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The study of platelet reaction on a-C:H:SiO_coatings obtained via plasma
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ABSTRACT

Aim. To study platelet adhesion to a-C:H:SiO_ film on titanium in an in vitro experiment to evaluate its
antithrombogenic potential.

Materials and methods. Thin (less than 1 pm) a-C:H:SiO_ films were deposited on VT-6 titanium plates with a
size of 10 x 10 mm? and a thickness of 0.2 mm using a vacuum ion-plasma unit using pulsed bipolar bias. The
surface roughness was evaluated according to GOST 2789-73 using an atomic force microscope. The test samples
were cultured at 37 °C for 30 min in platelet-rich human blood plasma, prepared for scanning electron microscopy,
after which the distribution density of blood plates adhering to the test coating was calculated.

Results. With the same roughness index of the studied a-C:H:SiO_ samples, the film decreased 116 times (in
comparison with untreated titanium) the platelet count per 1 mm? of the surface.

Conclusion. The deposition of a-C:H:SiO_ thin film on the surface of VT-6 titanium alloy by PACVD method
using pulsed bipolar bias significantly reduces the distribution density of platelets in comparison with an untreated
metal surface. /n vitro data suggest a significant antithrombogenic potential of this type of coating on the surface
of devices in contact with blood.

Key words: human platelet adhesion, in vitro, carbonic surface modified by silicon oxides, scanning electron
microscopy, atomic force microscopy.
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PE3IOME

ean. U3yunTh B SKCIIEPUMERTE in Vitro anre3uro TpoMOoonutos K a-C:H:SiO_rnuieHke Ha THTaHe JUIS OLEHKHU €€
aTpOMOOTE€HHOTO MOTEHIIHAA.

Matepuannl 0 Metoabl. Tonkue (Menee 1 Mkm) a-C:H:SiO, myieHKH HAHOCHIIM HA THTAHOBBIE ITACTHHBI MAapKHU
BT-6 pasmepom 10 x 10 Mm? 1 ToumHO#M 0,2 MM C TOMOIIBIO BAKYYMHOM HOHHO-IIA3MEHHOW YCTAHOBKH C HC-
MOJIL30BAHMEM MMITYJIbCHOTO OunoispHOro cmeuieHus. IllepoxoBaTtocTh MOBEPXHOCTH OLEHHBAIHM COIJIACHO
I'OCT 2789-73 ¢ noMoI11bI0 aTOMHO-CHIIOBOTO MUKpockona. Mccnenyemblie 00pasiiel KyabTuBUpoBanu mpu 37 °C
B TeyeHHe 30 MUH B IJIa3Me KPOBH 4eJI0BeKa, 000rallleHHOI TPOMOOLMTAMH, TOArOTaBINBAIN 1)1 CKAHUPYIOLIeit
3JIEKTPOHHOI MUKPOCKOIIHH, TOCJIE YEro MOJICYUTHIBAIM ITIOTHOCTD PAacHpeeIeHUs] KPOBSHBIX INIACTUHOK, ajre-
3UPYIOLIMX K UCCIIEYEMOMY ITOKPBITHIO.

PesynbTaTel. [Ipy 0IMHAaKOBOM MHIEKCE MIEPOXOBATOCTH HCCeyeMbix obpasios a-C:H:SiO nnenka B 116 pas
CHIKaJIa (B CPABHEHHH C HEOOpabOTaHHBIM TUTAHOM) KOJIMYECTBO TPOMOOIIMTOB Ha | MM? MOBEPXHOCTH.

3akmouenue. COpMUPOBAHUE Ha MOBEPXHOCTH TUTaHOBOTO craBa BT-6 Tomkoi muenku cocraBa a-C:H:SiO
METO/IOM IITa3MOXMMHYECKOT0 OCAXKICHHUS C UCTIONB30BAHHEM MMITYJILCHOTO OHIOJIIPHOTO CMELICHHUS 3HAUUTEb-
HO CHIDKAeT IJIOTHOCTh PacIipe/ielieHHs1 TPOMOOIMTOB B CPAaBHEHHH ¢ HEOOpabOTaHHOI MeTalIn4ecKol oBepX-
HOCThIO. [TonyueHHSbIe in Vitro TaHHBIE PEATIONAraloT CyIIeCTBEHHBII aTpOMOOT€HHBIH MOTEHIHAN JAHHOTO BH/a
MOKPBITHH Ha MOBEPXHOCTH YCTPONUCTB, KOHTAKTHPYIOIIUX C KPOBBIO.

KiroueBble cioBa: aare3us TpOM6OL[I/ITOB YCJIOBCKA, in Vier, yriepoJaHas MOBEPXHOCTD, MO}JI/I(l)I/IL[I/IpoBaHHaH
OKCUJaMU KPEMHUS, CKaHUPYIOIas 5JICKTPOHHASI MUKPOCKOITUS, aTOMHO-CUJIOBast MUKPOCKOIIHA.

KonpaukTt unTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢punancupoBanus. PaboTa BeimonneHa npu GpuHaHCOBO# noanepxke Poccuiickoro HayuHoro GpoHna,
mpoexT Ne 19-19-00186.

CooTBeTcTBHE NPUHIMNIAM 3THKH. PaboTa BEINIONHEHA B COOTBETCTBUY C IPUHIMIIAME XEIbCHHKCKOI IeKiapa-
LM TIPH TTOJIy4EHHU JOOPOBOJILHOTO HH(OPMHPOBAHHOI'O COIJIACHs Ha 3a00p KPOBH.
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INTRODUCTION

The interaction of implants with the biological en-
vironment of the body largely depends on their sur-
face properties, which play a direct role in various
post-implantation biological reactions, including the
precipitation of various minerals, protein adsorption,
cell adhesion and proliferation [1, 2]. In the appli-
cation to devices (mechanical pumps) and stents for
surgical treatment of coronary heart disease, redun-
dancy of inflammatory cell-molecular reactions at the
artificial surface/tissue interface increases the risk of
thrombus. In this regard, there is renewed interest in
surface modification methods for biocompatible arti-
ficial materials contributing to their bioinertness [3].

One widely discussed solution to the problem of
deterministic biocompatibility in the bioinertness/bio-
activity range is the application of thin diamond-like
carbon coatings (diamond-like coating, DLC). Since
the beginning of the 2000s, it has been shown that
DLC films are bioinert, resistant to mechanical stress
and corrosion, and not cytotoxic to monocytes/mac-
rophages, fibroblasts, and osteoblasts [4]. Owing to
the optimal ratio of sp*/sp? hybridized carbon atoms,
they have good hemocompatibility [5, 6]. In the last 5
years, due to some dissatisfaction with the results of
biomedical testing of DLC coatings, publications have
been accumulating on their physicochemical modifi-
cation (in particular, silicon and its oxides), which im-
proves the consumer properties of a-C:H:SiO, surfa-
ces on medical materials and products [7].

On the basis of the Institute of High Current Elec-
tronics of the Siberian Branch of the Russian Acade-
my of Sciences (IHCE SB RAS), a new approach has
been developed for plasma enhanced chemical vapor
deposition of a-C:H:SiO_ films on the internal surfa-
ces and moving parts of auxiliary circulatory devices,
based on the use of pulsed bipolar substrate bias.

The aim of the work was to study in an in vitro ex-
periment the adhesion of platelets to a-C:H:SiO_ film
on titanium to evaluate its antithrombogenic potential.

MATERIALS AND METHODS

VT-6 titanium plates with a size of 10 x 10 mm
and a thickness of 0.2 mm coated with a thin a-C:H:-

SiO_ film (less than 1 pm thick) were used for the re-
search (five «T2» samples). Titanium samples without
a-C:H:SiO_ coating were used as control samples (five
«T1» samples). The film was deposited on a vacuum
ion-plasma installation with the technological deposi-
tion parameters described in Grenadyorov [8].

The standard deviation of the R, profile accor-
ding to GOST 25142-82 was determined according
to GOST 2789-73 using an atomic force microscope
(AFM) Solver P47 (NT-MDT, Russia) with an area of
5 square micrometers.

To perform the platelet adhesion test from the blood
of a healthy adult male donor (intended for blood trans-
fusion), 50 ml of platelet-rich plasma was obtained by
centrifugation and separation of blood cells [9, 10].

The resulting plasma was diluted with 0.9% sodi-
um chloride in a ratio of 1:1. The tested samples were
immersed in the platelet suspension and incubated at
37 °C for 30 minutes. Then, the samples were washed
with distilled water to remove nonadherent cells. The
platelets remained on the surface were fixed with a
2% glutaraldehyde solution at room temperature for
1 hour and dried at 37 °C.

The samples were coated with a 20 nm thick chro-
mium layer in an argon atmosphere at an ion cur-
rent of 6 mA and a pressure of 0.1 mm Hg using the
QI50T ES setup (Quorum Technologies, UK) and
were subjected to scanning electron microscopy us-
ing a Mira3 microscope (Tescan, Czech Republic). On
each sample, the number of adherent platelets in 20
random fields of view was calculated according to the
principles of morphometry [11].

Statistical processing was performed using the
software Statistical0.0 software (StatSoft, USA). The
normality of the distribution was checked using the
Shapiro-Wilk criterion with subsequent assessment of
the equality of variances according to the Leven cri-
terion. In the case when the distribution in the experi-
mental groups was normal, and the intergroup equal-
ity of variances was observed, further processing was
carried out using the method of parametric statistics,
the Newman-Cales test. For a distribution other than
normal and non-compliance of the intergroup equality
of variances, the methods of nonparametric statistics
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were used via the Kruskal-Wallis test. Results are pre-
sented as mean (M) and standard error of the mean
(m). Differences between groups were considered sig-
nificant at p < 0.05.

RESULTS

The results of atomic force microscopy showed a
certain smoothing of the surface roughness of the VT-6
titanium alloy after the formation of the a-C:H:SiO_
film (Fig. 1). However, differences in the roughness
index R, did not reach statistical differences (Table 1).
The data obtained correspond to the results published
previously [12].

5ee8

In the biological part of the study, the use of whole
blood plasma enriched with platelets led to the forma-
tion of their microconglomerates and crystallization
of dissolved salts on the surface of the samples (Fig.
2), which made it difficult to count the number of indi-
vidual cells. Dilution of plasma with an isotonic solu-
tion of sodium chloride in a ratio of 1 : 1, followed by
washing the samples with a solution of distilled water,
allowed us to obtain images available for morphomet-
ric analysis (Fig. 3).

Platelet counts showed that a-C:H:SiO_ coating on
a titanium substrate dramatically reduced their surface
adhesion (Table 1).

b

Fig. 2. SEM image of platelet conglomerates and salt crystals on the surface of a VT-6 titanium sample. Scale bar 25 and 5 pm
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Fig. 3. SEM images of the surface of a titanium sample T1 (a) and T2 with deposited a-C:H:SiOx film (b) after a platelet
adhesion test. Scale bar 50 pm

Table 1
The content of adherent platelets in the studied samples according to scanning electron microscopy,
M=xm
. B The average number of cells per surface The surface roughness index of the
Group marking Group name, n =5 )
area 250 pm samples, R, nm
Py : n
T1 VT-6 tltamum.\yuhout film 290 + 72 70408
deposition n, =20

oo . 25+1.8

G e
-C:H:SiO_ epositio <0.001

Note: n is the number of samples studied in each group; 7, is the number of studied fields of view on each sample.

In the T2 group (coated titanium), the number of
blood platelets was 116 times less than that on the
surface of the samples from the T1 group (without
plasma-chemical treatment). It should be emphasized
that there are no statistically significant differences in
the roughness index of the studied surfaces (Table 1),
since the relief of implants and other medical devices
has significant biological significance.

DISCUSSION

Studies of DLC coatings modified with silicon
and its oxides have focused mainly on the study of
their physicomechanical properties [13]. Thus, the
formation of Si—C bonds significantly increases the
adhesion of the coating to substrates while maintain-
ing the high tribological characteristics of DLC films
[12]. At the same time, the physicochemical process-
es of improving the hemocompatibility of materials
due to both DLC [14] and Si-DLC films remain in
the hypothesis area. Due to the identical and insig-
nificant roughness of the studied samples (Table 1),
required for products in contact with blood, from the

whole variety of biologically active physicochem-
ical factors (surface energy, phase and elemental
composition, solubility, presence of biologically ac-
tive (medicinal) molecules in the composition of the
surface) [15] the charge (zeta (§) potential) of the
surface can come to the fore in determining hemo-
compatibility. Sawyer et al. [16] suggested that the
anticoagulant properties of implantable materials
can give an electrostatic charge to their surface. Ika-
da et al. [17] hypothesized that in biological fluids
there is a relationship between the surface & poten-
tial and the anticoagulant properties of the surface
of medical devices. Indeed, the introduction of sil-
icon into the composition of thin films significantly
changes their electrical and biological characteristics
[18].

In this regard, the in vitro established antithrombo-
genicity of a-C:H:SiO_ film on titanium is a valuable
consumer property for devices and products contacted
with blood, and requires further study of the electroki-
netic and other physicochemical characteristics of its
biological inertness.
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CONCLUSION

The formation on the surface of the VT-6 titani-
um alloy of a thin a-C:H:SiO,_film obtained by plas-
ma-chemical deposition using pulsed bipolar displace-
ment of the substrate reduces the distribution density of
human platelets by more than 100 times in comparison
with an untreated metal surface. /n vitro data suggest
a significant antithrombogenic potential of a-C:H:SiO_
coatings on the surface of blood contact devices.
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