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Introduction

Aim. To assessof the effect of cryopreservation by vitrification on morphofunctional parameters
of immature rat testicular tissue in a cryoprotective media based on polymeric carriers. Methods.
Samples of immature rat testicles were rapidly immersed in liquid nitrogen under protection of
the cryomedium 1 (15 % DMSO+18 % glycerol+0.5M sucrose) or the cryomedium 2 (15 %
DMSO+18 % glycerol+15 % PEO) based on biopolymers (bovine serum albumin (BSA), col-
lagen (CG) or fibrin (FG) gels). The comparison groups included the intact control and fragments
vitrified in Hank’s solution. Results. In contrast to BSA and CG, FG had a more pronounced
protective effect. Its combination with the cryomedium 1 led to a decrease in the degree of retrac-
tion and desquamation of spermatogenic epithelium, as well as to a three-fold increase in cell
density compared to the negative control. The metabolic activity of testis tissue vitrified under
protection of FG and the criomedium 1 increased 2.75 times compared to the negative control
(BSA and CG in this cryomedium led to 2.1- and 2.0-fold increase, respectively). A similar trend
was observed in the LDH activity. Biopolymers in the cryomedium 2 had a positive effect upon
histological examination, but did not contribute to the preservation of metabolic activity of sper-
matogenic epithelial cells. Conclusion. Cryomedium 1 based on fibrin gel had the optimal
properties among all studied combinations of biopolymers and cryoprotectants. The obtained
data can be used for development of vitrification methods for human seminiferous tubules.

Keywords: Immature testicular tissue, spermatogenic epitelium, cryoprotective medium, col-
lagen gel, fibrin gel, metabolic activity

Cryopreservation of testicular tissue is a cryopreservation is further autologous trans-
unique technique for fertility preservation in  plantation to initiate spermatogenesis [2].
pre-pubertal boys, who do not yet have sperm  Additionally, the use of spermatozoa obtained
in the ejaculate and who are scheduled to by testicular tissue culturing for extracorporal
undergo gonadotoxic treatment [1]. In such fertilization is considered as a promising ap-
cases, the primary purpose of testicular tissue  proach [3].
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polymers and Cell. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
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Freezing by vitrification is increasingly
used at cryopreservation of immature testicu-
lar tissue. Vitrification is an effective strategy
to prevent the formation of ice crystals due to
the use of high concentrations of cryoprotec-
tants and ultra-fast cooling, which minimizes
cell damage [4]. Currently, additional compo-
nents reducing cell damage during cryopreser-
vation are protein impurities. It has been
shown [5] that the use of fetal calf serum,
bovine serum albumin, recombinant protein in
cryoprotective media increases the viability of
cells after freezing-thawing. The addition of
serum to cryoprotective media has a number
of disadvantages: variability in its composi-
tion, the possibility of virus contamination and
the presence of unwanted biologically active
substances. However, in most existing cryo-
preservation protocols, the testicular tissue
uses serum albumin as a protein compo-
nent [6]. This leads to the search for new, more
suitable components to protect biological ob-
jects from the freezing stress.

The used method of tissue fragment encap-
sulation is based on the cell scaffold techno-
logy [7]. Biopolymer gels represent an interest-
ing starting material for soft, and lately also
for hard tissue regeneration. The latter relies
on immobilization of cells in a biomaterial,
which allows bidirectional diffusion of nutri-
ents, oxygen, and waste, thus promoting cell
interactions. The Substances for encapsulation
should also be biocompatible and favor (sub-
ject to application) vascular invasion and tissue
integration in the host [8].

Biopolymer gels are very often used as
scaffolds. They can be degradable or non-
degradable. The two main classes of natural
biopolymers are proteins and polysaccharides

[9]. Collagens are the most abundant family
of the complex enzymatically degradable pro-
teins with unique biological properties. They
are involved in forming membranes, fibrillar
system and other components of the extracel-
lular matrix, determining structural integrity
and physiological functions in cells [10]. The
results obtained in the field of cryobiology
showed that the distribution of water and struc-
ture of ice crystals in collagen gels depend on
the composition of the gel and the program of
freezing [11]. Thus, the presence of an extra-
cellular matrix may affect the structure of ice
formed during freezing-thawing, and hence the
final result of cryopreservation.

Now, fibrin gel is widespread as an alternative
to collagens. The products derived from autolo-
gous blood are used in the regenerative medicine
for the recovery of damaged tissues and organs.
The important properties of fibrin gel are an
ability to degrade in a controllable way and self-
organization into a polymer system that mimics
blood clotting. At the same time, fibrin gel and
other derivatives of blood (serum, plasma) con-
tain a large number of different bioactive sub-
stances used as protectors from the damages
during the cryopreservation of the cells.

In our preliminary study, it has been shown
that the use of fibrin Gel as an integral com-
ponent of freezing medium is effective and
contributes to the preservation of the average
density of germinative cell and their meta-
bolic activity during the exposure stage of
cryopreservation [12]. The combination of the
fibrin gel with 0.7 M glycerol has been found
to be the most optimal under cryopreservation
using slow non-controlled cooling [13].

The research purpose was to perform a
comparative study of the effect of biopolymers
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(bovine serum albumin, collagen and fibrin
gel) on morphofunctional characteristics of
seminiferous tubules of immature rats after
vitrification.

Materials and Methods

All the manipulations with animals were car-
ried out in accordance with international bio-
ethical norms, legislative documents of
Ukraine, statements of the IV European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Other
Scientific Purposes [14] as well as the protocol
of the Committee in Bioethics of the Institute

for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of
Ukraine (No2014-02). The research was per-
formed in immature male rats (n = 50) weigting
(50 = 15) g at the age of 7-8 weeks [15] ac-
cording to the scheme (Fig. 1).

Cryoprotective solutions were ex tempore
prepared on the basis of biopolymer solutions:

1) bovine serum albumin (BSA) (PAA,
Austria), which was used at a concentration of
50 g /L in Hank’s solution (PAA);

2) collagen gel (CG), which was obtained
from the tendon of rat tails according to the
standard procedure [16]. The pH level was

Testicular tissue
Exposure
v 2 2 ¥
| BSA | ] G | | FG Tntact
* .b * * * * control
! - - - - - (non
Cryomedium 1.1 Cryomedium 2.1 Cryomedium 1.1 Cryomedium 2.1 Cryomedium 1.1 Cryomedium 2.1 frozen)
5 min 4°C 5 min 4°C 5 min4°C 5 min 4°C 5 min 4°C 5 min4°C
2 2 2 v v v \ 4
Cryomedium 1.2 Cryomedium 2.2 Cryomedium 1.2 Cryomedium 2.2 Cryomedium 1.2 Cryomedium 2.2 Negative
5 min 4°C 5 min 4°C 5 min4°C 5 min 4°C 5 min 4°C 5 min 4°C camerol
{ without
cryoprotectors)
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Results evaluation
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Histomorphological analysis MTT-test s s
IRoR y LDH activity

Fig. 1. The scheme of experiment
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adjusted to neutral using 0.34 N NaOH solu-
tion;

3) fibrin gel (FG), which was isolated from
fresh blood of animals, procured from a car-
diac vein in a volume of 5-7 ml and centri-
fuged for 12 min at a rate of 1500g. After
centrifugation, three fractions of blood were
received: lower — erythrocyte mass; upper —
platelet-pure plasma; medium — fibrin gel en-
riched with thrombocytes.

The following media were prepared based
on this biopolymers:

Cryomedium 1: 1.1 — biopolymer (5 %
BSA, FG or CG) + 5 % DMSO + 6 % glyce-
rol + 0.1M sucrose; samples exposition for
5 min at 4°C;

1.2 — biopolymer (5 % BSA, FG or CG) +
15 % DMSO + 18 % glycerol + 0.5M sucrose;
exposition for 5 min at 4°C.

Cryomedium 2: 2.1 — biopolymer (5 %
BSA, FG or CG) + 5 % DMSO + 6 % glyce-
rol + 5 % PEO; exposition for 5 min at 4°C.

2.2 — biopolymer (5 % BSA, FG or CG) +
15 % DMSO + 18 % glycerol + 15 % PEO;
exposition 5 min under 4°C exposition for
5 min at 4°C.

The samples of the rat testicles of size
2-3 mm3 were obtained mechanically and in-
cubated sequentially in each variant of cryo-
medium 1 and 2 for 5 minutes at 4°C and then
cryopreserved by vitrification (rapid immer-
sion in liquid nitrogen). The warming was
carried out by successive transfer of samples
to a sucrose solution of a decreasing concentra-
tion (1M, 0.5M, 0.25 M, OM) at temperature
of 42°C. The incubation in each medium lasted
5 minutes.

The comparison groups: intact control
(freshly isolated fragments of seminiferous

tubules of rats) and negative control (fragments
of rat seminiferous tubules, cryopreserved in
Hank’s solution). Biopolymers (5 % BSA, FG
or CG) without cryoprotectants also served as
a control.

Histomorphological experiments were car-
ried out maintaining blinding by involving the
third person who did not take part in the ex-
periment. Paraffin blocks were prepared and
slices of 7 um thickness were stained by he-
matoxylin and eosin. Histological preparations
were studied using Axio Observer Z1 inverted
microscope (Carl Zeiss, Germany) including
the following criteria: cell retraction, nuclei
condensation, epithelium detachment, and for-
mation of gaps [17]. The image files obtained
in such a way were processed using the
Axiovision v. 4.8 (Carl Zeiss). An average cell
density of spermatogenic epithelium (the num-
ber of nuclei per the area unit) was detected.

To determine the total metabolic activity
testicular tissue samples (3 fragments weighing
75 = 3 mg), the MTT test was used. Briefly,
MTT 3-(4,5-dimethylthi azol-2-yl)-2,5-diphe-
nyltetrazolium bromide (Fluka, Germany) of
final concentration of 0.5 mg/mL was added
to the samples and incubated for 3 h at 37°C;
the medium was removed and 100 % DMSO
was added to each tissue sample to solubilize
the precipitate [18]. Absorbance was read at
540 nm. Obtained data were normalized to mg
of tissue.

The total LDH activity was quantified by
UV spectrophotometry using test kits (Randox,
United Kingdom). The samples of tissues of
all experimental groups were homogenized and
filtered, with following centrifugation (1000xg
for 10 min). The reaction was started by addi-
tion of the enzyme sample to 20 puL of super-
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natant of tissue homogenat followed by spec-
trophotometrical measuring of a decrease in
absorbance of NADH at 365 nm, according to
the manufacturer’s instructions.
Kruskal-Wallis ANOVA test and multiple
comparisons p values were applied to compare
the difference between the groups using
Statistics 8 (StatSoft, USA) software.

Results and Discussion

The MTT-test results are shown in Figure 2.
Noteworthy, vitrification in investigated bio-
polimers did not lead to a significant change
in metabolic activity of the immature testis
tissue compared to negative control but it in-
creased in the groups with biopolymers and
cryomedium 1 or 2. At the same time, the
cryomedium 1 was more effective than cryo-
medium 2. Metabolic activity of seminiferous
tubules vitrified with BSA or CG in combina-
tion with the studied cryoprotective media
exceeded the negative control but the results

did not differ significantly. The best results
were obtained in the samples cryopreserved
under protection of FG-based cryomedium 1
if compared to other biopolymers. This para-
meter increased 1.83 times relative to the cor-
responding control (FG). However, in all exa-
mined samples, the metabolic activity of cells
after vitrification remained significantly lower
than intact control.

The total LDH activity in all investigated
samples of seminiferous tubules of immature
rat testes after vitrification was higher than
negative control (Fig. 3). This index was the
highest in the group of cryomedium 1 with CG
or FG application (it exceeded the negative
control 4.2 and 3.8 times respectively) though
there is no significant difference between these
biopolymers. Compared to the intact control
LDH activity for all vitrified specimens was
considerably lower.

Thus, an analysis of the obtained data indi-
cates that the level of metabolic activity de-
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creased in the samples of the seminiferous
tubules of the testes of immature rats after the
vitrification-thawing procedure, and the using
of combination of biopolimer and cryomedium
softens a freezing stress.

The results of histological study showed
that seminiferous tubules of intact immature

Semlnlferous tubules of immature rat testes. 4 —

Fig. 4.
staining.

cording to the Kruskal-Wallis test.

rats had a normal structural organization
(Fig. 4 A). Vitrification in Hank’s solution
(negative control) caused gross structural ab-
normalities: sharp retraction with the formation
of large cracks inside spermatogenic epithe-
lium, its total desquamation, lysis and pycno-
sis in almost 90 % of the cell nuclei (Fig. 4 B).

intact control, B — negative control. Hematoxylm and eosin
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Biopolymers without cryoprotectants were
proved to be ineffective and to cause gross
damages as in the negative control (Fig. 5
BSA, CG, FG). The structure of seminiferous
tubules vitrified in cryomedium 1 based on
BSA and CG was characterized by lower re-
traction and desquamation of spermatogenic
cells compared to negative control while main-
taining a high frequency of pycnosis and lysis

of nuclei (Fig. 5 BSA, CG cryomedium 1).
The combination of cryomedium 1 with FG
was more effective: the spermatogenic epithe-
lium generally retained its histological struc-
ture, except for a slight retraction of cells and
the presence of individual cells with vacuolat-
ed nuclei, diffusely settled throughout the
thickness of the epithelial layer (Fig. 5 FG
cryomedium 1).

Fig. 5. Seminiferous tubules of immature rat testes after vitrification. Hematoxylin and eosin staining.
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If compare the group of BSA-based cryo-
medium 2 with negative control, the degree of
retraction decreased and, as a result, necrosis
and total cell desquamation came to the fore
(Fig.5 BSA cryomedium 2). The histological
picture after vitrification in CG with cryome-
dium 2 was characterized by a slight retraction
of germinogenic cells, lack of desquamation but
hyperchromic, swollen nuclei of cells were
often detected, which prevented a clear defini-
tion of spermatogenic epithelium zonation
(Fig. 5 CG cryomedium 2). The combination
of cryomedium 2 and FG had insufficient cryo-
protective action and caused gross structural
damages (Fig. 5 FG cryomedium 2).

The average cell density of spermatogenic
epithelium after vitrification (Fig. 6) in solu-
tions of biopolymers sharply decreased rela-
tively to the intact tissue and did not signifi-
cantly differ from the negative control values.
The addition of cryoprotectors allowed sig-
nificant reducing of cell damage during the

12

vitrification-warming process. The maximum
effect (a 3-fold increase versus negative con-
trol) was observed when using FG-based cryo-
medium 1. However, even in this case the
investigated indicator remained significantly
lower than the intact control.

The cell density in this group was signifi-
cantly higher than after vitrification in a cry-
omedium 1 based on BSA or CG but did not
reach the rate of intact control.

The analysis of the data shows that the met-
abolic activity after vitrification-thawing in all
samples of seminiferous tubules of immature
rats vitrified under protection of cryomedia
decreased if compared to intact control, but
significantly exceeded the value of the negative
control. Noteworthy, the use of FG in combina-
tion with cryomedium 1 was the most optimal
among all the studied combinations of biopoly-
mers and cryoprotectants. In this case, the de-
gree of retraction and desquamation of the
spermatogenic epithelium decreased in com-
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Fig. 6. The average cell density of
spermatogenic epithelium after vitri-
fication. The difference is statistical-
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parison to the combination with BSA. Unlike
collagen, the fibrin gel provided a more pro-
nounced protective effect, which was also
manifested in reducing the number of necrotic
cells in the spermatogenic epithelium.
According to the results of the MTT test, the
combined use of FG with cryomedium 1 pro-
vided the highest preservation of metabolic
activity of the seminiferous tubule cells of im-
mature rats among all investigated variants of
the media. A similar tendency was observed
regarding the level of total activity of LDH.
Innovative biomaterials have significantly
contributed to the development of reproductive
medicine, especially in the aspect of fertility
maintaining. For example, the FG, because of
its biological nature, provides an optimal sup-
port for adhesion, proliferation, differentiation
and biochemical signaling of cells. It is used for
encapsulation of the fragments of integral tissue
or single cells to support their 3D structure, as
well as to study biological phenomena which is
impossible in 2D systems [19]. Noteworthy, FG
can be mixed with different growth and angio-
genesis factors that can be released in a con-
trolled way to stimulate neoangiogenesis and
reduce hypoxic lesions in nonvascular trans-
plants. The results of in vitro experiments
showed that FG had a slight inhibitory effect
on proliferation of fibroblasts and stimulated
the collagen synthesis [20]. Based on the results
presented in this paper, it can be stated that FG
can also be used as a basis of multicomponent
cryoprotective media for vitrification of frag-
ments of seminiferous tubule of immature rats
instead of the traditional BSA solution. A pre-
requisite for ensuring the effectiveness of cryo-
preservation in this case is the presence of cryo-
protectant compositions. Previously, it was
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shown that the high molecular weight polymers
exhibited high cohesive properties, and there-
fore have a protective impact on biological
objects, reducing the extracellular salt concen-
trations similar to low molecular weight cryo-
protectants. The authors noted that the cryopro-
tective efficiency of polymers consisted in their
ability to change the physical properties of solu-
tions during cooling, but not to directly protect
and change the characteristics of the cell mem-
brane. We can assume that our findings are
explained by the fact that high viscosity of the
investigated gels contributed to partial (or com-
plete) vitrification of an extracellular medium
in the samples during cooling. Additionally, it
is known that one of the features of biopolymer
solutions 1is their high viscosity, reciprocally
dependent on temperature. Therefore, biopoly-
mers gels can affect the crystal formation, con-
tributing to the appearance of smaller ice crys-
tals and thus reducing its mechanical action on
biological objects. Such a property of gels is
stipulated with an increase in the viscosity of
the medium, which impedes the intensive for-
mation of crystallization nuclei and inhibits the
growth of'ice crystals in volume. In general, the
obtained results allow us to think about the
perspectives in using a combination of FG and
cryomedium 1 in the protocol for vitrification
of the seminiferous tubules.

Conclusions

Based on the results of the analysis of total
activity of LDH, MTT test and histomopho-
metry, it was found that the best of all the
examined biopolymers was fibrin gel with the
combination of cryoprotectors (DMSO, gly-
cerol, sucrose). The obtained data can be used
for substantiation and development of effective
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cryopreservation methods for human semini-
ferous tubules using biopolymers.
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Birpudikanis TkKaHUHHU f€4Ka MYpPIB
3 BUKOPUCTAHHAM OiomosiMepin

H. O. Bonkosa, M. C. IOxra, A. M. TI'onbues

Merta. [IpoBezieHHs OPIBHSIHHOT OI[IHKY BIUIMBY Kpio-
KOHCEpBYBaHHsI LIUIIXOM BiTpuikauii Ha MopdodyHKIi-
OHaJIbHI XapaKTePUCTHKU HE3PiJIOl TKAHWHH SEYOK IIypPiB
ITi T 3aXMCTOM KPIOCEPEIOBHII] HA OCHOBI 0I0MOTIMEPHUX
reniB. MeToau. 3pa3Ku sSI€YOK CTaTEBOHE3PUIMX LIypiB
OyJIH IIBUZIKO 3aHYPEHI B PIIKKH a30T ITiJ] 3aXUCTOM Kpi-
ocepenouia 1 (15 % AMCO + 18 % mmiuepun + 0,5 M
caxaposa) abo kpiocepenopuia 2 (15 % IMCO + 18 %
rinepud + 15 % ITEO) Ha ocHOBI GiononimMepiB (Onuaqmii
cuposarkoBuii anbOymin (BCA), xomarenosuii (KI') abo
(hi6punoBuit (PI') renp). [pynu NOPIBHAHHS: IHTAKTHUH
KOHTPOJIb 1 (pparMeHTH, BiTpH(iKOBaHI B po3UrHI XEHKCA.
Pesynbraru. Ha Bigminy Big BCA Ta KT, ®I" MaB OibIi
BUPQXEHMH MPOTEKTOPHHUI edekT. Moro noeqHanns 3
KpiocepenoBunieM 1 MPU3BENIO MO 3HIKCHHS CTYIICHS
peTpakiii Ta JecKBamallii CIIepMaTOreHHOTO CITEiIo,
a TaKoX JI0 30UIbIIEHHS IIUIHOCTI KIITHH Y HBOMY B
3 pa3u MOPIBHIHO 3 HEraTUBHUM KOHTPOJIEM. 32 JTaHUMH
MTT-Tecty MeTaboiuHa aKTHBHICTh TKAHUH sI€YKA, Bi-
TpudikoBanux Iix 3axucrom @I Ta kpiocepenosuma 1,
3pocia B 2,75 pa3u HOPIiBHSHO 3 HETaTUBHUM KOHTPOIIEM
(BCA T1a KT 3 ium kpiocepenosuriieM — B 2,1 ta 2,0 pasu
BIJIMIOBITHO). AHAJIOTIYHA TEH ICHIIIS CITOCTEpIraiacs npu
nmociimkerHi akrusHocTi JIIT. Bionomimepu 3 kpiocepe-
JIOBHILIEM 2 MaJIM TO3UTHBHHUI €(PEKT TP TiCTOIOTYHOMY
JIOCITIJDKEHHI, ajle He CPUsIA 30epeKeHHIO MeTa0oIIuHOT
aKTUBHOCTI KIITHH CIIEPMATOTCHHOTO EMiTEINilo.
BucHoBok. Kpiocepenosuiiie 1 Ha ocHOBI (iOPHUHOBOTO
TeJII0 BUSIBWIOCS HAMOUIBII ONTHMAJIBLHUM Cepel] YCiX
BHBYCHUX KOMOIHAIHi GiomomiMepiB i KpiOPOTEKTOPIB.
OTtpuMaHi JaHi MOKYTh OyTH BUKOPHCTaHI Ui OOTPyH-
TYBaHHS 1 pO3pOOKH €(EeKTUBHUX METOMIB BiTpUdiKaiii
CiM’SIHUX KaHAJIBLIB JIFOMWHUA 3 BUKOPUCTAHHSAM Oio-
MOJTIMEPIB.

Knw4oBi cioBa: He3piia TKaHUHA sI€YKa, CIIepMa-
TOTEHHHH €MiTeiH, KPio3ax1CHE CEPEIOBHIIE, KOJIareHO-
BUi1 renb, QiOpUHOBHH Tellb, METabO0JIYHA aKTUBHICTb.
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Burpudukanusa TKAaHU IMYKA KPbIC
¢ MCII0JIb30BaHUEM OMOIOTUMEpPOB

H. A. Bonkosa, M. C. FOxra, A. H. T'onbles

Ieasb. [IpoBecTr cpaBHUTENBHYIO OLICHKY BIMSIHUSL KPUO-
KOHCEPBHPOBAHHMS ITyTeM BUTpHHKaIU Ha MopdodyHK-
[IMOHAJILHBIE XapaKTEPUCTUKN HE3PENION TKaHU SIMYEK
KPBbIC IT071 3aIIUTON KPHOCpe]] Ha OCHOBE OMOTIONIMMEPHBIX
resiedl. Metoabl. OOpasiipl SMUeK HEMmoJIOBO3PENbIX KPBIC
ObUTH OBICTPO MOTPYKEHBI B KHUIKHH a30T HOJ 3aIIUTOH
kpuocpenst 1 (15 % JIMCO + 18 % nmmepun + 0,5 M
caxapo3sa) uiu kpuocpenst 2 (15 % IMCO + 18 % mm-
nepuH + 15 % I190) Ha ocHOBe OnonoIMMepoB (ObIYMiA
ceiBopoTouHblii anmsOymuH (BCA), xommarenoBsiit (KI)
wi puopunoBbIi (PI') rens). [pyniel cpaBHeHUs: HH-
TaKTHBIA KOHTPOJIb U ()parMeHThl, BUTPU(UIIPOBAHHEIC
B pactBope XeHkca. PesyabsTarel. B ommane ot BCA n
KT, ®I" umen Oosiee BBIpaKCHHBIN 3aIIUTHBIA (KT
Ero coueranue ¢ kpuocpenoil 1 npuBOAUIO K CHIXKEHHUIO
CTETICHH PETPAKIMHU M JIECKBAMAallMH CIIEPMAaTOI€HHOTO
SMUTENNSA, a TAKKE K YBEIMUCHUIO TUIOTHOCTH KJIETOK B
HeM B 3 pa3a 110 CPaBHEHHUIO C OTPULIATETIbHBIM KOHTPOJIEM.
ITo manueiM MTT-Tecta mMerabonmueckass akKTHBHOCTbD
TKaHeH suKa, BUTPUPHUIIMPOBAHHBIX 11011 3amnuTor OI' n
Kpuocpens! 1, Bepocna B 2,75 pa3a 0 CpaBHEHHUIO € OT-
pumarensHBIM KoHTponeM (BCA u KI' ¢ atoii kprocpe-
ot — B 2,1 u 2,0 pa3a cCOOTBETCTBEHHO). AHAJIOTUYHAS
TeHEHINS HaOJIoaach Py NCCIIET0BAHNN aKTUBHOCTH
JIAT. bronomiMepsl ¢ KpUOCPEROH 2 UMETIH TTOJIOKUTEIb-
HBIH 3()(EKT MPU TUCTONIOTHYECKOM HCCIISIOBAHHH, HO HE
CIOCOOCTBOBAIM COXPAHEHHIO META0OINYECKOi aKTHB-
HOCTH KJIETOK CIIEPMATOI€HHOTO 3IUTENHS. 3aKII0YeHHe.
Kpuocpena 1 Ha ocHoBe (HPUOPHHOBOTO Telisi OKa3aliach
HaunOoIee ONTUMAJILHON Cpely BCEX M3yYeHHBIX KOMOU-
HaImi OMOIIOIMMEPOB B KPHUOIIPOTEKTOpOB. [lomydeHHbIe
JIAaHHBIE MOTYT OBITh MCIIOJIL30BaHbI It 000CHOBAHUS U
Ppa3paboTKH A3PPEKTUBHBIX METOIOB BUTPU(PHUIIUPOBAHIS
CEMEHHBIX KaHAJIBIIEB YEJIOBEKA C MCIIOIB30BaHIEM OHO-
MOJIMMEPOB.

KnroueBble cJI0B a: He3penast TKaHb SIMYKa, CIICpMa-
TOT€HHBIH UTENNH, KPAO3ALMTHAS CPEA, KOJLIAreHOBBIH
renb, GUOPHUHOBBII renb, MeTabonn4ecKas akTHBHOCTb.
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