ORIGINAL PAPER

DETECTION OF PLASMA MEMBRANE PHOSHATIDYLSERINE TRANSLOCATION IN
RAM SPERMATOZOA AFTER IN VITRO TREATING WITH DEXAMETAZONE

Maria IVANOVA-KICHEVA, Alexander DIMITROV, Ivan NIKOLOV, Denitza DASKALOVA, Antoaneta
BELCHEVA

Institute of Biology and Immunology of Reproduction “Acad. Kiril Bratanov” — Bulgarian Academy of Sciences, bul. “Tzarigradsko
shouse” 73, Sofia Bulgaria, Tel: +359 72 23 81, Fax; +359 2 72 00 22, e-mail: kichevama@abv,bg

Manuscript received: April 16, 2005; Reviewed: May 20, 2005; Accepted for publication: May 20, 2005

ABSTRACT

In vitro induced apoptosis by dexamethazone treating of ram spermatozoa provoked the phospatidylserine exposure
which is mainly localized on sperm tail region of plasma membrane and is correlated negatively with the sperm
motility and survival rate.
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PE3IOME

n BUTPO MHAYLIMPAHA arionTo3a 4Ype3 TPETUPAHE C ACKCAMETAa30H Ha CICPMATO30U AN OT KOY ITPOBOKHUPA CKCIPCCUI
Ha (i)OC(i)aTI/I,I[I/IJ'IcepI/IH, KOATO €€ JIOKaJIM3H1pa ITIIaBHO B 00J1aCcTTa Ha OIaIlKaTa Ha Ijla3MeHara M€M6paHa " Kopeiarpa
HETAaTUBHO C IMOJABMIKHOCTTA U IMPCIKUBACMOCTTA HA CIICPMATO30UANUTE.
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NnoAPOBHO PE3IOME

Ilpu Hapymenue Ha (ochoIunuaHaTa aCUMETPHUS
Ha 1urasmeHara wMemOpana (IIM)  dochonunumma
docharnauncepun (OC) ce mpemecTBa OT BBTPEIIHUS
Ha BbHIIHHUSA MOHOCJHOM. ToBa € equH OT Hali- paHHUTE
Oere3n Ha KIETKUTE, IPU KOUTO € CTAPTUPAH IPOLECHT
Ha KJIEThYHA CMBPT, HO CHILO TaKa € OT TOJISIMO 3HAYCHUE
MpU  OIUIOKJAHETO Ha Oo3aiiHunuTe. B HacTosmuTe
W3CIIeIBAHMSA € TPIIIOKEH AHEKCHH V TECT 3a OTIpeIeIIsTHE
Hapymenusita B [IM cinenq uH BUTpO TpeTupaHe Ha
CIIepMAaTO30H M OT KOY ¢ iekcameTas3oH. [IppBoHadatnaTa
excripecust Ha Monekynmu PC Ha BBHIIHATA MOBBPHOCT
Ha [IM e mHoro Hucka u Bapupa or 2.30%t0.89 3a
CBEXXHTE CIEPMATO30MIM - KOHTpoma 1o 2.74%+0.65
3a TPETHUPAHHUTE C JeKCaMeTa30H — onuTHaA rpymna. Cuen
6 YacoBOTO ChXpaHEHHWE TE3W MPOICHTH HApacTBaT Ha
23.44+1.12 3a xontponata u 39.83+3.33 3a onuTHara
rpyna (p<0.5). Excnpecusita nHa ®C Ha KIeThuHATa
MTOBBPXHOCT, M3CIeBaHa Ha 6-s 9ac OT ChXPaHEHHUETO
KOpelMpa HETaTUBHO C II0-HHUCKaTa TIOABHKHOCT U
MPEXMUBSIEMOCT Ha criepmaro3ouaute rate (r=-0.37+0.7 —
3a koHTponaHa u r = -0.58+0.09 — 3a ekcriepuMeHTaIHATA
rpyna). bemie ycraHoBena crienuduyiHa JoKann3anys Ha
®C B obnacTTa Ha TSAJIOTO Ha criepamro3ouaute. [lpn
HSKOM CIIEPMAaTO30UIUT Oerre 3acernara 1surana [IM. B
3aKJIIOYEHUe, WH BUTPO HMHAYLMpPAHATa aroITo3a dpe3
TpeTHpaHe Ha CTIEPMATO30H I C IEKCAMETa30H TPOBOKUPA
excripecusi Ha @OC, KOATO € JIOKaTU3MpaHa TINAaBHO B
o0racTTa Ha TAJIO0TO Ha criepmaro3ouante. HapacTBaneTto
Ha TPOMEHH BBB (Pocdonunuanata acumerpust Ha [IM
KOpeJpa C HaMaJIIBAaHETO Ha CIIEpMaTHATA TIOABHKHOCT
U TIPESKUBSIEMOCT M Te3u (AaKTH BEPOSTHO Ca €IHA OT
MPUYMHUTE 32 cjabara OIIOJUTENIHO CIIOCOOHOCT MPH
Pa3IUIOHA KOYOBE.

INTRODUCTION

The study of programmed cell death, or apoptosis has
emerged as a topic of intense research activity at last
years. The big variety of biological processes attended
this phenomena are not fully studied, especially in sperm
cells. It is known that apoptosis is a form of cell death in
which an individual cell undergoes an internally controlled
or “programmed” transition from intact metabolically
active state into a number of shrunken remnants. This
process is attended with a loss of plasma membrane
integrity. The detectable characteristics of apoptosis are
DNA fragmentation, the loss of mitochondrial integrity,
changes in cell size and granularity, changes in plasma
membrane permeability and cell surface modification
(externalization of PS) and formation of apoptotic bodies
[3, 6, 12]. Necrosis and apoptosis are two forms of cell
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death. Necrosis results from injury affected large number
of cells, causing sell swelling and membrane rupture. In
spermatozoa these processes are not clearly understand
especially after ejaculation. It’s known that in adult males,
germ cell death during normal spermatogenesis. Some
times during spermatogenesis spontaneous apoptosis
may observe. The failure to remove apoptotic germ
cells results in fall into ejaculates a number of defective
(apoptotic) spermatozoa [15].

The integrity of sperm plasma membrane has an important
role in realizing of the fundamental spermatozoa purpose
— egg fertilization. The assessment of membrane integrity
is based on examination of the sperm morphology
and motility and hypo-osmotic swelling tests. (9)
Staining with combinations of fluorescent dyes is
useful for evaluating viability and functionality of the
spermatozoa. In the past, Rodamine 123 was used to
assess mitochondrial membrane potential and ethidium
bromide was used to determine membrane DNA integrity
[1]. Later propidium iodide (PI) was combined with
other stains as carboxyfluorescein diacetate to evaluate
sperm functions. These methods enabled discrimination
between live and dead or moribund spermatozoa but
did not detect early phases of disturbed membrane
functions [5]. During the early stages of membrane
dysfunction the phoshpolipid asymmetry is disturbed
such as intracellular phospholipide PS is translocated to
the extracellular surface of the plasma membrane (13).
This PS expression is one of the earliest features of cells
undergoing apoptosis [15]. The registration of early
stages of apoptosis is exceptionally important for defining
of different spermatozoa populations in the ejaculates
[16]. One of the typical sign of the cell apoptosis is the
translocation of phosphatidylserine (PS), from the inner
side of the plasma membrane (PM) to the outer leaflet, by
which PS become exposed at the external surface of the
cells [10, 11]. The phospholipids scrambling is observed
as a result of different cellular phenomena, including cell
adhesion and exocytose; during the capacitating process
in spermatozoa (4), however it is often considered to
be an early indicator of cell apoptosis [10]. While the
Weil et al [14] were unable to find any evidence for
the involvement of caspases (key apoptotic catalysts) in
mouse sperm dead, a number of other recent studies have
used the detection of PS exposure in sperm samples as
evidence of apoptotic changes.

The aim of the present study is to describe different
spermatozoa populations in the ejaculates from fresh
sperm and from ejaculates with in vitro induced apoptosis
by comparative investigations of PS translocation in
sperm PM and the connection of changes in sperm
motility and viability.
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MATERIALS AND METODS

Semen samples from 10 mature rams were used for
investigations. The classical semen parameters, including
sperm concentration, motility and morphology were
examined after the sperm receiving. The ejaculates were
used for experiments after the sperm plasma removing
by double washing with PBS. Each ejaculate was
divided in to two parts and was diluted in Tris-citric acid
diluent - pH 6.8, osmotic pressure — 320 mOsm/kg. To
induce apoptosis the part one was incubated with 0.1%
dexamethazone solution (Intervet, Netherland) — serial,
the other one was served as a control — sera 2. The sperm
survival rate was monitored to the 6-th hour during
the semen incubation at 39°C. The PS expression on
the external PM surface was investigated at 10-th min
and at the 300-th min for the control and experimental
groups. For this purpose the sperm cells were suspend
to concentration 1x10° cell per ml. With pen marker
were drown 2 circles of approximately 0.5 cm diameter
on special polypro poly-L-lysine coated slides (Sigma).
25 ul of the cells suspension (sera 1 and 2) was placed
in each circle. Then the slides were placed at room
temperature allowing the spermatozoa to be absorbed to
the plates. After the incubation and washing with binding
buffer the double label staining solution, containing
6CFDA and Annexin CY3.18 (Sigma) for coloring the

Survival rate of ram spermatozoa

VITRO TREATING WITH DEXAMETAZONE

sperm samples was used. The excess liquid was removed
by carefully touching to the slide of the circle. The results
were observed by light and fluorescence microscope, by
using correct filters and light source depending on the
label.

RESULTS AND DISCUSSION

The investigated semen samples showed concentration
0f 245-378x107 sp/ml and motile spermatozoa about 87.8
+ 3.23%. The results from sperm survival are presented
on Figure 1. It’s obvious that the initial values of sperm
motility and survival rate are near in the two groups.
The sperm incubation at 39°C leads to decreasing the
% spermatozoa motility and viability, but no significant
were registered. However, the spermatozoa from sera
1 — experimental group, showed the lower values of
these parameters, compared to spermatozoa from sera 2
— control group.

Depending on the control and experimental group the
used of Annexin V/6CFDA test registered the following
population of cell in the ejaculates: 6CF+/Ann- - live
cells, 6CF+/Ann+ - apoptic cells and 6CF-/Ann+ - dead
cells. The 6CFDA — 6-carboxyfluoresceine diacetate was
used as supavital stain to distinguish the live and dead
sperm cells. When this non-fluorescent compound enters

% motility

Figure 1. Investigation of ram sperm motility and survival rate of control group — sera 1 and experimental group
—sera 2.
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living cells, esterase present hydrolyzed it, producing
the fluorescent compound 6-carboxyflourescein (6CF).
This appears as a green fluorescence. Furthermore, the
PS expression on the external PM surface is a sign for
starting of the cell’s apoptosis process [2]. The cells with
PS expression may visualize by labeled with fluorescence
conjugate Cy3.18 Annexin V. Under the fluorescence
microscope the Ann Cy3.18 bind to the translocated PS
macromolecule and observed as a red fluorescence. Live
cells are labeled only with 6-CF (green), while dead are
labeled only with Ann Cy3.18 (red). Cells in the early stage
of apoptosis, however are labeled with both Ann Cy3.18
(red) and 6-CF (green) - Figure 2. Nevertheless, strong
correlation between the low motility of sperm cells with
in vitro induced apoptosis and specific localization of PS
in the region of tail was observed. Some authors report
that the surface region of the capacitated spermatozoon
in which bicarbonate-induced PS exposure can be seen is
the apical head region of PM. This is the region in which
the PM and outer acrosomal membrane fuse at multiple
foci during the zona pellucida-induced acrozome reaction
[4]. In our experiments the presence of dexamethazone
induces PS expression over the tail region of spermatozoa
PM. Furthermore after the 6-th hour of preservation in
some spermatozoa the whole PM was affected. These
changes associated with the lower motility and viability
of spermatozoa. It is not clearly understand the cellular
mechanism and signal way of dexamethazone influence
after in vitro treating of spermatozoa.

The sperm protection at 39°C for 6 hours induced PS
translocation in a high degree (Table 1). Although the
initial sperm motility is protected, the Annexin V binding
test gives possibility to differentiate some spermatozoa
with started process of cell looses of PM asymmetry.

Figure 2. Live ram spermatozoa with PS eternalization
- 6-CF (green) and Ann Cy3.18 (red) fluorescence
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PS is translocated and exposed on the outer leaflet of
PM preliminary in the tail region. When compared the
results between fresh and treated with dexamethasone
spermatozoa, there were registered insignificant
differences in the percent of the apoptotic spermatozoa at
the 10-th minute (2.30%+0.89 to 2.74%+0.65). However,
after the 6-th preservation at 39°C the percent of apoptotic
spermatozoa significantly increased (23.44+1.12 for the
controls and 39.83+3.33 for the experimental group),
compared to fresh semen - p<0.5 (Table 1). Special interest
represents the group of spermatozoa with positive 6CF+/
Ann+ reaction. It’s obviously that to the 6-th hour of
preservation the degree of changes in aminophoshpolipid
asymmetry increased notability. These changes lead to
a collapse of plasma membrane asymmetry suggesting
the PS exposure of whole plasma membrane (Figure 3
a, b). In the same time a negative moderate correlation
between sperm survival and PS expression in live cells
was registered (r =-0.37£0.7) in the control group, while
in the experimental group this negative correlation was
significant (r = -0.58+0.09).

It is supposed that the sperm PM is disturbed and the first
signs of membrane dysfunction are started, subsequently
led to cell’s death. Although the high primary values
of live spermatozoa with protected motility in the two
groups — control and experimental were registered, after
the 6-th hour preservation at 39°C, occurred significant
differences in these parameters. It is make an impression
that the increasing of cells with PS scrambling is at the
expense of decreased motile spermatozoa. Inthe same time
the percent of dead cells in the control and experimental
groups are with nearly values. Moreover, in ejaculates
with near values of the sperm motility and viability,
there are a high variety of different cell populations
[7]. The results implicate that a considerable number
of spermatozoa might exist with altered and possibly
dysfunctional plasma membrane besides moribund or
dead cells. Such membrane disturbance accompanied
with PS translocation on whole the external PM surface
means for starting of the cell dysfunction [2, 12].

CONCLUSION

Functional assay of plasma membrane integrity can
potentially characterize the quality of spermatozoa.
Several tests have been report for evaluation of PM as
supravital techniques [1, 5], or the hypo-osmotic test
[9]. These methods can discriminate viable from death
spermatozoa or damaged, but not monitor early phases of
membrane dysfunction or initial phases of apoptosis, like
Annexin V — binding assay.

In conclusion, the present Annexin V test may use
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as prognostic assay for fertilizing potential of the
spermatozoa. The Annexin V- binding assay seems
to provide additional information about sperm PM
deterioration besides conventional motility analysis
and supravital staining. Furthermore, not all of motile
spermatozoa were occasionally stained with Ann Cy3.18,
but were stained with 6-CF suggesting that the process of
cell death may be visualized during different preserving
conditions. In other hand the in vitro induced apoptosis
by dexamethazone treating of spermatozoa provoke PS
exposure which is mainly localized on sperm tail region.
The increasing of the changes in aminophospholipide
asymmetry of PM correlated with the decreasing of
sperm motility and survival rate. This event seems to be
important for prognostic the semen quality to reduce the
risk of using poor-fertility rams in artificial insemination
programs.
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