 400 sperm were counted (Masoudi et al., 2022).
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Table 1. Effects of Mito-TEMPO on buck’s chilled sperm TM and PM during 0, 30, and 60 h of storage at 5 °C

Mean+SE
Mito-TEMPO
™ (%) PM (%)
Concentrations (LM) Oh 30h 60 h Oh 30h 60 h

MTO 85+1 56+1.3° 18.1+1.6° 65.3+0.9 19.4+1.2° 9.5+1.5°
MT1 85+1 57.94+1.3% 19.0+1.6° 64.8+0.9 20.1+1.2° 10+1.5°
MT10 84.5+1 59+1.3° 22.4+1.6° 65.1+0.9 24.2+1.2° 14.1+1.5°

MT100 84+1 60.5+1.32 23.6%1.6* 65+0.9 25+1.2° 14.5+1.5°

MT1000 86+1 55.6+1.3° 16.4+1.6° 66.2+0.9 18.5+1.2° 9+1.5°

Note: Different letters within the same column indicate significant differences among the groups (P<0.05).

The hypo-osmotic swelling test was used to evaluate
membrane functionality. This method depends on the re-
sistance of the sperm membrane to stressful conditions
in a hypoosmotic medium (Zarei et al., 2022). In this as-
sessment, 5 puL of buck’s chilled semen samples were
mixed with 50 pL of hypo-osmotic solution and incubat-
ed for 30 min. Then, under a phase contrast microscope,
300 sperm cells were counted, and the percentage of
sperm cells with swollen and curved tails was recorded
as having an intact membrane.

Rhodamine 123 (Rh123; Invitrogen TM, Eugene, OR,
USA) and propidium iodide (PI) as fluorescent dye were
used to determine mitochondrial activity during a flow
cytometry study. To assess mitochondrial activity, 10 pL
of Rh123 solution was added to 300 pL of chilled semen
and incubated in the dark room (20 min). Then, the se-
men sample was centrifuged (500 g for 3 min) and then
resuspended in 500 pL of Tris buffer. Next, 10 uL of PI
was added to the sperm suspension. Using a FACSCali-
bur flow cytometer (Becton Dickinson, USA), 10000
events were recorded. Sperm cells with a negative signal
for Pl and a positive signal for Rh123 (Rh123+/PI-) were
recorded as sperm with active mitochondria (Heidari et
al., 2022).

Lipid peroxidation in buck’s chilled semen was as-
sessed via measurement of MDA concentration by reac-
tion of thiobarbituric acid. The MDA content was de-
termined by absorption using a standard curve of MDA
equivalent generated through acid-catalyzed hydrolysis
of 1,1,3,3-tetramethoxypropane (Sharafi et al., 2015).
Diluted semen sample in an amount of 1 mL (250x10°
sperm cells/mL) was mixed with 1 mL of cold 20%
(w/v) trichloroacetic acid to precipitate protein. The pre-
cipitate was pelleted via centrifuge (900 g for 15 min),
and 1 mL of the supernatant was incubated with 1 mL of

0.67% (w/v) thiobarbituric in a water bath (100 °C for 10
min). After cooling, the spectrophotometer (UV-1200,
Shimadzu, Japan) recorded the absorbance at 532 nm,
and the MDA concentration was expressed as nmol/mL.

Eosin—nigrosine staining was used to assess buck’s
chilled semen viability. The semen sample was mixed
with two drops of eosin—nigrosine dye (1.67 g eosin-Y,
10 g nigrosine, and 2.9 g sodium citrate dissolved in 100
mL of distilled water) on a warm slide. Then, this mix-
ture was spread on a second slide, and 200 sperm cells
were counted under a phase contrast microscope (%400
magnification). Sperm cells with an unstained head were
recorded as live cells, and dead cells were stained with a
head (Masoudi et al., 2022).

Statistical analysis

The Shapiro-Wilk test was used to examine the data for
normality, and data analysis was conducted using Proc
GLM of SAS software, version 9.1 (SAS Institute, 2002,
USA). Statistical differences between groups were deter-
mined by Tukey test. Results are presented as Mean+SE.

Results
TM and PM

The effects of Mito-TEMPO on buck’s chilled sperm
motility parameters at 0, 30, and 60 h after cooling are
shown in Table 1. At the storage time of 0 hours, no
significant difference (P>0.05) was observed among
groups. However, during the 30- and 60-h cooling pe-
riods, TM and PM in groups receiving 10 and 100 uM
Mito-TEMPO were higher (P<0.05) than in the other

groups.
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Table 2. Effects of Mito-TEMPO on buck’s chilled sperm viability and MDA concentration during 0, 30, and 60 h of storage at 5 °‘C

Mean+SE
Mito-TEMPO
Viability (%) MDA Concentration (nmol/mL)
Concentrations (1M) Oh 30h 60 h Oh 30h 60 h
MTO 85.8+1.1 55.2+1.5° 16.0+2° 3.15+0.25 5.8+0.35° 9.95+0.57°
MT1 86.5+1.1 58.4+1.5% 16.5+2° 3.1+0.25 5.05+0.35% 9+0.57%
MT10 86.2+1.1 60.1+1.5° 21.0+2° 3.45+0.25 4.65+0.35° 8.55+0.57°
MT100 85+1.1 61.3+1.5% 22.6%2° 3.3+0.25 4.4+0.35° 8+0.57°
MT1000 87+1.1 55.8+1.5° 14.62° 3.4+0.25 6+0.35° 10.1+0.57°

Note: Different letters within the same column indicate significant differences among the groups (P<0.05).

Viability and MDA concentration

Table 2 summarizes the effects of Mito-TEMPO on
buck’s chilled sperm viability and lipid peroxidation dur-
ing cooling storage in media containing different doses
of Mito-TEMPO. At first time (0 h), no significant dif-
ference (P>0.05) was observed between treatments for
sperm viability and MDA concentration. At 30 and 60 h,
10 and 100 uM Mito-TEMPO presented lower (P<0.05)
MDA concentration in contrast with the other groups,
but the difference among the other three groups was not
significant (P>0.05). Regarding the viability rate, during
the 30- and 60-h cooling periods, 10 and 100 uM Mito-
TEMPO showed higher viability (P<0.05) compared to
the others.

Mitochondrial activity and membrane functionality

The data related to the effects of Mito-TEMPO on
buck’s chilled sperm mitochondrial activity and mem-
brane functionality are shown in Table 3. In both param-
eters, there were no statistically significant differences
(P>0.05) among groups at 0 h storage. However, during
the 30- and 60-h cooling periods, mitochondrial activity
and membrane functionality were greater (P<0.05) in the
10 and 100 puM Mito-TEMPO groups compared to the
other groups, and the observed differences among the
other groups were not significant (P>0.05).

Discussion

Semen liquid storage is generally associated with bio-
chemical, osmotic, and thermal changes that lead to a
decrease in sperm characteristics and reduced fertility
(Gibb et al., 2015; Zarei et al., 2022). Some biochemi-
cal changes in sperm can be attributed to oxidative stress

Table 3. Effects of Mito-TEMPO on buck’s chilled sperm mitochondrial activity and membrane functionality during 0, 30, and

60 h of storage at 5 °'C
Mean+SE
Mito-TEMPO
Mitochondrial Activity (%) Membrane Functionality (%)
Concentrations (uLM) Oh 30h 60 h Oh 30h 60 h
MTO 87.4+1.1 56.2+1.6° 22.5+1.4° 85+1 5611.8° 21.542°
MT1 88.5+1.1 58.1+1.6% 25+1.4% 86+1 58.4+1.8% 2342
MT10 88+1.1 60+1.6° 26.5+1.4° 86+1 60+1.8° 25.9+2°
MT100 87.2+1.1 60.5%1.6° 26.9+1.4° 85.5+1 60.5+1.8° 26.8+2°
MT1000 89+1.1 56.9+1.6° 23.4+1.4° 86.8+1 55.5+1.8° 21.5+2°

Note: Different letters within the same column indicate significant differences among the groups (P<0.05).
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because sperm antioxidant enzymes lack the capacity
to sustain sperm quality against excessive ROS genera-
tion (Kasimanickam et al., 2006). In this situation, using
exogenous antioxidants as compounds that suppress the
formation of ROS and counteract their actions (Bansal &
Bilaspuri, 2011) could be an efficient method to preserve
sperm against storage shocks and damage (Asl et al.,
2018). ROS scavenging mitochondria-targeted antioxi-
dants, such as Mito-TEMPO, with high efficiency, wide
application, and low toxicity are potential candidates to
protect sperm from damage caused by storage (Oyewole
& Birch-Machin, 2015). There is no information about
the effects of Mito-TEMPO on buck semen in medium
containing soybean lecithin during liquid storage. There-
fore, the current study was conducted to evaluate the
impact of this antioxidant on buck’s chilled semen qual-
ity parameters during 60 hours of storage at 5°C. Using
Mito-TEMPO (10 and 100 pM) effectively protected
semen quality, resulting in higher TM, PM, membrane
functionality, mitochondrial activity, and viability, and a
lower MDA concentration. However, the efficiency of
60 h-stored semen samples was lower than that of 30 h-
stored samples. Indeed, with increasing storage time, the
sperm quality parameters decreased. The results of this
experiment are in agreement with our previous studies
on cooling storage of ram (Zarei et al., 2022).

Mitochondria, as an important intracellular organelle,
regulate bioenergetic metabolism and provide ATP via
oxidative phosphorylation for sperm function (Cabezas-
Opazo et al., 2015). This activity correlates with sperm
quality parameters and semen storage potential (Chen et
al., 2014). The accumulation of toxic products, such as
ROS, to high concentrations that are formed from the
sperm’s metabolism in the cooling process, leads to oxi-
dative stress and mitochondrial inefficiency to supply
the required energy for spermatozoa (Agarwal & Praba-
karan, 2005).

Mitochondria-targeted antioxidant, Mito-TEMPO,
comprised of a lipophilic triphenylphosphonium (TPP)
moiety and piperidine nitroxide TEMPO (Lu et al.,
2018). This compound is a novel, cell-permeable anti-
oxidant because the TPP unit, with its positive charge,
enables Mito-TEMPO to pass through cell lipid bilayer
membranes rapidly and accumulate 1000-fold in the
mitochondrial matrix, the major site of ROS generation
(Jiang et al., 2015). The TEMPO unit catalyzes the dis-
mutation of superoxide and reacts directly with many
radicals (Yang et al., 2018). TEMPO, through its hydrox-
ylamine-like structure, inhibits the excessive generation
and overflow of oxygen-free radicals by converting
superoxide anions into hydrogen peroxide and oxygen.
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The nitroxide radicals produced act as SOD to maintain
the stability of the phospholipid bilayer membrane and
the electron transport chain (Du et al., 2017). There-
fore, this ROS scavenging property can reduce the rate
of lipid peroxidation, helping sperm cells remain safe
against oxidative stress (Lu et al., 2018). In the current
study, concentrations of 10 and 100 uM Mito-TEMPO
decreased the MDA content, an indicator of lipid per-
oxidation.

Furthermore, Mito-TEMPO exerts a targeted anti-
oxidant effect, as well as regulating antioxidant-related
enzyme activities (Trnka et al., 2009). Phosphohexose
isomerase (GPI), a ubiquitous cytosolic enzyme, plays
a critical role in providing ATP via glycolytic and gluco-
genic pathways and is closely related to sperm quality.
This soluble enzyme is loosely bound to the sperm mi-
tochondria (Jiang et al., 2015), so it releases easily into
the extracellular space, which may induce a reduction
in sperm motility, membrane functionality, and viability
(Harrison & White, 1972). One of the possible mecha-
nisms by which Mito-TEMPO affects sperm could be at-
tributed to regulating GPI activity, which is reduced dur-
ing semen manipulation. However, this reduction would
be controlled by Mito-TEMPO, which improves sperm
energy metabolism and conserves sperm quality param-
eters during the cooling process (Jiang et al., 2015). Ac-
cording to our findings in this work, Mito-TEMPO can
relieve the decline in buck’s sperm motility, viability,
membrane functionality, and mitochondrial activity dur-
ing the cooling process.

Conclusion

Supplementation of buck’s semen extender with 10 and
100 uM Mito-TEMPO by maintenance of mitochondrial
activity preserved the sperm quality parameters after the
cooling process. Therefore, adding mitochondria-target-
ed antioxidant Mito-TEMPO to the soybean lecithin-
based chilling media is an efficient method for retaining
buck semen quality for artificial insemination.
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