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ABSTRACT

Background: This study investigated the effects of Requimod (R848), a TLR7/8 activator on sperm quality, energy metabolism and
the separation efficiency of X- and Y-chromosome-bearing sperm in frozen-thawed bull semen.

Methods: Bull semen samples were divided into six groups: A control group and five experimental groups treated with different
concentrations of R848 (0.05, 0.5, 1, 2 and 4 ymol/L). Following incubation at 37°C for 60 min by upstream methods, sperm quality
parameters were assessed for upper- and lower-layer sperm. Further evaluations included acrosomal integrity, plasma membrane
integrity, mitochondrial activity and ATP content.

Result: The results demonstrated that treatment with 0.5 umol/L R848 significantly reduced sperm quality parameters in lower-layer
X-sperm. This concentration also inhibited mitochondrial activity and ATP content in X-sperm. However, no significant differences in
acrosomal or plasma membrane integrity were observed between the control and experimental groups. Additionally, the R848
treatment had no significant effects on sperm quality parameters, acrosomal integrity, or plasma membrane integrity of the upper-
layer Y-sperm compared to the control group. Flow cytometric analysis of separated sperm indicated that 76.13% of the sperm in
the upper layer were Y-sperm, while 61.78% of the sperm in the lower layer were X-sperm. These findings suggest that 0.5 umol/

LR 848 effectively enhances the separation of X- and Y-sperm in frozen-thawed bull semen.

Key words: Bull sperm, R848, Sperm quality, TIr7/8 activator.

INTRODUCTION

At present, numerous methods have been developed for
separating X- and Y-chromosome-bearing sperm, including
flow cytometry sorting, Percoll and albumin gradient
centrifugation, upstream methods and immunological
techniques (Azizeddin et al., 2014; Bhat et al., 2020;
Kusumawati et al., 2019). Among these, flow cytometry
remains the most reliable and effective method for sorting
X and Y-sperm (Cottle et al., 2018). This technology
achieves separation based on differences in DNA content
between X- and Y-sperm and has been commercialized in
the dairy industry. However, significant limitations, such as
high costs and the potential for sperm damage during
processing, have restricted its broader adoption in animal
husbandry (Lu et al., 2013). Consequently, there is an
urgent need for an alternative sperm sorting method that
is cost-effective, efficient and minimally harmful to sperm,
particularly to accelerate the breeding of high-yielding cows
and advance the dairy industry. Immunological methods
(Ren et al., 2021; Umehara et al., 2019), which leverage
protein differences between X- and Y-sperm, have emerged
as a promising alternative to flow cytometry.

Toll-like receptors (TLRs), specifically TLR7 and TLRS,
play a critical role in reproductive physiology (Saeidi et al.,
2014). Umehara et al. (2020) demonstrated that TLR7/8 is
expressed in mouse sperm and activation of these
receptors significantly inhibited the motility of both mouse
and human sperm. Furthermore, Umehara et al. (2019)
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identified TLR7/8 as receptor proteins encoded by the X
chromosome, expressed in approximately 50% of sperm.
Notably, TLR7 is localized in the sperm tail, while TLR8
resides in the sperm midpiece and is associated with
mitochondria. These findings revealed that co-incubation
with TLR7/8 agonists selectively reduced the motility of X-
sperm without affecting the Y-sperm. Similarly, in bovine
sperm, TLR7/8 expression was found to be X-sperm
specific, with a positive rate of approximately 50%
(Umehara et al., 2019). Building on this foundation, Ren
et al. (2021) demonstrated that co-incubation of goat sperm
with TLR7/8 activators reduced the motility of lower-layer
X-sperm. These findings suggest the potential of a sperm
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sorting method based on TLR7/8 activation. However,
additional research is necessary to optimize this method
for practical applications and improve its separation
efficiency in various species.

Resiquimod (R848), a member of the imidazoline-
quinoline family, is a small organic molecule with potent
antiviral and anticancer properties (Morgan et al., 2021).
Currently, R848 functions as an agonist of TLR7 and TLR8
in humans and cattle and recent studies have explored the
effects of R848 on sperm physiology (Agier et al., 2020).
Umehara et al. (2019) reported that R848 selectively
inhibits ATP production via the GSK3a/B-hexokinase
pathway, reducing the motility of X-sperm. Similarly, Ren
et al. (2021) demonstrated that R848-mediated activation
of TLR7/8 signaling pathways, including TRAF6/PI3K/
GSK3a/B and TRAF6/NFKB, increased the phosphorylation
levels of GSK3a/B and NFEB proteins. This cascade inhibits
hexokinase activity, leading to reduced ATP production and
decreased motility in X-sperm (Zhou et al., 2021). These
studies highlight the inhibitory effect of R848 on X-sperm
motility, offering a potential tool for sperm sorting. Despite
these advances, limited studies have explored the
application of R848 for isolating X- and Y-sperm in frozen-
thawed bull semen. This study aims to investigate the
effects of the TLR7/8 activator R848 on frozen-thawed bull
sperm quality, evaluate its role in sex-controlled sperm
separation and elucidate the underlying mechanisms of
its action.

MATERIALS AND METHODS

The experiment was conducted rabi session of 2022-10
and 2024-12 at the Animal reproduction laboratory, college
of animal science and veterinary medicine, Heilongjiang
Bayi Agricultural University.

Preparation of bull semen and sex-controlled semen

Frozen semen from dairy bulls was obtained from the

Animal Husbandry Bureau of Daqging City, Heilongjiang
Province. Post-thaw, the sperm motility rate exceeded 0.6
and the malformation rate was < 15%, meeting the criteria
for this study. Sex-controlled semen, consisting of X-
chromosome-bearing sperm from Holstein bulls, had a
post-thaw motility rate of >0.3 and a malformation rate<15%.

Test reagent

R848 was sourced from TargetMOIl. SYBR-14, PI, FITC-
PNA and JC-1 were procured from Thermo Fisher
Technologies. Hoechst 33342 was purchased from Sigma
Inc. and the ATP assay kit was obtained from Biyuntian
Biotechnology Co., Ltd.

Incubation and isolation of sperm

Frozen semen was removed from liquid nitrogen storage
and thawed in a 38.5°C water bath for 13 s. The sperm
suspension was centrifuged at 800x g for 7 min to remove
the diluent. The resulting sperm pellet was resuspended
in a culture medium containing R848 at varying concentrations
(0, 0.05, 0.5, 1, 2 and 4 umol/L). The samples were
incubated at 37°C for 1 hin a 5% CO,, incubator, using the
upstream method as outlined in Umehara’s protocol (As
shown in Fig 1). Each sample had a sperm concentration
of 1x108 sperm /mL and 3 mL of suspension was placed in
test tubes for incubation. Following a 30-minute incubation
in the sperm separation medium containing R848, the
samples were centrifuged and the sperm numbers in the
upper and lower layers were determined. Sperm from these
layers were subsequently used for further analysis.

Evaluation of motility and velocity parameters

After the 30 min incubation, 500 pL of sperm suspension
from both the upper and lower layers of each group was
collected and placed in 1.5 mL centrifuge tubes. A 10-yL
aliquot from each concentration group was deposited onto
a coverslip. Sperm motility and velocity parameters,
including straight-line velocity (VSL), curvilinear velocity
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Fig 1: Schematic diagram of X- and Y-sperm isolation in dairy cows using R848 (Umehara et al., 2020).
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(VCL) and average path velocity (VAP), were assessed
using a computer-assisted sperm analyzer (CASA) system.
The system consisted of a phase-contrast microscope with
a heated stage (37°C) equipped with Sperm Class Analyzer
software (CASA, Nanning Song Jing Tianlun Biotechnology
Co., Ltd.). Each sample was analyzed in five replicates
(Li et al., 2020; Li et al., 2021).

Sperm plasma membrane integrity test

Following incubation, 250 yL of each sperm sample was
centrifuged at 800 x g for 7 min and the supernatant was
discarded. The pellet was resuspended in 500 pL of HEPES-
buffered saline. Sperm in each group were stained with
5 pL of Pl and incubated at 37°C for 5 min. Subsequently,
5 pL of SYBR-14 was added and samples were incubated
for an additional 5-10 min. A 10-pL aliquot of the stained
sperm was placed on a slide, covered with a coverslip and
examined under a fluorescence microscope. Five replicates
were conducted per sample, with a minimum of 200 sperm
assessed per replicate and the results were recorded.

Analysis of sperm acrosome integrity

Acrosome integrity was assessed using fluorescein
isothiocyanate-conjugated peanut agglutinin (FITC-PNA)
staining in a procedure slightly modified from the method
described by Aboagla and Maeda (2011).

Analysis of sperm mitochondrial activity

Following incubation, 250 pL of sperm suspension was
centrifuged at 800 x g for 7 minutes. The pellet was
resuspended in 500 yL of HEPES-buffered saline and 10
pL of JC-1 dye was added. Samples were incubated at
37°C for 30 min. A 10-uL aliquot was placed on a slide,
covered with a coverslip and examined under a fluorescence
microscope and video graphed. There were 5 replicates
for each semen sample and the sperm count of each sample
was observed to exceed 200 and the data were recorded.

Analysis of ATP content of sperm

ATP content in sperm samples was measured using the
ATP assay kit, following the manufacturer’s instructions.

Accuracy of sperm isolation by flow cytometry

Sperm samples were analyzed after incubation using the
protocol described by Ribeiro (2013). Hoechest 33342

staining was performed and flow cytometry was used to
evaluate the efficiency of sperm separation.

Statistical analysis

The experimental data were pre-processed using Excel
2019 and then analyzed with SPSS 26.0 software. Results
are presented as meanzstandard deviation. Statistical
significance was determined by differences in means with
distinct superscript letters in the same column (P<0.05).

RESULTS AND DISCUSSION
Effects of different concentrations of R848 on sperm
quality in the lower layer

As shown in Table 1, the motility of lower-layer sperm in all
experimental groups was significantly lower than in the
control group under varying incubation conditions of R848
(P<0.05). Among the experimental groups, the sperm
motility in the 0.05 ymol/L R848 group was significantly
higher than that in the 0.5, 1, 2 and 4 ymol/L groups (P<0.05).
No significant differences in sperm motility were observed
among the 0.5, 1, 2 and 4 umol/L groups (P>0.05).
Additionally, the sperm maoatility in all R848-treated groups
was significantly lower than in the control group (P<0.05).
Among the treated groups, the 0.05 ymol/L group exhibited
significantly higher motility compared to the higher
concentration groups. No significant differences were noted
in sperm motility among the 0.5, 1 and 2 pmol/L R848
groups (P>0.05). Under different concentrations of R848,
there were no significant differences in path velocity (VAP),
linear velocity (VSL) and curvilinear velocity (VCL) between
the 0.05 imol/L group and the control group (P>0.05).
However, in the 0.5 ymol/L group, these parameters were
significantly different compared to the 1, 2 and 4 pymol/L
groups (P<0.05). With increasing R848 concentrations,
the viability and motility of lower-layer sperm showed a
clear downward trend. However, no significant differences
were observed among the 1, 2 and 4 ymol/L groups for
these parameters (P>0.05). These results indicate that
the addition of R848 to bull semen does not affect the
viability and motility of upper-layer sperm. However, in the
lower layer, sperm motility and viability began to decrease
significantly when the R848 concentration reached 0.5 imol/
L. This suggests that R848 selectively inhibits the motility

Table 1: Effects of different concentrations of R848 on sperm quality in lower-layer.

Concentrations Sperm Sperm VAP VSL VCL

of R848 (umol/L) viability (%) motility (%) (um/s) (um/s) (um/s)

0 62.19+1.952 46.25+2.452 44.03+0.682 45.57+0.962 45.74+0.972
0.05 46.56+5.97° 32.62+3.26° 43.64+1.482 44.95+1.982 45.07+2.042
0.5 23.93+2.81°¢ 17.92+2.42¢ 42.27+0.66° 43.20+0.94° 43.23+0.94°
1 22.37+6.46°¢ 16.90+5.63¢ 38.00+1.04°¢ 39.43+1.30¢ 39.52+1.68¢
2 19.70+3.27¢ 14.11+3.39% 34.90+0.97¢ 38.28+0.71° 38.25+0.47°¢
4 19.48+2.57¢ 12.74+1.4% 34.40+0.51¢ 37.82+1.00° 37.88+0.76°

Data are given as mean+SD from five replicated experiments.

Values with different superscripts within columns are significantly different (P<0.05).



Effects of TLR7/8 Activator on Sperm Quality, Energy Metabolism and the Separation Efficiency of X- and Y-Chromosome- ....

of X-chromosome-bearing sperm in the lower layer. The
findings of this study align with those reported by Ren
(2021) and Umehara (2020), further supporting the
selective inhibitory effects of R848 on sperm motility in the
lower layer.

Effects of R848 on sperm quality after elution

Table 2 shows that sperm viability, motility, VAP, VSL and
VCL before elution were significantly lower in the experimental
groups compared to the control group (P<0.05). After
elution, significant improvements were observed in sperm
viability and motility compared to the control group (P<0.05).
However, there were no significant differences in VAP, VSL
and VCL between the 0.5(-) group and the control group
(P>0.05). The elution treatment significantly enhanced
sperm quality parameters in the bull sperm samples
compared to their pre-elution state. These findings suggest
that the inhibitory effects of R848 on X-sperm motility and
velocity are reversible and the inhibition can be effectively
eliminated through elution. Building on the studies by
Umehara et al. (2019) and Ren et al. (2021), this study
further improved the efficiency of the upstream separation
method by incorporating R848. Following co-incubation
with frozen-thawed bull sperm, it was observed that the
proportion of upper-layer sperm was significantly reduced.
The reduction in upper-layer sperm was directly
proportional to the concentration and incubation time of
R848, indicating that R848 selectively inhibits the motility
of certain sperm, leading to a lower proportion of motile
sperm migrating upstream. The results of this study are
consistent with previous findings. Umehara et al. (2019)
reported a significant reduction in the proportion of highly
motile sperm in the upper layer when R848 was co-
incubated with mouse sperm. Similarly, Ren et al. (2021)
observed comparable outcomes in dairy goats, further
validating the selective inhibitory effect of R848 on sperm
motility.

Effects of 0.5 ymol/L R848 on acrosomal integrity and
plasma membrane integrity of sperm

The acrosomal and plasma membrane integrity of upper-
layer sperm (0.5 pmol/L, referred to as 0.5 up) did not differ
significantly from those of lower-layer sperm (0.5 ymol/L,
referred to as 0.5 low) or the control group under incubation
with 0.5 ymol/L R848 (P>0.05) (Fig 2). Given that R848 can
inhibit X-sperm motility, it was necessary to determine
whether it adversely affects sperm quality. Acrosomal

Table 2: Effects of R848 on sperm quality after elution.

integrity and plasma membrane integrity are key indicators
of sperm quality, as these parameters are closely linked to
motility in bovine sperm (Kanno et al. 2016). In this study,
sperm were incubated with 0.5 ymol/L R848 for 1 h, after
which FITC-PNA and SYBR-14/PI staining were employed
to assess acrosomal and plasma membrane integrity in
the control, upper-layer and lower-layer sperm groups. The
results indicated that while sperm motility in the lower layer
was significantly lower than that in the control and upper-
layer groups, there were no significant differences in
acrosomal or plasma membrane integrity between the
control and upper-layer groups. These findings align with
previous reports. Shi et al. (2016) observed that while TLR
agonists (TLR1, TLR7/8 and TLR9) reduced sperm motility
after 6 hours of incubation with mouse sperm, they did not
significantly increase apoptotic sperm counts. Similarly,
Umehara et al. (2020) demonstrated that R848 inhibited
X-sperm motility in mouse sperm, but the inhibition was
reversible following centrifugation. Based on these
observations, it is speculated that R848 reduces X-sperm
motility by binding to the TLR7/8 protein receptor on the
sperm. However, R848 does not significantly impair the
integrity of the plasma membrane or acrosome.
Furthermore, the degradation or removal of the TLR7/8
receptor during centrifugation may restore the motility of
sperm previously inhibited by R848 (Varshney et al., 2021).

Effects of 0.5 ymol/L R848 on mitochondrial activity and
ATP content of sperm

Following incubation with 0.5 ymol/L R848, the mitochondrial
activity of sperm in the control group was significantly higher
than that of upper-layer sperm (0.5 up) and lower-layer
sperm (0.5 low) (Fig 3). Furthermore, the mitochondrial
activity of upper-layer sperm was significantly greater than
that of lower-layer sperm. Similarly, the ATP content of sperm
in the control group was significantly higher than that of
both upper-layer and lower-layer sperm, with the ATP
content in the upper-layer sperm exceeding that of the lower-
layer sperm.

The results suggest that TLR7/8 is a specific protein
associated with X-sperm in cattle and R848 reduces the
motility of X-sperm by binding to the TLR7/8 protein. This
inhibition may occur due to the dual action of R848,
suppressing hexokinase activity and impairing
mitochondrial function, which ultimately disrupts sperm
motility via the TLR7/8 signaling pathway. Consequently,
ATP production in sperm is reduced (Zhu et al., 2019),

Concentrations of Sperm Sperm VAP VSL VCL
R848 (umol/L) viability (%) motility (%) (um/s) (um/s) (um/s)

0 (Contral) 58.94+2.80? 44.00£2.152 44.49+0.722 46.17+0.812 46.40+1.022
0.5(+) 19.52+2.59¢ 13.35+2.10°¢ 41.38+0.24° 41.91+0.36° 41.95+0.34°
0.5(-) 53.81+2.71° 37.41+2.35° 43.80£2.08? 45.23+3.03? 45.32+3.042

Data are given as mean+SD from five replicated experiments.

Values with different superscripts within columns are significantly different (P<0.05).
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thereby impairing motility. Sperm motility is a fundamental
characteristic of mature sperm and is influenced by multiple
factors, including pH, temperature, intracellular calcium
levels and cAMP concentrations. In most cells, mitochondria
serve as the primary site for aerobic respiration, supplying
the energy necessary for cellular activities (Bornhévd et al.,
2006). Thus, disruptions to mitochondrial function can
significantly impact cell motility. In this study, the effects of
R848 on sperm motility were examined by evaluating ATP

levels and mitochondrial membrane potential. The findings
revealed that both ATP content and mitochondrial
membrane potential were significantly lower in the lower-
layer sperm of the flotation system compared to the upper-
layer Y-sperm and the control group. These observations
are consistent with previous studies, such as Shi et al.
(2016), who reported reductions in ATP content and
mitochondrial membrane potential in sperm following
incubation with multiple TLR agonists. Additionally, this
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In Fig 2A, the yellow arrow was acrosome sperm with a damaged plasma membrane and the white arrow was acrosome
sperm with an intact plasma membrane. In Fig 2C, the yellow arrow was sperm with a damaged plasma membrane and the
white arrow was sperm with an intact plasma membrane.

Fig 2: The effects of 0.5 pymol/L R848 on acrosomal integrity (A, B) and plasma membrane integrity (C, D) of sperm.
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Fig 3: Effects of 0.5 ymol/L R848 on mitochondrial activity of sperm (A, B), ATP(C) content of sperm.
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Fig 4: Separation efficiency of bovine sperm by flow cytometry.

study demonstrated that decreased mitochondrial
membrane potential in X-sperm corresponded with
reduced motility. This reduction may occur due to the action
of R848 on X-sperm mitochondria, leading to a decline in
mitochondrial membrane potential. This decline may reverse
the proton pump and drive ATP synthase to hydrolyze ATP,
ultimately lowering ATP levels and inhibiting motility.
Consequently, sperm viability and motility are compromised.

The effects of 0.5 ymol/L R848 on separation efficiency
of X-and Y-sperm

The separation ratio of X- and Y-sperm, as determined by
flow cytometry, was initially 44.65% and 47.20%, respectively
(Fig 4). After incubation with 0.5 ymol/L R848, the
proportions shifted significantly. In the upper layer, the X-
and Y-sperm separation ratio was 11.01% and 76.13%,
respectively, while in the lower layer, the X- and Y-sperm
separation ratio was 61.78% and 25.54%, respectively. To
confirm the purity of X- and Y-sperm following the separation
process, a reanalysis was conducted using flow cytometry.
The results revealed that Y-sperm constituted 76.13% of
the upper layer, whereas X-sperm accounted for 61.78% of
the lower layer (Fig 4). The results of our study were similar
to those of Wen'’s, who reported that the separation ratio of
Y sperm was 88.6% and that of X sperm was 72.5% (Wen
et al., 2023), The results of this study were slightly lower
than Wen'’s results, mainly due to the frozen semen in this
study.

CONCLUSION

The TLR7/8 activator, R848, selectively inhibited the viability
and motility parameters of the X-sperm in the lower layer
without significantly affecting the Y-sperm in the upper layer.
Following treatment with 0.5 imol/L R848 for 60 min, the
viability and motility of X-sperm in the lower layer declined
but were restored after elution. This inhibition was
associated with reduced ATP content and mitochondrial
activity in X-sperm, while acrosomal integrity and plasma
membrane integrity remained unaffected. Flow cytometry

analysis demonstrated a separation efficiency of 76.13%
for Y-sperm in the upper layer and 61.78% for X-sperm in
the lower layer, highlighting the potential of R848 as an
effective tool for improving sperm separation efficiency.
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