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NPOMOTOPHOE OAHK-METUITMPOBAHUE N'EHA E-KAOFEPUHA
B MONEKYJIAPHOM MATOIMEHE3E AArE3MBHOIO KOMINEKCA U AKTUBALIMWU SMT MAPKEPO - SNAIL
N TWIST1 NPU MUENOMNPOJINM®EPATUBHbIX NEMKEMUAX

dnumenuanbHo-me3eHXxuMasnbHasi mpaHcAyKYUsi — 3mo OCHOBHasi niiameopmMa MUKpOOKpYeHusi onyxonu. AMT cesizaHa ¢ onyxonesol npo-
2peccueli, MOGynupysi Mu2payuoHHbIl, UHBa3UBHbIU U Memacmamu4ecKkuli momeHyuas pakoebix kiemok. lfoamomy, SMT — amo eaxxHasi mema-
cmasupyrowasi Hula MUKPOOKPY)KeHUS1 OryX0Jlu 8 OKOHYameJsibHOU a2peccusHocmu pakoebix Knemok. onee amozo, AMT nexum e ocHoge UH-
AyKuuu cmeoJsio8bIx PaKkoebiX K/IemokK u Modyissyuu omeema pakosbIX K/IemokK Ha xumuomepanuro. PanHel cmadueii € undykyuu AMT ecmb anu-
2eHemuyeckas depezynsyusi E-kadzepuH-6ema-kameHuH adze3usHoz2o nymu. A6eppaHmHoe [JHK-memunupoeaHue 2eHa E-kadeepuHa, Kak Kitoye-
eoli adze3ueHOl MOJIEKY/bl, MPUEOOUM K MOJIEKYNsIpHOMY "nepekmtoveHuro” E-kadzepuH-6ema-kameHuH ad2e3ueHO20 nymu Ha KaHOHUYeCKul
Wnt-6ema-kameHuH cuaHanbHbIl nymb. AMeHHO OH cesizaH ¢ mpaHcAykyuel unu dedugepeHyuayueli anumenuanbHbIX KIIeMOK 8 Me3eHXumarsib-
Hble. Takum ob6pa3om, anuzeHemuyeckas peaynsayusi AIMT Moxem 6bimb MuweHbo 07151 HO80U cmpameauu 8 mepanuu paka.

Knrodeenle cnoea: anumenuanbHo—-mMe3eHxumManbHasi mpaHcoykyusi, E — kadzepuH, abeppaHmuoe [HK-memunupoeaHue.
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PERMEABILIZED SECRETORY CELLS OF RATS EXORBITAL LACRIMAL GLANDS AS
A MODEL FOR CA*-TRANSPORT SYSTEMS STUDY

The conditions of isolation and permeabilization of the rat exorbital lacrimal gland secretory cells were optimized. Optimal
amount of digitonin required to exorbital lacrimal gland cells permeabilization was 50 ug / 0.5 million cells, and optimal
incubation time — 10 min. Thus obtained permeabilized cells were stained with rhodamine 123 and chlortetracycline, indicating
the functional integrity of mitochondria and endoplasmic reticulum. Permeabilized exorbital lacrimal gland cells is convenient

model for study of Ca2+-transport systems functioning.
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Introduction. Research of lacrimal gland function in
general, and their ca’ *_transport systems particularly, are
important and promising area of modern physiology. In
particular, such common diseases as dry eye syndrome
and Sjogren's syndrome are accompanied by lacrimation
decrease [2, 26, 33], and it is known that lacrimal secretion
is a calcium-dependent process [29, 33].

Comparatlvely with other exocrine glands, little is known
about the Ca’ *_transport systems functioning of secretory
cells of the lacrimal gland. Perhaps this is partly due to me-
thodical difficulties in obtaining a sufficient number of func-
tionally intact isolated secretory cells of lacrimal glands.

Permeabilized cells are a convenient system for study
of many intracellular processes, including mechanisms of
signal transduction in conditions that are close to the native
ones, because in this case the correlation between
Ca2+—transport systems of different organelles are pre-
served Cells membrane permeabilization makes intracellu-
lar Ca® *_transport systems accessible for specific activators
and inhibitors, that in normal conditions do not permeate
through plasma membrane.

The aim of this work was to optimize the conditions of
isolation and permeabilization of the rat exorbital lacrimal
gland secretory cells and assess the possibility of their use
for the intracellular Ca® *_transport systems study.

Materials and methods. Experiments were performed
on nonlinear white rats with 160-250 g weight, that were
kept in a stationary conditions of vivarium. All manipula-
tions with animals were carried out according to the Euro-
pean Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(Strasbourg, 18.111.1986) and the Law of Ukraine "On pro-
tection of animals from cruelty" (2006).

After chloroform anaesthesia and decapitation the ex-
orbital lacrimal glands (glandula orbitalis externa) were
quickly removed from the body and dissociated from the
connective tissue. For lacrimal cells isolation modified
method described by Herzog et al. was used [9].

The amount of cells was counted using camera Hor-
yaeva. For this study the drop of investigated suspension

was placed under the cover glass, put under a microscope
and, if cells accommodated evenly, cells were counted in
225 large squares of the camera. The number of cells in
1 ml of suspension was calculated using the formula:

x=——--0.25.-2,
225

where x — number of million cells in 1 ml of suspension;
0.25 — conversion factor for volume; 2 — dilution by solution
containing trypan blue; n — amount of cells in 225 large
squares of the Horyaeva camera.

The integrity of the plasma membrane was controlled
visually under a light microscope using dye trypan blue. For
this purpose 0.2 % trypan blue solution, that was on the
basis of nominal noncalcium extracellular medium, was
mixed with a suspension of cells in the same volume and
after 2—-3 min examined under a microscope. Lack of cellu-
lar colour indicated the integrity of the plasma membrane.

Cells membrane permeabilization was accomplished by
digitonin at 37 °C in medium that was close to intracellular.
The concentratlon of free Ca®" in the medium was as-
signed by Ca**/EGTA buffer and calculated using the pro-
gram Maxchelator (http://maxchelator.stanford.edu).

After permeabilization cells were washed twice by in-
tracellular solution without digitonin. Permeabilization grade
was estimated visually using trypan blue.

The functioning of the Ca *_transport systems was es-
timated by changes of Ca®* content |n cells, after incuba-
tion with agonists or antagonists. Ca®* content was deter-
mlned using metalochromic staining agent arsenazo |Il.
Ca®*-ATPase activity was evaluated based on changes in
the content of inorganic phosphate in the medium, which
was determined by UV detection. Protein concentration
was determined by Lowry method [18]. The lacrimal gland
secretory cells respiration was recorded by polarographic
method [4] using a propeller stirrer [19].

Mathematical-statistical data processing was per-
formed using the software package Microsoft Excel. Sta-
tistical difference between groups was determined by
t-Student's test, for statistically significant were taking
changes with P<0.05.
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Results and discussion. Optimization conditions of
isolation and permeabilization of different tissues cells is an
important task. Permeabilized cells are a convenient sys-
tem for study of many intracellular processes, including
mechanisms of signal transduction in conditions that are
close to the native ones, because in this case the correla-
tion between Ca2+-transport systems of different organelles
are preserved.

Optimization the conditions for isolation of exorbital lac-
rimal gland secretory cells. For lacrimal gland secretory cells
isolation mostly trypsin or a mixture of trypsin, collagenase
and hyaluronidase are used [9, 30, 32]. However, trypsin
may cause disruption of membrane receptors. That is why it
is advisable to use type IV of collagenase, which contains
low tryptic activity. It is commonly used for islets and other
applications where receptor integrity is crucial [34].

A high percentage of intact isolated secretory cells of
lacrimal gland can be obtained using incubation with two
extracellular media. Initially in 1) Ca®" (1 mM)-containing
media, which includes a mixture of collagenase (type 1V)
with lidase (hyaluronidase), and then in 2) EGTA (2 mM)-
containing solution. This procedure was performed twice. A
mixture of collagenase (690 U/ml) and lidase (400 U/ml)
(dissolved in extracellular medium of the following compo-
sition (mM): NaCl — 119, KCI — 6, MgCl, — 1,2, HEPES —
10, CaCl, — 1, glucose — 10, NaHCO3; — 25; pH 7.4) was
injected to the gland. The gland was incubated 25 min in a
water thermostat at 37 °C and moderate shaking. After
incubation solution was changed to the extracellular con-
taining EGTA (2 mM), and incubated in it for 5 minutes.
Then again incubated in Ca®*-containing extracellular me-
dium with collagenase and lidase (15 min) and pipetted by
tipped with a hole of different diameters in EGTA-
containing extracellular medium, then again washed in
Ca2+-containing solution.

After the first incubation with collagenase and lidase,
but before incubation with EGTA, the acinuses were asso-
ciated in acinar complexes. After incubation in media with
EGTA acinar complexes dissociated, and after the second
incubation with collagenase and lidase and pipettation in
EGTA-containing solution a suspension of individual cells
and small groups of them was obtained.
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The main, but not the only condition of cells intact is in-
tegrity of the plasma membrane. Lack of colour indicated
the integrity of the plasma membrane. In addition, the cyto-
plasm of cells with damaged plasma membrane staining
with trypan blue glows red under ultraviolet light.

Under influence of carbacholine (1 uM) after 15 min in-
cubation of isolated secretory cells in medium with physio-
logical Ca?*concentration (1 mM) Ca®* content in the stud-
ied cells decreased to 11,38 + 2,33 % (P<0,01, n = 5) [14]
and concentration of secreted protein (determined by
Lowry) increased by 8 % (n = 3). In addition, registered
store-operated ca® entry in intact cells of lacrimal gland
was inhibited by 2-APB [15]. In this way isolated cells re-
tained mitochondrial respiration (n = 9).

It was found that the number of isolated cells and the
percentage of intact cells among them depends on the
concentration of collagenase in the incubation medium.
After the first incubation with collagenase and lidase about
80 % of the cells were collected acinus or acinar com-
plexes, which made it impossible counting their number
and check their plasma membrane integrity. For the sec-
ond incubation, the percentage of intact cells gradually
increased with increasing concentrations of collagenase to
690 U/ml and is characterized by some decrease at
920 U/ml. A number of intact cells when incubated in a
medium that did not contain collagenase (second incuba-
tion), were isolated under the influence of collagenase and
lidase during the first incubation. The use of collagenase
(230 U/ml) during the second incubation produced the
41,97 £ 8,07 % (n = 3) intact cells, 460 U/ml — 68,29 + 5,83 %
(n=4), 690 Uml - 80,97 £ 1,15% (n = 8), 920 U/ml -
75,16 £ 4,64 % (n = 7). The remaining cells were damaged
at the same time due to mechanical pipetting, which in this
series of experiments was carried out the same amount of
time regardless of the concentration of collagenase for the
second incubation. However, in samples that contain lower
concentrations of collagenase for cell isolation was neces-
sary to apply more intensive pipetting that caused the viola-
tion of the integrity of their plasma membrane.

Thus the optimum concentration of collagenase IV for
the second incubation is 690 U/ml, since in this case the
output is the largest intact cells (Fig 1).

0 230

460 690 920

Collagenase activity, U/ml

Fig. 1. Dependence of the amount of lacrimal gland secretory cells with integral plasma membrane on concentration
of collagenase for the second incubation:
[NaCl]= 119 mM, [KCI] = 6 mM, [MgCl;] = 1.2 mM, [glucose] = 10 mM, [NaHCO;] = 25 mM, [HEPES] = 10 mM, [CaCl,] = 1 mM,
lidase activity — 400 U/ml; ** — difference compared with control reliable with P < 0.01, *** — P < 0.001

Optimization of conditions for permeabilization of exorbi-
tal lacrimal gland secretory cells. Cells membrane permeabi-
lization makes intracellular Ca2+—transpor1 systems accessi-
ble for specific activators and inhibitors, that in normal condi-
tions does not permeate through plasma membrane and
enables to not use specific inhibitor of Ca2+-transport sys-
tems of the plasma membrane. Cell membrane permeabili-

zation with digitonin is commonly used for study of different
cells functioning [10, 20, 21, 23, 28, 31].

Digitonin and other saponins can be used to selectively
permeabilize the plasma membrane of a wide variety of
cells without si%nificantly affecting the gross structure and
function of Ca“’-sequestering organelles such as mito-
chondria and endoplasmic reticulum [8], obviously because
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the cholesterol in intracellular membranes is much lower
than in plasma membrane [6]. Because the plasma mem-
brane of various cells differs significantly from cholesterol
[1, 5, 6, 22, 25], the current density (concentration) of digi-
tonin, permeabilization conditions and composition of solu-
tions in each case are different. Therefore, it was neces-
sary to adapt (optimize) this method to plasma membrane
permeabilization of exorbital lacrimal gland secretory cells.
The optimal digitonin concentration was chosen ex-
perimentally. Plasma membrane permeabilization was per-

formed by incubation with digitonin at 37 °C in the medium
close by composition to the intracellular (mM): KCI — 140,
MgCl, — 1.5, CaCl, — 0.0274, EGTA — 0.1 ([Ca®*] = 107 M),
HEPES - 10; pH 7.2.

After permeabilization cells were washed twice by in-
tracellular solution without digitonin. Permeabilization
grade was estimated visually by trypan blue staining. In
ultraviolet light cytoplasm of cells stained with trypan blue
light red, indicating permeabilization of their plasma
membrane (Fig. 2 A, B).

B

Fig. 2. Permeabilized secretory cells of the rat exorbital lacrimal gland (light microscope Nicon oetiphot 2, Japan):
A — light microscopy; B — fluorescence registration (Filter Block G-2A, 590 nm); [KCI] = 140 mM, [Ca®1=10" M, [MgCl;] = 1.5 mM,
[HEPES] = 10 mM, [trypan blue] = 0,1 %;

Digitonin forms insoluble complexes with cholesterol
of plasma membrane, which leads to the formation of
pores in the membrane. To avoid permeabilization (ex-
cept plasma membrane) also intracellular membranes
digitonin concentration and incubation time with it was
selected on the basis that the minimum concentration of
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digitonin during the shortest incubation time obtain 95—
97% of all cells being permeabilized.

Optimal amount of digitonin required to exorbital lacrimal
gland cells permeabilization was 50 pg / 0.5 million cells, and
optimal incubation time — 10 min. Under these conditions,
about 95-97 % of the cells were trypan-positive (Fig. 3. A, B).
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Fig. 3. Dependence of permeabilized cells of exorbital lacrimal gland of the rat
on digitonin concentration and incubation time with it:
A — dependence of the percentage of permeabilized cells on digitonin concentration in the medium, incubation time — 10 min;
B — dependence of the percentage of permeabilized secretory cells on incubation time with digitonin, [digitonin] = 50 pg / 0.5 min cells;
in both [KCI] = 140 mM, [Ca®] = 107 M, [MgCl,] = 1.5 mM, [HEPES] = 10 mM;
* — difference compared with control in appropriate group reliable with P < 0.05, ** - P < 0.01, *** - P < 0.001

The integrity of the membranes of intracellular organ-
elles was assessed using chlortetracycline, which accumu-
lated in intracellular organelles with a high concentration of
ionized Ca?*, where they form a complex compound [12,
13, 21, 24, 27]. Since the fluorescence of Ca*'-
chlortetracycline complex determined by the content of

Ca®" in intracellular stores, this suggests the integrity of
endoplasmic reticulum membranes. In terms of chlortetra-
cycline adding to the media with intact and permeabilized
secretory cells in ultraviolet light cells glowed green, indi-
cating integrity of the endoplasmic reticulum membranes.
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Proof of endoplasmic reticulum |ntegr|ty is that eosin Y (5—
50 uM) reduces the content of Ca" in permeabilized cells by
SERCA inhibiting in dose-dependent manner [17]. Reduction
of Ca®" content in permeabilized cells of studied glands was
observed in the presence of IP3 in medium (2 uM) [14].

In permeabilized exorbital lacrimal gland cells the AT-
Pase activity was registered. It was found that the optimal
incubation time for ATPase activity research of exorbital
lacrimal glands secretor;/ under in situ condition was
15 min. Maximum of Ca“’-sensitive ATPase activity was
observed with 2 mM of exogenous ATP and maximum eo-
sm Y-sensmve ATPase activity was observed with 3 mM.
Ca?"-ATPase activity was effectively inhibited by eosin Y
(10-20 uM) and thapsigargin (1 pM) [16]. Thus, a determi-
nation of the Ca®*-Mg?*-ATPase activity under in situ condi-
tion is an adequate and sensitive method for the study of
the exorbital lacrimal glands [16].

Rhodamine 123 is a fluorescent cationic dye and dis-
tributed according to the negative potential of the inner
mitochondrial membrane [3, 7, 11]. Permeabilized cells of
the rat exorbital lacrimal gland in the presence of medium
rhodamine 123 glowed green, indicating a functional integ-
rity of mitochondria.

Conclusion. Permeabilized exorbital lacrimal gland
cells are convenient model for the intracellular Ca®*
transport systems study.
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NEPMEABINI3OBAHI CEKPETOPHI KNITUHU CNI3HUX 3AN03 LWWYPIB SIK MOAEJIbHA CUCTEMA
ana AOCNIMXEHHA CA 2+ -3ANNIEXXHOI TPAHCNOPTHOI CUCTEMU

AdanmoeaHo Memod i3os108aHHsI ma nepmeabinisayii cekpemopHuUX KIiMuH 308HiWHBLOOP6iIManbLHOI c/Ib030807 3a503u wypa. OnmumanbHa
KOHUeHmpauis du2imoHiHy ons ix nepmeabinizayii cmaHosums 50 mk2 / 0,5 MiH knimuH, onmumansHuli Yac iHKy6ayii — 10 xe. OmpumaHi makum
YUHOM KnimuHu 3aghap6oeyrombcsi podamiHom 123 ma xsiopmempayukiiHoM, wo ceid4ums NPo iHmakm+Hicme MimoxoHApili ma eHoonnasMamuy-
Hoz20 pemukynymy. [epmeabinizoeaHi knimuHu 308HiIWHLOOP6IManbHOI C/IL0306801 3a/103U Wypa € 3pyYHOI0 MOBesnsto Onsl AocnioKeHHs (pyHKYio-

HyeaHHs Ca2+-mpaHcrnopmyeasibHuUx cucmem.

Knro4oei cnosa: cribo3oea 3as03a, ceKpemopHi KIimuHu, i301108aHHs, nepmea6lmsaum Ou2imoHiH, Ca -mpchnopmyeaani cucmemu.
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NMEPMEABUITIM3NPOBAHHbIE CEKPETOPHbIE KIETKW U3 CINE3HbIX XXEJNE3 KPbIC
KAK MOOEINNbHAA CUCTEMA ANA UCCNEOQOBAHUA CA 2+ - 3ABUCUMOUN TPAHCTTIOPTHOU CUCTEMbI

AdanmupoeaHo Memod u3osnuposaHusi U nepmeabunu3ayuu ceKpemopHbIX K/IemokK eHe2/1a3HUYHOU Cr1e3HOU xene3bl Kpbicbl. OnmumansHas
KOHUeHmpauusi du2umoHuHa 0ns1 ux nepmeabunusayuu cocmaensiem 50 mke / 0,5 MsIH KITlemok, onmumMasibHoe epemMsi uHKy6ayuu — 10 muH. Mony-
4YeHHble MakuM o6pa3oM KliemkKu okpawuearomcsi podamMuHoM 123 u xnopmempayukIuHoOM, Ymo ceudemenibcmeyem o6 UuHMaKkmHocmu Mumo-
XOHOpul u 3HAonnazmamuyecko2o pemukynyma. llepmeabunusupoeaHHble KIlemKu eHe21a3HUYHOU crie3HoU ene3bl KpbiChkl siensitomcsi yOo6Holu
modesbio 955 uccnedosaHusi hyHKUUOHUPOBaHUS Caz"-mpchnopmelx cucmem.

Knoyeenle crioga: cie3Has xese3a, CeKpemMopHLIe KIIeMKuU, U3ouposaHue, nepMeabunusayus, duzumoHuH, Ca**-mpaHcnopmHbie cucmemal.
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DEVELOPMENT OF NON- AND VITRIFIED-THAWED PRONUCLEAR-STAGE MOUSE
EMBRYOS CO-CULTURED WITH OVIDUCT EPITHELIAL CELLS

For optimize culture system for improving of the development the post-thaw survival in pronuclear-stage mouse embryos ,
we modificated culture conditions, using oviduct epithelial cells culture. The results suggest that co-culture with oviduct
epithelial cells enhances the in vitro development of the vitrified-thawed mouse embryo with the hight quality.

Key words: pronuclear mouse embryos, vitrification, oviduct epithelial cells, co-culture.

Introduction. Epithelial cells of the mammalian oviduct
play an important role in reproductive functions. Cultured
MOEC show a wide variety of secretory activities and these
secretory factors may influence early embryonic develop-
ment and monolayer cultures of BOEC have been widely
used for in vitro co-culture of bovine preimplantation em-
bryos. The main function of the oviduct epithelial cells
(OECs) is providing the successful transportation
processes connected with fertilization, while secretory cells
are known to secrete products called the embryotrophic
oviduct-specific glycoprotein, especially in the first few days
of the estrous cycle and during early pregnancy [5]. The
growth factors synthesized by epithelial cells are important
modulators in many reproductive processes that work in an
autocrine or paracrine manner [12]. Culture oviduct
epithelial cells contained ample glycogen which deposits
caused dedifferentiation of the embryonic blastomeres or
increased amounts of glucose in the culture medium which
interprets as signs of dedifferentiation. The features of the
oviduct epithelial cells like their changing protein profile, a
high proliferative speed, specific growth cyclicity
mentioning on their possible multipotential properties
obtained from pushed away uterine mucus suggests that
monolayer of mammalian oviduct epithelial cells possesses
properties [3] that used in co-culture experiments to
improve embryonic development of in vitro.
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Aim. The effect of co-culturing non- and vitrified-thawed
pronuclear-stage mouse embryos with mouse oviduct
epithelial cell monolayer was investigated. Our purpose
was to compare pronuclear-stage mouse embryos devel-
opment after vitrified and non-vitrified embryos, followed by
in vitro cultivation on oviduct epithelial cell monolayer at the
blastocyst state, and with development of non- and vitrified-
thawed pronuclear-stage mouse embryos after a single
cultivation in cultural media KSMO.

Materials and methods. The oviducts from the same fe-
males were used as a source of MOECs. After PN embryos
were flushed the oviducts transferred into Petri dishes with
DMEM and 1% penicillin-streptomycin solution + 2% FBS.
The oviduct ampoules were squeezed by eye-forceps to get
the clamps of epithelial tissue. Concentrated suspension of
epithelial cells was sucked throughout 200 pl pipette tip 10
times and squeezed throughout 27g surgical needle 25 times
until almost single cell suspension was reached [1]. The cells
have been left in the CO,- incubator at 37°C for 30 min to let
them put down. The upper layer of the medium has been dis-
carded then and fresh DMEM + 20% FBS (just in this step)
added to reach a desirable rate of cell proliferation. The cells
have been left in the CO,-incubator at 37°C for 3 days. After
old condition medium was discarded and fresh DMEM + 10%
FBS + 1% antibiotic solution were added again the MOECs
culture was ready to use as a cell feeder substrate for devel-
opmental capacity of thawed PN embryos.

Fig. 2. The ice oviduct epithelial cells settled down
on the bottom of Petri dish and started to
create a cell monolayer.
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Fig. 1. The solitary spindle shape mouse
oviduct cells lost cilia in culture.

Their shape changed to round due

to trypsin treatment, x 250.
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