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Background. Cultivation of cell cultures on synthetic coating makes it possible to obtain a complex spa-
tially organized cellular system that enhances cell attachment and determines all further processes of dif-
ferentiation, proliferation, and formation of extracellular matrix. It is necessary to examine properties of
coatings, particularly, such as biocompatible polymers with cells, as they can be applied for various bio-
logical and medical applications.

Objective. We investigated the effects of glass surfaces modified with dextran, APTES, albumin and they
compositions on the proliferation and metabolic activity of B16F10 cells.

Methods. Cellular line B16F10 were cultured in DMEM medium supplemented with 10 % fetal calf
serum, 1 % penicillin-streptomycin in 5 % CO, at 37 °C for 72 h. Cells were seeded at the glass plates,
which modified nanolayers in various combinations: control group — glass, glass/APTES, glass/APTES/
dextran, glass/APTES/albumin, glass/albumin, glass/APTES/dextran/albumin. The influence of the sur-
face properties on the proliferation of BI6F10culture and its viability was analyzed after every 24 h of
incubation. The cultural medium was collected after 24, 48, and 72 h of cultivation for investigation lac-
tate dehydrogenase activity.

Results. The high viability and proliferation growth of cells on APTES, albumin, and APTES/dextran/
albumin coating were higher if compared with growth of cells on a glass surface. Improved the proliferation
of the B16F10 cells was observed onto albumin (P < 0.001) and APTES/dextran/albumin (P < 0.001)
nanolayers on 48 and 72 h, in contrast to to control and other experimental groups. Whereas, the differen-
ce between the number of cells grown on glass and APTES coating increases only on 72 h of cultivation.
Conclusions. Obtained results have shown that the glass surface modified albumin and APTES/dextran/
albumin resulted in improving the viability and cell proliferation of BI6F10cell line and can be used as a

3D system for cultivation of cells of different types.
Keywords: cell culture; proliferative activity; surface; nanolayers.

Introduction

Three-dimensional (3D) cultures models may
more accurate representation of the in vivo envi-
ronment than two-dimensional (2D) cultures while
maintaining the cytoarchitecture of in sifu tissue that
supports cells differentiation or maturation [1, 2].

Cell adhesion is depended upon surface hydro-
philicity, surface charge density, surface morphology,
specific chemical groups present on the surface of the
scaffold [3]. Given that surface chemistry is crucial for
the biocompatibility of the nanolayers, specific surface
modifications are used with different polymers [4, 5].

In particular, there is an increased interest in
the polymeric surfaces which can change their affi-
nity towards proteins and cells under external stimuli
[6, 7] and therefore have potential applications in
biology and medicine.

Despite various investigations, specific and
complex mechanisms govern the reactions that occur
between the biomaterial and the cellular environ-
ment are still incomplete understanding.

The objective of this study was to establish and
comparison cells line B16F10 viability cultured onto
different coatings. We used surfaces obtained by
grafting APTES, dextran, albumin and their com-
binations to the surface of the modified glass plates.

Materials and Methods

Preparation of coatings. Glass plates (20x20)
were dipped into 0.2 % (w/w) methanolic solution
of (3-aminopropyl)tricthoxysilane (APTES) for 24 h.
After the incubation, loosely-attached silane mole-
cules were removed with methanol in Soxhlet’s ap-
paratus. Then the plates functionalized with APTES
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were dipped into 1 % solution of peroxide in air
dioxin for 24 h. Similarly, loosely attached peroxide
was removed with dioxane in Soxhlet’s apparatus
for 4 h. As a result, peroxides grafted to aminated
surfaces were obtained [8].

With participation of these aminogroups dial-
dehydedextran obtained by partial oxidation of the
anhydroglucopyranoside subunits of dextran by perio-
date acid was covalently grafted to the surface of the
modified glass plates. The oxidation of dextran was
conducted for 2 h, and then the plates functionalized
with amino-terminated APTES were dipped into 2 %
solution of dialdehydedextran in water for a grafting
time of 6 h. Similarly, loosely-attached dialdehyde-
dextran was removed with water in Soxhlet’s appara-
tus for 4 h. As a result, dialdehydedextran grafted to
aminated surfaces were obtained.

After modification procedure, all groups of
samples were dipped in bovine serum albumin
(BSA) phosphate-citric buffer solution (pH 7.4;
BSA — 0.2 mg/ml and adsorption time — 2 h). Ob-
tained surfaces were characterized by E. Bittrich [9].

Cell assay. B16 Melanoma Cells (B16-F10 cell
ATCC #CRL-6475) were harvested and cultivated in
DMEM medium supplemented with 10 % fetal calf
serum (FBS, Gibco, USA), penicillin (100 U/ml)
and streptomycin (100 pg/ml) (Gibco, USA) for
72 h at 37 °C in an atmosphere containing 5 % CO,
and maximum humidity. Cells were seeded with an
initial concentration of 800 thousands cells in a 100
ul drop of the medium on glass (control) and coat-
ing modified with Glass/APTES; Glass/APTES/
dextran; Glass/APTES/albumin; Glass/albumin;
Glass/APTES/dextran/albumin.

The influence of the surface properties on the
proliferation of B16-F10 cells culture and its ability
to form a monolayer was investigated. Cells were
allowed to attach and proliferate for 24, 48, and
72 h. After each time point, the number of plated
cells was determined by counting using a hematocy-
tometer. For each group, three samples were tested
independently. Trypan blue exclusion test (0.4 %)
was used to discriminate and count living cells.

Lactate dehydrogenase (LDH) assays. Medium
supernatants collected from both experimental and
control cells every 24 h were tested for LDH acti-
vity using Cytotoxicity Detection kit LDH (Roche).
This test is a colorimetric assay for the quantifica-
tion of cell death and cell lysis based on the mea-
surement of LDH activity released from the cytosol
of damaged cells into the supernatant. The amount
of enzyme activity detected in the culture superna-
tant correlates with the proportion of lysed cells.
The assays were conducted following the manufac-
turer’s instructions, in flat-bottomed wells of 96-
well plates. Following incubation, the absorbance of
samples was measured at a wavelength of 490 nm
as a measure of enzyme activity using an ELISA
(enzyme-linked immunosorbent assay) plate reader.

Evaluation of cytotoxicity using the microtetrazo-
lium (MTT) assay. The MTT assay was used to assess
the in vitro cytotoxicity of surface-modified glasses
in this study. A quantitative colorimetric MTT test
was performed after 3 days of culture to characterize
cellular metabolism (vitality) and, by implication,
proliferation. The MTT solution (0.5 mg/ml) was
added to each well 3 h prior to the end of the experi-
ment. After the incubation period dimethylsulfoxide
was added in the dish to dissolve the purple forma-
zan crystals that formed as a result of the restoration
of MTT reagent-reductase living cells. The concen-
tration of formazan in the wells was determined by
the spectrophotometric method at a wavelength of
490 nm. The number of living cells (in percentage)
was determined by the ratio of optical in which the
cells were incubated for study and control mediums.

Statistical analysis. Tests were repeated three times
for every type of the samples. The results were pre-
sented as the mean =+ standard deviation. Differences
between groups were determined by Student t-tests.

Results
The influence of the surface nature on the pro-

liferative growth of B16F10 cells during 72 h was
investigated (Table).

Table: Proliferative growth of B16F10 cells onto the modified surfaces during 72 h cultivation (M + m, n = 3)

Experimental groups Number of cells (x1096)
24 h 48 h 72 h
Control (glass) 2.03 £ 0.02 2.33 £0.05 2.50 £0.03
Glass/APTES 1.65 £ 0.03%** 2.19 £0.03 2.99 + 0.08**
Glass/APTES/dextran 1.80 £ 0.06%* 2.13 £ 0.04* 2.23 £ 0.05%*
Glass/APTES/albumin 2.81 £ 0.04%** 2.58 £ 0.04*** 2.61 £0.02
Glass/albumin 1.37 £ 0.07%** 3.13 £ 0.06%** 3.14 £ 0.07*%**
Glass/APTES/dextran/albumin 1.94 £ 0.03 2.71 £ 0.04** 3.13 £ 0.04%**

*P < 0.05; *P < 0.01; **P < 0.001 compared to the control.
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The results of our investigations show that proli-
ferative activity of BI6F10 cells was gradually increased
in the experimental group with APTES (P < 0.01).
While in the experimental groups with APTES/dext-
ran cells concentration were lower compared to cont-
rol. Improved the viability and proliferation of the
BI16F10 cells were observed after cultivation onto
albumin (P < 0.001) and APTES/dextran/albumin
(P < 0.001) nanolayers during 48 and 72 h compared
to control and other experimental groups.

The viability and functional activity of B16F10
cells under cultivation onto different nanolayers we
investigated of LDH levels (Fig. 1).

LDH concentration in all groups was suf-
ficiently high at the beginning of the experiment.
As increasing times cultivation, LDH activity was

changed differently in each group. Enzyme acti-
vity significantly reduced in cells cultivated onto
APTES, albumin and APTES/dextran/albumin
coating at 48 and 72 h as opposed to the group
with APTES/dextran coating. The higher concen-
tration of LDH during whole time cultivation were
observed in the experimental group with APTES/
albumin compared to other experimental groups.
Decreasing lactate dehydrogenase activity was
observed in APTES, albumin, and APTES/dextran/
albumin coating experimental groups at 48—72 h
of cultivation, which coincides with the growth of
the proliferative activity of cells in these groups and
high cell viability.
Biocompatibility and functional impact of
modified surfaces were studied in vitro using MTT
assay. In Fig. 2 the data of obtained re-
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Figure 1: LDH activity in culture medium after cultivation B16F10 cells onto

The cell viability in the experimen-
tal group with APTES/dextran/albumin
was the highest during the whole time
of cultivation compared to other experi-
mental groups. Whereas the lowest cell
viability was noted in the experimental
group with APTES/dextran. The absor-
bance values in experimental groups with
albumin and APTES/albumin were also
higher. The MTT assay showed 86.6—
79.7 % and 69.5—73.4 % of viability to
B16F10 cells in this groups respectively.

Discussion

different nanolayers during 72 h (M = m, n = 3). Results are expressed as mean

of three independent experiments: ® — 24 h; m — 48 h; m — 72 h. Note: *P <

< 0.05; P < 0.01; **P < 0.001 compared to the control

Most cells are anchorage-depen-
dent because they grow as monolayers
and require attachment to proliferate.
Disposable plastic, especially polysty-

rene is now most commonly used for

cell culture growth. But many cells
prefer surfaces with high surface ener-
gies (i.e. hydrophilic surfaces). Whe-
reas most plastics are hydrophobic and
unsuitable for cell growth, they are
often treated with radiation, chemi-
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Figure 2: Viability of BI6F10 cells exposed onto different nanolayers after 72 h
incubation. The cytotoxicity was determined by MTT assay as the percentage of

experimental cells compared with control: m — 24 h; m — 48 h;

cals or electric ion discharge to gene-
rate a charged, hydrophilic surface.
The characteristics of glasses depend
on organic compounds properties pre-
sent in their composites its chemical
composition, surface area, and textural
properties (pore size, pore volume,
pore structure) [10]. Given that surface

U chemistry is crucial for the biocom-
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patibility of the nanolayers, the coatings should be
tested on various cell types [11]. But methods of
investigations of effects of the biocompatible and
smart bioactive surfaces on cells are still not fully
developed. For these studies usually are applied cell
viability tests and counted a quantity of the living
cells with different morphology and also their proli-
feration index. Among different surface modification
approaches studied, grafting of carbon nanotubes on
the surface provides the growth, morphology and
cell viability of bone cells (osteoblasts) [12]. This
positive effect on cell viability may be attributed to
the fact that nanotubes create 3D cultures models
that can provide additional nucleation and growth
sites for cells to thrive.

In our studies, the cell viability rate and
proliferation were showed an increase after
cultivation of B16-F10 cell on the surface with
grafted nanolayers of APTES, albumin and
APTES/dextran/albumin during 72 h. While
using coating glasses, a moderate cytotoxicity was
observed after 72 h of incubation. The increased
sensitivity of BI16F10 cells (cell growth induction
as well as inhibition) suggests that the effects may
be dependent on nature of the polymer nanolayers.
So it could be concluded that the stereochemistry
of the polymers used for coating glasses greatly
influence the cell growth and survival. This agrees
with another study [13] and could be explained by
the organization and maturation of the extracellular
matrix surrounding cells by the created three-
dimensional system.
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O.B. WTaneHko, I.1. FeBkaH, O.1. Cnueuyk, B.A. Cupsatka, H.M. MaTBieHko

®OPMYBAHHA | BNTACTUBOCTI MONIMEPHUX HAHOLUAPIB A5A NONINWEHHA POCTY KNITUH IN VITRO

Mpo6nemartuka. KynsTmByBaHHS KynbTyp KNiTUH HA CUHTETUYHMX MOKPUTTAX AA€ MOXNMBICTb OTPMMATU KOMMIEKCHY NPOCTOPOBO opra-
Hi30BaHy KMITMHHY CUCTEMY, LLO MiABMWLLYE NPUKPIMNEHHS KNITWH i cnpyse iX noganbLin AudepeHuiauii, nponidepadii Ta popMyBaHH0
MiXXKMITUHHOTO MaTpuKcy. ToMy BUHUKae noTpeba y BUBYEHHI BMAcTMBOCTEW MOKPUTTIB, 30Kpema GioCyMICHOCTI 3 KNiTMHaMM, OCKiNbKM
BOHWU MOXYTb BYTW BUKOPUCTAHHI AN Pi3HMX GiONOrYHMX i MEAUYHUX LOCTIIKEHD.

Merta. 3aBaaHHAM HalMX AOCNiAXKEHb € BUBYEHHS BNMUBY HAaHOMOBEPXOHb, MoaudikoBaHux A[TTECom, aekcTpaHoM, anbbymiHOM Ta ix
KOMMNO3uLisiMK, Ha nporidepaTnBHY i MeTaboniyHy akTUBHICTb kniTnH B16F10.

MeToauka peani3auii. Y gocnigXeHHi BUKOPUCTOBYBanu KNiTuHK niHii B16F 10, siki KynbTBYBanu Ha xuBuibHoOMY cepegosuLli AMEM i3
popasaHHsm 10 % ETC, 1 % neHiumnivy Ta ctpentomiumHy B atMocdepi 3 Bmictom 5 % CO, npu 37 °C ynponosx 72 roa. KniTuHm
BVMCiBanu Ha ckenbls, MOAMMIKOBaHI HaHOLIapamu y pisHMX KOMOIHaUisiX: KOHTponbHa rpyna — ckno; ckno/APTES; ckno/APTES/aekc-
TpaH; ckno/APTES/anbbymiH; ckno/anbbymiH; ckno/APTES/aekcTpaH/anb6ymiH. Bnnve nokpuTTiB Ha nponichepaTvBHUIA PIiCT i kuTTE3aaT-
HICTb KyNbTYpWU OLIHIOBaNM KOXHi 24 rof KynbTUBYBaHHs. [N BU3HAYEHHS1 aKTUBHOCTI NakTaTaerigporeHasu KOHOUUINHE cepenoBuLle
Binbupanu Ha 24, 48 Ta 72-ry rog KynbsTUBYBaHHS.

Pe3ynbraTtn. Bricoka XnUTTE3AaTHICTb Ta IHTEHCUBHICTL NPOnidhepaTMBHOIO POCTY KIiTUH ClOCTepiranvcb Npu KynbTUBYBaHHI Ha NOBEpPX-
HsAX, mogudikoBaHux AMTECom, anbbymiHom, AMNTEC/gekctpar/ansbymiHom. IMigBuwieHHs nponidpepadii knitnd B16F 10, BupoLeHux
Ha HaHoMNoKpuUTTSX 3 anbbymiHom (P < 0,001) Ta AMTEC/aekcTpar/ansbymiHom (P < 0,001), Big3Ha4yeHo Ha 48 Ta 72-ry rof KynbTuBYyBaH-
HS1, Ha BiAMIHY BiJ KOHTPOIMIO Ta iHWMX gocnigHux rpyn. Mpu kynstuByBaHHi Ha nokpuTTi 3 AITTECoM KinbKiCTb KNiTUH 3pocTana, Ha BiA-
MiHY Bif KNiTUH Ha NOBEPXHi cKerneub, TiNbK1 Ha 72-ry rog KynbTUBYBaHHS.

BucHoBku. JocnigpkyBaHi HaHOMoBepxHi, MoaudikoBaHi anbbymiHom i AMITEC/gekcTpaH/ansbymiHOM, NOKpaLLytoTh XUTTE3AATHICTb Ta
nponicepadito knituH niHii B16F10 Ta MoxyTb 6yTn BukopucTaHi sik 3D-cucteMu Ans BUPOLLYBaHHS KNIiTUH PI3HUX TUMIB.

Knro4yoBi crnoBa: KynbTypa KniTviH; nponicpepadis; NOKpUTTS; HAHOMOBEPXHI.

0O.B. WTtaneHko, N.N. l'eskaH, KO.N. Cnneuyk, B.A. Cupsatka, H.H. MatBueHko
®OPMUPOBAHWUE U CBOUCTBA NOJIMMEPHbLIX HAHOMOKPbITUW ANA YNYYLWEHUA POCTA KIIETOK IN VITRO

Mpo6nemartuka. KynsTrBUpoBaHue KynsTyp KNEeTOK Ha CUHTETUYECKMX MOKPbLITUSIX NO3BOSAET MOMYy4nTb KOMMIEKCHYIO MPOCTPAHCTBEHHO
OpraHM30BaHHYI0 KIIETOYHYKO CUCTEMY, YTO MOBBILLAET NPUKPENIIEHNE KNETOK U cnocobeTByeT ux AanbHenwen guddepeHumauum, npo-
nudepauum 1 HOPMUPOBAHUID MEXOYKNETOYHOrO MaTpukca. [1o3ToMy BO3HMKAET HEOOGXOAMMOCTb B M3yYEHUM CBOWCTB MOKPLITUNA, B
YaCTHOCTM BMOCOBMECTMMOCTU C KNEeTKamu, MOCKOSbKY OHW MOTYT ObiTb MCMOMb30BaHbI ANS PA3NNYHbIX BUONOIrMYECKNX 1 MEAULIMHCKMX
“ccrneaoBaHun.

Lenb. 3agaveit Hawmx MccrneqoBaHUi SBMNSIETCA U3yYeHUE BIUSIHWUS HAHOMOKPbITUA, MoauduumpoBaHHbix AINTECoMm, aekctpaHoM,
anbbyMMHOM U MX KOMNO3NLMSIMU, Ha NPONUdEepPaTBHYIO U METABONMMYECKYI0 aKTMBHOCTL kneTok B16F10.

MeToauka peanusauuu. B uccnegosaHun ncnonb3osanu knetkn NuHum B16F 10, koTopble KynbTUBMPOBanu Ha NUTaTenbHOM cpeae
OMEM c go6asnernnem 10 % ®CT, 1 % nennuunnmHa v cTpentommumHa B atMocdepe ¢ cogepxanunem 5 % CO, npu 37 °C B Te-
yeHne 72 4. KneTku BbiceBanu Ha ctekna, MoANMULNPOBaHHbIE HAHOCIIOSAMM B Pa3fINYHbIX KOMOMHAUMAX: KOHTpOnbHasa rpynna —
ctekno; cTtekno/ANTEC; ctekno/ANTEC/gekctpaH; ctekno/AMNTEC/anbbymuH; ctekno/anbbymun; ctekno/AMNTEC/gekctpan/
anbbymyH. BrnusHue nokpbiTUiA Ha nNponmdepaTmMBHbIA POCT U XU3HECNOCOOHOCTb KynbTypbl OLEHMBanu Kaxable 24 4 KynbTuBU-
poBaHus. [Ins onpedeneHns akTUBHOCTU nakTaTAernaporeHasbl KOHAMLUOHHY cpeay oTbupanu Ha 24, 48 n 72-ii Yac KynbTUMBU-
poBaHus.

Pe3ynbraTthbl. Bbicokas )M3HeCnocobHOCTb Y UHTEHCMBHOCTL NPONMAdEPaTMBHOMO POCTa KNETOK Habnoganucb Npu KynbTMBUPOBaHMM Ha
NoBepxHOCTAX, MoanduumpoBaHHbix AMTTECom, anbbymuHom n AMNTEC/gekctpan/ans6ymvHoM. [MoBbilweHve nponudepaummn KneTok
B16F 10, BblpalleHHbIX Ha HAaHOMOKPLITUAX ¢ anbbymunHom (P < 0,001) n AMTEC/aekcTtpar/ansbymmnHom (P < 0,001), oTmeyeHo Ha 48 u
72-14 Yac KynbsTMBUPOBAHUSI, B OTIMYME OT KOHTPONS U Apyrux rpynn. Mpu KynsTuBMpoBaHuM Ha nokpbitum ¢ ANTECoM konnyecTtBo kne-
TOK BO3pacTarno, B OT/I4ME OT poCTa KIeTOK Ha MOBEPXHOCTU CTEKON, TOMbKO Ha 72-1 Yac KynbTUBUPOBAHUS.

BbiBoabl. Vccnegyemble HaHOMOKPbLITUS, MoaMUUMpOBaHHble anbbymuvHoMm u AMTEC/gekcTpaH/anbbyMUHOM, ynyyllakT XU3He-
CnocobHOCTb 1 nponudepaumto knetok NuHnmM B16F10 n MoryT BbITh ncnonb3oBaHbl Kak 3D-cucTembl ANs BblpalliMBaHUsS KNETOK pas-
JINYHBIX TWUMOB.

KnioueBble cnoBa: KynbTypa KIneTok; nponmd)epaumn; NOKPbITUA; HAHOMNOKPbLITUA.



