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ABSTRACT

Semen ejaculates were collected from Murrah buffalo (Bubalus bubalis) bulls and were diluted with low density lipoprotein
(LDL) based extender into 20 million sperm/0.25 mL and 2 million sperm/0.25 mL. Dinitrophenol (DNP) was added
(@ 0, 1, 10 and 50 uM) to 20 million and 2 million sperm concentration which was followed by cryopreservation.
. After thawing, the parameters studied were plasma membrane integrity by HOST, sperm motility and kinetics by
CASA, the thermal resistance of sperm by incubation test, mitochondrial superoxide status by MitoSOX through
flow cytometry, mitochondrial membrane potential (MMP) evaluation by JC-1 through flow cytometry. There was no
significant (P>0.05) change in plasma membrane integrity, sperm motility and kinematics; thermal resistance of sperm,
mitochondrial superoxide status and hMMP in comparison to control within the 2 and 20 million sperm doses. Two
million sperm doses resulted in low plasma membrane integrity, low thermal resistance of sperm, high mitochondrial
superoxide status and decreased high MMP and no significant (P>0.05) change in sperm motility and kinematics, but
reduced total motility, beat cross frequency and no change in progressive motility, straight linear velocity, average path
velocity, curvilinear velocity, amplitude of lateral head displacement, straightness, linearity, and wobble in comparison
to 20 million sperm doses. Supplementation of DNP (0, 1, 10 and 50 uM) in extender failed to improve semen quality in
both 2 and 20 million sperm doses in buffalo.
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INTRODUCTION

Artificial insemination (AI) is a widely employed tech-
nique that uses frozen-thawed sperm to accelerate the rate
of genetic improvement by inseminating females (Masoudi
et al., 2016). In AT industry, the genetic impact of sires is
limited due to the production efficiencies and decreased
sperm functions during cryopreservation (Arjun et al,
2022). Currently, packaging of 20 million sperm in French
mini straws has been used as a standard for Al in the dairy
industry. But, due to increased demand for superior germ-
plasm, there is an urgent need to implement packaging of
low sperm numbers. However, Al with low-sperm num-
bers results in reduced post-thaw viability (Maxwell and
Johnson, 1999). The effect of semen dilution on sperm
viability has not been adequately examined. A potential
decrease in fertility could arise not only because of the
reduced sperm numbers, but also due to the proportional
decrease in some essential seminal plasma (SP) compo-
nents of the suspending medium. The exact cause of the
dilution effect is still unknown. Some researchers suggested
a loss of protective seminal plasma components (Ashworth
et al., 1994) and/or intracellular and/or cell surface compo-
nents from the sperm resulting in a capacitation-like state
and ultimately, premature acrosome reaction (Centurion
et al, 2003). The dilution effect’ adversely affects the
sperm mitochondria resulting in poor sperm motility after
cryopreservation (Kurland and Andersson, 2000). The
sperm mitochondria are one of the most damaged organ-
elles during cryopreservation (Gonzalez-Fernandez et al.,
2012). The use of mitochondrial targeted antioxidants and
uncoupler may be a good strategy to reduce the dilution
effect.

Mitochondria are normally responsible for 80-90% of
cellular oxygen consumption and the majority of adenos-
ine triphosphate (ATP) production. Approximately 0.1-2%
of the oxygen taken up by cells is converted to reactive
oxygen species (ROS) by mitochondria, mainly through
the production of superoxide anion (Hansford et al., 1997;
Kumar et al., 2021; 2022). In the proton-pumping mecha-
nism of Complex-I, ROS generation is more dependent on
changes in the transmembrane pH gradient (ApH) than on
the membrane potential (AY) (Lambert and Brand, 2004).
As mild uncoupling decreases proton motive force by low-
ering both ApH and AY, it is one of the effective means
to lower mitochondrial superoxide production at the cost
of efficient ATP synthesis (Brand et al., 2004). Thus, mild
mitochondrial uncoupling probably can be regarded as the
reduction of the efficiency of energy conversion without
compromising intracellular high energy phosphate levels
(Cunha et al., 2011).
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Uncoupling of mitochondria may be induced by
exogenous chemical protonophores such as “classical”
protonophore 2,4-dinitrophenol (DNP) and by activating
endogenous innate mitochondrial uncoupling pathways
involving, for instance, uncoupling proteins (Gruber et
al., 2013). DNP was necessary for the beneficial effect to
occur on low post-thaw survival of Rhesus macaque sperm
(Dong et al., 2010), but the addition of DNP did not exert
any action on swine spermatozoa and did not affect vari-
ables evaluated regardless of storage time at 17°C (Silva
et al., 2016). Further, culturing bovine post-compaction
embryos in the presence of high glucose (>2.5 mM) or sup-
plementation with DNP preferentially favour the survival
of embryos (Green et al., 2016). The effects of DNP on
sperm are debatable. So, this study was carried out to assess
the effect of DNP in counteracting the dilution effect in
cryopreserved buffalo semen.

MATERIALS AND METHODS

The present study was conducted at the Semen Freezing
Laboratory (SFL), Division of Animal Physiology and
Reproduction, Central Institute for Research on Buffaloes
(ICAR), Hisar, Haryana, India. All reagents were pur-
chased from Sigma-Aldrich (St. Louis, MO, United States)
unless otherwise stated.

Preparation of stock solutions

DNP (PESTANAL®, Analytical standard; Cat No: 34334)
was weighed and 50 uM stock solution was prepared in
Tris buffer.

Semen collection, evaluation and
cryopreservation

A total of 11 semen ejaculates were collected using an arti-
ficial vagina from five Murrah buffalo bulls. Samples were
assessed for volume, colour, mass motility and sperm con-
centration by a photometer (Accucell bovine photometer
(IMV), ’Aigla, France). Semen ejaculates were diluted with
the help of low density lipoproteins (LDL) based extender
as described by Dalal et al. (2020) [Tris (3.02 % w/v), citric
acid (1.67 % w/v), fructose (1 % w/v), LDL (12 % g/v), pen-
icillin (10 lakhs units/L) and streptomycin (1.25 g/L) plus
glycerol (6.4 % v/v, Thermo Fisher Scientific, Mumbali,
India)] into 20 million and 2 million sperm/0.25 mL straw.
DNP was added (@ 0, 1, 10 and 50 pM) to 20 million
and 2 million sperm/0.25 mL straw. Sperm motility was
assessed and ejaculates having >70% sperm motility were

23 The Indian Journal of Animal Reproduction, 43(1): 22-29, June 2022



Arjun et al.

loaded into French mini straws (0.25 mL) (IMV, France)
and equilibrated at 4°C for 4 h and cryopreserved (Patil et
al., 2020).

Estimation of sperm kinetics and motility

Sperm kinetics and motility were analyzed using the
computer-assisted sperm analyser (CASA) (IVOS 12.1,
Hamilton S. Thorne Biosciences, Beverly, MA, USA) as
described by Kumar et al. (2015). The sperm motion char-
acteristics recorded were: total motility - TM (%), progres-
sive motility - PM (%), straight linear velocity - VSL (um/s),
average path velocity - VAP (um/s), curvilinear velocity -
VCL (um/s), amplitude of lateral head displacement - ALH
(um), beat cross frequency - BCF (Hz), straightness - STR
(%), linearity - LIN (%) and wobble - WOB (%).

Evaluation of thermal resistance and sperm
plasma membrane integrity

Sperm thermal resistance was evaluated through the incu-
bation test; and sperm plasma membrane functional integ-
rity was evaluated by the Hypo-Osmotic Swelling Test
(HOST) as described by Kumar et al. (2015) and Arjun
et al. (2021). The motility of sperm was evaluated at dif-
ferent time intervals (0, 30, 60, 90 and 120 min) by using
a phase-contrast microscope. The number of tail curled
spermatozoa percentage in PBS was deducted from the
HOS test to get the true HOST-reactive sperm.

Flow cytometry analysis

Flow cytometry analyses were conducted using a CytoFLEX
(Beckman Coulter-Life Sciences) equipped with laser light
488 nm for excitation. Samples were analysed at a sample
flow rate of 30 pL/min and 10000 events were recorded.
Fluorescent channels FITC (525/40 BP) and PE (585/42
BP) were used for evaluation.

Detection of mitochondrial superoxide anion
status

The mitochondrial superoxide anion status (MSAS) in
sperm cells was detected through flow cytometry using
MitoSOX™ Red mitochondrial superoxide indicator (Cat
No. M36008; Invitrogen) with blue laser excitation (488
nm) and detection with a 585/42 BP (FL2 channel/PE)
as described by Patil et al. (2020) and Arjun et al. (2022).
The sample flow rate at 30 uL/min and 10000 events were
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recorded for each sample. The P1 population was obtained
under FSC-A vs FSC-H dot plot, where doublets and
debris were excluded from the main population using a
polygon gate and the obtained P1 population was gated
under the FSC-A vs SCC-A dot plot to obtain the P2 pop-
ulation. P2 population was gated under the histogram and
classified into two types, positive for MitoSOX and nega-
tive for MitoSOX (Fig. 1a,b). The data were analyzed in the
CytExpert software (v.2.3).
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Fig. 1: Histogram overlay showing effect of DNP on MitoSOX
positive (%) in 2 million sperm/dose (a) and 20 million sperm/
dose (b)

Evaluation of mitochondrial membrane
potential

The mitochondrial membrane potential was evaluated
using JC-1 dye (Cat No. T3168; Invitrogen) as described
by Ghaleno et al. (2014) and Arjun et al. (2022) with
slight modification and with the help of polygon gate.
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Spermatozoa were classified into two types viz., JC-1
aggregates or high mitochondrial membrane potential
(hMMP) and JC-1 monomers or low mitochondrial mem-
brane potential (IMMP). The data were analysed in the
CytExpert software (v.2.3).

Statistical analysis

All statistical analyses were carried out using IBM SPSS
Statistics software (IBM Corporation, USA) for windows.
Data were analyzed using a two-way ANOVA and means
comparisons were done with the Duncan’s multiple range
test (DMRT). Statistical significance was set at a 0.05 prob-
ability level. Results were expressed as mean + standard
error (SE).

RESULTS AND DISCUSSION

The effect of DNP on sperm motility and kinetic
parameters is depicted in Table 1. The TM was found
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significantly (P<0.05) higher in all groups of 20 million
sperm as compared to 2 million sperm. Whereas, no sta-
tistical difference (P>0.05) was observed in PM between 20
and 2 million sperm extended at different concentrations
of DNP. Supplementation of DNP up to 50 uM showed
no adverse effect on TM and PM in both 2 and 20 million
sperm groups and their motility was comparable with the
control group in respective sperm concentration. The sup-
plementation of DNP in semen extender maintained sperm
kinetics such as VCL, VSL and VAP in diluted semen (2 mil-
lion) which is comparable with 20 million sperm kinetics.
The BCF was found significantly (P<0.05) higher in 20 mil-
lion sperm in comparison to 2 million in all study groups,
while ALH was higher in 2 million sperm in comparison to
20 million in all, except 0 uM. Within the treatment groups
of 2 million and 20 million, no difference (P>0.05) was
observed in the BCF and ALH. The DNP treatment @ 1 uM
reduced the sperm LIN significantly (P<0.05) in 2 million
than 20 million sperm, but, other parameters were compa-
rable, which indicated the effectiveness of DNP to maintain
the STR, LIN and WOB of the sperm even in diluted semen.

Table 1: Effect of DNP on sperm motility and kinetic parameters (n=11)

DNP
Parameters Sperm concentration
0 uM 1uM 10 uM 50 uM
TM (%) 20M 45.19+2.26* 44.11+3.454 41.57+2.66* 37.81+2.83%
’ 2M 25.91+3.17° 27.64+3.47" 28.38+3.80° 25.73+2.99®
PM (%) 20M 37.27+3.66 33.92+3.35 33.64+3.82 30.98+3.75
’ 2M 22.78+4.38 22.19+3.99 23.78+3.47 22.46+3.93

20M 200.27+8.29 194.39+7.10 195.27+7.27 189.29£10.20
VCL (um/sec)

2M 209.39£13.95 215.09+15.34 223.79%16.07 211.33%11.95

20M 102.05+5.47 99.54+4.91 96.84+4.70 90.79+6.16
VSL (um/sec)

2M 96.34+7.06 95.51£7.97 99.65£7.45 94.62£5.45

20M 118.33+5.59 115.12+4.93 113.77+4.77 108.93+6.10
VAP (um/sec)

2M 116.55+7.52 116.05+8.82 121.38+8.91 115.50+5.51

20M 28.20+0.714 28.57+0.674 27.85+0.76* 26.95+0.634
BCF (Hz)

2M 24.68+0.81° 24.75+0.97" 24.05+0.61° 24.21+0.86"

20M 8.27+0.30 7.97+0.24" 8.17+0.31% 8.22+0.35%
ALH (um)

2M 9.00+0.44 9.67+0.434 9.64+0.534 9.30+0.44*

20M 85.17+0.79 85.28+0.82 83.85+1.10 82.28+1.24
STR (%)

2M 83.35+1.61 82.55+1.05 82.32+0.76 82.36+1.34

20M 52.47+1.53 52.32+1.13% 50.92+1.44 49.29+1.23
LIN (%)

2M 48.91£1.72 47.28+1.21% 46.69£1.39 47.24+1.68

20M 60.77+1.40 60.49+0.82 59.75%1.13 59.05+1.23
WOB (%)

2M 58.25+1.54 56.58+0.90 56.02+1.33 57.45%1.61

“Byalues (Mean + SEM) with a different superscript in column differ significantly (P<0.05) between groups of 2M and 20M concentration (N=11).20M: 20 million
sperm/dose; 2M: 2 million sperm/dose.

TM: Total motility; PM: Progressive motility; VCL: Curvilinear Velocity; VSL: Straight Line Velocity; VAP: Average Path Velocity; BCF: Beat Cross Frequency; ALH:
Amplitude of Lateral Head Displacement; STR: Straightness; LIN: Linearity and WOB: Wobble
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CASA measures the proportion of motile spermatozoa and
other sperm motion parameters derived from single sper-
matozoa cells and it has a more predictive value of fertility
potential of semen ejaculates (Mortimer and Swan, 1995).
In bovine species, specific motion parameters have been
positively correlated with fertility (Perumal et al., 2014).
Addition of 0.5 nM of DNP to ram semen significantly
(P<0.05) increased the motility parameters and decreased
abnormal sperm (Nazari ef al., 2020). In the present study,
the addition of DNP did not result in any change in the
CASA based sperm parameters. However, DNP activity
may depend on morphological and physiological charac-
teristics of spermatozoa because ejaculates with low post-
thaw survival are usually benefited more than those with
high post-thaw motility from treatment with DNP (Dong
etal., 2010).

The effects of DNP on HOST, MSAS and MMP are
elucidated in Table 2. The sperm plasma membrane integ-
rity as assessed by HOST was significantly higher in the 20
million than 2 million sperm concentration in all concen-
trations of DNP used in this study. There was no signifi-
cant (P>0.05) difference between the group of 20 million
and 2 million (Fig. 2a, b). MSAS by spermatozoa was found

Table 2: Effect of DNP on HOST, MSAS and MMP levels (n=11)
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higher in 2 million concentrations in comparison with
20 million concentrations, which significantly (P<0.05)
differed in all treated groups. There was no significant
difference (P>0.05) within the groups of 20 million and
2 million sperm concentrations. The hMMP was signifi-
cantly reduced in 2 million sperm as compared to 20 million
sperm in all study groups of DNPs whereas, no significant
difference was observed within the groups of 20 million
and 2 million sperm at different concentrations of DNP.
The addition of DNP at three different concentrations, viz.,
1, 10 and 50 pM did not have any adverse effect on sperm
membrane integrity as compared to the control group, but
failed to yield better results than the control. Similar results
were seen in 2 million, but in comparison to 20 million,
the sperm plasma membrane integrity was recorded to be
decreased in 2 million groups. Silva et al. (2016) found that
incubation with 0.1, 1 and 10 uM concentrations of DNP in
boar ejaculates for 96 h did not cause damage to the sperm
plasma membrane. However, the addition of DNP in the
semen extender increased the post-thaw motility in Rhesus
monkey semen (Dong et al., 2010).

In the present study, the addition of DNP at 1, 10 and
50 pM resulted in no significant reduction of superox-

Parameters Sperm concen- DNP
tration 0 uM 1 uM 10 pM 50 uM

20M 40.09+2.01* 41.73+2.41* 39.59+2.774 36.45+2.214
HOST positive (%)

2M 23.91+2.50® 23.64+1.358 24.27+1.958 26.00+2.04%

20M 52.65+2.44% 53.90+2.40® 50.62+3.228 54.50+3.77"
MitoSOX positive (%)

2M 66.34+2.974 69.31+1.44% 69.51+1.56% 66.21+2.414

20M 45.58+1.88* 45.75+1.78* 49.1142.534 45.03+2.23*
hMMP (%)

2M 34.69+2.388 34.54+1.30® 33.43+1.04" 37.06+1.718

“Byalues (Mean + SEM) with a different superscript in column differ significantly (P<0.05) between groups of 2M and 20M concentration (n=11)., 20M: 20 million

sperm/dose; 2M: 2 million sperm/dose.

HOST: Hypo osmotic swelling test; hMMP: high Mitochondrial Membrane Potential
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Fig. 2: (a) HOST positive (%) in 2 (2M) and 20 (20M) million sperm/dose. (b) arrow mark indicating
HOST positive and HOST negative sperm (100 X Objective)
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Table 3: Comparison of buffalo sperm thermal resistance in DNP treated samples (Mean +SEM)

Incubation Time and sperm concentration

0 min 30 min 60 min 90 min 120 min
DNP 2M 20M 2M 20M 2M 20 M 2M 20M 2M 20M
41.82+ 55.00+ 34.09+ 49.09+ - 4227+ 20.00+ 37.27+ 13.64+ 33.18+
oM 2.058% 0.954% 2.928x 1.63A% 26.36+3.10 2,174 2.948x 3.26% 2.348« 3.044
4091+ 54.55+ 31.36% 51.36+ 44,55+ 17.27+ 40.45+ 11.14+ 35.00+
+ Bxy
1M 2.418% 1.844x 1.80% 1.804¢ 22.73%2.17 2.18%¢ 1.838« 2.284x 1.328 3.094x
40.00+ 54.55+ 31.82+ 48.64+ 4227+ 16.82+ 38.18+ 11.36+ 34.09+
+ Bxy
10 M 2.70% 2.284x 2.05%y 2.704% 23.18+1.69 2.814% 2.26% 2.884% 1.635% 3.084x
50 uM 33.18+ 49.09+ 2591+ 4227+ 18.18+2.46% 34,55+ 12.95+ 30.45+ 7.36+ 26.82+
3.46% 3.084x 3.29% 3.19% 3.05% 2.548¢ 3.05% 1.73%% 2.634¢

“values (Mean + SEM) with a different superscript in column differ significantly (P<0.05) within the groups of 2M and 20M concentration.

“Byalues (Mean + SEM) with a different superscript in row differ significantly (P<0.05) between the groups of 2M and 20M concentration. (N=11)., 20M: 20 million

sperm/dose, 2M: 2 million sperm/dose.

ide levels in frozen-thawed semen in both 2 million and
20 million groups. Similar to our results, no significant
reduction of ROS levels in boar fresh semen ejaculates
incubated with the 0.1, 1 and 10 uM DNP concentrations
(Silva et al., 2016) and fresh yellow catfish semen (Fang
et al., 2014) was reported. But in contrast to our findings,
Fang et al. (2014) found a significant reduction of ROS
levels in frozen-thawed yellow catfish sperm samples sup-
plied with DNP at 1 uM concentration. Similarly, Nazari
et al. (2020) reported that DNP at 0.5, 0.75 nM concentra-
tion significantly (P<0.05) increased sperm viability and
membrane integrity in ram semen. Since, DNP is mito-
chondrial uncoupler in ETC, used to prevent intracellular
oxidative stress, and the use of DNP in Rhesus monkeys
with low cryo-resistant ejaculates, reduced ROS through
mild mitochondrial uncoupling (Dong et al., 2010). But in
our experiment, DNP failed to combat the oxidative stress
occurred during the freeze-thaw cycle.

In the present study, there was no significant change
in MMP with the addition of DNP at 0, 1, 10 and 50 pM
in 2 million and 20 million groups, which concurred with
the findings of Silva et al. (2016) in fresh boar ejaculates
on 96 hours of incubation. Fang et al. (2014) reported a
significant decrease of MMP in 0.1, 1.0 and 10 uM DNP
groups as compared to the control, where fresh sperm
samples were equilibrated with DNP at 37 °C for 30 min.
However, Davila et al. (2016) reported that incubation of
DNP at 1-400 uM for 1 and 3 h did not affect MMP in
stallion sperm.

A comparison of buffalo sperm thermal resistance in
DNP treated samples is shown in Table 3. Sperm thermal
resistance by incubation test indicated that the longevity
of the sperm in 20 million concentrations was high up to
120 min than 2 million sperm. The longevity of the sperm

27

in 2 million and 20 million was comparable with control
when cryopreserved with the supplementation of DNP @
1 and 10 pM up to 120 min of incubation. In the 20 million
group, the use of DNP at 50 pM concentration resulted in a
slight decrease in the motility than the control at 1 h incu-
bation. Silva et al. (2016) in fresh boar ejaculates did not
tind any change in the motility between the 0, 0.1, 1 and 10
uM groups after incubation with DNP for 96 h.

CONCLUSIONS

In conclusion, incorporation of DNP at the 1, 10 and 50
1M concentration and dilution does not have a protective
effect on buffalo spermatozoa during cryopreservation of
20 and 2 million sperm concentrations.
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