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ABSTRACT

Our objective was to evaluate the dose- and tinpedéent effect of nonylphenol (NP) (1, 10, 100
and 200 pg/mL) dissolved in 0.1% ethanol (ETOH)tlbe motility and progressive motility of
bovine spermatozoa during several time periods, @ 4 h and 6 h). The spermatozoa motility
was determined by CASA (Computer Assisted Semerly2@d system using the Sperm Visitn
program. The results showed a decreased spermataztily in all experimental groups with the
addition of NP. Significant difference®<0.001 andP<0.05) between the control group and the
experimental groups were recorddthe lowest spermatozoa motility was found at dos€$0
pg/mL of NP in comparison to the control group. Haga obtained from our study indicate that the
exposure to high doses of NP has the negativeteffespermatozoa motility.

Key words: endocrine disruptors, Anonylphenol, bovine spermatozoa, CASA system

Acknowledgments: This work was supported by the Scientific Agencytloé Slovak Republic
VEGA No. 1/0532/11.

966



MENDELNET 2012

INTRODUCTION

Nonylphenol (NP) is a toxic xenobiotic compoundssiéied as an endocrine disruptor capable of
interfering with the hormonal system of numerouganisms. It originates principally from the
degradation of nonylphenol ethoxylates (Soates., 2008).

NP is used in industrial and household detergemsmetic products and spermicides (Gong and
Han, 2006). NP can interfere with reproductionigh f reptiles and mammals, and induce the cell
death in gonads and changes to other reproducarsereters (Nagaet al., 2001; Cardinalet al.,
2004).

NP poses a threat to the health and reproductionasfimalian species through direct intake of NP
with various food products. NP is able to act adoenine disruptor and cause adverse reproductive
effects in mammals (Hughesal., 2000).

NP profoundly impairs testicular function as evides by reduced testis size (Chiéteal., 2002),
low circulating testosterone, disturbed testicwmucture and suppressed spermatogenesis (Nagao
etal., 2001; Taret al., 2003; Cardinalét al., 2004).

NP influences an increasing incidence of testicatarcer during the past decades, as well as an
increase in occurence of cryptorchidism and hypdgso(Carlseret al., 1995; Toppariet al.,
1996).

NP can induce apoptosis in rat testicular cellstidarly in Sertoli cells by inhibiting the Ea
pump in the endoplasmic reticulum. Low micromolancentration of NP induces testicular
oxidative stress and cytotoxicity vitro (Gonget al., 2009).

The objective of this study was to determine tHeatfof various concentrations of nonylphenol
dissolved in 0.1% ethanol (ETOH) during severaletiperiods (0 h, 2 h, 4 h and 6 h) on the
motility and progressive motility of bovine spermzda.

MATERIAL AND METHODS

Semen samples anah vitro culture

Bovine semen samples were obtained from 10 adekding bulls (Slovak Biological Services,

Nitra, Slovak Republic). The samples had to accahpthe basic criteria given for the

corresponding breed. After collecting the samplesrewstored in the laboratory at room
temperature (22-25°C). Each sample was dilutedhiysiplogical saline solution (PS) (sodium
chloride 0.9% w/v, Bieffe Medital, Grosotto, Itgliaising a dilution ratio of 1:40, depending on the
original spermatozoa concentration.
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Spermatozoa were incubated with various conceatrsitof nonylphenol (4-NP; Fluka, Buchs,
Switzerland) dissolved in 0.1% ethanol (ETOH, Sightdrich, Bratislava, Slovak Republic)
(group A—1; B - 10; C — 100; D — 200 pg/mL of NiPhe control (Ctrl) group was cultured with
physiological saline solution.

Spermatozoa were cultivated in the laboratory atrrdemperature (22-25°C). The control group
(medium without NP) was compared to the experimempoups (exposed to different
concentrations of NP).

Computer-assisted semen analysis (CASA)

The motility analysis was carried out using a CA&mputer Assisted Semen Analyzer) system
— SpermVisiof" program (MiniTib, Tiefenbach, Germany) with the Olympus BX 51 mémope
(Olympus, Tokyo, Japan) at cultivation times O I, 2 h and 6 h.

Each sample was placed into the Makler Counting n@@fea (deph 10 pm, Sefi-Medical
Instruments, Haifa, Izrael) and the following pastens were evaluated: percentage of motile
spermatozoa (motility > 5 pm/s; MOT) and percentafgerogressive motile spermatozoa (motility
> 20 pum/s; PROG). This study was performed in &plicates at each concentration (n = 10). At
least 1000 spermatozoa were analyzed in each sample

Statistical analysis

Obtained data were statistically analyzed using ge@ram GraphPad Prism 3.02 (GraphPad
Software Incorporated, San Diego, California, USBégscriptive statistical characteristics (mean,
minimum, maximum, standard deviation and coefficiefhvariation) were evaluated. One-way
analysis of variance (ANOVA) and the Dunnett’s nipldt comparison test were used for statistical
evaluations. The level of significance was set*a{ <0.001); ** (P<0.01) and * P<0.05).

RESULTS AND DISCUSSION

NP is one of the most abundant alkylphenolpolyejtaie derivates (APE) and can stay
biologically active for a longer period of time tihe body than endogenous estrogens (Nimrod and
Benson, 1996). NP profoundly impairs testicularction as evidenced by reduced testis size (de
Jageret al., 1999), disturbed testicular structure and swgge® spermatogenesis (Nagaal.,
2001; Cardinaliet al., 2004) and can induce Sertoli cell apoptoskorig et al., 2009) and
oxidative stresn rats (Gong and Han, 2006)

Evaluation of bovine spermatozoa motility exposedtNP dissolved in 0.1% ETOH

Evaluation of the percentage of spermatozoa mpsliowed slightly decreased values in all doses
of NP dissolved in 0.1% ETOH compared to the cdr(ttarl) group during time O h af vitro
cultivation. The results are shown in the Tablénlthis time, the lowest spermatozoa motility was
recorded in the groups B and ©<(Q.05) and the group DP€0.001) with the doses of NP
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(20 pg/mL; 100 pg/mL; 200 pg/mL) in comparison ke tcontrol group (89.30%; 87.89% and
87.30% versus 92.26%).

The decreased spermatozoa motility was found iexalkrimental groups in comparison with the
control group after 2 h of cultivation and signéfit differencesR<0.05 andP<0.001) were found
between the groups C and D and the control grolB8(86 and 79.70% versus 87.06%).

After 4 h of cultivation was found, that the spetazaa motility was also significantly decreased
in the groups BR<0.05), C and DR<0.001).

After 6 h ofin vitro cultivation a decrease of motility in all experinteingroups in comparison to
the control group was found. A significant decreasspermatozoa motilityR<0.05 and®<0.001)
was found in the groups C and D.

Tab. 1 Bovine spermatozoa motility (MOT; %) exposed to NP dissolved in 0.1% ETOH in various
time periods (Lukacova et al., 2012)

Groups Control 1 10 100 200

Ctrl A B C D

ug/mL of NP

Time 0
X 92.26 91.91 89.30 87.8¢ 87.3¢%
minimum 88.16 80.82 75.75 66.66 71.24
maximum 97.14 98.26 98.36 97.67 93.39
S.D. 2.50 3.88 5.69 7.66 4.05
CV (%) 2.72 4.23 6.38 8.72 4.64
Time 2
X 87.06 86.63 83.17 81.80 79.7¢%
minimum 75.00 74.41 61.70 65.21 52.63
maximum 95.65 95.00 98.96 95.74 88.88
S.D. 5.79 5.59 8.91 8.84 10.72
CV (%) 6.65 6.45 10.71 10.80 13.45
Time 4
X 83.37 82.19 76.63 73.28 69.18
minimum 65.38 69.56 55.26 45.00 4117
maximum 93.75 92.13 93.47 89.41 85.40
S.D. 8.37 5.88 11.60 14.47 13.91
CV (%) 10.04 7.15 15.13 19.75 20.10
Time 6
X 74.74 72.19 69.23 66.%56 60.76'
minimum 52.94 47.82 42.85 36.66 50.00
maximum 89.04 93.02 83.52 87.27 77.61
S.D. 9.49 11.83 11.14 13.02 8.41
CV (%) 12.70 16.39 16.09 19.56 13.84

Legend: x — mean, SD — standard deviation(®Y- coefficient of variation

AP<0.001;%P<0.01;°P<0.05
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An identical decrease of spermatozoa motility wasexnined also for the percentage of
progressive motile spermatozoa during all timequksi The results are shown in the Table 2. In 0 h
of cultivation, the lowest spermatozoa motility wiasnd in the groups B and ®<0.05) and the
group D P<0.001) using the doses of NP (10 pg/mL; 100 pg/2fQ pg/mL) in comparison with
the control group.

The decreased progressive motility was also recondeall experimental groups in comparison
with the control group after 2 h af vitro cultivation and significant differenc®<€0.05) was found
between the group D and the control group (76.88%us 86.13%).

After 4 h of cultivation was found, that the praggie motility was also significantly decreased in
the groups C and 0PE0.001).

After 6 h ofin vitro cultivation a significant decrease of progressipersmatozoa motility<0.05
andP<0.001) was found in the groups C and D.

Tab. 2 Bovine progressive spermatozoa motility (PROG; %) exposed to NP dissolved in 0.1%
ETOH in various time periods

Groups Control 1 10 100 200

Ctrl A B C D

pg/mL of NP

Time 0
X 90.31 88.85 86.50 84.48 8321
minimum 87.28 80.32 52.30 66.66 62.21
maximum 93.46 92.56 97.62 94.76 92.30
S.D. 2.85 3.78 9.26 7.52 8.88
CV (%) 2.75 391 9.66 8.26 6.72
Time 2
X 86.13 84.25 81.31 78.96 76983
minimum 72.08 71.21 65.15 52.00 49.35
maximum 96.36 94.90 93.00 93.85 93.12
S.D. 4.70 6.45 6.26 9.31 12.62
CV (%) 11.36 7.86 16.34 29.54  20.47
Time 4
X 80.73 79.91 7354 7125 67.8%
minimum 55.66 60.20 53.02 48.33  44.21
maximum 93.45 91.04 87.98 91.31 84.94
S.D. 8.31 7.81 11.28 19.31 14.26
CV (%) 6.65 7.29 8.51 11.72 12.28
Time 6
X 72.62 70.32 67.77 64.3F% 5793
minimum 65.35 59.47 59.01 49.99 56.21
maximum 83.23 81.02 81.48 88.49 79.06
S.D. 5.75 16.40 14.35 10.43 10.84
CV (%) 7.71 16.79 12.62 13.20 10.76

Legend: x — mean, SD — standard deviation(%Y— coefficient of variation

*P<0.001;%P<0.01;°P<0.05
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The obtained data indicate, that NP has an inhip#éfect on spermatozoa motility. These findings

of our experiment confirm the studies@fuz et al (2008, 2009}hat examined the effect of NP
(1, 10, 100, 25@nd 500 pg/mL) on epididymal rat spermatozoa dwargpus time periods (0 h, 1
h, 2 h, 3 h and 4 h) and recorded that exposuaedimse> 250 pg/mL of NP has detrimental effect
on motility of rat spermatozoa. Our experiment dadés similar results at doses 200 pg/mL of
nonylphenol on the motility of bovine spermatozoa.

Dakdoky and El-Helal (2007) found that a daily dose of 21.25 mg/kg of NP deseel
significantly mouse spermatozoa motility for 35 slay

Chitra et al (2002)demonstrated, that nonylphenol administated a¢ ¢o$0 pg/kg for 45 days
significantly decreased rat epididymal spermatazmant.

De Jageret al (1999)tested the influence of NP at doses 100, 250 &ddrdg/kg and reported
that the dose 250 mg/kg of NP had effect on spemgeatesis, while the dose 400 mg/kg of NP
impaired testicular mass and sperm count in adtst r

CONCLUSION

The data obtained from this vitro study describe the dose- and time-dependent effeldP on
the motility and progressive motility of bovine spmtozoa. Our results support the idea, that
higher doses of NP (>100 pg NP/ml) dissolved 0.IP@H negatively influence the spermatozoa
motility. The data obtained from our study can cibote to better understanding the mechanism of
NP action not only on the spermatozoa count andityditut also on the male reproductive system.
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