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Mesoporous organic-inorganic hybrid composites ¢esg substrates were prepared by the sol-gel
method for testing the proteins adhesion. Diffettgpes of hydrophobic/hydrophilic silica sol-geleres
prepared using tetraethoxysilane (TEOS) as startmgterial and modified with hexamethyldisilazane
(HMDS). Sol-gel thin films were successfully preghwith the dip-coating technique on glass surfaces
The coatings surface characteristics were evalualde prepared sol-gel derived colloidal silica toa
ings and modified coatings were characterized bifaldity measurements. Also, infrared spectros¢opy

atomic force microscope (AFM) assay were used

toaddterise the surfaces. The coatings of colloidal

silica (VT104, water contact angle 17°), polysilogasol (VT111, 64°) methyl-modified sols (VT079°14
and VT112, 47°) with various wettability propertisre tested for CaCo-2 cells proliferation. Methyl
modified coating VT112 proved to be the best satestor cell proliferation

INTRODUCTION

A combination of sol-gel compounds and
biomaterials like bio-molecules, cell, bacteria,
viruses and etc. resulting in added functionality.
Bio-doped hybrid materials provide a unique op-
portunity for physicists, chemists, biologists and
material scientists to mould the new area of nano-
biotechnology [1, 2]. Organic and biological ma-
terials combination with the sol-gel matrices
could be used for various applications: in bio-
molecular electronics, biosensors, bio-actuators
and medicines, namely in photodynamic antican-
cer therapy, targeted delivery of radio isotopes,
drug delivery, electronic DNA sequencing,
nanotechnology of gene delivery systand gene
therapy [1-7].

Bio-molecules are naturally occurring mole-
cules in living organisms, e.g., amino acids and
nucleotides, consisting primarily of carbon, hy-
drogen, oxygen, nitrogen, phosphorus, and sulfur.
Various biological molecules adhesion and
growth on the sol-gel matrix is influenced by bio-

energy, etc. [6]. The surface structure must be
similar to the biological molecules properties,
consequently inorganic surfaces are modifiable
with substrates which enhances interaction: or-
ganic materials, proteins, antibodies, antigens,
polymers, etc. [1-7]. Thus, the essential require-
ments for the formation of surface structures are
the possibility to modify, reiteration of the retsl
method must be simple and low-cost. The sol-gel
derived inorganic matrices (films, micro-spheres
or fibers) offer several advantages compared with
organic polymers such as mechanical strength,
non-toxicity or chemical inertness, so they may
be used in applications where biocompatibility
and/or thermal stability requirements are essen-
tial. During this method is available to use or-
ganic and inorganic compounds, it is possible to
synthesize a various substances: powders, thick,
thin or multilayer films, ceramic structures,
nanoporous organic-inorganic membrane materi-
als, etc. [8-14]. Moreover, the sol-gel matrix with
the large surface area, porosity provides the ad-
vantages of optical transparency, good compati-

active surface properties as type and the density bility and large immobilization capacity. Sol-gel

of surface charge, balance between the hydro- entrapment method not only improves the resis-
philicity and the hydrophobicity on surface, the tance of bio-molecules to thermal and chemical
chemical structure and functional groups, surface denaturation but also increases the storage stabil-
topography and roughness, the interfacial free ity. In the past few years, numerous silica- and/or
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porous siloxane based organic—inorganic materi-
als have been employed to immobilize or capsu-
late proteins, enzymes, polysaccharides, nucleic
acids, phospholipids, as well as the cells hybrid
materials [1-6, 15]. Hybrid sol-gel films were
developed for tissue-derived cell growth [7]. It
was found that immobilized biological materials
trapped within sol-gel glasses usually retain their
catalytic activity and can even be protected
against degradation [4, 5, 7, 8, 10, 11]. Bioactive
coating is also applicable for detection of viruses
and for the generation of anti-viral vaccines [4].

This report presents investigations of the
formation, modification and characterization of
different silica-based mesoporous organic—
inorganic hybrid materials on glass substrates
which could useful for the adhesion or growth of
bio-molecules have done. Different amount of
methyl groups were introduced onto the colloidal
silica to get surfaces with miscellaneous proper-
ties. In further investigations, modified and pro-
tein coated sol-gel surface with different wettabil
ity properties have been tested for CaCo-2 cell
proliferation.

EXPERIMENTAL

Preparation of Sols. The precursor of SiO
(A sol) colloidal sol was prepared by the base
catalyzed hydrolysis of tetraethylorthosilicate
TEOS (TEOS, €H».0,Si, >98%, Fluka) by the
following method of preparation of Stdber silica
[16]. The ammonia solution in ethanol was added
to the solution of TEOS in ethanol with continu-
ous stirring at room temperature 20&2
(TEOS:NH;:H,O:EtOH molar ratio 1:0.2:2.37:38,
respectively). The molar ratio of ammonium hy-
droxide to alkoxide was 0.2 mol, to water —
0.4 mol. The solution with final silica concentra-
tion of 3% was prepared. The obtained reaction
mixture was stored for 4 days at room tempera-
ture to allow hydrolysis as much as possible. The
final product consisted of colloidal suspension of
SiO, nanoparticles in an anhydrous solvent. Poly-
siloxane (PS) 3% (B sol) sol was obtained using
acid hydrolysis of TEOS (TEOS:HCI:B:EtOH
molar ratio 1:0.01:4:37.4) in ethanol.

Methyl-modified SiQ sols were prepared by
adding different amount of hexamethyldisilazane
(HMDS, GH;3gNSi,, 98 %, Aldrich) to the 3%
colloidal silica suspension. HMDS modified sols
were aged 2 days (SIi®IMDS:EtOH molar ra-
tios: C1 sol 1:0.16:44.05 (0,625 % HMDS); C2
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sol 1:0.32:44.59 (1.25 % HMDS); C3 sol 1:2.5:45
(10 % HMDS)) at room temperature.

Preparation of Coatings. Coatings were pre-
pared on glass (Menzel-Glaser, 76x26 mm) sub-
strates previously cleaned and dried. Dip-coating
method on both sides of the glass was employed
to produce sol-gel coatings using apparatus KSV
Instruments Ltd. KSV D™. The parameters of
dipping were as following: immersion rate —
40 mm/min and dipping time — 20 s.

Characterization of Sols and Coatings. IR
spectra of the materials were recorded using ATR
Perkin-Elmer Spectrum BX FT-IR spectrometer.
The AFM images of the silica coatings on glass
were performed on Multimode Scanning Probe
Microscope (Digital Instruments). For the charac-
terization of surface properties, the measurements
of water, dimethylformamide (DMF) and ethyl-
ene glycol (MEG) contact angle on KVS Instru-
ment CAM 100 were recorded.

Cell culture. CaCo-2 cells from American
Type Culture Collection (ATTC) were grown in
advanced RPMI 1640 culture medium (Gibco,
12633-012) supplemented with 5% fetal bovine
serum (FBS) (Gibco, 10106-169) and
L-glutamine (2 mmol/l) without antibiotics, at
37°C in a CQincubator (5% CQ95% air, 95%
relative humidity). FBS was heat inactivated prior
to use (at 58C for 30 min with gentle shaking).
FlexiPERM micro 12 wells (Vivascience IV-
50011436, growth area 0.3 ®nwere stacked on
microscope slides and VT079, VT104, VT111
and VT112 sample slides. The seeding number of
cells was 1.5x10cell/ cnf.

Protein coatings. Laminin-1 from basement
membrane of Engelbreth-Holm-Swarm mouse
sarcoma (Sigma, L2020) was used. It was slowly
thawed in the refrigerator and diluted in Hank's
balanced salt solution (HBSS, Gibco, 14060-
040). The surface was coated with a minimal vol-
ume (18ul) of working solution (0.1 mg/ml) and
left for 45 min. Excess fluid was sucked off and
the surface was left to air dry before introducing
the cell suspensiorfibronectin (Sigma F1141)
solution in PBS (0.2 mg/ml) was used for coat-
ings. A minimal amount (1jl) of fibronectin
solution was added to each well and left to dry for
45 min. Excess fluid was sucked off. The coated
surface was rinsed with culture medium before
the cell suspension was addé&bllagen-1(Sig-
ma C7661) was dissolved in acetic acid
(0.1 mg/ml). A minimal amount (18) of colla-
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gen solution was placed in each well and the col- interfacial free energy, etc. [6]). Using sol-gghs

lagen was allowed to bind for two hours at 37°C. thesis method it is possible to prepare materidls w
Excess fluid was sucked off and the surface was small pores (d<0.4 nm) and high specific surfaea ar
left to air dry. The coated surface was rinsed with (S,_>250 m/g) different chemical structure, etc.
HBSS before adding the cell suspension.

Assessment of cell proliferation. Prolifera- [3—6] Total sol-gels coatings with different sieda

tion of cells was measured with the colorimetric PrOPerties synf[hegls scheme IS shown n Fig. 1.

cell proliferation BrdU (5-bromo-2-deoxyuridine) Characterization Of. the_S|I|ca Hybrids. Con'
test (Kit No. 1 647 229, Roche) two days post- tact gngle on the coating fllmSS_.urface properties
seeding on coated and non-coated VT samples that mfluence Pprotein adsorption and subsequent
and glass. The supernatant was replaced by cell adhesion include surface free energy, rough-

1004l of fresh growth medium and 10 BrdU ness and chemistry [17]. The prepared sol-gel

labelling solution was added. The cells were in- deriyed colloidal silica 'coatings and .F“Od”‘ed
cubated for 90 min at 37°C. After removal of the c0atings were characterized by wettability meas-

supernatant, 150 of FixDent solution was add- urements using th? contact ang"?‘ measurements
ed and the cells were left at room temperature for because hydrophilicity/hydrophobicity and sur-

30 min. The supernatant was sucked off angdl75 fﬁce frede energy (ﬁurface .teF‘S‘O']?) |hs an ir?portar;t
of anti-BrdU-POD was added. The cells were {N€rmodynamic characteristic of the surface o

then stored for 90 min at room temperature. Af- liquids and solids. Solids with low surface free
terwards, the cells were washed three times with €Ner9y hydrophobic and hydrophilic with solids
150yl washing buffer. 75 of substrate solution  With high-energy [18]. One of the most frequently
was added and left for some minutes protected used methods of contact angle assessments is the
from light for the colour to develop. 76 of the sessile drop technigue and the surface free esergie
solution was transferred to 96-well microtiter WEr€ estimated from the contact angles. Fig. 2
plates and 2@l of 1M sulphuric acid was added. shows water drop on the different coating films.
The absorbance was measured at 450 nm DataSOl compositions and data of water, dimethylform-
were derived from three independent experiments amide (DMF) and ethylene glycol (MEG) contact

and presented as means with standard deviations.angles of coatings are shown in Table 1.
The differences were analyzed using Student's
test on two populations and One-way ANOVA,

p<0.01 was considered significant. ‘

| TEOS:NH;H,0:EtOH | | TEOS:HCI:H,0:EtOH | a
| COLLOIDAL SILICASOL | | POLYSILOXANE SOL |
SILICA
MODIFICATION
WITH HMDS
| STIRRING AND AGING |

I

| FORMATION OF THIN FILMS |

Fig. 1. Hybrid sol-gels coatings with different surface
properties synthesis scheme

RESULTS AND DISCUSSION

During the immobilization of various bio-
logical molecules on the sol-gel matrixes particu-
lar attention is paid to the bioactive surface prop
erties (density of surface charge, hydrophilicity o0 Fig. 2. Imagines of water drop on the differente coat-
hydrophobicity, the chemical structure and func- ing films: a — SiG, 3% =17°), b — PS3%
tional groups, surface topography and roughness, th (6=64°),c — HMDS modified SiQ (6=144°)

Cc
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Table 1. Sol composition and data of,®, DMF and
MEG contact angles, surface free energies of

coatings

sampie So|” Contact angle 0),° frig g?grzy

No. composition H,O DMF MEG 75 MN/M
VT104  SiO,(3%)  17+#1 11%130:1 71
VT111 po'gi(';(’);‘a”e 64+1 32+134+1 39
VT115 Hl\fé%((g_og’z)é%) 42+1 20+146+1 55
VT112 HI\?E)OZS((?I)./%%) 47+1 17+148+1 54
viore  SIOB%V a4 744 g7e1 30

HMDS (10%)

The results showed that the colloidal silica sur-
face (water contact angle 17°) is more hydrophilic

1,0+ - SiO/HMDS
***** PS
08 — SiO2

Absorbance (a.u.)

>W 0

1500 1000

3500 3000 2500 2000 500

Wavenumber (cni')
Fig. 3. FTIR spectra of tha — SiG,, b — polysiloxane
andc — SiO, modified with HMDS

Q

The SiQ, PS and HMDS gels exhibits hy-
droxyl absorption bands at 3450-3400%m

and its surface free energy is lower compare to PS Which arise from relatively free, non—hydrogen-

(water contact angle 64°). In the acid-catalyzed
TEOS hydrolysis system the protonation of the al-
koxide group causes electron density to be with-
drawn from Si allowing the nucleophilic attack from
water. In contrast, the base-catalyzed hydrolykis o
silicon alkoxides proceeds through the attack of a
nucleophilic deprotonated silanol on a neutratisili
acid. In general, silicon oxide networks obtained v
acid-catalyzed conditions consist of linear or ran-
domly branched polymers; by contrast, base-
catalyzed systems result in highly branched clsister

bonded, and hydrogen-bonded silanols (Si—-OH),
respectively. The IR absorption bands at 1090
and 1060 cr in the difference spectrums are
assigned to the Si—O vibrations and 790'cm
symmetric Si—O vibrations, 950 cnattributed to
symmetric Si—OH vibrations. After the surface
modification with HMDS, the intensity of absorp-
tion bands at 2950 chcorresponding to C—H,
—CH,—, —CH groups intensities are higher. The
overlapped absorption bands from 800 to 1268 cm
can be attributed to SO Si—OH and organic

so contact angle measurements and IR spectra congroups (C-H, —-Chk, —CH).

firms that on the Si@coating film surface are more
—OH functional groups than on the PS.

With the aim of finding the optimal hydropho-
bicity for cells adhesion and growth, the methyl-
modified silica coating were prepared. The collbida
silica particles are covered by hydroxyl groupteraf
HMDS addition some of the hydroxyl groups are
replaced by methyl groups. It can be said that the
contact angle varies significantly with the molgara
of SIO/HMDS by considering the accuracy. The
contact angle of water and surface free energy in-
creased with increasing amount of HMDS. In case
HMDS, each monomer of HMDS consists of two
trialkylsilane groups, which gets attached to the s
face. The HMDS modified silica coating (VT079)
show the highest contact angle (144°) and the low-
est SiQ (VT104,17°). The hydrophilic methyl
modified silica surfaces were prepared using
0.625% and 1.25% of HMDS during modification.

FTIR Characterization.FTIR characteriza-
tion of the SiQ, polysiloxane (PS), and with
HMDS modified SiQ hybrids is shown in Fig. 3.
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AFM analysis of the coating film€oatings
and the sol particles morphological studies were
carried out by atomic force microscope. As can
be seen from the AFM images (Fig. 4) that PS
coating is rather smooth, the surface roughness is
Rus=0.79 nm than other coatings. The surface of
SiO, coating roughness iBys=3.05 nm and the
particles show tendency to form bigger agglom-
erates when Sigs modified with HMDS Rys is
increasing with increasing amount of HMDS). It
is evident from the images that the nanosilica sur-
face is modified by methyl groups.

Cell behaviour on biomaterial surface. The
CaCo-2 cells from American Type Culture Col-
lection (ATTC) were grown on sol-gel derived
coatings with different wettability properties. The
coatings obtained from colloidal silica (VT104),
polysiloxane sol (VT111) methyl-modified sols
(VTO79 and VT112) were selected for prolifera-
tion test. The sol composition and data of water
contact angles, surface free energy and surface
roughness of coatings are shown in Table 2.
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Fig. 6 AFM |m gﬂgine; of aollaéeh-l goatiﬁg oa—
glass; b — 3% polysiloxane (VT11l),c -
Si02:HMDS (VT112) sol-gel modified samples

Results of proliferation on coatings surfaces
are presented in Fig. 7 and Fig. 8.

C Vom D 15/../ g 03}k
Fig. 4. AFM imagines of modified surfaces— 3% SiO: 3
(Rys=3.05 nm, VT104);b — 3% polysiloxan 3
(Rus=0.79 nm, VT111)c — SiO2 (3%)/HMD! S o2}
(1.25%) (Ris=2.55 nm, VT112);d — SiOz S
(3%)/HMDS (10%) (Rs=3.27 nm, VT079) = o
Table 2 The sol composition and data of water contact §
angles, surface free energy and surface rough-
ness of hybrid silica coatings tested for the pro- 0.0 Surfaces
liferation and adhesion test of CaCo-2 cells =1 GlassiE8 VT079 S VT104 111 M VT112
Sol Sampleunctional Surface . - Surfacefree Fig. 7. Proliferation of CaC@ cells on VTO7¢
No. No. el roughness e g),e  eneray VT104, VT111, VT112 sampteand glass :
T e surface (Rys), nm Y MN/m control surface
A -OH 3.05 17+1 71
104 . .
VT When only simple samples (Fig. 7) are com-
B .4, ~OH 0.79 64+1 39 pared the means within all samples are signifi-
VT —OH, cantly different (p<0.01, One-way ANOVA).
C2 412 _cn, 295 4l 54 Proliferation on VT079 was significantly slower
VT -OH, and on VT112 significantly faster (p<0.01) then
€3 o719 —CH; 321 1441 30 on glass control (Fig. 7). This two substrates

were both methyl-modified, however contend of

Cell behaviour on biomaterial surface is HMDS was 10% in VT079 and 1.25% in
modulated by the concentration, composition and VT112.

conformation of absorbed extracellular matrix

. . ,0r M B V1079
(ECM) proteins [_19]. The sol-gel coatings were S yT104
coated with a minimal volume of different pro- E os
teins as laminin, fibronectin or collagen-1 solu- 3 B
tions. AFM imagines of protein coated silica sur- % g/ §
face are shown in Fig. 5 and Fig. 6. S §
s B\
8 0.4 ?&%% KX
2 S\l
’ E\ B\
B B
Control Laminin  Fibronectin  Collagen-1

‘ 2 ‘ : Fig. 8. Proliferation of CaCo-2 cells on laminip-
Fig. 5. AFM imagines of fibronectin coating om: — fibronectin and collaged- coated VTO7!

glass; b — 3% polysiloxane (VT11l)ic - VT104, VT111 and VT112 samples and cor-
SiO2:HMDS (VT112) sol-gel modified samples responding controls
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The means within the surfaces for all protein 4. Gadre S.Y., Gouma P.IBiodoped ceramics:

coated VT samples and controls are significantly
different (p<0.01, One-way ANOVA) and almost
all protein coated samples stimulated proliferation

compared to the corresponding controls (Fig. 8). 5.

Laminin-1 coated VT104 sample was the only
protein coated surface where proliferation was

significantly slower (p<0.01) then on control.
CONCLUSIONS

The modified sol-gel derived silica coatings
were prepared and characterized. The topography
of protein coatings differs distinctly between
glass and various sol-gel modified samples. The
coatings of colloidal silica (VT104, water contact
angle 17°), polysiloxane sol (VT111, 64°) me-

thyl-modified sols (VT079, 144° and VT112,

47°) with various wettability properties were
tested for CaCo-2 cells proliferation. Methyl-

6.

7.

8.

modified coating VT112 proved to be the best 9.

substrate for cell proliferation. Cell proliferatio

two days post seeding was significantly faster on
almost all proteins coated samples compared to
corresponding controls. The difference in drop
contact angle between VT079 (144°) and VT104 10.
(17°) is the biggest. From results we can assume,
that surface characteristic contact angle and func-
tional groups are significant for protein adsorp-

tion and consecutive for cell growth and prolif-
eration. The advent of hybrid sol-gel materials

opens new possibilities for tailoring efficient sub

strates for cell adhesion and growth. A major ad- 11.
vantage of these materials is that the quantity of
preparation methods and chemicals with which
one can design almost any desired surface prop-

erty is practically unlimited.
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Cunre3 Ta gocjaiIKeHH MOAN(PiKOBaHNX KPpeMHe3eMHHX NOKPHUTTIB IS OioTexHo10ril

B. TomkyTe, A. beranckiene, A. KapeiiBa, C. 3emuiu /[xoxanap, Y. Baricra

Kageopa 3acanvroi ma neopeaniunoi ximii, Binbniocokuil ynisepcumem
eyn. Hayeapoyxo 24, Binvnioc Lt-3225,/lumesa
Daxyromem meduyunu, lncmumym 6ioizuxu

eyn. Jliniuesa 2, Jlrvonsna Sl-1000,Crogeris

s mecmysanns adezesii OIIKI@ 301b-2e1b MEMOOOM NPUSOMOBAHO ME30NO0PYBAMI OP2AHO-HeOP2aAHIUHI 2IOPUOHT
KOMRO3UMU HA CKIAHUX nioknaounkax. Pisni munu 2iopogodnux ma 2iopo@ineHux KpemHe3eMHUX 301i6 ma 2enie
oyn0 npuzomosano 3 euxopucmannsim mempaemoxcucunany (TEOC) ax euxionozo mamepiany i MOOUQIKOBAHO 2eK-
camemunoucunasarom (FMIC). Touxi 3016-2e1b RAIGKU OVI0 YCRIUHO NPULOTHOBAHO 3d OONOMO20I0 NPOYeOYpU 2id-
3YPY6ANHSI 3AHYPEHHAM HA CKISAHUX nogepxHsx. O0epicano Xapakmepucmuku nogepxonb nokpummis. Odepoicani
WISIXOM 301b-2€/lb CUHME3Y NOKPUMMS — NOXIOHI KON0IOH020 KpemHeseMy ma MOOugikosani nokpumms 6yio oxa-
PAKMepU308aHO BUMIPIOSAHHAM 3Mouyeanocmi. /s xapakmepuzayii no8epxoHs 6y10 MAKOAIC GUKOPUCTNAHO AHAI3
3a 00NOM02010 iHpauepsonoi cnekmpockonii ma amomnoi cunosoi mikpockonii (ACM). Ilokpumms 3 K0M0IOHO20
kpemnesemy (VT104,kym smouyeanns eodoio 17), nonicunokcanosuii 3ome (VT111, 64, memun-modugpixosani 3oni
(VTO79, 144 ma VT112, 47 3 pisnoio amouysanicmio 6yio npomecmogano Ons posmuodcenns kuimun CaCo-2.
Memun-moougixosane nokpumms VT1126useunoce natikpawum cyocmpamom 0ist pOZMHONCEHHS KIIIMUH.

CuHTe3 U ucc/Ie0BaHue MOAU(UIIUPOBAHHBIX KPeMHe3eMHbIX MOKPBITHI /1JIs1 OMOTEXHOJI0TUH

B. TomkyTe, A. Beranckuene, A. Kapeiia, C. 3emunu /I’xoxanap, Y. batucra

Kageopa obweii u neopeanuueckoii xumuu, BunvbHiocckuil yHugepcumem
ya. Hayzapoyro 24, Bunenioc Lt-3225,/lumea
Daxkynvmem meduyunsl, Uncmumym 6uogusuxu
ya. Jlunuuesa 2, Jliooasna SI-1000,Crosenus

s mecmupoeanusi  aocesuu  OeIKO8 307b-2€lb  MEMOOOM NPUSOMOBTIEHbL  ME30NOPUCTbIE  OP2AHO-
HeopeaHuuecKue cUOPUOHbIE KOMNO3UMbL HA CMEKISIHHBIX N0OA0JCKaX. Pasnvle munvl 2udpopobnvix u cuopoguis-
HbIX KPEMHe3eMHbIX 30Jiell U 2enetl ObLiu npueomosienvl ¢ ucnoivzosanuem mempasmoxcucunana (TO0C) kax uc-
X00HO20 mamepuana u mooupuyuposansvl cexcamemunoucunazanom (IMIC). Tonkue 301b-2eb niaeHKu Ovliu yc-
HewHo NpUeOMOoBIeHbl ¢ NOMOUWBIO NPOYEOYPbl 2NA3YPUPOBAHUS NOSPYIHCEHUEM HA CIMEKAHHbIX nosepxrocmsx. Ilo-
JIYHeHbl XapakmepucmuKku noeepxnocmei nokpvimuil. Ilonyuennvie nymem 3016-2eb CUHmME3Ad NOKPLIMUSL — NPOU3-
800HbIE KOLTOUOHO20 KpEMHe3eMa U MOOUPUYUPOBAlHble NOKPLIMUS DbLIU OXAPAKMEPUI08AHbL USMEPEHUEM CMAiL-
saemocmu. /[na xapakmepuzayuu no8epxHOCMel Obll MAKiCe UCNONb308AH AHAIU3 C NOMOWDLIO UHPpaKpacHou
cnekmpockonuu u amomtou cunosoti muxpockonuu (ACM). Iloxkpvimus uz xonrouonozo kpemnesema (VT104,yzon
emauusanus 600oti 17), nonucunoxcanoswiii sone (VT111, 64), memur-moouduyuposannsie 301u (VT079, 1444
VT112, 47) ¢ pasnoii cmauusaemocmvio Gbliu npomecmuposansl Ons pasmuoxcenus kiemok CaCo-2. Memun-
Mmoougpuyuposannoe nokpvimue VT1120kazanoce nauryvuwum cyocmpamom Ons pasMHONCEHUsL KIEMOK.
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