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Abstract: The aim of this study was to describe an optimal sonication procedure for sperm cells. Therefore, we used several parameters
such as damaged spermatozoa rate (%), mitochondrial activity rate (%), levels of lipid peroxidation, and total antioxidant potential.
Ejaculates were collected from rams (n = 3) and were divided into aliquots and 3-, 6-, and 10-s duration times; 1, 3, 5, and 8 repetitive
application groups were established. In the groups with 3-, 6- and 10-s duration times, with the increasing number of repeated
applications, damaged spermatozoa rates increased (P < 0.05) while mitochondrial activity rates decreased (P < 0.05). In relation with
sonication duration time, total antioxidant potential levels increased (P < 0.05) in single-application groups compared to those in
control groups and gradually decreased as the repetitions increased. The most effective results were obtained in the group with 8
repetitions and 10-s duration based on damaged spermatozoa rate and mitochondrial activity rate.
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1. Introduction

The composition and dynamics of spermatozoa content
change during sperm cryopreservation. In this regard,
protection of spermatozoa from the effects of cryodamage,
especially with the ameliorating effects of antioxidant
agents, is important. Evaluating the antioxidant enzymes
and oxidative stress parameters in addition to sperm
quality parameters is crucial in the studies regarding
cryopreservation (1,2). Therefore, the importance of
disrupting sperm cells and organelle membranes by
ultrasonication in optimal conditions and obtaining the
complete biochemical content emerges.

Sonochemistry applications include sonic and
ultrasonic waves. The chemical and mechanical effects
of ultrasonic waves are related to cavitation, which is the
formation of microbubbles by negative pressure in an
applied liquid. Cavitation produces enough energy to
break intermolecular van der Waals bonds or even the
covalent bonds within the membranes (3-6). Ultrasonic
homogenization with 20-100 MHz frequency ultrasonic
waves is widely used in the disruption of the integrity of
the cells (7). Sonochemical reaction is related to ambient
temperature; that is, heat causes an increase in the
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equilibrium vapor pressure and the formation of more
bubbles. This process reduces the efficiency of cavitation.
Therefore, a low ambient temperature is needed for
efficient ultrasonication (4,8).

Since free radicals have one or more unpaired electrons,
they are very unstable reactive molecules (9) and easily
react with other organic molecules such as lipids, proteins,
DNA, and carbohydrates, collectively leading to structural
deterioration (10). It is reported that free radicals, which
induce lipid peroxidation (LPO) of biological membranes,
are formed because of the ultrasonic heat in the liquid (11).
The cell membrane, which is composed of polyunsaturated
fatty acids, is a primary target for a reactive oxygen attack.
LPO is considered to be the main molecular mechanism
involved in the oxidative damage to cell structures and is
an indicator of membrane integrity (12,13). Antioxidant
potential (AOP) is the capability of the cell to scavenge free
radicals and to repair their damage. Moreover, it reflects
the oxidative-antioxidative balance of the cell.

Sonication applications for cell membrane disruption
were reported by various researchers. Tateno et al. (14)
reported that using sonication at a 5-s duration, more
than 95% of mouse spermatozoa had their heads and tails
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separated, and more than 95% of human spermatozoa
had broken tails. Normal sperm rate was reduced from
95.5% to 42.8% and the tailless sperm rate was increased
from 4.5% to 57.2% by sonication at 6 repetitions with at
least 30-s intervals (15). Baker et al. (16) reported broken
axonemes and sperm heads by sonication at a 15-s duration
repeated 3 times at intervals of 1 min, as determined by
light microscopic examination.

Besides the determination of damaged spermatozoa
(%) rate as a subjective method for evaluating
spermatozoa cytoplasmic membrane integrity, evaluation
of mitochondrial function (activity) has been suggested as
an objective method for indication of organelle damage.
Briefly, by means of fluorescent dyes penetrating sperm cell
mitochondria, a gradient occurs at 100-200 mV negative
potential in the mitochondrial membrane. Evaluation
of this gradient presents an objective determination of
organelle integrity of spermatozoa (17-19).

In our hypothesis, the optimal disruption of the cell
and organelle membranes is proposed to be at the highest
rates of damaged spermatozoa (%) and LPO levels, and at
the lowest rates of mitochondrial activity (%) and AOP
activity. The aim of this study was, therefore, to describe
an optimal sonication procedure for disrupting sperm
cell and organelle membranes and releasing complete
spermatozoa content according to damaged spermatozoa
rate, mitochondrial activity rate, and LPO and AOP levels.

2. Materials and methods

2.1. Animals and semen collection

Ejaculates from healthy, mature, and fertile Merino rams
(n = 3) were used in the study. The rams, belonging to the
Experimental and Education Farm of the Selguk University
Faculty of Veterinary Medicine, were maintained under
uniform feeding and housing conditions. Ejaculates were

collected from the rams with the aid of an artificial vagina
twice a week as 8 replicates, according to standard Al
procedures during the breeding season (September and
October).

2.2. Evaluation and dilution of semen
Only ejaculates containing spermatozoa with >80%
forward progressive motility and concentrations higher
than 2.0 x 10° spermatozoa/mL were used in the study.
Immediately after collection, the ejaculates were pooled
and immersed in a warm water bath at 37 °C until their
assessment in the laboratory. The pooled ejaculates in
each replication were diluted with a final concentration
of approximately 1.0 x 10° spermatozoa/mL in Tris-based
extender (297.58 mM Tris, 96.32 mM citric acid, 82.66 mM
fructose, 55 mM glycerol, and 15% egg yolk) and divided
into 4 equal aliquots with groups (n = 8) established as
below:

1- 3-s group with 1, 3, 5, and 8 repetitions,

2- 6-s group with 1, 3, 5, and 8 repetitions,

3- 10-s group with 1, 3, 5, and 8 repetitions,

4- Control (only diluted spermatozoa).

2.3. Sonication process

Diluted ejaculate samples were washed with phosphate-
buffered saline (PBS) 3 times. Briefly, each sample volume
was completed to 1 mL with PBS and centrifuged at 800
x g for 10 min at 4 °C. Supernatant was discarded and the
pellet was completed to 1 mL with PBS. After reevaluation
of the concentration of each group (Tables 1-3), samples
were sonicated in 2-mL transparent polyethylene tubes
(1.5 cm in diameter, 6 cm in height) on a continuous basis
by the Sonics Vibra-Cell (Sonics & Materials, Inc., USA;
model: VCX 130, serial no: 45822, net power output: 130
W, frequency: 20 kHz, amplitude: 100%, probe: S&M 630-
0422, probe model: CV18, probe serial no: 6837) with a
30-s cooling period (on ice) between each duration time.

Table 1. Effects of 3-s duration and single, 3, 5, and 8 repetitive sonication applications on damaged spermatozoa rate (%), mitochondrial

activity (%), and levels of LPO and AOP.

Groups Concentration Damaged ]Cl.—l')I high ]Cl.-?l low LPO (um/1 x 10°| AOP (mM/1 x
(1 x 10%/mL) spermatozoa (%)| activity (%) activity (%) sperm) 10° sperm)
Single-term 831.25 + 66.10* | 23.75 +5.23" 3.73 £0.48° 56.3 + 3.05° 23.04+2.17° 125.60 + 2.40¢
3 repetitions 953.125 £ 26.9° | 51.25 + 2.45° 2.86 + 0.46° 54.3 + 3.04° 16.85 + 1.73* 101.10 + 3.53¢
5 repetitions 693.75 + 61.50* | 81.25 + 2.05¢ 2.45 + 0.49* 1.8 £0.57* 23.40 +1.97° 67.8 + 3.46°
8 repetitions 631.25 + 43.20° 88.12 + 0.90¢ 0+£0* 0.52 £ 0.28* 23.23 +1.75° 56.12 + 1.68
Control 946.87 +73.80° | 0£0* 16.59 * 1.04¢ 58.6 + 2.42° 17.83 + 1.30% 77.07 = 5.70°
P * * * * * *

a, b, ¢, d - values with different letters in the same column are statistically different (*P < 0.05).
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Table 2. Effects of 6-s duration and single, 3, 5, and 8 repetitive sonication applications on damaged spermatozoa rate (%), mitochondrial

activity (%), and levels of LPO and AOP.

Groups Concentration Damaged ]Cl_—?l high ]Cl.—PI low LPO (um/1 x AOP (mM/1 x
(1 x10%mL) spermatozoa (%) | activity (%) activity (%) 10° sperm) 10° sperm)

Single-term 787.50 + 100.77%*| 35.6 + 6.50° 6.30 + 1.25" 37.14 + 5.50° 26.90 + 2.55¢ 128.60 + 2.68¢
3 repetitions 971.87 + 69.34° 59.3 £ 4.30¢ 1.60 + 0.82* 29.51 +£2.20° 15.05 +2.18* 105.30 £ 3.78¢
5 repetitions 743.75 £ 79.30 | 83.7 +2.05¢ 0.26 + 0.26* 3.18 £ 2.02* 26.32 +2.41% 79.10 £ 9.87°
8 repetitions 675.00 + 40.08* 94.3 + 1.70¢ 0.00 + 0.00* 0.71 £ 0.55* 22.14 £ 4.77% 57.20 £ 1.87*
Control 946.87 +73.80°* | 0+ 0° 16.50 = 1.04¢ 58.60 £ 2.42¢ 17.80 + 1.30% 77.00 + 5.76°
P * * * * * *

a, b, ¢, d - values with different letters in the same column are statistically different (*P < 0.05).

Table 3. Effects of 10-s duration and single, 3, 5, and 8 repetitive sonication applications on damaged spermatozoa rate (%), mitochondrial

activity (%), and levels of LPO and AOP.

Groups Concentration Damaged ]Cl.-PI high ICI’-PI low LPO (um/1 x AOP (mM/1 x
(1 x 10/mL) spermatozoa (%) | activity (%) activity (%) 10° sperm) 10° sperm)

Single-term 865.62 + 54.47° | 45.6 +5.12° 4.8 +1.20° 34.2 +5.90° 282 +5.4° 129.9 + 4.42¢

3 repetitions 915.62 + 81.68" | 64.3 +2.90° 2.9 + 1.70% 23.2 + 4.40° 16.9 + 4.2 108.8 + 3.92¢

5 repetitions 640.62 +45.79* | 88.7 + 3.50¢ 0.00 £ 0.00* 24.9 + 1.40° 27.8 +2.3° 80.8 + 8.77°

8 repetitions 606.25 + 44.75* | 100 * 0.00¢ 0.00 £ 0.00* 0.4 £0.20* 139+1.72 56.3 +2.08*

Control 946.87 +73.80° | 0.00 + 0.00* 13.7 £2.10¢ 48.6 £ 5.10¢ 19.9 +3.1® 74.3 £9.14®

P * * * * * *

a, b, ¢, d, e - values with different letters in the same column are statistically different (*P < 0.05).

2.4. Evaluation of damaged
mitochondrial activity rates (%)
After sonication of spermatozoa, the number of cells with
intact head was evaluated by the hemocytometric method
in a Thoma chamber. Mitochondrial activity was evaluated
by JC-1/PI fluorescent dye (18). Briefly, 2 uL of JC-1 dye
(in 1.53 mM DMSO) was added into 12 pL of PI (2.99
mM PI-modified Tyrode solution) and 0.7 uL of SYBR-
14 into 1 mL of HEPES/BSA buffer solution. Next, 110 pL
of this prepared solution was added into 390 uL of sperm
suspension and the mixture was incubated in a water bath
at 37 °C. Mitochondrial activity was evaluated in 2 pL of
the sample prepared under a coverslip with fluorescent
microscope.

2.5. Evaluation of LPO and AOP levels

LPO levels were determined in control group homogenates
and sonicated homogenates using LPO-586 Oxis Research
kits (Oxis Research, USA). For determination of AOP
levels (AOP-490 Oxis Research kits), homogenates were

spermatozoa and

centrifuged at 10,000 x g for 10 min at 4 °C to remove the
cell debris and the supernatant was collected. LPO and
AOP levels were determined spectrophotometrically (UV
2100 UV-VIS Recording Spectrophotometer, Shimadzu,
Tokyo, Japan).

2.6. Statistics

Results were expressed as mean + SE. Means were analyzed
by analysis of variance (ANOVA), followed by Duncan’s
post hoc test to determine significant differences in all the
parameters between groups using SPSS for PC (version
12.0, SPSS Inc., Chicago, IL, USA). Differences with values
of P < 0.05 were considered to be statistically significant.

3. Results

The effects of sonication on different groups are presented
in Tables 1-3. In the 3-, 6-, and 10-s duration time groups,
as the number of repetitions increased, the damaged
spermatozoa rate increased, while the JCI-P1% high activity
and JCI-PI% low activity decreased (P < 0.05). Regarding
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the spermatozoa damage and mitochondrial activity rates,
the most effective results were obtained in the group with
8 repetitions and 10-s duration. In relation to sonication
duration time, LPO (P > 0.05) and AOP levels (P < 0.05)
increased in single-repetition groups compared to the
control groups, whereas levels were affected differently
during repeated applications (Tables 1-3).

4. Discussion

This study was performed to describe an optimal sonication
procedure for sperm cells. Sonochemical reactions lead to
an increase in temperature and highly reactive free radicals
(20). Peroxidation of the membrane lipids of spermatozoa
due to the effects of free radicals deteriorate the membrane
integrity (12). In vitro application of ultrasound waves (1
MHz,0.61-2.44 W/cm? intensity) into carp erythrocytes for
a 5-min duration increased the LPO and methemoglobin
levels in parallel to the increase in intensity (21). In the
current study, a single-term application of sonication in the
3-, 6-, and 10-s duration groups increased the LPO levels
(P > 0.05) as compared to the control group, in parallel to
the increase in the duration time (Tables 1-3). As regards
the LPO levels in the 3-, 6-, and 10-s duration groups, the
levels were lower in groups with 3 repetitions as compared
to those in the single-term and 5- and 8-repetition groups
(P < 0.05; Tables 1-3). This suggests that the sonication
process broke down the cell and organelle membranes
and increased the LPO levels in the single-term groups.
Because the repetition of sonication may lead to the
formation of molecules with lower molecular weight,
which represents different levels of LPO, the levels of LPO
determined in the current study seem incompatible with
the applications. We have previously reported (22) that in
liver homogenates LPO levels were increased gradually by
2-, 4-, 6-, and 8-s sonication, while levels were reduced
(P > 0.05) at a 10-s duration. With respect to the AOP,
levels increased significantly in single-term groups in all
durations, but repetition of sonication gradually reduced
the levels. These data may reveal that sonication released
cell and organelle content by a single-term application,
and repetition of sonication resulted in higher levels of
free radicals in the medium, which consumed the AOP
(Tables 1-3).

To investigate sperm cell integrity, the effects of
sonication on damaged sperm have been established in
several studies. A 5-s duration of sonication (Brinwell
Scientific, Rochester, NY, USA; model BP-II, with 12-
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mm diameter horn, 60% output) led to the separation of
tails from the heads by 95% in mouse spermatozoa and
broken tails by 95% in men (14). Yamamoto et al. (15) also
reported that the separation of heads from tails increased
as the repetition of sonication (2, 4, and 6 times) increased
(Ultrasonic generator, model US150) with a 15-s duration
in the spermatozoa of Sprague Dawley rats. By sonication,
membrane proteins split off in addition to the separation
of heads and tails. Baker et al. (16) reported that with a 15-s
duration, 1 min of cooling, and 3 repetitive applications of
sonication (VirTis, Gardiner, NY, USA), membranes were
damaged and thus membrane proteins were split off. In
the current study, different sonication duration times and
repetitions induced damage of the spermatozoa, and, as
the duration time and repetitions increased, the damaged
sperm rate also increased (Tables 1-3).

Mitochondrial activity has been suggested to be an
objective parameter for evaluation of spermatozoa (17,19).
We observed that with the increased rate of damaged
spermatozoa, the mitochondrial activity decreased with
the increased duration time and repetitions of sonication
application (Tables 1-3). Repetition of sonication increased
the damaged sperm rate and decreased the JC1-PI% high
activity in all duration groups. The highest percentage of
damaged spermatozoa (100%) with the lowest percentage
of JC1-PI high activity (0%) and the lowest low activity
(0%) were observed in the 8-repetition, 10-s duration
group (P < 0.05; Table 3). The decrease in mitochondrial
activity, with the increase in damaged spermatozoa rate,
seemed to be in good agreement and supported the effects
of sonication on complete spermatozoa and organelle
membrane damage.

In conclusion, in ram spermatozoa, as the duration
and repetitions of sonication applications increased,
the damaged spermatozoa rate increased while the
mitochondrial activity decreased. The most effective
application of sonication related to the damaged
spermatozoa rate (100%) and mitochondrial activity (0%)
was observed in the 8-repetition, 10-s duration group in
Merino ram spermatozoa.

Acknowledgments

This study was supported by the Scientific Research
Coordinating Office of Selguk University (Project No:
11401171) and was approved by the Selguk University
Veterinary Faculty Local Animal Research Ethics
Committee (No: 2011/11, 08.08.2011).



PEKER AKALIN et al. / Turk J Vet Anim Sci

References

1.

10.

11.

12.

Coyan K, Bagpinar N, Bucak MN, Akalin PP, Ataman MB,
Omiir AD, Giingdr $, Kiigiikgiinay S, Ozkalp B, Saridzkan
S. Influence of methionine and dithioerythritol on sperm
motility, lipid peroxidation and antioxidant capacities during
liquid storage of ram semen. Res Vet Sci 2010; 89: 426-431.

Bucak MN, Bagpmar N, Tuncer PB, Sariozkan S, Akalin PP,
Coyan K. Effects of curcumin and dithioerythritol on frozen-
thawed bovine semen. Andrologia 2012; 44: 102-109.

Nyborg WL. Acoustic Streaming. Vol 2B. New York, NY, USA:
Academic Press; 1965.

Suslick KS. Ultrasound: Its Chemical, Physical, and Biological
Effects. New York, NY, USA: VCH Publishers; 1988.

Kuldiloke J. Effect of ultrasound, temperature and pressure
treatments on enzyme activity and quality indicators of fruit
and vegetable juices. PhD, Technische Universitit, Berlin,
Germany, 2002.

Burden DW. Guide to the disruption of biological samples.
Random Primers 2012; 12: 1-25.

Halliday D, Resnick R, 1992. Fizigin Temelleri (Translator:
Cengiz Yalgin). 3rd ed. Ankara, Turkey: Arkadas Press (in
Turkish).

Thompson LH, Doraiswamy LK. Sonochemistry: science and
engineering. Ind Eng Chem Res 1999; 38: 1215-1249.

Mercan U. Toksikolojide serbest radikallerin énemi. YYU Vet
Fak Derg 2004; 15: 91-96 (in Turkish).

Gutteridge JM. Lipid peroxidation and antioxidants as
biomarkers of tissue damage. Clin Chem 1995; 4: 1819-1828.

Karabiga M, Kiris i, Yilmaz N, Altuntag i, Karahan N, Okutan
H. Aprotinin’in deneysel aortik iskemi reperfiizyon modelinde
bobrek hasar: iizerine etkisi. Turkish J Vasc Surg 2007; 165:
9-18.

Yajima D, Motani H, Hayakawa M, Sato Y, Sato K, Iwase H.
The relationship between cell membrane damage and lipid
peroxidation under the condition of hypoxia-reoxygenation:
analysis of the mechanism using antioxidants and electron
transport inhibitors. Cell Biochem Funct 2009; 27: 338-343.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Wong-Ekkabut J, Xu Z, Triampo W, Tang IM, Tieleman DP,
Monticelli L. Effect of lipid peroxidation on the properties of
lipid bilayers: A molecular dynamics study. Biophys J 2007; 12:
4225-4236.

Tateno H, Kimura Y, Yanagimachi R. Sonication per se is not as
deleterious to sperm chromosomes as previously inferred. Biol
Reprod 2000; 63: 341-346.

Yamamoto T, Yoneyama M, Imanishi M, Takeuchi M. Flow
cytometric detection and analysis of tailless sperm caused by
sonication or a chemical agent. Toxicol Sci 2000; 25: 41-48.

Baker SS, Cardullo RA, Thaler CD. Sonication of mouse sperm
membranes reveals distinct protein domains. Biol Reprod 2002;
66: 57-64.

Evenson DP, Darzynkiewicz Z, Melamed MR. Simultaneous
measurement by flow cytometry of sperm cell viability and
mitochondrial membrane potential related to cell motility. |
Histochem Cytochem 1982; 30: 279-280.

Garner DL, Thomas CA, Joerg HW, DeJarnette JM, Marshall
CE. Fluorometric assessments of mitochondrial function and
viability in cryopreserved bovine spermatozoa. Biol Reprod
1997; 57: 1401-1406.

Hallap T, Nagy S, Jaakma U, Johannisson A, Rodriguez-Martinez
H. Mitochondrial activity of frozen-thawed spermatozoa
assessed by MitoTracker Deep Red 633. Theriogenology 2005;
63:2311-2322.

Edmonds PD, Sancier KM. Evidence for free radical production
by ultrasonic cavitation in biological media. Ultrasound Med
Biol 1983; 9: 635-639.

Milowska K, Gabryelak T, Lypacewicz G, Tymkiewicz R,
Nowicki. A. Effect of ultrasound on nucleated erythrocytes.
Ultrasound Med Biol 2005; 31: 129-134.

Ozdemir DS, Baspinar N, Akalin PP. Effects of ultrasound
homogenisation on the activities of superoxide dismutase,
glutathione peroxidase, catalase and levels of lipid peroxide in
liver homogenates. Eurasian ] Vet Sci 2015; 31: 16-19.

199


http://dx.doi.org/10.1016/j.rvsc.2010.03.025
http://dx.doi.org/10.1016/j.rvsc.2010.03.025
http://dx.doi.org/10.1016/j.rvsc.2010.03.025
http://dx.doi.org/10.1016/j.rvsc.2010.03.025
http://dx.doi.org/10.1016/j.rvsc.2010.03.025
http://dx.doi.org/10.1111/j.1439-0272.2010.01146.x
http://dx.doi.org/10.1111/j.1439-0272.2010.01146.x
http://dx.doi.org/10.1111/j.1439-0272.2010.01146.x
http://dx.doi.org/10.1016/B978-0-12-395662-0.50015-1
http://dx.doi.org/10.1016/B978-0-12-395662-0.50015-1
http://dx.doi.org/10.1021/ie9804172
http://dx.doi.org/10.1021/ie9804172
http://dx.doi.org/10.1002/cbf.1578
http://dx.doi.org/10.1002/cbf.1578
http://dx.doi.org/10.1002/cbf.1578
http://dx.doi.org/10.1002/cbf.1578
http://dx.doi.org/10.1002/cbf.1578
http://dx.doi.org/10.1095/biolreprod63.1.341
http://dx.doi.org/10.1095/biolreprod63.1.341
http://dx.doi.org/10.1095/biolreprod63.1.341
http://dx.doi.org/10.2131/jts.25.41
http://dx.doi.org/10.2131/jts.25.41
http://dx.doi.org/10.2131/jts.25.41
http://dx.doi.org/10.1095/biolreprod66.1.57
http://dx.doi.org/10.1095/biolreprod66.1.57
http://dx.doi.org/10.1095/biolreprod66.1.57
http://dx.doi.org/10.1177/30.3.6174566
http://dx.doi.org/10.1177/30.3.6174566
http://dx.doi.org/10.1177/30.3.6174566
http://dx.doi.org/10.1177/30.3.6174566
http://dx.doi.org/10.1095/biolreprod57.6.1401
http://dx.doi.org/10.1095/biolreprod57.6.1401
http://dx.doi.org/10.1095/biolreprod57.6.1401
http://dx.doi.org/10.1095/biolreprod57.6.1401
http://dx.doi.org/10.1016/j.theriogenology.2004.10.010
http://dx.doi.org/10.1016/j.theriogenology.2004.10.010
http://dx.doi.org/10.1016/j.theriogenology.2004.10.010
http://dx.doi.org/10.1016/j.theriogenology.2004.10.010
http://dx.doi.org/10.1016/0301-5629(83)90009-1
http://dx.doi.org/10.1016/0301-5629(83)90009-1
http://dx.doi.org/10.1016/0301-5629(83)90009-1
http://dx.doi.org/10.1016/j.ultrasmedbio.2004.09.012
http://dx.doi.org/10.1016/j.ultrasmedbio.2004.09.012
http://dx.doi.org/10.1016/j.ultrasmedbio.2004.09.012
http://dx.doi.org/10.15312/EurasianJVetSci.201518472
http://dx.doi.org/10.15312/EurasianJVetSci.201518472
http://dx.doi.org/10.15312/EurasianJVetSci.201518472
http://dx.doi.org/10.15312/EurasianJVetSci.201518472

