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Background. In modern cardiovasclar surgery, it is a promising method to use xenotissues, which in their
properties are close to human tissues, in order to restore the integrity of the heart chambers, its walls or
valves. Decellularization of extracellular matrix (EMC) is applied in the process of creation of such biopro-
theses. In EMC, the elastin and collagen components are preserved, and antigenic molecules are eliminated
resulting in reduction the risk of rejection. The study is devoted to assessment of the histological, molecular-
genetic and cytotoxic properties of decellularized bovine pericardium, processed with various concentrations
of trypsin enzyme.

Objective. The aim of the work is evaluation of efficiency of bovine pericardial decellularization, based on
the use of trypsin enzyme with 1% Sodium Dodecyl Sulfate (SDS) and 0.1% SDS.

Methods. Bovine pericardium was used as a biomaterial for decellularization. Decellularization protocol 1
envisages processing of samples with 0.25% Trypsin solution at 24 °C with constant shaking (200 rpm) along
with processing with 1% ionic SDS detergent. The samples, prepared according to protocol 2, were
processed with a low concentration of 0.1% SDS. Histological and morphological properties along with de-
tection of nucleic acids concentration in the samples were studied. Matrix samples were cultured in a human
fibroblasts cell culture suspension in order to determine cytotoxicity.

Results. Histological examination has not revealed any presence of cells in tissues, decellularized in accor-
dance with both protocols. More than 99% of the nucleic acids was removed from decellularized bovine ma-
trix. During our study, we have not observed cytotoxic effect in vitro for protocol 2 matrix samples, decellu-
larized with only 0.1% SDS. Focal destruction of fibroblasts was observed in conditions of long-term cultiva-
tion in protocol 1 samples (Trypsin + 1% SDS). Cells formed abnormal morphological aggregates. Samples
of this group have also demonstated sructural changes in collagen and elastin fibers.

Conclusions. Studies have shown that pericardial matrix tissue, decellularized with low-concentration of 0.1%
SDS, has the same biological properties as the native pericardium. Decellularization of bovine pericardium,

using trypsin enzyme with 1% SDS, has a cytotoxic effect on human cells.
Keywords: pericardium; decellularization; sodium dodecyl sulfate; tissue engineering.

Introduction

Decellularized extracellular matrix (dECM),
extracted from pericardium, has been extensively
investigated as a natural scaffold for cardiac tissue
engineering applications [1]. dECM is used in car-
diac surgery for congenital and acquired heart pa-
thologies to renew heart chambers walls or heart
valves integrity [2, 3]. The bioinplant should be as
similar as possible to natural composition of myo-
cardial biopolymers (e.g. collagen, elastin and gly-
cosaminoglycans), mechanically integral and sup-
port cardiac cells in vitro. Nowaday dECM of bo-
vine pericardium scaffold is of interest for tissue
reconstruction purposes, arising upon implantation
of damaged heart [4]. However, there are several

issues that need to be solved prior to clinical appli-
cation of cardiac dECM which includedeveloping
of optimal decellularization method, preservation
of vasculature and ECM composition, recellulari-
zation strategies providing proper reintroduction of
cells into specific compartment of the scaffold and
prevascularization of thick cardiac dECM [5]. In
Center for pediatric cardiology and cardiac surgery
we conduct the study aimed at determining the
safety and efficacy of different methods of bovine
pericardium decellularization. Basing on the scien-
tific investigation results, the most appropriate me-
thod of cardiac implant manufacturing was chosen.
This method envisages the use of low-concentra-
tion Sodium Dodecyl Sulphate (SDS) and Trypsin
enzyme. The process has demonstrated the removal
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of cellular components, while effectively preserving
integrity of the ECM. The aim of this study was
characterised and compared methods for the decel-
lularisation of bovine pericardium, based on the
use of low-concentration 0.1% SDS and Trypsin
enzyme with 1% SDS.

Materials and methods

Tissue procurement

The biomaterial, used for decellularization, was
bovine pericardium samples from 12—18 month old
bovine with intact pericardia. All animals under-
went veterinary examination on the base of "Anto-
nivskij myasokombinat, LLC". Aseptic conditions
were maintained during collection of biomaterial.
The research was performed in accordance with
the General Ethical Principles of Animal Experi-
ments (Strasbourg, France, 1985) and Law of
Ukraine No. 3447 — IV on Protection of Animals
from Cruel Treatment (2006, edited in 2009). The
hearts were transported to the lab in cold Hank's
solution. Fat and excess tissues were removed from
the bovine pericardia and processed within 4 hours
upon slaughter, serous layer being separated from
the fibrous one. Fatty appendages and excessive
connective tissue were removed from the fibrous
layer. Pericardium tissue was washed with distilled
water (1000 ml), being continuously stirred (70 rpm)
for 3 hours at t = 4 °C.

Decellularization protocol for bovine pericardium

The protocols, developed for decellularization
of bovine pericardium, are shown in Table 1. These

Table 1: Protocols of bovine pericardium decellularization

Innov Biosyst Bioeng, 2020, vol. 4, no. 4

protocols were used to produce of decellularized
bovine pericardium patches (40 x40 mm). In general,
the decellularization process took 30 days [6—9].

Histology staining (DAPI and Hematoxylin —
Fosin)

Hematoxylin — Eosin. Histopathological exa-
mination of the tissue samples includes fixation in
10% neutral buffered formalin (pH 7.4) for at least
3 days at 4 °C. Frozen tissue samples were fixed
after snap-freezing and sectioning with a cryostat
(thickness of 6 pm).

Validation of cell nuclei removal was per-
formed according to a standard hematoxylin and
eosin (H&E) staining protocol. The stained sam-
ples were examined with Olympus BX 51 light
microscope.

DAPI. DAPI (4',6-diamidino-2-phenylindole,
dihydrochloride) staining was performed directly
via incubation of tissue sample (luminal 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. [10]. ECM was fixed on a plate with
forceps under a microscope. Intima layer was care-
fully removed by stretching it with forceps along
with simultaneous cutting on the edges with a scal-
pel, followed by recovery in PBS. DAPI stains
were also applied on paraffin-embedded cross sec-
tions (5 um thickness), following standard proto-
cols for fixation, dehydration, embedding, cutting,
deparaffinization, rehydration and staining.

Osmotic Decellularization

Stabilization

Protocol lysis conditions Detoxification and fixation Cross-linking Washing
1% Sodium 11\54]%(83/(1115-1 ;M
Protocol Dodecyl Sulfate, 1-Ethvl-3-(3-
—4e yl-3-(3
of t =24°C, 28 days, dimethylamino-
Group 1 200 rpm propyl) carbo-
. diimide hy-
Sterile disti?lt:criﬂl?l o drochloride 18;19(?
distilled o4 °C2 > 70% ethanol, (EDC), 10 mM f =40
H,0, . ’ t =4°C, 24 h, N-Hydroxy- 5 ’
A 7 days, R 24 h,
t =4°C, 200 rpm 200 rpm succinimide) 200 rpm
Protocol 74 h 0.1% Sodium and MES solu-
of Dodecyl Sulfate, tion, pH 5.6
Group 2 t =4 °C, 35 days, (0.05 M 2-
200 rpm morpholino-

ethane sulfonic
acid), t =24 °C,
12 h, 50 rpm
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DNA quantification

DNA was extracted, using the DNA easy
Blood and Tissue kit (Qiagen, Germany). 10—25 mg
of tissue from both initial materials and decellula-
rized samples were treated with proteinase K brief-
ly prior to decellularization to quantify the total
amount of nucleic acid, ng/mg, in dry tissue and
to estimate the percentage of DNA removal after
decellularization. Fluorescence measurements (pho-
tons per second) were performed at ambient room
temperature, 23—24 °C, using a Qubit 3.0 photon
counting spectrofluorometer. The detection limit of
DNA was 0.2 ng/ug of nucleic acid.

In vitro cytotoxicity testing

To determine cytotoxicity, Matrix samples
were cultured in a human fibroblasts suspension,
using preparations of fibroblasts cell culture, trans-
fected with a fluorescent protein of mitochondrial
localization. We have cut 3 fragments from each
sample with an area of about 8—10 mm?2. Cell
seeding (150 pl) was applied to the standard growth
medium (DMEM + 10% serum) with 30-minutes
impregnation. It should be mentioned, that the
number of seeded cells in each fragment was
300 thousand units. Upon that the cells were trans-
ferred to the plate and immersed in DMEM + 10%
serum growth medium, culturing under standard
conditions of t 37 °C and 5% CO, [11—13]. DEM
samples were fixed in 10% buffered formalin, em-
bedded in paraffin, for histological examination.
Sections (5 um) were done. Obtained samples were
stained with Congo and hematoxylin/eosin (light
microscopy) [14—18]. Pictures were made with
Olympus BX 51 digital (Tokyo, Japan).

Statistical analysis

Statistical significance was analyzed, using
analysis of variation and 7-tests as appropriate ones.

20
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p value <0.05 was regarded as statistically signifi-
cant. Variation and statistical processing of obtai-
ned results were performed with StatalC software.

Results

In histological sections, made according to
protocols 1 and 2 bovine pericardium decelullari-
zation, stained with H&E, there was no light
microscopic evidence of cells after 14 and 21 days
respectively (Fig. 1). There was no obvious diffe-
rence in the structure of ECM, including distri-
bution of collagen and elastin fibers between cel-
lular bovine tissue and decellularized matrix.

Additionally, the absence of relevant DAPI
staining confirmed that most cellular nuclear mate-
rial was removed after emulsification with SDS
detergent. The aforementioned could be clearly
visualized by microscopic examination of DAPI
samples (Fig. 2). We observed the absence of nu-
clear elements in both groups.

Concentration of DNA in cellular and decel-
lularized bovine pericardium is shown in Table 2.
There was a significant reduction in DNA content
of the decellularized bovine pericardium compared
to control samples (p <0.05). The mean percentage
of DNA remaining in decellularized bovine peri-
cardium compared to control sample was 0.04%
and 0.22%, being equivalent to 99.9% and 99.8%
of DNA removal percentage, with protocols 1 and
2 being applied respectively.

Table 2: Comparison of content of DNA in native and decellula-
rized bovine pericardium

Native bovine Decellularized

Group pericardium bovine pericardium
DNA content per bovine/donor
(ng/mg) Mean, n=15
Group 1 1436 + 116.8 0.5 £0.448
Group 2 1436 + 116.8 3.22 + 0.664

C

Figure 1: Images of histological sections of cellular bovine pericardium and decellularized bovine pericardium. They were stained
with Haematoxylin and Eosin, the samples show absence of visible cell nuclei in decellularized bovine pericardium (light microscopy,
x200): (a) Native pericardium; (b) Group 1 (Trypsin enzyme + 1% SDS); (c) Group 2 (0.1% SDS)
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Figure 2: Images of histological sections of cellular bovine pericardium and decellularised bovine pericardium. They were stained
with DAPI, the samples show absence of visible cell nuclei in decellularised bovine pericardium (fluorescent microscopy,
x200): (a) Native pericardium; (b) Group 1 (Trypsin enzyme + 1% SDS); (c¢) Group 2 (0.1% SDS)

In addition, we histologically investigated the
cytotoxic effect of dECM for both groups after the
first and the second months of cultivation. The mi-
croscopy results provided the possibility to to ob-
tain objective information about cytotoxicity levels
of the material, location of cells in scaffolds, as
well as the condition of connective tissue fibers in
samples. Hence, after a month of cultivation we
noticed a slight increase of cells in both groups. It
should be mentioned, that cells were clearly visible,
spindle-shaped, with small visible nuclei, located in
long groups, probably oriented to the location of
scaffold fibers (Figs. 3, 4). The fibroblasts are often
clustered in surface fibers and have enlarged nuclei
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and more rounded shape. Single fibroblasts pene-
trated the scaffold (depth 150 um), usually in areas
of lower collagen massive density. In general, ab-
sence of cell elements in tissue was observed. Col-
lagen and elastin fibers were not altered structurally.

After two months fibroblasts growth on the
tissue surfaces in Group 1 showed significant de-
crease. Fibroblasts had normal morphological form
of cells, but cell aggregates were noticed on some
parts of scaffold. A focal type of cellular monolay-
er's destruction was recorded. The predominant
number of cells was located in the tissue itself,
but single fibroblasts were noticed at a considerable
depth of dECM (Fig. 5). At the same time, collagen
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Figure 3: Histological examination of Group 1 (Trypsin + 1% SDS) samples after 1 month of cultivation (Congo and H/E staining,

light microscopy)
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Figure 4: Histological examination of Group 2 samples (0.1% SDS) after 1 month of cultivation (Congo and H/E staining, light

microscopy)

Figure 5: Histological examination Group 1 samples (Trypsin + 1%) SDS after 2 months of cultivation (Congo and H/E staining,

light microscopy)

and elastin components of the matrix were well
expressed in the experimental Group 2 (0.1% SDS
after two months of cultivation); the fiber bundles
were strong and ordered. The majority of cells
was placed evenly on the surface of the sample.
We observed single fibroblast groups penetrating to
a considerable depth up 250 um to 350 um but
only in places where the fiber bundles density was

lower (Fig. 6). Cell quantity was higher than in
previous microscopy. All cells had normal mor-
phology, spindle-like shape and were associated
with collagen and elastin fibers. The fiber mor-
phology was preserved. Thus, in Group 2 we noted
the cell growth on the dECM and did not record
the death of fibroblasts during two months of cul-
tivation.
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Figure 6: Histological examination of Group 2 samples (0.1% SDS) after 2 months of cultivation (Congo and H/E staining, light

microscopy)

Discussion

Today, decellularized bovine pericardium be-
ing an alternative artificial implant that has a num-
ber of problems still can be of certain use [19—23].
Decellularization includes the removal of all cellu-
lar components from tissue, while simultaneously
preserving the micro- and macroanatomy of the
extracellular matrix [24]. dECM should have the
same properties as the natural pericardium. Once
the process of decellularized bovine pericardium
production was established, the study, aimed at
characterising the acellular matrix in order to de-
termine whether decellularization process affects
biological properties of the native tissue, was con-
ducted. The scientific literature confirms the effec-
tive use of ionic detergent SDS for decellulari-
zation process. The matrix is purified via solubi-
lization of cytoplasmic and nuclear membranes,
denaturation of proteins and removal of nuclear
residue [25—27].

This study describes the procedure of bovine
pericardium decellularization pericardium, using
methods of decellularization that involve Trypsin
enzyme with 1% SDS and low-concentration
0.1% SDS. It was hypothesised that decellularized
bovine pericardium produced via this method
would not cause any cytotoxic effect of the human
cell. Results of this study support this hypothesis.
However, there was considerable variations in cyto-

toxic effect, particularly in Group 1, where Trypsin
enzyme with 1% SDS was used.

Presence of cells and their components in
dECM is undesirable in the process of assessment
of decellularization quality, as it may cause immu-
nological response, reduce biocompatibility in vitro
and promote in vivo reactions with subsequent
recellularization. Histological examination of sam-
ples, stained with H&E, showed absence of nuclear
elements and preservation of the matrix structure
in group 1 and 2. Identification of cellular compo-
nents, such as DNA, can be used to determine
whether cells are still present in biological scaf-
folds. Histological sections, stained with DAPI, a
fluorescent stain that binds to AT regions of DNA,
indicated that there was no sign of DNA in decel-
lularized bovine pericardium in both groups.

Complete removal of all cellular components
is almost impossible with any method of decellula-
rization [28]. Quantification of residual DNA can
be used as an additional marker in determining the
efficacy of decellularization process. The DNA as-
say showed that decellularization, with protocols 1
and 2 been used, managed to remove more than
99% of nucleic acids from ECM.

Absence of toxic effect of scaffold on the do-
nor's cells is an important part of selection for sub-
sequent transplantation. In this study matrix cyto-
toxicity was determined via comparison of different
microscopy samples in order to identify number
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and location of human fibroblasts, cultured on the
obtained sample of tissue. Histological analysis
provided the possibility to establish levels of struc-
tural changes in scaffold fibers along with the fi-
broblast cells position after long-term cultivation.
In our study we haven't observed any in vitro cyto-
toxic effect for Group 2 matrix, decellularized with
low-concentration 0.1% SDS during 2 months of
cultivation. Although most experiments have stu-
died cytotoxic effect over a short period of time
(24 to 48 h), but long-term investigation are more
effective for the following stage of transplantation
[25—27, 29].

However, we observed the focal destruction of
fibroblasts in matrix under conditions of long-term
cultivation in Group 1 (Trypsin + 1% SDS). In
separate areas cells formed into abnormal morpho-
logical aggregates. That could be explained by
probable processes of fiber resynthesis. We also ob-
served structural changes in collagen and elastin fi-
bers. It is well known that SDS is an ionic deter-
gent, capable of binding collagen fibers, thus re-
moving them and promoting swelling of the tissue,
caused by potential break in hydrogen bonds of
collagen fibers [24, 30]. SDS has been reported to
interact strongly with the ECM proteins, making
their complete removal quite challenging [31].
Taking this fact into account we may assume that
we have used a very high concentration of SDS in
protocol 1, which led to negative changes in the
architectonic of the matrix.

SDS is typically more effective for removing
cell residues from tissue compared to other deter-
gents but is also more disruptive to ECM in higher
concentrations and exposure time [32]. Thorough
residual chemicals removal from ECM after decel-
lularization, particularly detergents such as SDS is
important as cytotoxicity is possible and will inhibit
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or completely negate the beneficial properties of a
cell-free ECM scaffold [32, 33]

Our results come with accordance of work [34]
where 0.1% SDS treatment appeared the most effi-
cient. While a single agent decellularization with
2% SDS was found more efficient among the range
of concentrations [35] it was suggested that two
reagents might exhibit better decellularization with
preservation of the natural tissue structure than
single reagent [36]. In addition, low concentrations
of SDS were shown to have less matrix disruption
on kidney decellularization when little to no dam-
age in renal tubules and vessels and minimal dis-
ruption of glomeruli was observed [37]. It was also
reported that an increase in SDS concentration
leads to faster and increased cell removal, but it
can also destroy the ECM microarchitecture [38].
SDS residuals may be highly adherent and cytotoxic
(with subsequent detrimental effects on recellulari-
zation) so minimization of SDS exposure and con-
centration it thought to be the relevant approach in
decellalurization improvement [39].

Conclusions

Studies have shown that pericardial tissue, de-
cellularized with low-concentration 0.1% SDS, has
the same biological properties that these of native
pericardium. Decellularization of extracellular ma-
trix of bovine pericardium with Trypsin enzyme
with 1% SDS doesn’t have cytotoxic effect after
I-month cultivation, but local destruction of fibro-
blasts after 2 months has been detected, that is the
manifestation of cytotoxic effect. The application
of ionic detergent SDS in decellularization can cause
a cytotoxic effect on the cells on bovine pericardial
extracellular matrix scaffold during long-term culti-
vation if its concentration is higher than 0.1%.
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E®EKTUBHICTb OELEENIONAPU3ALIT NEPUKAPAY BENUKOI POrATOI XYQOBU
PI3HOIO KOHLEHTPAUIEO AOAELUUNCYNb®ATY HATPIIO

Mpo6nemartuka. B cyyacHiit kapaioxipyprii 4nsi BiGHOBMEHHS LiniCHOCTI kamep cepusi, Moro CTiHOK abo knanaHis NepcnekTMBHUM € BU-
KOPWUCTaHHSA KCEHOTKaHWH, L0 3a CBOIMW BMACTMBOCTAMW Onn3bKi A0 TKAHUH MI0AMHW. [N CTBOPEHHS Takux GionpoTesiB BUKOPUCTOBY-
10Tb AeLenonapn3oBaHuii No3akMiTMHHUI MaTpUKC, Y SIKOMy 36epiraloTbCsl enacTUHOBI Ta KonareHoBi KOMMOHEHTW, @ aHTUIeHHi Mone-
Kynu eniMiHyloTbCS, WO 3HUXYE PU3MK BIATOPrHeHHs. [JocnigaXeHHs npucBaYeHe OuiHUi MiCTONOMYHUX, MONEKYNSPHO -TeHEeTUYHNX Ta
LMTOTOKCUYHNX BNAacTMBOCTEW AeLentonapmM3oBaHOro nepukapaa Benukoi poratoi xynobu, obpobneHoro pisHMMM KOHLEHTpauisgMu
EPMEHTY TPUMCUHY.

Merta. OuiHka edekTMBHOCTI AeLentonspusadii nepukapay Benukoi poraTtoi xyao6u, NpoBeAeHOl Ha OCHOBI BUKOPUCTaHHS (DEPMEHTY
TpuncuHy 3 1 % gopeumncynbdartom Hatpito (SDS) Ta 0,1 % SDS.

MeToau peanisauii. Matepianom ons gocnigpkeHHs 6yB nepukapg Benvkoi poratoi xyaoou. 3pasku 3rigHO 3 NPOTOKOSIOM AeLentons-
pusauii 1 6ynu obpobneHni 0,25 %-HUM po34MHOM TpUMCUHY 3a t = 24 °C npwu nocTinHOMY cTpyLuyBaHHi (200 06/xB) Ta 1 %-HUM iOHHUM
netepreHtom SDS. 3pa3sku, NigrotoBneHi 3a npotokoriom 2, obpobntoBany HU3bKoO KoHUeHTpauieto 0,1 %-Horo getepreHTy SDS. Bu-
BYaNuCb ricTOOriYHi Ta MOPONOrivyHi BNAaCTUBOCTI 3pa3kiB, a TAKoX BU3HAYaNMUChb KOHLEHTpauii HyKNeiHOBMX KUCNOT Y HUX. BuaHaven-
HSI LUTOTOKCUYHOI Aiii MPOBOAMNY NpU KyNbTUBYBaHHI 3pa3kiB AeLeNoNApn3oBaHoOro MaTpuKCy B cycneHsii dibpobnacTis niognHu.
Pe3ynbTaTtu. lNcTonoriyHe 4OCNiIMKEHHS He BUSBUINO HAasiBHOCTI KMITUH y AeLentonsapn3oBaHnX TKaHNHAaX 3a BUKOPUCTaHHA 060X npoTo-
konis. HykneiHoBi kucnotu 3 Mmatpukcy 6yno BuaaneHo Ha 6inbLlu Hixx 99 %. Mig Yac gocnimxeHHs M1 He crnocTepirany LMTOTOKCUYHOIO
edeKTy in vitro Ans 3paskiB MaTpukcy rpynu 2, geuentonspuaosaHoro nuwe 0,1 % SDS. Y 3paskax rpynu 1 (tpuncuH + 1 % SDS) cno-
CTepiranacs BorHuLleBa AecTpykuis ¢pibpobnacTis B yMoBax TpvBanoro KynbTuByBaHHs. KniTuHM yTBOpIOBanu aHomarnbHi Mmopdonoriy-
Hi arperatu. B Lin rpyni 3paskiB Takox cnocTepiranucb CTPYKTYPHi 3MiHW B KONareHOBUX Ta enacTUHOBUX BOMOKHAX.

BucHoBku. TkaHnHa nepuvkapay, AeuentonspusoBaHa 3 BUKOPUCTaHHAM HU3bKOi koHueHTpauii 0,1 % SDS, mae npakTuyHo Ti X 6io-
NOriYHi BNAacTUBOCTI, O W HAaTUBHUIA Nepukapd. [euentonsapusauis nepvkapay Benukoi poratoi xyfobu 3a 4onoMororo depmeHTy Tpun-
cuHy 3 1 % SDS npu3BoanTb 40 LMTOTOKCUYHOI Aii Ha KNiTUHWU MIOOUHN.

KnroyoBi cnoBa: nepukapg; AeLentonapusadis; Aoaeumnncynbdar HaTpito; TKaHWHHA iHXeHepis.
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QOPEKTUBHOCTb AELENNIONAPU3ALNN NEPUKAPOA KPYMHOIO POFATOIO CKOTA
PA3HbIMW KOHUEHTPALUMAMU OOAELUNCYNIb®ATA HATPUA

MNpobnemaTtnka. B coBpeMeHHON KapAMOXvUpyprv Ans BOCCTAHOBIEHUSI LEENIOCTHOCTM Kamep cepAua, ero CTeHOK WM KnanaHoB nep-
CMEKTMBHbIM ABNSETCS UCMOMb30BaHNE KCEHOTKaHel, KOTopble MO CBOMM CBOMCTBaM BnnskM K TKaHAM Yeroseka. [ns cosgaHus Takux
61onNpPOTE30B UCMOSMbL3YIOT AeLenoNApU3MPOBaHHbIA BHEKNETOYHBIA MaTPUKC, B KOTOPOM COXPaHSAIOTCSA 3MacTUHOBbLIE W KONnareHo-
Bble KOMMOHEHTbI, @ aHTUIeHHbIE MOJEKYIbl SIMMUHMPYIOTCS, YEM CHUXaEeTCH PUCK OTTOPXeHus. VlccnepoBaHne NOCBSALWEHO OLIEHKe
TMCTONOTNYECKNX, MOMNEKYNAPHO-TEHETUHECKMX U LIMTOTOKCUYECKNX CBOMCTB AeLeNnionapusnpoBaHHOro nepmkapaa KpynHoro poratoro
ckoTa, 06paboTaHHOro pasnUYHLIMU KOHLEHTPaUUAMN hepMeHTa TPUMNCUHA.

Lenb. OueHka adpeKTMBHOCTM AeLennionspusaunm nepvkapgaa KpyrnHOro poratoro Ckota, OCHOBaHHOW Ha NMpUMeHeHun depmeHTa
TpuncuHa ¢ 1 % gopeumncynbdara Hatpusa (SDS) n 0,1 % SDS.

MeToauka peanusauun. Matepuanom Ans UCCNeAoBaHUs CIYXUn nepukapa KpynHoro poratoro ckota. O6pasLbl corfacHo NpoTokony
feuennionapusauun 1 6binn obpaboTtaHbl 0,25 %-HbIM pacTBOpPOM TpuncuHa npu t = 24 °C nNpu NOCTOSHHOM BCTPAXMBAHUK
(200 06/MUH) 1 1 %-HbiM MOHHbIM AeTepreHTom SDS. O6pasubl, NOArOTOBNEHHbIE NO MPOTOKOMNY 2, 06pabaTbiBanyu HN3KOM KOHLUEHTpa-
umen 0,1 %-Horo petepreHTa SDS. M3yyanucb ructonornyeckue m mopdponormyeckne CBOMCTBa 06pasuoB, a Takke onpeaensnucb
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KOHLIEHTPALMM HYKIEMHOBBIX KUCMOT B HUX. OnpegeneHne LMTOTOKCUYECKOTO AeWCTBUS NPOBOAMNM NPU KyNbTUBMPOBaHUM 06pasLioB
AeuennonsapusnpoBaHHOro MaTpukca B cycneHaumn pmbpobnactos Yenoseka.

PesynbTaTthl. [MCTONOrMYeckoe nccnegoBaHne He BbISBUIIO HAMUYUS KNETOK B AeLenonsapusnpoBaHHbIX TKAHAX NPU UCMOMNb30BaHUN
obonx npoTokonoB GuoTpaHchopmauumn TkaHu. HyknemHoBble KMCNOTbI U3 MaTpukca 6binun yaaneHsl 6onee yem Ha 99 %. Bo Bpems
uccnegoBaHust Mbl He Habroganu uMToTokeuyeckoro adpdpekTa in vitro anst obpasuos maTpukca rpynnbl 2, AeLennionsapu3vpoBaHHOro
0,1 % SDS. B o6pa3suax rpynnsl 1 (TpuncuH + 1 % SDS) Habntoganack ovaroas AecTpyKums mbpobnacToB B yCnoBUSAX ANIUTENBHOMO
KynbTuBupoBaHus. KneTkun obpa3oBbiBany aHoMarnbHble Mopdponornyeckie arperatel. B aTol rpynne Takxke Habnoganucb CTPyKTyp-
Hble U3MEHEHNS B KONMareHoBbIX U 3MacTUHOBbIX BOMOKHAX.

BbeiBopgbl. TkaHb nepvkapaa, AeLennionanM3npoBaHHas ¢ UCMonb3oBaHNeM Hu3kon koHueHTpaumen 0,1 % SDS, nmeeT npaktuyecku
Te Xe Guonornyeckne CBONCTBA, YTO WM HATUBHBIV Nepukapa. [euenmonsapusauns nepvkapaa KpyrnHOro poratoro ckota C MOMOLLbIO
depmeHTa TpuncuHa ¢ 1 % SDS npmBoANT K LUTOTOKCUYECKOMY AENCTBUIO Ha KIETKN YenoBseka.

KnioueBble cnoBa: nepukapa,; geuennonapusaumna; ,D,OﬂeLlI/lJ'Ich'IbeaT HaTpuA; TKaHeBaaA NHXeHepu4a.
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