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Calcium is the major second messenger which plays an important role in sperm
physiology. A decreased fertility potential of spermatozoa is closely associated with the
disturbances of Ca?-homeostasis. ATP is present in the female reproductive tract and
may play an important role in the fertilization process. Since intracellular calcium ([Ca?'])
is the main determinant of many physiological processes occurring in sperm, we set out
to describe the Ca?*-signals in response to extracellular ATP (ATP,) in spermatozoa of
fertile (normozoospermia) and infertile men (oligo- and asthenozoospermia). ATP,-in-
duced changes in [Ca?], in spermatozoa were studied using 2 uM fluorescent probe
Fluo-4. ATP, caused a rapid transient elevation in [Ca?]. We found that kinetics and
magnitude of the [Ca?'], changes induced by the ATP, were different in normo- and
pathospermic cells. Specifically, the average value of peak amplitudes of [Ca?], rise
induced by 5 mM ATP, in oligozoospermic samples was not significantly different from
the normozoospermic samples. In the asthenozoospermic samples, the ATP,-induced
peak amplitude of [Ca?'],changes was in 1.5 fold lower (P<0.05) compared to that in the
normozoospermic samples. ATP, -induced increase in [Ca?']; in sperm cell has a con-
centration-dependent manner in both normozoospermic and pathozoospermic sam-
ples. In the oligozoospermic samples, the [Ca?], transient response was 2.5 fold
(P<0.05) slower than in the normozoospermic samples. Differences in ATP_-induced
[Ca?"], transients between astheno- and normozoospermic samples were also signifi-
cant (P<0.05) although less pronounced. The obtained results clearly demonstrate
ATP,_-induced increase in [Ca?"], transients are disturbed in pathozoospermic samples
which may be detrimental to sperm activation and may result in fertilization failure or
abnormality. Taken into account the importance reproductive techniques, specifically
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for in vitro fertilization and intrauterine insemination present study suggest that modu-
lation of [Ca?"]; signals and sperm function by the ATP, may be beneficial for artificial
reproductive techniques used in reproductive biology and medicine.

Keywords: calcium, spermatozoa, ATP, male infertility, oligozoospermia, asthe-
nozoospermia

INTRODUCTION

Intracellular calcium level ([Ca*]) is subjected to a strict spatiotemporal control in
both somatic and germ cells [2, 4]. Calcium ions play a vital role in regulating of physio-
logical processes in spermatozoa, in particular in motility and viability of ejaculated
spermatozoa. [Ca*'],is important in the initiating process of sperm hyperactivation, ca-
pacitation, acrosome reaction and gamete interaction [7, 15]. Since cytoplasm of sper-
matozoa has a restricted volume and sperm cells have highly polarized morphology
they pose a unique challenge to maintain Ca?*-homeostasis [14].

Metabolic active form of ATP (strongly charged anion ATP*) is present in the fe-
male reproductive tract and may play an important role in the fertilization process. It is
critically important for sperm cells since it is the main energy source and substrate for
a second messenger cCAMP in spermatozoa. Extracellular ATP (ATP,) plays a key role
as a signaling molecule. It is known that ATP, increases fertilization rates in in vitro
fertilization for male factor infertility [17]. The level of ATP, depends on tissue type and
presence of ecto-ATPases on the external membrane surface that hydrolyze ATP to
ADP and P..

Since ATP is not able to cross plasma membrane freely because of its strongly
charge, biological effects of ATP, are realized via cell-surface P2 purinergic recep-
tors [3]. Several members of the P2X family have been detected in mammalian sperma-
tozoa [1]. Specifically, the P2X2 receptor was characterized in mouse sperm. Mice de-
ficient in P2rx2 gene had normal sperm morphology and were fertile, however, their
fertility potential was decreased with frequent mating [13]. ATP, induced a rapid in-
crease in [Ca?], in sperm cells that was inhibited by P2 purinergic receptor inhibitors,
demonstrating their ionotropic role in sperm function [16].

Defective functions of spermatozoa are the most common cause of male infertili-
ty [10]. The important determinants of male fertility are sperm count and sperm matility.
Oligozoospermia (spermatozoa concentration in ejaculate <20x10° cells/mL) and as-
thenozoospermia (<40% progressive motility) are the most common causes of male
infertility. Up to now, data regarding ionic aspects of male infertility remain poorly under-
stood. Since [Ca*]; is the main determinant of many physiological processes occurring
in sperm, we set out to describe the Ca*"-signals in response to ATP, in spermatozoa of
fertile (normozoospermia) and infertile men (oligo- and asthenozoospermia).

MATERIALS AND METHODS

Donors and preparation of semen sample. Human semen was obtained from
10 healthy volunteers (control group) and 16 pathozoospermic men undergoing routine
semen analysis for couple infertility at Lviv Regional Clinical Hospital (Ukraine). Control
group consisted of men with somatic fertility, normozoospermia and confirmed parent-
hood (married for 3—10 years and having healthy 1-3 children). Before turning to study,
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all men were aware of patient information leaflets and gave an informed consent to
participate in research. Terms of sample selection meet the requirements of the princi-
ples of Helsinki Declaration on protection of human rights, Convention of Europe Coun-
cil on human rights and biomedicine and the provisions of laws of Ukraine. Approval for
study was taken from the Ethics Committee of Danylo Halytsky Lviv National Medical
University (Ethical Committee Approval, protocol No 6 from March 29, 2017). All pa-
tients and healthy donors were matched by age and gave written informed consent to
participate in research. Exclusion criteria: subjects currently on any medication or
antioxidant supplementation were not included. In addition, subjects with infertility over
10 years, azoospermia, testicular varicocele, genital infection, chronic illness and
serious systemic diseases, smokers and alcoholic men were excluded from the study
because of their well-known high seminal reactive oxygen species levels and decreased
antioxidant activity which may affect calcium level.

Samples were obtained by masturbation after 3—4 days sexual abstinence and
processed immediately upon liquefaction. The classical semen parameters of sperma-
tozoa concentration, motility, and morphology were examined according to World Health
Organization criteria (2010) [18]. Sperm cells were washed from semen plasma by
3 times centrifugation at 3000 xg for 10 min in media which contained (mM): 120 NaCl,
30 KCI, 30 Hepes (pH 7.4).

Calcium measurements. Changes in ionized Ca content in spermatozoa were
identified with 2 uM fluorescent probe fluo-4 acetoxymethyl ester (fluo-4 AM) (Invitrogen
Inc., CA) (A, = 495 nm, A, = 520 nm). The probe was mixed with Pluronic F-127
(0.02%) to facilitate loading [9]. All experimental procedures were conducted in physio-
logical Henks’s solution (mM): NaCl — 136.9; KCI — 5.36; KH,PO, — 0.44; NaHCO, —
0.26; Na,HPO, — 0.26; CaCl, — 0.03; MgCl, — 0.4; MgSO, — 0.4; glucose — 5.5; Hepes
(pH 7.4, 37 °C ) — 10. The sperm cells were incubated for 30 min at 37 °C. In order to
compare the fluorescence intensities of different studied groups, the same number of
cells was used in spectrofluorimetric measurements. The levels of Ca?* in sperm cells
were measured using a spectrofluorometer CM2203. ATP, was administrated into
cuvvete. The fluorescence signal was captured every second for 5 min. The following
reagents were used in the study: glucose, Pluronic F-27, CaCl, (Sigma, USA), Fluo-4 AM
(Invitrogen Inc., CA). Other reagents were of local manufacture and analysis-grade purity.

Statistical analysis. Data are expressed as means = SE of the numbers of deter-
minations. Differences between paired sets of the fluorimetric experiments were ana-
lysed using paired Student’s f-tests. Data analyses were performed with Excel.
Differences were considered significant at p < 0.05 as the minimum significance level.

RESULTS AND DISCUSSION

In physiological conditions, Ca?" ions are intracellular second messengers which
play an important role in sperm physiology. There is a strong relationship between cal-
cium homeostasis and male infertility (sperm count and motility). A statistically signifi-
cant difference between [Ca?"], in infertile versus fertile males was found, while no diffe-
rences were observed for seminal plasma Ca*'-concentrations [12]. Therefore, [Ca?"],
seems to be a marker of sperm fertility. ATP is obligatory for sperm movement. It was
found in large amounts in human seminal plasma and more significantly higher in the
seminal plasma of the oligozoo- and azoospermic men [6].
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To examine changes in [Ca?']; in sperm cells (expressed as AF/F;) observed after
ATP, treatment, we measured intracellular calcium levels using the fluorescent probe
fluo-4. When spermatozoa were treated with 5 mM ATP,, a rapid increase in [Ca®*], was
observed (Fig. 1A). This increase in [Ca?*], was followed by a relatively slower decline.
Since ATP, was added as a disodium salt an equivalent molar amount (5 mM) of sodium
ion (NaCl) was used as a control. As can be seen it had no effect on [Ca?], in sperma-
tozoa, which indicate a direct effect of ATP* anion on [Ca?].

A 17 ——ATP B 17
control

normozoospermia
oligozoospermia
asthenozoospermia

0.8

30 60 90 120 150 180

Time, s

Time, s

Fig. 1. Effect of ATP, on [Ca?'],changes (AF/F,) in spermatozoa of normozoospermic (A) and pathozoosper-
mic (B) men. The data show a representative experiment. Arrowheads indicate ATP or NaCl (served
as a control) administration

Puc. 1. Bnnus ATP, Ha 3minn [Ca*']; (AF/F,) y cnepmato3oigax Hopmo3oocnepMidHux (A) i natocnepmiyHmx
yonogikiB (B). Pesynsratn TunoBoro ekcnepumMeHTy. CTpinkv BkasytoTb gogaBaHHA ATP abo NaCl
(kOoHTpOnb)

ATP_-induced [Ca?], changes in both normo- and oligozoospermic samples were
similar, but transient response was slower. However, in the asthenozoospermic samples
ATP_-induced [Ca?"], changes were characterized by lower peak levels. Specifically, the
average value of peak amplitudes of [Ca*'], rise induced by 5 mM ATP, in oligozoospermic
samples was not significantly different from the normozoospermic samples (Fig. 2). In
asthenozoospermic samples, the ATP -induced peak amplitude of [Ca*], changes was
1.5 fold lower (P<0.05) compared to that in the normozoospermic samples.

ATP_-induced increase in [Ca?'],in sperm cell has a concentration-dependent man-
ner in both normozoospermic and pathozoospermic samples (Fig. 3). Increases in ATP,
concentration from 1 to 5 mM leads to elevation of the peak amplitudes of [Ca?], tran-
sients. Further increase in ATP, up to 10 mM lead to an increase in peak amplitudes of
[Ca*], transients only in the asthenozoospermic samples, but not in the oligo- and nor-
mozoospermic samples.

ATP_-induced [Ca*], transients were significantly slower in the pathozoospermic
samples than in spermatozoa obtained from the fertile men (Fig. 4). Specifically, in oligo-
zoospermic samples the [Ca?], transient response was 2.5 fold (P<0.05) slower than in
the normozoospermic samples. Differences in ATP_-induced [Ca?"], transients between
the astheno- and normozoospermic samples were also significant (P<0.05) although
less pronounced.
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Fig. 2.
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Peak amplitudes of [Ca?*];transients
(AF/F;) induced by 5 mM ATP, in
spermatozoa of normozoospermic
(N) and pathozoospermic (Ol and
Asth) men.

Hereinafter, the bars represent
means + standard error of different
experiments; *p<0.05 significantly dif-
ferent compared to peak increase in
[Ca?]; in normozoospermic samples

Mikosi amnnityan ATP,-iHaykoBaHMX
(5 MM) [Ca*"]; TpaH3ieHTiB y cnepma-
TO30i4ax HOPMO300CNEPMIYHUX i Na-
TOCNEPMIYHMX YOIOBIKIB.

TyT i Hagani rictorpamu nNpeacTas-
NATb pe3ynsTati cepefHbLOro 3Ha-
YeHHs1 * cTaHgapTHOI Noxubku ce-
PedHbOro  Pi3HUX  EKCTIepUMEHTIB;
*p<0,05 cTaTUCTUYHO [OCTOBIPHO
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y HOPMO300CNEPMiYHMX 3paskax

Dose-responses of ATP-induced
[Ca?*]; rises (AF/F,) in spermatozoa
of the normozoospermic and patho-
zoospermic men

[osozanexHun xapakrep ATP -iHay-
KoBaHoro 3poctaHHs [Ca*]; y cnep-
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The kinetics of ATP,-induced [Ca®'],
rises in the spermatozoa of the nor-
mozoospermic and pathozoosper-
mic men; *p<0.05 significantly
different compared to peak increase
in [Ca®]; in the normozoospermic
samples

KiHeTuka HapocTanHa ATP -iHay-
koBaHoro [Ca?"], TpaH3ieHTa y cnep-
MaTo30i4ax  HOPMO300CMNEPMIYHUX
i naTocnepmivyHux Yonosikis; *p<0,05
CTaTUCTUYHO [OCTOBIPHO CTOCOBHO
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300CNeEPMiYHNX 3paskax
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Earlier, the effect of ATP, on [Ca*], changes in sperm cells was studied. Similar
results of ATP_-induced elevation of [Ca®*], were presented in paper [11]. In contrast, in
previous study, it was found that ATP, did not increase [Ca?], in Fura-2-loaded human
sperm [8]. Present study was undertaken to evaluate differences in [Ca®']; signals that
occur in human sperm in fertile and infertile men in responce to ATP..

There are some limitations of present study. First, a control group (normozoosper-
mic men with proven fertility) and pathospermic patients contained a highly heterogene-
ous population, with large variations in spermogram parameters and infertility histories.
Second, in present study, Ca?*-signals in response to ATP, in the pathospermic patients
only with 16 cases. Therefore it is essential to validate our findings with greater sample
sizes and determine a disease specificity (secretory or excretory infertility, varicocele or
others) by comparing spermogram parameters.

Since [Ca?"]; is associated with sperm hyperactication, capacitation and acrosome
reaction, changes in kinetics and magnitude of [Ca?'], transients induced by ATP, in the
pathozoospermic samples can be related to a reduced fertility potential. The obtained
results clearly demonstrate ATP -induced increase in [Ca*], transients disturbed in the
pathozoospermic samples which may be detrimental to sperm activation and result in
fertilization failure or abnormality. Previously, it was reported that incubation of mouse
sperm with ATP, significantly increases a success of in vitro fertilization, likely by alte-
ring sperm motility via purinergic receptor-mediated Ca?*-fluxes [16]. Similarly ATP, im-
proved human sperm motility parameters [5]. These important findings have great im-
portance as novel therapeutic strategies in treatment of male infertility.

Taken into account an importance of reproductive techniques, specifically for in
vitro fertilization and intrauterine insemination, present study suggests that modulation
of [Ca?"]; signals and sperm function by ATP, may be beneficial for artificial reproductive
techniques used in the reproductive biology and medicine. The obtained results are
important for further elucidation of mechanisms involved in maintaining calcium ion ho-
meostasis in spermatozoa of fertile and infertile men.

CONCLUSIONS

Data presented reveal that ATP, -induced increase in [Ca*'], in the asthenozoosper-
mic samples was inhibited. In the oligozoospermic samples, ATP -induced increase in
[Ca?']; was not significantly different from the normozoospermic samples, but kinetics of
[Ca?"]; transients was significantly slower compared to the normozoospermic samples.
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AT®-IHOYKOBAHI 3MIHM [Ca?], Y CNEPMATO30I0AX IHOEPTUNBbHUX
YOJOBIKIB 3 ONIro- U ACTEHO300CHMNEPMIEIO

P. B. ®aghyna*, O. I. Meckano, E. I. Jluukoecwbkuli, 3. []. Bopobeub
JIbgiecbKuli HayjioHanbHUl MeduyHuli yHigepcumem imeHi [JaHuna anuybko2o
syn. lNekapceka, 69, Jlbeie 79010, YkpaiHa
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WoHu kanbLito € BTOPVMHHUMW KNITUHHUMUW MECEHKepPaMK, Lo BigirpatoTb BaXKnBY
ponb y doisionorii cnepmarto3oigiB. 3HMKEHHA hepTui3aLitHOro NoTeHujiany cnepmMarTo-
30igiB TicHO noB’si3aHe 3 nopylweHHsaMu Ca?*-romeoctasy. AT® ineHTUdIKoOBaHWI Y Xi-
HOYOMY PENPOAYKTUBHOMY TPaKTi 1 MOXeE BidirpaBaT BaXnuBy posb Y npoueci oeptu-
nisauii. Ockinbku BHYTPILLUHBbOKMITUHHUIA KanbLin ([Ca?']) € OCHOBHUM AeTepMiHaHTOM
Oaratbox pisionoriyHMx npoueciB y cnepmarosoigax, MeToro pobotn 6yno onucatu
onucatu Ca?*-curHanu, iHayKoBaHi 30BHILLIHBOKNITUHHUM AT® (AT®,) y cnepmartosoigax
depTunbHUX (HOpMo3oocnepmist) Ta iIHpEePTUIbHMX YOMNOBIKIB (ONiro- 1 acTeHo300cnep-
mist). ATO -inaykoBaHi 3miHM [Ca?'], y cnepmaTo3oigax BUB4anv 3 BUKOPUCTaHHAM 2 MKM
dryopecueHTHoro 3oHAa Fluo-4. AT®, BMKNMKaB LWIBWAKE TPaH3IEHTHE NiOBULLEHHS
[Ca?]. Mu BusiBUnK, WO KiHETMKa Ta BennunHa ATP -iHgykoBaHux 3MmiH [Ca?*], bynu pis-
HUMM Y HOPMO300- i MaToCnepMiYHMX 3paskax. 3oKkpema, cepenHe 3HaYEeHHsT MiKOBUX
amnnityg [Ca?'], nigBuwweHHs iHaykoBaHoro SMM AT®, y oniro3oocnepMiyHmX 3paskax
iCTOTHO He BiApi3HANOCA Bi4 HOPMO300CNEepPMiYHMX 3paskiB. B acTeHO300CnepMivYHMX
3paskax nikosi amnnityan AT®,-iHgykosaHoro [Ca?'], ninBuileHHs 6ynu B 1,5 pasy Hkum-
mu (P<0,05), NOpiBHAHO 3 NOKa3HUKamy y HOPMO300CnepMidHuX 3paskax. AT, -iHaykosa-
He 3pocTaHHs [Ca?"], y cnepmaTo3oifax Mano KOHLEHTPAaLiNHO-3anexHnn xapakTep sk
Yy HOPMO300CNepMIYHMX, TaK i y naTocnepMidHnx 3paskax. B onirosoocnepmivyHmx 3pas-
Kax KiHeTuka HapocTaHHs [Ca®'], TpaH3ieHTa Byna y 2,5 pasy (P<0,05) nosinbHilua, Hix
y HOpMo30ocnepMiYHUX 3paskax. BigmiHHocTi B AT® -iHaykoBaHux [Ca*], TpaHsieHTax
Mi>K aCTEHO- Ta HOPMO300CMNEPMIYHMMM 3paskaMy TakoX Oynu CTaTUCTUYHO OOCTOBIp-
Humm (P<0,05), npoTe MeHwWw BupaxeHuMu. OTpuMaHi pesynbrati YiTKo AEMOHCTPYHOTh
nopyleHHss AT® -inaykoBaHux [Ca?"], TpaH3ieHTIB y MaTo300CNepMiyHMX 3paskax, sk
MOXYTb HEraTUBHO BMSMBATW Ha MPOLIECU aKTUBALli cnepmaro3oifiB i Npu3BoanTM 4O
NnopyLLEHHS npoueciB depTunisadii. bepyun oo yBarm BaxnmeiCTb METOAIB penpoayk-
Lii, ocobnueo ns 3annigHeHHs in vitro Ta BHYTPILULHBOMATKOBOIO 3ansligHEHHs, Ui Oo-
cnigppkeHHs [oBoasTb, Wo moaynsuis Ca2-curHanie i pyHKUiN cnepmaTo3oigie 3a gono-
moroto AT®, Moxe ByTn KOPMCHOIO ANA METOAIB LUTYYHOIT PENPOAYKLIi, LLO BUKOPUCTO-
BYIOTb Y PENPOAYKTMBHIN Bionorii Ta MeanumHi.

Knroyoei cnnoea: kanbuin, cnepmatosoign, AT®, Yonosiye Henmigas, oniro3oo-
crnepmid, acteHo3oocnepmMis
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