Molecular and Cell ISSN 0233-7657

Biopolymers and Cell. 2020. Vol. 36. N 5. P 392—403

Biotechnologies doi: http://dx.doi.org/10.7124/bc.000A3C

UDC: 57.08.57.085.57.085.2:611.611.1.611.11
Comparison of Bovine Pericardium Decellularization Protocols
for Production of biomaterial for Cardiac Surgery

A. A. Sokol!, D. A. Grekov!, G. I. Yemets!, A. Yu. Galkin?, N. V. Shchotkina!,
A. A. Dovghaliuk!, O. V. Telehuzoval, N. M. Rudenko!, O. M. Romaniuk!, I. M. Yemets!
' Scientific and Practical Medical Center for Pediatric Cardiology and Cardiosurgery

of the Ministry of Health of Ukraine
24, Yuriia Illienka Str., Kyiv, Ukraine, 04050

2 National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"
37, Pobedy Av., Kyiv, Ukraine, 03056
cardiotissue@gmail.com

Introduction

Aim. Determination of the most effective protocol for decellularization of the bovine pericar-
dium. Methods. Bovine pericardium was decellularized following five protocols: group 1 —
Ammonium Hydroxide + Triton X-100, group 2 — 1 % SDS + Ammonium Hydroxide — Triton
X-100, group 3 — 1 % SDS, group 4 — Trypsin enzyme + 1 % SDS, group 5 — 0,1 % SDS,
respectively. Histological, biomechanical properties and detection of nucleic acids concentra-
tion in the samples were studied. Results. The decellularization time for groups 1 and 2 is
much longer than described in previous scientific publication. Also, the biomechanical proper-
ties were lower than in the samples of control group. The lowest results were observed in the
samples of group 3. Though in this group we observed the almost complete removal of cells
from the tissues, unfortunately biomechanical properties of pericardium were lost. The samples
of group 4 and 5 have high tissue tensile strength, the absence of nucleic acid after 21 days of
decellularization. Conclusion. The data of histological, biomechanical and DNA testing showed
that the protocols with 0,1 % SDS and Trypsin enzyme + 1 % SDS are optimal for the proce-
dure of decellularization.
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Cardiovascular diseases are the most common 570,000 arterial bypasses are performed world-
cause of adult morbidity and mortality for wide annually [1]. Therefore, to cover the gap
many decades. It is astonishing that over between facilities’ capacity and the number of
300,000 heart valve replacements and over patients in need of medical devices and pro-
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cedures, numerous approaches in multiple
branches of the biomedical sciences are de-
signed in order to cope with the challenge of
developing well-recognized materials for car-
diovascular repair. This field is consequently
becoming an important flagship for transplan-
tation medicine.

Estela de Oliveira Lima et al. [2], described
the decellularization of tissues and organs from
human or animal donors as a process of ensu-
ring immunologic safety and preservation of
basic structural and functional components of
extracellular matrix, such as proteins, collagen
and glycosaminoglycans (GAGs). The issue
of decellularization methods has received con-
siderable critical attention. Given the decel-
lularization of bovine pericardium as a natural
scaffold is a promising approach for produc-
tion of bioprosthetic cardiac valves and patch-
es in cardiac surgery and in the field of tissue
engineering and regenerative medicine [3].

The concept of extracellular matrix (ECM)
isolation of cells from native tissues in order
to produce a natural scaffold is a main goal of
the decellularization. The key roles belong to
the alloreactivity and prevention of a trans-
plant. In light of recent events, an effective
way to reduce the immunogenicity in the post-
transplant period and, as a consequence, to
prolong functional usefulness is to decellular-
ize the tissue in different ways. However, the
key mechanisms of realization of the recipi-
ent’s immune reactivity during the implanta-
tion of cell-free biomatrix have not been es-
tablished.

The aim of this study was to evaluate the
effectiveness of cell removal, preservation of
extracellular matrix properties and mechanical
integrity of the decellularized bovine pericar-

dium, using five different protocols, previ-
ously described in the literature.

Materials and methods

Bovine pericardium was decellularized accor-
ding to five protocols: group 1 — Ammonium
Hydroxide + Triton X-100, group 2 — 1 % SDS
+ Ammonium Hydroxide — Triton X-100,
group 3 + 1 % SDS, group 4 — Trypsin enzyme
+ 1 % SDS, group 5 — 0,1 % SDS, respec-
tively. Untreated pericardium was used as a
primary control sample. We performed the
complex histological examination, analysis of
residual cellular content and biomechanical
evaluation. Prior to these investigations, we
have evaluated safety and efficacy of the given
material and the xenoantigens removal. The
primary task was to ensure the safety and tis-
sue tensile strength of decellularized pericar-
dium. The second task was to achieve maxi-
mum removal of all antigenic components.
Preparation of Bovine Pericardium. We
collected the bovine pericardium from 12—
18 months age bulls at “Antonovsky Meat
Factory” LLC upon the slaughter. All animals
underwent veterinary examination. During the
process of organ removal, the rules of asepsis
were followed with the maximum available
atraumaticity, and with anatomical features of
the animals been taken into account. All ma-
nipulations with animal were performed in
accordance with the bioethical standards spe-
cified in the Manual for the Care and Use of
Laboratory Animals published by the National
Institutes of Health (National Institute of
Public Health Ne 85-23, revised in 1985) and
in the European convention for protection of
vertebrate animals (Council of Europe,
Strasbourg, 1986). Excised material was stored
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in a Hank’s Balanced Salt Solution (HBSS) at
4 °C temperature and transported to the labo-
ratory. In 3 hours, bovine pericardium was
dissected with removing the external fat. The
tissue samples were harvested in 1000 mL
distilled water for three more hours at 4 °C
with constant shaking (70 rpm). It was impor-
tant to change water every 15minutes. Bovine
pericardium sac was cut into 4040 mm sam-
ples. Aseptic conditions were provided at all
stages of the investigation.

Decellularization procedures. Basing on the
literature review, five different decellulariza-
tion protocols were applied. All samples
40x40 mm were exposed to the osmotic shock,
rinsed with 4 °C distilled water accompanied
continuous stirring at 200 rpm for 72 hours.
The distilled water was changed every
6—8 hours.

Ammonium Hydroxide — Triton X-100. The
first group of bovine pericardium samples
decellularization included the following steps:
(1) insertion of pericardium sample 40x40 mm
into 200 mL bottle, containing 100 ml of 2 %
Triton X-100 (Sigma-Aldrich, USA) and 0.2 %
Ammonium Hydroxide (Sigma-Aldrich, USA),
(2) constant shaking (200 rpm) for 30 days at
4 °C[4,5].

Triton X-100 and 0.2 % Ammonium
Hydroxide and 1 % SDS. The decellularization
of second group of bovine pericardium sam-
ples included: (1) insertion of pericardium
sample 40x40 mm into the 200 mL bottle,
containing 100 ml of 2 % Triton X-100 (Sigma-
Aldrich, USA) and 0.2 % Ammonium
Hydroxide (Sigma-Aldrich, USA) and 1 %
SDS (Sigma-Aldrich, USA), (2) constant sha-
king (200 rpm) for 30 days at 4 °C [4, 5].
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1 % SDS. The third group of samples was
decellularized in the following way: (1) sample
of pericardium 4040 mm was placed into the
200 mL bottle, containing 100 ml of 1 % SDS
(Sigma-Aldrich, USA) (2) with constant sha-
king (200 rpm) for 30 days at 25 °C [5, 6]. Cell
lysis solution was changed once a day.

Trypsin enzyme — 1 % SDS. The fourth
group of samples of bovine pericardium was
decellularized as follows: (1) sample of peri-
cardium 4040 mm was placed into the
200 mL bottle, containing 100 ml 0.25 %
Trypsin — EDTA solution (Sigma-Aldrich,
USA) and 1 % SDS (Sigma-Aldrich, USA) (2)
with constant shaking (200 rpm) for 30 days
at4 °C[7, 8].

0,1 % SDS. The fifth group of bovine peri-
cardium samples was decellularized as fol-
lows: (1) sample of pericardium 40x40 mm
was placed into the 200 mL bottle, containing
100 ml 0,1 % SDS (Sigma-Aldrich, USA) with
(2) constant shaking (200 rpm) for 40 days at
4°CJe, 16,9, 10].

Cell lysis solution was changed once a day
at all protocols.

Histology staining (DAPI and Hematoxylin-
Eosin). Hematoxylin — Eosin.

Histopathological examination of the tissue
samples included fixation in 10 % neutral buff-
ered formalin (pH 7.4) for at least 3 days at
4 °C. The frozen tissues were fixed after snap-
freezing and sectioning with a cryostat (thick-
ness of 6 pm).

Validation of the cell nuclei removal was
performed according to a standard hematoxy-
lin and eosin (H&E) staining protocol. The
stained samples were examined with Olympus
BX 51 light microscope.
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DAPI. DAPI (4’,6-diamidino-2- phenylin-
dole, dihydrochloride) staining was performed
directly via incubation of a tissue sample (lu-
minal side facing upwards) with 25 pg/mL
DAPI, diluted in PBS for 2 min (in the dark).
Achieving the maximum thickness of tissue,
adventitia and medium layer were removed via
using the approach, suggested by Jelev
et al. [11]. ECM was fixed on a plate with
forceps under a microscope. Intima layer was
carefully removed by stretching it with forceps
along with simultaneous cutting on the edges
with a scalpel, followed by recovery in PBS.
DAPI stains were also applied on paraffin-
embedded cross sections (5 um thickness),
following standard protocols of fixation, de-
hydration, embedding, cutting, deparaffiniza-
tion, rehydration and staining.

DNA quantification. DNA was extracted
using the DNA easy Blood and Tissue kit
(Qiagen, Germany).

10-25 mg tissue from both initial materials
prior to decellularization and decellularized
samples were treated with proteinase K brief-
ly to quantify the total amount nucleic acid in
ng/mg of dry tissue and to calculate the per-
centage of DNA removal after decellulariza-
tion. Fluorescence measurements (photons per
second) were performed at ambient room tem-
perature, 23-24 °C, using a Qubit 3.0 photon
counting spectrofluorometer. The detection
limit of DNA was 0.2 ng/ug.

Biomechanical tests. We tested five differ-
ent protocols of decellularization for bovine
pericardial ventral surface sac using the
40x40 mm samples for mechanical analy-
sis. All pericardium patches were loaded sep-
arately between 2 steel rods and clamped ver-
tically into the testing machine (IMADA,

MX2 — 110, Japan) to measure maximum ten-
sile strength (Fmax). Force was applied until
failure with a rate of 60 cm/min.

Statistical analysis. Descriptive statistics (n,
mean, SD, SE, median, minimum, and maxi-
mum) was provided. Statistical significance
was analyzed using analysis of variation and
t-tests as appropriate. P value < 0.05 was re-
garded as statistically significant [12, 13].
Variation and statistical processing of obtained
results were performed via StatalC software.
Exact testing for categorical variables and
Wilcoxon two-sample rank sum test for con-
tinuous variables was used to evaluate the
differences in baseline variables between
groups.

Results and Discussion

Decellularization is a technique used to de-
crease antigenicity, thereby reducing subse-
quent graft rejection and host allosensitization.
Numerous protocols of removing cells from
tissue have been described [5, 14, 15] for
chemical, physical, or combinative methods.
There are several most useful protocols of
decellularization which include hypotonic cell
lysis, detergent and enzymatic extractions with
multiple washings, mechanical stripping, and
tissue fixation [9, 16]. The assignment of fun-
damental and ideal decellularization method
is to remove all antigenic components (nucle-
ic acids, cell membranes, cytoplasmic struc-
tures, lipids and soluble matrix) from the tissue
without damaging the structure and integrity
of extracellular matrix [14]. However, several
restrictions such as low rate of engraftment
and poor survival of stem/progenitor cells
after transplantation are crucially important
and have to be examined. The primary ex-

395



A. A. Sokol, D. A. Grekov, G. 1. Yemets et al.

pected outcome of these protocols was assess-
ment of cell removal and mechanical proper-
ties of the final tissue. The most common tech-
niques, used for pericardium decellularization,
are summarized in Table 1.

Interestingly, a significant effect regarding
safety and efficacy was achieved in in vivo
experiments with subcutaneous implantation
of decellularized pericardium to laboratory
animals. The decrease in immunogenicity, re-
duction of cytotoxicity and graft integration
improvement were observed in contrast to the
usage of the fresh/frozen or glutaraldehyde-
fixed implanted tissue [15, 17].

Sareh Rajabi-Zeleti et. al. have developed
a pericardium-derived scaffold that mimics the
natural myocardial extracellular environment
and investigated its properties for cardiac tis-
sue engineering. Human pericardium mem-
branes were decellularized. Interestingly, his-
tological examination of subcutaneous trans-
planted scaffolds after one month revealed low
immunological response, enhanced angiogen-
esis and cardiomyocyte differentiation in peri-
cardium scaffolds compared to the decellula-
rized pericardium membranes and collagen
scaffolds [18—20].

Table 1. The pericardium decellularization techniques

Despite great amount of benefits the main
concern regarding the most applicable and safe
protocols of decellularization still exists. In
order to overcome the restrictions, basic re-
search is actively pursuing protocols, aimed at
enhancing pericardial tissue durability and
purity.

Recently, an interest has increased for the
usage of low concentration aldehydes for cre-
ating chemical bonds between the extracellular
matrix components and preventing the acute
immune rejection. At the same time, the alde-
hyde method has some drawbacks regarding
the tissue long-term durability [21]. We have
to admit, that the glutaraldehyde technology
has appeared unable to remove animal-specif-
ic antigens (al, 3)-Gal epitope [22].

Basing on previous studies, Godier-
Furnémont et al. [23] designed the scaffold
using human mesenchymal progenitor cells,
which were embedded into fibrin hydrogel,
loaded onto the decellularized myocardium
sheets. As a result, the given scaffold played
a role of biomechanical support, whereas fibrin
enabled the cell retention and local signaling.

The coating of acellular cardiac ECM with
electro spun poly-(L)lactic acid/polycaprono-

Detergent Mechanism Significant effects Treatment procedure
Sodium dodecyl Ionic Cytotoxicity microstructure 10 mM Tris-HCI and protease
sulfate (SDS) alteration inhibitors + 0.1 % SDS + 50 U/mL

DNAse and 1 U/mL RNAse
Hypotonic/hypertonic solutions +
1 % SDS
Triton X-100 Nonionic (commonly used |Less damage of tissue structure [ 0.1 % SDS + Triton X-100 + 0.1
with ammonium hydroxide) | than in case of ionic surfactants | mg/mL DNAse
Ammonium Osmotic swelling and — Acetone + Ethanol + 1 N NaOH +
hydroxide subsequent lysis 7 % NaCl + H,0,
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lactone/collagen nanofibers should also be
mentioned. This approach was previously
tested by Guhathakurta ef al. and showed sev-
eral promising advantages [24]. They created
a myocardial patch, exhibiting the contractile
activity and the expression of specific troponin
I and cardiac myosin during in vitro culturing.
The experimental data are rather controversial,
and there is no general agreement about the
unified approach to decellularization of peri-
cardium. It was noted that one of the biggest
challenges is to discover the best method of
obtaining intact scaffolds. Each of above men-
tioned protocols and studies has numerous
advantages, but the cost effectiveness and
manufacturing capacities constitute a great
concern.

In this study, we compared five protocols
of bovine pericardium decellularization, which
could be potentially used in cardiac surgery.

We noticed that pericardium tissue changed
substantially (Fig. 1) in group 3 (1 % SDS at
25°C). Almost all cells were removed after 14
days of exposure. The previous studies have
shown similar results particularly no baso-
philic purple staining after cells removal from
tissue confirmed by H&E staining [5, 6].
Additionally, the absence of relevant DAPI
staining confirmed that most of the cellular
nuclear material disappeared after emulsifica-
tion with the detergent. This could be clearly
visualized by microscopy examination of the
stained H/E and DAPI samples (Fig. 2). At the
same time, we observed the absence of nucle-
ar elements and the preservation of the matrix
structure in the group 4 with the same time of
exposure. In group 5, the effect was observed
after 21 days of processing (decellularization).
For groups 1 and 2 we the absence and lack

of nuclei in H&E and DAPI stained samples
respectively.

Upon cellular debris removal and histo-
logical analysis, the DNA assay was performed
for the detection of nucleic acids content in
ECM samples. The DNA assay showed that at
the decellularization processes nucleic acids
are removed from ECM, however, the residu-
al content may vary depending on the method
applied. Robert Ramm et.al revealed signifi-
cant differences between the applied decellu-
larization protocols as the clinically approved
SDS/SD protocol was unable to remove DNA,
whereas the combined use of Trypsin and TX
demonstrated high efficacy [7]. The same re-
sult was obtained for group 4 (Trypsin enzyme
+ 1 % SDS), where the fastest removal of the
nucleic acid residues was demonstrated
(Fig. 3). Finally, the results suggest that the
group 5 samples showed the lowest nucleic
acids concentration after 28 days of the decel-
lularization process.

As a result of our investigation, we ob-
served the lowest level of the tissue tensile
strength in the group 3 samples (Fig. 4).
Therefore, the decellularization treatments,
based on a single-step detergent or enzyme
(0.5 % SDS, 1 % Triton X-100, and 0.5 %
trypsin), share broad abilities disrupt the col-
lagen crimp structure, as described by Liao
et al [8, 25]. All other used approaches for
decellularization ensured more appropriate
biomechanical properties. The tissue tensile
strength values in the group 1 and 2 samples
were approximately the same, but in 1,54 and
1,79 times lower than in the control group
respectively (p<0,05). Noteworthy, we stopped
the decellularization in the group 1 and 2 sam-
ples after 42 days of processing. The concen-
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A Native B 28 days

100 um

C 28 days D 14 days

E 14 days F 21 days

Fig. 1. Histological specimens of pericardium after different protocols of decellularization (H/E staining). 4 — native
pericardium; B — Ammonium Hydroxide + Triton X-100; C — 1 % SDS + Ammonium Hydroxide + Triton X-100; D —
1 % SDS; E — Trypsin enzyme + 1 % SDS; F — 0,1 % SDS
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Fig. 2. Histological specimens of pericardium after different protocols of decellularization (DAPI staining). 4 — native
pericardium; B — Ammonium Hydroxide + Triton X-100; C — 1 % SDS + Ammonium Hydroxide + Triton X-100; D —
% SDS; E — Trypsin enzyme + 1 % SDS; F — 0,1 % SDS.
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A Group 1 — Ammonium Hydroxide + Triton X-100
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Fig. 3. DNA concentrations (ng/pg) in the pericardium samples of Group 1 —TX+AD,; Group 2 — TX+AD+1 % SDS;
Group 3 — TRIPSYN+1 % SDS; Group 4 — 0,1 % SDS; error bars represent means x + SE; * — P < 0.05.

tration of nucleic acids in ECM was quite high
and the samples needed further exposure to
detergents, even after such long time of remov-
ing cells. Kasimir MT et. al. consider that long
time detergents exposure is able to destabilize
the collagen triple helical domain and to pro-

voke swelling of elastin network [26]. Also,
we have to admit, that the group 4 and 5 sam-
ples have shown the highest F,_,, levels
(p<0,05), that may be associated with a less
prolonged exposure to the decellularized solu-
tions. The values of the maximum tensile

Fmax
12
9,72610,656
10
8 7,28240,462
6,294+0,695
B 6
4,03840,725
4 3,5110,494
2 1,3340,753 Fig. 4. Dependence of the maximum
. tensile strength (Fmax) of bovine
0 pericardium on the protocol of de-
NATIVE TX+AD TX+ AD+ 1%SDS TRIPSYN + 0,1%SDS cellularization, error bars represent
1%SDS 1%SDS

400

means x = SE; * — P <0.05.
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strength in the group 4 and 5 samples were in
1,15 and 1,51 times higher than in the control
group respectively.

Thus, the covariant effect should be taken
into consideration, depending on the tissue
cellularity (eg. liver vs cartilage), density (eg.
heart valves vs adipose tissue), lipid content
(eg. brain vs urinary bladder), and thickness
(eg, dermis vs pericardium), for the successful
xenogeneic tissues decellularization. Ideally,
both ECM architecture and mechanical proper-
ties of a graft should minimally be affected the
decellularization [8, 27, 28].

Conclusion

The data of histological and biomechanical
testing have shown that 0,1 % SDS and Trypsin
enzyme — 1 % SDS protocols are optimal for
the procedure of decellularization due to a
faster removal of cells and a better preserva-
tion of tissue tensile strength level. They may
be appropriate protocols for further (collagen-
elastin matrix modification and stabilization
processing) studying and producing a suitable
material for heart tissue engineering.
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IopiBHANBbHE T0CTiAKeHHS Pi3HUX cHOCO0IB
JlelneJasapu3anii nepukapaa BeJMKoi poraroi
XyA00H AJ151 BUTOTOBJIEHHSI
Kapaioxipypripypriunux 6iomarepiaJis

A. A. Cokon, . A. I'pexos, I. 1. €meup,

O. 0. I'ankin, H. B. Illotkina, A. A. JIoBraimwk,
O. B. Teneryzosa, H. M. Pyaenko, O. M. PomaHroK,
I. M. €menn

Meta. BusHaueHHs1 HailO1b1I e(DEKTUBHUX MPOTOKOJIB
neuemorsipuzantii. Meroan. [lepukapa Benukoi poraroi
XyIoOH IEeTelTtosIpru3yBaIH 3a 11’ ITbMa MIPOTOKOJIAMHU:
I'pyna 1 — Ammonium Hydroxide + Triton X-100, I'pyna
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2 — 1 % SDS + Ammonium Hydroxide — Triton X-100,
I'pyna 3 — 1 % SDS, I'pyna 4 — Trypsin enzyme + 1 %
SDS, I'pyna 5 — 0,1 % SDS, BignosigHo. O1iHKa METOJTIB
MIPOBOMIMIIACH 32 JAHUMHU TiCTOJIOTIYHOTO, 010MEXaHIIHOTO
ta JIHK tecriB. PesynwsraTu. Yac nenemonspusartii [ pymu
1 1 2 Habararo JOBIIIi, HIXK OMICAHO B TOMEPEIHIX PYKO-
rmcax, Ol0OMeXaHiYHi TOKa3HUKH HIDKYAMH HiXK Y HATHB-
HUX 3pa3kax. HaifHmK4i MOKa3HUKH CIIOCTEPIraiy y 3pas-
kiB [pymu 3, e He3BaKarOUM Ha Maiike IOBHE BUIATICHHS
KJIITUH i3 TKaHHH, OlOMEXaHIYHI BIACTUBOCTI BOJOKOH
Oynu BrpadeHi. 3pa3ku rpym 4 1 5 MaroTh BUCOKY MIITHICTB
TKaHWHW Ha PO3TST, BiJICYTHICTh HYKJICTHOBOI KHCIIOTH
yepe3 21 ngens aenemmmronsapusanii. BucaoBku. JlaHi ric-
ToJIOTUHMX, OioMexaHiunux Ta JIHK-TectiB mokasaiu, 1o
nipotokony 3 BukopucTanusm 0,1 % SDS ta Trypsin + 1 %
SDS € onTuMamTsHUMHA TS TCTEITIOISPH3ALIii.

KawdoBi cJoBa: nepuxap/i, ACIETIOISIPHU3alLis, mMKa-
HUHHA THJICEHepIs

CpaBHHUTe/IbHOE HCC/IeI0BAHNE PA3JIHIHbIX
€1oco00B JeneIIApu3alii NepuKapia KpynHoro
poraTroro cKoTa AJisi i3roTOBJIeHHs
KapAHOXHPYPIrUPYPrudHUX GMOMaTepHAJIOB

A. A. Cokomn, JI. A. I'pexos, I'. 1. Emer,

A. 1O. T'ankun, H. B. lllerkuna, A. A. JloBraimwk,
A. B. Teneryzosa, H. H. Pynenko, A. H. PomaHniox,
H. H. Ement

ens. Onpenenenune Hanodonee 3pHEKTUBHBIX TPOTOKOJIOB
neuentonsipuzaiui. Meroabl. [enemonspusanus nepu-
Kapza OOJIBIIOro PoraTtoro CKOTa MPOBOIMIIACK TI0 ISTH
mporokonam: [ pymma 1 — Ammonium Hydroxide + Triton
X-100, I'pyrma 2 — 1 % SDS + Ammonium Hydroxide —
Triton X-100, I'pyrma 3 — 1 % SDS, I'pynma 4 — Trypsin
enzyme + 1 % SDS, I'pymma 5 — 0,1 % SDS, coorBer-
cTtBeHHO. OLIeHKa METOZ0B NMPOBOAMIIACH O JaHHBIM
rUcToJorHuYecKoro, 6nomexanndeckoro u JIHK Ttectos.
Pesyabrarsl. Bpems aeuemmnonspuzaumu [pynmst 1 u 2
ropas/io JUIMHHEE, YEM ONMCAHO B HAYYHOW JIMTEpaType,
a OmoMexaHW4ecKye IToKa3aTelii HUKe, YeM B KOHTPOJIb-
HBIX 00pa3nax. CaMble HU3KHE ITOKa3aTesI HaOIIOAaINCh
y ob6pa3noB I'pynmsl 3, rae HECMOTpS Ha TIOYTH MTOJTHOE
y/IaJIeHHE KIIETOK U3 TKaHel, OMOMeXaHW4eCKHe CBOHCTBa
BOJIOKOH ObLTH ToTepsiHbl. OOpasibl rpymm 4 1 5 ©MeroT
BBICOKYIO IIPOYHOCTH TKAHU HA PACTSHKEHHE, OTCYTCTBHE
HYKJIEMHOBOM KHCJIOTHI Yepe3 21 JeHb Aeneutospu3a-
uun. BeiBoabl. JlaHHBIE THCTOIOTHYECKHUX, OMOMEXaHH-
yeckux u JJHK-tecToB mokaszanu, 4To MPOTOKOJBI C HC-
nonb3oBanueM 0,1 % SDS u Trypsin + 1 % SDS siistror-
€Sl ONTUMAJIBHBIMH JUTS TCLETIOISIPH3ALIIH.

KawuyeBble ciaoBa: nepuKapa, ACUCIUIIOIApu3aius,
TKaHCBas1 MHXKCHCPUA

Received 20.08.2020

403



	_GoBack

