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Aim. To investigate the impact of polyvinyl alcohol (PVA) in cryoprotective media on the sur-
vival and proliferation of rat testis interstitial cells (ICs) after cryopreservation. Methods. Rat ICs
were obtained by enzymatic processing of testis with collagenase (type I) and DNase 1. The obtained
cells were cryopreserved by three methods. Methods 1 and 2 implied the use of cryoprotective
medium (CM) based on 1.4 M dimethylsulfoxide (DMSO) and 10 % fetal cow serum (FCS) but
utilized different cooling rates to —70 °C. Method 1: ICs were cooled with 1 °C/min. Method 2:
after initiation of crystallization the cells were cooled with 15 °C/min to —40 °C and with 20 °C/
min from —40 to —70 °C. Method 3 implied the cooling rate of 1 °C/min but FCS was replaced
by 20 mg/ml PVA. When the temperature —70 °C was reached the samples were plunged into
liquid nitrogen (-196 °C). After warming and removal of CM the ICs were cultured in Ham’s/F12
with and without human chorionic gonadotropin (hCG). Results. The use of method 2 improved
the survival of Leydig cells in samples to 79.5 (70.0; 90.0) % comparing with method 1 (42.0
(37.0; 47.0) %). The use of PVA in method 3 did not have an effect on ICs and Leydig cell sur-
vival comparing with method 1. Cell culturing showed that the number of Leydig cells in wells
rose to 17 (0.09; 0.39) and 0.12 (0.08; 0.14) x10° after cryopreservation by methods 2 and 3, re-
spectively, when the cells were stimulated with hCG. These values are several times higher than
the initial number of cells in the wells (0.65 (0.57;0.71) x10%). Conclusion. PVA in combination
with other components of cryoprotective medium promoted the survival of Leydig cells capable
of further proliferation in culture, especially, in the presence of hCG.

Keywords: testis interstitial cells, Leydig cells, cryopreservation, polyvinyl alcohol, cell
proliferation, human chorionic gonadotropin.
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Introduction

Testis interstitial cells (ICs) are the biological
material that can be used for preservation of
endangered species, breeding farm and labora-
tory animals [1, 2]. They are critical for the
mammal reproductive function because of
their production of sex hormones. All these
make ICs very important material for trans-
plantation [3, 4].

Practical use of ICs requires their adequate
reserve. Thus the development and moderniza-
tion of long-term storage of ICs are of great
interest. Traditionally, the cryoprotective me-
dia containing dimethylsulfoxide (DMSO), a
penetrating cryoprotective agent, in concentra-
tion of 0.7-2.1 M and the blood serum or se-
rum albumin, which is a natural biopolymer
of the serum, are utilized for cryopreservation
of ICs [5, 6]. The cited researches also use the
cooling rate 1 °C/min. We have worked out
and described an alternative method for cryo-
preservation of ICs that promotes the survival
of Leydig cells in IC suspension [7-9]. These
two methods are common in a way they both
use DMSO and blood serum but they differ in
the cooling rate in the bulk ice mass melting
and the eutectic melting ranges of cryopreser-
vation media that promotes higher survival of
Leydig cells in samples.

The use of blood serum under cryopreserva-
tion of cells imposes significant restriction for
their further practical application. It is well
known that blood serum may contain patho-
genic microorganisms, which cause zoonotic
diseases, or prions, leading to neurodegenera-
tive processes. Sterilization of donor serum
proteins does not guarantee the elimination of
all pathogens [10—-12]. The use of autologous

serum or serum albumin in cryopreservation
media does not address the challenge because
it often involves preoperative manipulations,
additional funds and cannot be fulfilled under
certain circumstances. The utilization of blood
serum containing media makes impossible
unification of these media for cryopreservation
and cultivation of cells and results in inconsis-
tency of the medium composition from batch
to batch [13] One of the perspective way out
of the problem is the use of various high mo-
lecular weight polymers instead of blood se-
rum or serum albumin in cryoprotective media
[14, 15]. The synthetic polymer polyvinyl al-
cohol (PVA) can inhibit recrystallization dur-
ing cooling or heating [16]. It can also adsorb
on the surface of growing crystals thus inhib-
iting the rate of their growth that in turn in-
crease the survival rate of biological material
after cryopreservation [17]. Therefore, the
objective of the research is to investigate the
impact of PVA in cryoprotective media on the
survival and proliferation of rat testes ICs after
cryopreservation.

Materials and Methods

The experimental protocol was in accordance
with the Guide for Care and Use of Laboratory
Animals, which was approved by the Com-
mittee for Bioethics in Animal Experimentation
of the Institute for Problems of Cryobiology
and Cryomedicine NAS of Ukraine and is a
subject to the European Convention for the
Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes.
The ICs isolation was carried out as out-
lined below: the donors, 5—6-month[-old]
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adult male Wistar rats, were sacrificed by
cervical dislocation and immersed in 70 %
ethanol (Vishpha, Ukraine) for 5 min. The
testes were decapsulated, trimmed of blood
vessels and placed in 15-ml centrifuge tubes
with 4 ml of DMEM (PAA, Austria) per testis
with 0.2 mg/ml collagenase (type I) (Sigma-
Aldrich, USA) and 0.1 mg/ml DNase I
(Sigma-Aldrich) for 10 min in a thermostated
shaking water bath (90 cycles/min at 34 °C).
10 ml of collagenase-free DMEM were added
to each tube and the seminiferous tubule mass
was removed by filtration through doubled
100-um nylon mesh. The filtrates were cen-
trifuged at 325¢g for 3 min at room tempera-
ture. The supernatants were discarded. The
residues were re-suspended in 10 ml of
DMEM and supplemented with 100 IU/ml
penicillin (Arterium Corporation, Ukraine)
and 100pg/ml streptomycin (Arterium
Corporation). The procedure of sedimentation
was repeated.

Two types of cryoprotective media (CM)
were used:

e CM-1 contained 1.4 M DMSO, 10 %
fetal cow serum (FCS) (Biowest, France)
in Ham’s/F12.

* CM-2 contained 1.4 M DMSO, 20 mg/ml
PVA (M.m. 9 kDa) in Ham’s/F12.

The exposition time of ICs in the CM came
to 15 min. The cooling of the samples was
done in cryocontainers (Nunc, Denmark) with
programmable freezer (developed in the
Institute for problems of cryobiology and cry-
omedicine, Kharkiv, Ukraine). Three methods
of cryoconservation were used:

Method 1 included the cooling to —70 °C at
the rate 1 °C/min. When the temperature was
reached the samples were plunged into liquid
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nitrogen (—196 °C). CM-1 was used. The cool-
ing rate for cryopreservation of Leydig cells
was proposed by Tai and Chen [5, 6]. The
method was considered as a control for the
comparisons with methods 2 and 3.

Method 2 included the cooling to —0 °C at
the rate of 1 °C/min. After that the procedure
of crystallization initiation (seeding) was pro-
vided by the programmable freezer. Then the
samples were cooled with 15 °C/min to —40 °C
(this is the range where the bulk ice mass is
formed) and with 20 °C/min from —40 to
—70 °C. The last range encompassed the eu-
tectic point of DMSO solutions (-67.6 °C).
When the temperature —70 °C was reached the
samples were plunged into liquid nitrogen
(=196 °C). The method was developed in the
Institute for problems of cryobiology and cry-
omedicine, NAS of Ukraine, and used CM-1
[7-9]. The method was compared with me-
thod 3.

Method 3 included cooling to —70 °C at the
rate 1 °C/min. When the temperature was
reached the samples were plunged into liquid
nitrogen (—196 °C). CM-2 was used.

The samples were warmed in a water bath
at 37 °C till the crystal phase disappeared.
CMs and their components were removed by
gradual dilution of the samples with Ham’s/
F12 medium. Then the cell suspension was
centrifuged and supernatant was discarded.
After this ICs were resuspended in Ham’s/F12
medum. The procedure of CM removal was
repeated again. Finally, the ICs volume was
adjusted to 1 ml with Ham’s/F12.

The amount of cells before and after cryo-
preservation was calculated in Goryaev cham-
ber. General cell survival was calculated using
the formula:
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Sg = (C1/C2) x 100%,

where C,; was the total amount of cells after
cryopreservation and C, was the amount of
cells before cryopreservation.

Cell viability was assessed by means of
trypan blue dye (TBD) (Sigma-Aldrich, USA)
exclusion, which was added to the cell suspen-
sion in a 1:1 ratio to reach the end concentra-
tion of 2 mg/ml. Viability was calculated using
the formula:

V = (C1/C2) x100%,

where C; was the amount of cells that were
not stained with TBD in a sample and C, was
the total amount of cells in this sample.

Histochemical staining for 33-hydroxysteroid
dehydrogenase (33-HSD) was carried out using
the method described in [18]. This enzyme is
one of the key enzymes in steroid hormone
biosynthesis in Leydig cells. 50 ul of cell sus-
pension were dried on a microscope glass slide
for at least 1 hour at room temperature. The
cells were covered with staining solution pre-
pared by mixing two solutions A and B.
Solution A contained 1 mg of nitro blue tetra-
zolium and 0.6 mg of dehydroepiandrosterone
in 0.6 ml of DMSO. Solution B contained 10
mg of B-NAD" in 10 ml of phosphate buffer
solution (PBS). Cells were stained for 2 hours,
rinsed in distilled water, and fixed in 10 %
formalin in PBS with 5 % sucrose. A coverslip
was mounted with glycerol:PBS (1:1) solution.
ICs were observed at 600x magnification for
the presence of blue-purple formazan. The cells
were counted in the microscopic field of view.

Survival of Leydig cells after cryopreserva-
tion was calculated using formula:

SL = (C1/C2) x100%,

where C; was the amount of positively stained
cells (3B-HSD™) after cryopreservation and C,
was the amount of 3B-HSD* before cryopreser-
vation.

To determine the ability of ICs to proliferation
and differentiation, the native and cryopreserved
cells were cultivated for 14 days in 24 well plates
(SPL Life Sciences, Korea) in the Ham’s/F12
solution with 10 % FCS. 8.7x10* cells in 1 ml
were placed on each well. Half of these cell
samples were cultivated with human chorionic
gonadotropin (hCG) (Schering-Plough Central
East, Switzerland) for the steroidogenesis stimu-
lation. To determine the amount of Leydig cells
in the cultivated samples, the reagents for
3B-HSD staining were brought in the wells after
removal of cultivating medium and drying.

Data are represented as median, 25th/75th
percentiles, and minimal/maximal values. The
Kruskal-Wallis test was used to find the dif-
ferences between the groups. Additionally, the
data were ranked and Newman-Keuls test was
used for multiple comparisons of groups using
Statistica 6.0 (Tulsa, OK, USA).

Results and Discussions

Cryopreservation of ICs showed, that the cool-
ing rate significantly influenced general sur-
vival of cells and the survival of Leydig cells
(fig. 1, A). The use of method 2 that was
worked out to improve the Leydig cell yield
after cryopreservation [7-9] increases their
survival to 79.5 (70.0; 90.0) %. This value is
approximately two times higher comparing
with method 1 (42.0 (37.0; 47.0) %).
Conversely, the change of 10 % serum
(method 1) for 2 % PVA (method 3) did not
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Fig. 1. General cell survival and survival of Leydig cells after crypreservation (A). Histochemical staining for 33-HSD
in ICs culture (B): E — epithelioid cells, ' — fibroblast like cells, L — 3B-HSD™ cell.

* p <0.05, the difference is statistically significant with respect to method 1;

T p <0.05, the difference is statistically significant with respect to method 2.

have any effect on general cell survival and
Leydig cell survival. The viability of ICs came
to 94.0 (90.0; 98.0); 80 (75.0; 85.0) and 89.5
(85.0; 93.0) % for methods 1, 2 and 3, respec-
tively. Thus, the general survival as well as
viability of ICs cryopreserved by method 3
were higher than those for method 2.

Proliferation of ICs in culture was assessed
at the next stage. Generally, it was shown two
morphological types of cells in culture: the
fibroblast cells that were linked to one an-
other by the processes forming two-dimension-
al network; the single or grouped epithelioid
cells that were localized between fibroblast
cells. Some of these cells were 33-HSD*
(Fig. 2, B).

It is well known that one of the indicators
of functional activity of cells is their ability to
proliferation and differentiation in culture. We
evaluated the number of native and cryopre-
served cells on days 7 and 14 of cultivation.
We also assessed the number of Leydig cells
in culture with and without hCG.
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It was shown that the proliferative activity
of cryopreserved samples increased (Fig. 2, A
and B) but the effect of cryopreservation on
the Leydig cells proliferation and differentia-
tion was less pronounced (Fig. 2, C and D).
ICs cryopreserved by methods 1 and 2 had the
highest proliferative activity. However, note-
worthy, ICs cryopreserved by method 2 and 3
had a higher ability to produce Leydig cells in
culture when comparing with method 1.
Additionally, hCG stimulated proliferation and
differentiation of the Leydig cell precursors
into the mature Leydig cells in culture but did
not have any effect on ICs culture on the
whole. The number of Leydig cells in a well
rose to 17 (0.09; 0.39) and 0.12 (0.08; 0.14)
x106 after cryopreservation by method 2 and
3, respectively, when the cells were stimulated
with hCG. These values are several times
higher than the initial number of cells in a well
(0.65 (0.57; 0.71) x10%).

Low-temperature storage of biological ob-
jects and their damage during the process of
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Fig. 2. Total amount of ICs in a well by days 7 (A) and 14 (B) of cultivation. The number of Leydig cells in a well by

days 7 (C) and 14 (D) of cultivation.

* p <0.05, the difference is statistically significant with respect to native;

T p <0.05, the difference is statistically significant with respect to method 1;

1 p <0.05, the difference is statistically significant with respect to method 2;

§ p <0.05, the difference is statistically significant with respect to the culture without stimulation.

cryopreservation are directly linked with the
changes in the state of matter and with phase
transitions occurring in cells, tissues and sur-
rounding extracellular liquid. Low cooling
rates can result in the formation of extracel-
lular ice, the growth of which triggers an in-
crease in osmolarity of extracellular liquid,

water loss by cells, a reduction in cell volume
and membrane damage [19]. High cooling
rates lead to the intracellular ice formation that
may damage cellular structure. The use of
cryoprotective agents such as DMSO decreas-
es the water loss by the cells and crystal growth
during cryopreservation thus eliminating the
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cryodamage described above and promoting
the cell survival. The cryoprotective properties
of blood serum is mainly linked with albumin,
which may inhibit the crystal growth [20, 21].
Such agents also stabilize cellular membranes,
prevent osmotic lesion of cells, protect cells
from free radical [22], however their use is
restricted because of the reasons mentioned in
the introduction.

Therefore, to improve the yield of ICs after
cryopreservation it is necessary to optimize
cooling rates in various temperature ranges or
to modify the composition of cryoprotective
media. The first approach was realized in
method 2 and was described by us earlier
[7-9]. The second one was shown in method
3 where the composition of cryoprotective
media was modified: the blood serum was
replaced by 2 % PVA. Taking into account
cryoprotective properties of PVA and DMSO
the following conclusion can be drawn: on the
one hand, the combined action of PVA and
DMSO prevented the critical crystal formation;
on the other hand, the absorption of extracel-
lular water by PVA increased viscosity, facili-
tated moderate dehydration of ICs, prevented
the excessive water loss and promoted cell
survival.

hCG is a stimulator of testosterone synthe-
sis by Leydig cells and an activator of their
proliferative activity [23]. Some works have
shown its immunosuppressive effect [24] man-
ifested in the inhibition of the proliferation of
immune competent cells widely spread
throughout testis interstitium [25]. This can
explain the absence of hCG action on ICs in
the culture in general and its stimulating action
with respect to Leydig cells and their precur-
sors in the culture.
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Conclusions

The results of the research have shown that
the use of PVA allows the preservation of
considerable amount of ICs that can be used
in further study. PVA in combination with
other components of cryoprotective medium
promoted the survival of Leydig cells capable
of further proliferation in culture, especially,
in the presence of hCG. This is evidenced by
high amount of the cells by days 7 and 14 of
cultivation comparing to the samples cryo-
preserved by method 1 that utilized identical
cooling rate of 1 °C/min but differed in the
composition of media. High preservation of
Leydig cells cryopreserved by method
2 points to the possibility of the moderniza-
tion of cryopreservation process not only at
the expense of medium composition but also
by means of the cooling rate variation in dif-
ferent temperature ranges. This can be used
for the further development of the methods
of low-temperature storage of testicular cells
and other objects.
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BniiuB kpiokoHcepByBaHHS 3 MOJNiBiHIIOBUM criup-
TOM Ha 30epeskeHicTh i PyHKUiOHAJbHY AKTUBHICTH
iHTepcTHLIAJBHUX KJIITHH ciM’SIHUKIB IypiB

O. B. [Taxomos, O. C. CuaopeHko

Merta. Bupuntu Brums nofisidiosoro crupty (ITBC) B
Kpi03aXMCHOMY CEpEIOBHINI Ha BW)KWBAHHSA 1 mpomide-
pamiro inTepctuiansaux KiituH (IK) cim’aHMKIB 1TypiB
micnist KpiokoHcepByBaHHsl. Metonu. 1K orpumyBanu 3
CiM’SIHUKIB IIIypiB ()epMEHTATHBHUM METOJIOM 3 BUKOPHC-
tanHsaM koiarerasu (tun I) i IHKa3u 1. Orpumani kiti-
THHH KPiOKOHCEPBYBAJIM 332 TPhOMa METOAaMH. Y MeToax
1 12 BuKopucTOBYBaocs Kpio3axucHe cepenosuie (KC)
Ha ocHOBI 1,4 M mumetnncynbdorenny (IMCO) i 10 %
(eranpHoi Tensuoi cupoBarku (OTC), nmpu npomy 3a-
CTOCOBYBAJIHICS Pi3Hi IMBUIKOCTI oxomomkeHHs 10 —70 °C.
Mertop 1: IK oxonomkyBanu 31 mBuakictio 1 °C/xs.
Mertopn 2: miciist MOYaTKy KpUCTaii3awii KIITHHH 0X0J0-
JoxyBay 31 mBuakictio 15 °C/xe mo —40 °C i 31 mBua-
kictio 20 °C/xB Big —40 mo —70 °C. Metox 3 nepenbagar
MIBUIAKICTH oxonomkeHHs 1 °C/xs, ane ®TC Oyna 3ami-
Hena Ha 20 mr/mit [IBC. Ipu gocsrHeHHI TeMIieparypu
—70 °C 3pa3ku 3aHyproBay B pigkuii azot (-196 °C).
[Tics HarpiBaHHS 1 BUAAIECHHS KPI03aXHCHOTO CEPEelOBH-
ma IK xynsruByBaymm B cepenoBui Ham’s/F12 3 xopio-
HigHUM ToHagoTporinoM moauau (XIJI) i 6e3 HBOTO.
Pe3yabraTn. BukopucranHs MeTomy 2 JTO3BOJIHIIO Mif-
BHIIUTH BIDKUBAHICTH KIiTHH Jleimira B 3pazkax o 79,5
(70,0; 90,0)% B mopiBHsaHHI 3 MeTonoMm 1 (42,0 (37.0;
47,0)%). Bukopucranust [IBC B MeToai 3 He BIUIMHYIIO
Ha BkuBaHHA [K 1 kniTua Jleinira B mopiBHSHHI 3 Me-
TomoMm 1. KynbTuByBaHHS KIIITHH ITOKa3aJ10, MO KiTbKICTh
kiitun Jlefigira B myHkax 30utbimiacs mo 17 (0,09; 0,39)
i 0,12 (0,08; 0,14) x 106 micius KpiOKOHCEPBYBaHHS 3a
crioco6amu 2 1 3 BiANOBiTHO, KOJIU KIIITHHH CTHMYJIIOBA-
mu XTJI. 1i 3Ha4eHHs B KiJIbKa pa3iB MEPEBUILYIOTh BU-
XiZIHY KUTbKIiCTh KIIITHH B JTyHKaX (0,65 (0,57; 0,71) x 104).
Bucnosok. II1BC B nmoegHanHi 3 IHIIMMA KOMIIOHEHTAMH
KPIi03aXHUCHOTO CEPEIOBHIIA CIIPHUSIB 30CPSIKCHHIO KITITHH
Jleiinira, 3maTHUX 10 TOAIBIIOT TIpoihepartii B KylIbTy-
pi, ocodmBo B mpucyTHOCTI XIJI.

Kaw4doBi cioBa: iHTepcTUIliaNbHI KIITHHU CiM’ STHH-
KiB, KiriTnHM Jlerira, KpioKoHCEpBYBaHHS, TIOJiBiHLUTOBHI
crnupT, npomideparlist KIITHH, XOPIOHIYHUI TOHAIOTPOIIH
JIFOIMHHU.
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Bausinue KPHOKOHCEPBHUPOBAaHUSA

C MOJIMBHUHW/IOBBIM CIIUPTOM Ha COXPAHHOCTH

H (l)yHK].[l/IOHZU'lLHle AKTHUBHOCTb
HHTEPCTUHNHAIBHBIX KJII€TOK CEMEHHUKOB KPbIC

A. B. ITaxomos, O. C. CunopeHko

Heasb. M3yuuts Biusiaue nommBruHIIOBOTO criipra ([IBC)
B KPUO3ALIMTHBIX CPEiaX Ha BBDKUBAEMOCTb U Mposndepa-
M0 MHTepCTHIHAIBHBIX KieTok (1K) ceMeHHHKOB KpbIC
nocye KprokoHcepaupoBanus. Meroabl. K nomyyamm u3
CEMEHHHKOB KpBIC (DepPMEHTATUBHBIM METOJIOM C HCITOJIb-
3oBaHMeM komtarenassl (Tuil 1) u JIHKazer 1. [TomyuenHsie
KJIETKH KPHOKOHCEPBUPOBAIIK TpeMsi MeToiaMu. B MeTonax
1 1 2 ucnonb3oBanack kpuosammrHas cpeaa (KC) Ha ocHo-
Be 1,4 M mumetmcynbdokeuna (JIMCO) u 10 % deranpHoi
Terstubeit ceiBopoTKU (D TC), pH 3TOM MPUMEHSIIHNCE pa3-
JIMYHBIe cKopocTH oxnaxaeHus 1o —70 °C. Meron 1: UK
oxJIaKIaamu co ckopocteio 1 °C / muH. Meton 2: mocie
Hayasia KpUCTAIN3ALIHN KIIETKH OXJIKIAIN CO CKOPOCTHIO
15 °C/mun g0 —40 °C u co cxopoctbio 20 °C/mun ot —40
10 —70 °C. Meton 3 npemonarajl CKOpoCTb OXJIaKaeHusI |
°C/muH, Ho ®TC 6bu1a 3amenena Ha 20 mr/mit [IBC. Tlpu
JocTkeHny Temreparypbl —70 °C o0pasiibl orpy>kajiu B
skunkuit a3ot (-196 °C). Ilocne HarpeBaHus M yAajIeHUs
kpuozarutHo# cpenpl MK kynsriBuposanu B cpene Ham'’s/
F12 ¢ xopronnueckimM roHaoTpornuHoM uenoBeka (XIY)
u 6e3 Hero. Pesyabrarsl. cnons3oBanue Metoza 2 1no3Bo-
JIAJTO TIOBBICHTH BEDKUBAGMOCTH KJIeTOK Jlelimura B oOpasiax
1o 79,5 (70,0; 90,0)% 1o cpaBuenuto ¢ metonoMm 1 (42,0
(37,0; 47,0)%). Ucnionb3oBanue [IBC B MeTozie 3 HE MOBIH-
sio Ha BekuBaeMocTh MK 1 xitetok Jlefiaura o cpaBHe-
HHIO ¢ MeTozioM 1. KynmsTHBHpOBaHUe KIETOK OKa3ajio, YTo
KOJIMYECTBO KIIEeTOK Jlelura B JTyHKaxX YBEIUIMIOCh A0 17
(0,09; 0,39) u 0,12 (0,08; 0,14) x10° OCIIE KPHOKOHCEPBHU-
poBaHus crioco6aMu 2 ¥ 3 COOTBETCTBEHHO, KOITa KIICTKU
crumymupoBay X1 Y. 3Ty 3Ha4eHNs B HECKOJIBKO pa3 Ipe-
BBIIIAIOT UCXOTHOE KOJIMYECTBO KJIeTOK B IyHKax (0,65 (0,57;
0,71) x 10%). Bemsoz. [TBC B coueTaHn# ¢ qPyrUMH KOMITO-
HEHTaM{ KPHO3aIlMTHON Cpeflbl CIIOCOOCTBOBAJI COXpaHe-
HUIO KJIeToK Jletiura, CoCcOOHBIX K MaTbHEHIIICH TPOITH-
(heparuu B KyabType, 0co0eHHO B mpucytcTBun X1 Y.

KnwueBble CJ0BAa: HHTEPCTULHAIIBHBIE KJIETKU
CEMEHHHUKOB, KJIeTKu Jleliaura, KpHOKOHCEPBUPOBAHUE,
TIOJIMBUHWIIOBBIN CIMPT, poindepanys KIETOK, XOpHO-
HUYECKHUI TOHAJOTPOIINH YEJIOBEKA.
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