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Osmotic Behavior of Testes Interstitium Cells in Hypertonic
Solutions of NaCl and PEO-400

Cycne1—13m[ KJIETOK, IOJIyUY€HHasd U3 MHTCPCTULUA TCCTUCOB KPBIC, NPECACTABJIACT FCTepOFeHHy}O HOHyJ’lS[LlI/I}O. 3Ha‘~leHI/Iﬂ
MHHHUMAJBHOTO M MaKCHUMaJIbHOTO 00bEMOB KJIETOK B CYCIIEH3MH OTJIMYAIOTCS Ha JIBa OPSIKA, a paclpeaeieHne KJISTOK [0 pa3Mepam
MOXET 6]>lTb OIIMCAaHO KaK 61/IMO):(3.J'I]>HO€. Honyqubl JAHHBIC O CTCIICHU ACTUApaTallui KIICTOK UHTEPCTULIMA TECTUCOB B TUIICPTOHUYCCKUX
pactBopax NaCl u I130-400. Dxcrpanossiiueil 3aBUICUMOCTeH 00beMa KIISTOK OT OCMOJISIPHOCTH CPEIbl K O6CKOHEUHOMY OCMOTHYECKOMY
JIABJICHUIO OMPE/ICICHBI 3HAUCHHSI UX OTHOCHTEIBHBIX OCMOTHYECKH HEaKTUBHBIX 00beMOB B pacTtBopax NaCl (0,3659) u [130-400
(0,3669).

Knrwouessle cnosa: pasmepsl KJICTOK HHTEPCTHIINAS TECTUCOB, OTHOCHUTEIbHBIH OCMOTHYCCKH HEAKTHBHBIA 00BEM.

CycreH3isi KIIITHH, sIKa 0JIepKaHa 3 IHTePCTULII0 TECTUCIB LY PiB, SBJIsIE COOOI0 TeTEPOreHHY MOMYJIsLif0. 3HAYECHHS MiHIMAJILHOTO
Ta MAaKCUMAaIIbHOTO 00 €MiB KIIITHH y CYCIICH311 BIAPI3HAOTHCS Ha [[BA HOPSIIKH, & PO3MOALT KITITHH 32 po3MipaMu MOke OyTH ONHUCaHU
sk GiMomanbHui. OTpUMaHoO AaHi PO CTYHIHB JerifpaTanii KIiTHH iIHTePCTHLII0 TECTHCIB y TinepToHiuHuX po3unHax NaCl ta [IEO-
400. 3a 1OMOMOT0K0 EKCTPAIOJISALIT 3aJIEKHOCTEH 00’ €My KIIITHH BiJl OCMOJISIDHOCTI CEepeIOBHUILA 10 HECKIHICHHOTO OCMOTHYHOTO THCKY
BCTaHOBJICHO 3HAYCHHSI 1X BIIHOCHUX OCMOTHYHO HEaKTHBHUX 00 eMiB y po3urnHax NaCl (0,3659) ra [TIEO-400 (0,3669).

Knrouogi cnosa: po3Mipu KITiTHH IHTEPCTHUIIIO TECTHCIB, BiTHOCHUI OCMOTHYHO HEAKTUBHUIT 00’ €M.

Cell suspension obtained from the rat testes interstitium is a heterogeneous population. The minimal and maximal values of cell
volume vary by two orders, and distribution of cells by size can be described as a bimodal one. The data on dehydration of testes
interstitium cells in hypertonic solutions of NaCl and PEO-400 were obtained. Values of relative osmotically inactive volume in NaCl
(0.3659) and PEO-400 (0.3669) solutions were determined by extrapolation of cell volume dependence on medium osmolarity to

perpetual osmotic pressure.

Key words: testes interstitium cell size, relative osmotically inactive volume.

KpuokoHcepBrupoBanue (hparMeHTOB U KJIETOK Tec-
THCOB C IS0 CO3/IaHMS 3alacoB MaTepuana AJs
TPaHCIUTAHTAIIMH — HEOOX0IUMOE YCIIOBHE MPH pa3pa-
00TKE HOBBIX CXEM JICUCHHUS aHAPOTEH-Ae(PUIIUTHBIX
cocTostHUH [2, 3]. B ¢BsI31 ¢ 5TUM HEOOXOMUMO H3yde-
HUE TPAHCIIOPTHBIX XapaKTEPUCTUK MEMOPaH KIETOK
TECTUCOB U MX MOPHOMETPUUCCKUX HapaMeTpOB.
N3BecTHO, YTO MPOHUIAEMOCTh IIa3MaTUYECKUX
MeMOpaH JIjIsl MOJIEKYJI BOJIbI U KPHOIIPOTEKTOPOB 51B-
JISTIETCS BOKHEUIIEH KPHOOHOIOT IS CKOM XapaKTePHC-
TUKOU KJIETOK, ONPEIESIoNeH NX OCMOTHYECKOE
MTOBEJICHHE B IMPOIIECCE KPHOKOHCEPBUPOBAHUSI, a TAK-
K€ BBDKHBACMOCTh ITOCJIC OTOTPEBA U BO3BPAILCHUS
B M30TOHUYECKYIO cpeny. OH 13 HanOoee aJleKBaT-
HBIX METOJIOB OLICHKH POHHUIIAEMOCTH — METOJI BOJTFO-
MoMeTpuH. B coueTanuu ¢ GU3MKO-MaTeMaTuyeCKUM
MOJICTUPOBAHUEM IPOIECCOB TPAHCMEMOPAHHOTO
[IEPEHOCAa ATOT METOJI MO3BOJISET ONPEIEIUTh 3HAYC-
HUS KO3 PHUIMEHTOB MPOHUIIAEMOCTH MEMOPaH HH/TH-
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Cryopreservation of testes cells and fragments with
the purpose of creating stock of transplantation mate-
rials is an indispensable condition for elaboration of
novel schemes of androgen-deficient state treatment
[2, 3]. In this respect investigation of membrane trans-
port characteristics of testes cells and their morphomet-
ric parameters is necessary. It is known that plasmatic
membrane permeability for water molecules and cryo-
protectants is one of the most important cryobiological
characteristics of cells determining their osmotic beha-
vior in the course of cryopreservation as well as survi-
vability after thawing and returning to isotonic medium.
Volumetry is among the most adequate methods for
permeability assessment. In combination with physico-
mathematical modelling of transmembrane transfer
processes this method allows determining the membra-
ne permeability coefficients of individual cells for water
molecules and cryoprotectants by fitting the experimen-
tal dependence of cell volume vs. time with an adequate
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BHUIyaJIbHBIX KJIETOK JJIs1 MOJIEKYJ BOABI U KPHUOIIPO-
TEKTOpa ITyTEM COIIOCTABIIEHMSI SKCTIEPUMEHTATBHBIX
3aBHCUMOCTEH 00beMa KJIETKHM OT BPEMEHH C ajeK-
BaTHBIM PEIIEHUEM TEOPETUUECKOW MOJIENH [T YCIIO-
BUH KOHKPETHOTO ONbITa. B KauecTBEe MCXOAHBIX
[apaMeTpoB TEOPETHUYECKass MOJENb BKIIOYAET, B
YaCTHOCTH, MTOBEPXHOCTHO-00bEMHOE OTHOIIEHUE
KJIETKH ¥ €€ OTHOCHUTEIHHBIN OCMOTHYECKH HEaKTHB-
HbIM 00BbeM [1]. OcMoTHYECKH HEAKTUBHBINH 00BEM
OTIpeAeNiaeT OO0 BHYTPUKIETOYHBIX BEHIECTB,
HECTIOCOOHBIX MOKHHYTH KJIETKY 0€3 MOBpEeXICHUS
MeMOpaHbl. K HIM 0THOCSATCSI OMOIOTHYecKUe MaKkpo-
MOJIEKYNbI (HyKJI€HHOBBIE KUCIOTHI, OeNKH), MeMO-
paHHBIE CTPYKTYpPHBI, CTPYKTYpPHBIE 31EMEHTBI LIUTO-
CKeJeTa, CBA3aHHasd Boja 1 p. B oTnuune oT moBepx-
HOCTHO-00BbEMHOI'0 OTHOIICHHS], KOTOPOE PACCUUTHI-
BaeTcs B MpOIlecce M3YUCHUS AMHAMHUKH O0OBEMHBIX
M3MEHEHUH KJIETOK B PacTBOPax MPOHUKAIOIINX Be-
IIECTB, ONpENeIeHHe OCMOTHYECKH HEaKTHBHOTO
o0bema BBIIEISIOT Kak OTaeIbHYI0 3a1ady. Ee permre-
HHUE BO3MOXHO IIyTeM M3y4EHHs] OCMOTHYECKOTO ITOBE-
JIeHNA KJIETOK B paCTBOPaxX HEMPOHHUKAIOIINX BEIIIECTB
C U3BECTHBIM OCMOTHUYECKHM JIaBJIEHHEM. Takue uc-
CJIEIOBaHHS TO3BOJISIIOT ONPENETUTh 3aBUCHMOCTH
00bEMa KIETOK OT OCMOTUYHOCTH CpENbl M JIOIyC-
THMBIN ypOBEHb JETUpaTallii KIETOK, PacCUUTATh
OCMOTHYECKH HEaKTHBHBIN 00BEM, 2 B HEKOTOPBIX CITy-
yagX — OLEHUTh TPAHCIOPTHBIE XapaKTEPUCTHUKHU
KJIETOYHBIX MEMOpaH I BOJBIL.

Lenp paboTsl — onpeneraeHne OTHOCUTEIHLHOTO
OCMOTHYECKH HEAKTHBHOTO O0BbeMa KJIETOK MHTep-
CTHIIMS TECTHCOB ITyTEM OIIEHKH CTENICHH UX IETHIpa-
tarmuu B pactBopax NaCl u [130-400 paznmuaabix
KOHLICHTpaluH.

Matepnaabl 1 meToAbI

CycrieH3uI0 KIETOK WHTEpPCTUIUs B cpene 199
MTOJTyYaJIH U3 TECTHCOB KPBIC (DePMEHTATUBHBIM METO-
noM [4]. Mopdomerpudeckne ucciieT0BaHus MTOKa3bI-
BaIOT, YTO CYCIICH3H COACPKUT KIETKH C AHAMETPOM
ot 4,56 1o 21 mxm (puc. 1). Pactipenenenue KiIeTok
10 pa3MepaM MOXKET OBITh OIICHEHO KaK OMMOIalib-
HOE.

HUccrenoBanmus, mpoBeieHHbIE HA JTa3ePHOM CKaHH-
pytormem mukpockorie LSM 510 META (Carl Zeiss,
I'epmanus), mokasanu, 4To B CBOOOIHOM Karljie KISTKU
TECTUCOB COXpaHsIOT (hopMmy, OJIU3KYIO K chepuuec-
KO, B TO BpeMsl KaK KIIETKH, [IPHIaBJICHHbBIE IIOKPOB-
HBIM CTEKJIOM, Jeopmupyrorcs (puc. 2). B cBsizu ¢
atuM nepen podasinenuem 0,25, 0,5, 0,75 u 1M
pactBopoB NaCl u [130-400 kiieTkn momernaid B
JYHKHU OJIOKa, aIallTHPOBAHHOTO K 3a/1a4aM HCCIIE0-
BaHni. KineTkn okpammuBanum (IIyopecleHTHBIM
kpacureneMm CFSE. MakcumyM KpuBO BO30YKICHIS
CFSE A = 488 um, omuccuu A, = 530 HMm.
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solution of the theoretical model for the conditions of
a certain experiment. The model includes, particularly,
cell surface to volume ratio and its relative osmotically
inactive volume as initial parameters [1]. Relative os-
motically inactive volume determines a moiety of intra-
cellular substances, which are unable to leave the cell
without membrane damage. Biological macromolecu-
les (nucleic acids, proteins), membrane structures,
cytoskeleton structural elements, bound water etc.
belong to them. Unlike surface to volume ratio, which
is calculated during investigations of cell volume change
dynamics in penetrating substance solutions, determina-
tion of osmotically inactive volume is distinguished as
a separate challenge. This problem solving is possible
through investigations of cell osmotic behavior in
solutions of non-penetrating substances with acquainted
osmotic pressure. Such studies allow determining
dependence of cell volume on medium osmotical pressu-
re and permissible level of cell dehydration, calculating
relative osmotically inactive volume, and in some cases,
evaluating cell membrane transport characteristics for
water.

The aim of the work is determining relative
osmotically inactive volume of testis interstitium cells
by evaluating their dehydration in solutions of NaCl
and PEO-400 at various concentrations.

Materials and methods

Interstitium cell suspension in medium 199 was
obtained from the rat testes by the enzyme method
[4]. Morphometric analysis shows that the suspension
comprises cells with the diameter from 4.56 to 21 um
(Fig. 1). Distribution of cells by size can be described
as a bimodal one.

The studies performed on a laser scanning micro-
scope LSM 510 META (Carl Zeiss, Germany) showed
that in a free drop testis cells held the shape close to a
spherical one, while cells pressed down by cover-glass
became deformed (Fig. 2). Thereby before adding 0.25,
0.5, 0.75 and 1 M solutions of NaCl and PEO-400
cells were placed in wells of a block adapted specially
for the purpose of the investigation. Cells were stained
with the fluorescent dye CFSE. Maximum of CFSE
excitation wavelength makes A, = 488 nm, emission
wavelength does 4, = 530 nm.

Microscopic analysis was performed on a micro-
scope Obzerver Z1 (Carl Zeiss, Germany).

Cell diameters (d) were measured using Axio Vision
4.7 software (Carl Zeiss, Germany). If the cell is sha-
ped like sphere, cell volume ( V), cell membrane surface
area (S) and surface-volume ratio (y) can be determi-
ned from diameter data:

3 6
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Konmyectso KneTok
Quantity of cells
w
o

1

4,56 6,29 8,02 9,75 11,48

ﬂmameTp KINeTKn, MKM

18,40 20,13

13,21 14,94
Cell diameter, um

16,67

Puc. 1. PacnipenesieHne KIETOK HHTEPCTHLHS TECTUCOB B CYCIICH3UH T10 Pa3MepaM.
Fig. 1. Distribution of testis interstitium cells in suspension by size.

MHUKpOCKONTUUECKHE HCCIIeIOBAaHUS TPOBOMIN Ha
mukpockone Obzerver Z1 (Carl Zeiss, ['epmanus).

C nomotibio rporpamMmbl AxioVision 4.7 u3Mepsuin
nuametpsl (d) kiaetok. B mpubmmwkenun cdepsl mo
3THM JaHHBIM MOXXHO ONpeAeInTh 00beM Ki1eTku (V),
IUTIOIIAAb MIOBEPXHOCTH KIETOYHOH MeMOpaHsl (S) u
MOBEPXHOCTHO-00BEMHOE OTHOIIEHHE (Y):

3

6

O4eBHUIHO, YTO IKCIEPUMEHTAILHBIE JaHHBIE 00
W3MEHEHUU KJIETOYHOTO 00beMa CIIeJyeT MpeCcTaB-
JISITh HE B a0COJIIOTHBIX, 2 B OTHOCHTENBHBIX BEIIU-
yrHaXx. Tak, OTHOCHTEIbHBIA 00hEM KICTKH ()) MOIKHO
HalTHU U3 COOTHOILIEHUS:

V=

6
S =ady=—.
4 d

a a

Apparently experimental data on cell volume chan-
ges should be presented not in absolute units, but in
relative ones. Thus, cell relative volume (y) can be
calculated from the formula:

_ 4y
y—(do),

where d is cell diameter after impact; d,;is initial volume
of the cell.

Cell relative osmotically inactive volume was deter-
mined by extrapolation of relative volume dependence
vs. concentrations of the non-penetrating extracellular
component PEO-400 and NaCl, which were presented
in Van’t Hoff coordinates, to perpetual osmotic pres-
sure.

The results were statistically processed by the
Student-Fisher test.

6 b

Puc. 2. PCKOHCprI/IpOBaHHI:IG I/I306pa)KeHI/Iﬂ KJICTOK HUHTEPCTULINA TCCTUCOB, HAXOAAIIUXCS B CBO60Z[HOﬁ Kamjie (a) nnon

TIOKPOBHBIM CTEKIIOM (0).

Fig. 2. Reconstructed images of testis interstitium cells in a free drop (a) and under cover-glass (b).
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rae d — nMaMeTp KJIETKU MOCNe BO3AEHCTBUSA; d, —
WCXOJHBIN JHaMeTp KISTKH.

OTHOCHUTENBHBIH OCMOTUYECKU HEAKTUBHBIU
00BEM KIIETOK OTIPEACIISUIA SKCTPATIONSAIUEH 3aBUCH-
MOCTEH OTHOCHTEIBHOrO 00BhEMa OT KOHIIEHTPALUU
HEMPOHUKAIOIIETO BHEKIETOYHOTO KoMIoHeHTa [120-
400 u NaCl, npeacrapieHHBIX B KOOpAUHaTax BaHT-
Todda, k beckoreTHOMY OCMOTHYECKOMY JABIEHUIO.

CrarucTudeckyo o0paboTKy pe3yabTaToB dKCIIe-
pUMeHTOB npoBoauiu o Metony CrerofeHTa-Du-
mepa.

Pe3yAbTathl M 00CyXXAeHHe

Hannsie Moppomerpun (cM. puc. 1) MO3BOJISIOT
OLIGHUTH IIPEeIibl BAPLHUPOBAHUS 00bEMa U MOBEPX-
HOCTHO-O0bEMHOT0 OTHOILICHUSI KJIIETOK B CYCIICH3UH.
OObeM KIIETOK BappUpyeT B mpeaenax 4,96x10' —
4,84x10° MmxM?, T. €. B ipezienax AByX mopsiakos. I1o-
BEPXHOCTHO-00bEMHOE OTHOIICHHWE W3MEHSETCS He
6onee, ueM B 5 pa3 (0,29-1,32 mxm ).

J11 o1ieHKY cTerieHu 00€3B0KUBAHNS KIIETOK TeC-
TrcoB B pactBopax I1130-400 u NaCl u onpeneneHus
OCMOTHYECKH HEAaKTHMBHOTO O00BbEMa 3THX KIETOK
(mapameTpa, UCHONB3YEMOT0 NpH pacuere Kodpdu-
LUEHTOB MPOHULIAEMOCTH) OBLIIH IOIYy4EHBI 3aBHCHU-
MOCTH OTHOCHTEJIBHOTO KJIETOYHOTO 00beMa OT KOH-
LEHTPALA OCMOTHYECKH aKTUBHBIX YaCTHII B PACTBO-
pe (puc. 3).

U3 npuBeeHHBIX JaHHBIX BUIHO, YTO KPUBHIC
3aBHCUMOCTH OTHOCHTEIBHOTO 00beMa KJIETOK Tec-
THCOB OT KOHIICHTPAI[H OCMOTHYECKH aKTUBHBIX Yac-
TUI pa3nu4Hbl s pactBopoB NaCl u 1130-400. B
pactBopax [130-400 nernaparaiius npyu paBHBIX KOH-
LEHTpaMAX OCMOTUYECKH aKTUBHBIX YACTHI BBIIIE,
yeMm B pactBopax NaCl. [Tepexon oT koHIEHTpaLuii K
OCMOTHYECKHM JIaBICHUSIM PAacTBOPOB M INPEICTAaB-
JICHWE JTaHHBIX B KoopauHatax Baut-Todda (puc. 4,
a, 0) MoKa3aJk, TeM HEe MEHee, XOpOolllee COOTBETCTBHE
PE3YyNBTaTOB, NONMYy4EHHBIX ITpH ncnoib3oBannu NaCl
u I190-400. Haiinenusie u3 rpaduKoB 3HAUCHUS
OTHOCHTEIFHBIX OCMOTHUYECKH HEAKTUBHBIX 00HEMOB
KIIETOK MTPAKTHYCCKH HE OTIMYAIOTCS.

BbiBOADI

CycrieH3ns KIIeTOK MHTEPCTHLIHS TECTHICOB KPBIC BKJTIO-
yaer KIeTku ¢ 006eMoM 0T 4,96x10' 110 4,84x103 mrm?
1 TIOBEPXHOCTHO-00bEMHBIM OTHOIIEHHEM 0T 0,286 10
1,316 mxm!. PacnipeneneHue KIeTOK MO pa3Mepam
MOJKET OBITh OLIEHEHO KaK OMMOJAIBHOE.

Knetku nHTEpCTUIMA TECTHCOB 00€3BOKUBAIOTCS
B pactBopax I130-400 B Gonplieii cTeneHy, 4eM B
pactBopax NaCl ¢ Toif e KOHLEHTpalueld 0CMOTH-
YECKH aKTHBHBIX YaCTHII.

3Ha4YEeHUsI OTHOCUTENBHBIX OCMOTHYECKH HEAKTUB-
HBIX 00BEMOB KJIETOK WHTEPCTHUIUS TECTHCOB, OIpe-
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Puc. 3. 3aBUCHMOCTH OTHOCHTEIHLHOIO 00bEMa KIIETOK HH-
TEPCTULHS TECTUCOB OT MoJisipHocTH pacTBopoB NaCl (1) u
I120-400 (2); 0. — KOHCTaHTa JUCCOIUAIIHH.

Fig. 3. Dependence of relative volume of testis interstitium
cells on molarity of NaCl (1) and PEO-400 (2) solutions. o.—
dissociation constant.

Results and discussion

The morphometric data (see Fig. 1) allow estimating
limits of the cell volume and surface-volume ratio
variations in suspension. The cell volume varies within
the range of 4.96x10"' — 4.84x10* um’, i.e. within the
range of two orders. The cell surface to volume ratio
changes not more than by 5 times (0.29-1.32 um™).

Dependence of cell relative volume on concentra-
tions of osmotically active particles in solution was ob-
tained for the estimation of testis cell dehydration in
PEO-400 and NaCl solutions and determination of the
osmotically inactive volume of these cells (an index
used for calculation of permeability coefficients)
(Fig. 3).

From the data presented one can see that the curves
of dependence of testis cell relative volume on con-
centrations of osmotically active particles are different
for NaCl and PEO-400 solutions. In PEO-400 solutions
dehydration is higher than that in NaCl solutions at
equal concentrations of osmotically active particles.

Transition from concentrations to solution osmotic
pressures and presentation of the data in Van’t Hoff
coordinates (Fig. 4, a, b), however, showed a good
accordance of the results obtained with NaCl and PEO-
400. Found from the graphs values of relative osmo-
tically inactive volumes of cells are practically the
same.

Conclusions
The rat testes interstitium cell suspension comprises
cells of volume from 4.96x10' to 4.84x10° um® and
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Puc. 4. 3aBUCUMOCTH OTHOCUTEIHHOTO 00bEeMa KIIETOK HUHTCPCTULIUA TECTUCOB OT NPUBCACHHOTI'O OCMOTUYCCKOI'O JaBJICHUA

pactsopoB NaCl (a) u [120-400 (6).

Fig. 4. Dependence of relative volume of testis interstitium cells on reduced osmotic pressure for NaCl (a) and PEO-400 (b)

solutions.

JIEIICHHbBIE U3 3aBHCUMOCTEH OTHOCHTEIBHOTO 00heMa
OT MPUBEJECHHOIO OCMOTHYECKOT'O NaBICHUS IS
pactBopoB NaCl u [190-400, cocraBmustor 0,3659 u
0,3669 cOOTBETCTBEHHO.
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surface to volume ratio from 0.29 to 1.32 m™'. Distri-
bution of cells by size can be described as a bimodal
one.

Testes interstitium cells are dehydrated in PEO
solutions more than in NaCl solutions at equal concen-
trations of osmotically active particles.

The values of relative osmotically inactive volumes
of testes interstitium cells determined from relative
volume dependence on reduced osmotic pressure for
NaCl and PEO-400 solutions are 0.3659 and 0.3669,
respectively.
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