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ABSTRACT

InTRODUCTION: The use of diverse materials for medical purposes is continuously expanding. The modification
of materials which are routinely applied in medical practice as well as the development and introduction of new
materials require studies on their biological activity. The first steps in this process are the preliminary short-term
screening tests for cytotoxicity and biocompatibility performed on cell cultures. METHODS: Coating of stainless
steel (316 L) scaffolds with chromium-cobalt was performed by electroplating using the non-standard electrolyte
Chromispel. The process was carried through at different cathode current densities and deposition times. The
modified surface of the metal scaffolds was studied for cytoxicity and cell vitality on the serum-free McCoy-
Plovdiv and the immortalized PDL cell cultures. ResuLts: Our results indicate no cytotoxic effect of the coated
metal scaffolds. Even more, three of the samples stimulated the proliferation and growth of McCoy-Plovdiv cells.
Concrusion: We have strong reasons to believe that chromium-cobalt coatings are promising for future studies
and reliable for medical purposes.
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PE3IOME

BBEAEHUME: B nociennee Bpems BcE 0osiee LIMPOKO pacpOCTPaHsIETCs IPUMEHEHNE Pa3HOOOPa3HbIX MaTEepHAIIOB
B MEIUIIMHCKHX IIeNAX. MoauduKanus MaTepuaioB, TPAAUIIMOHHO IPUMCHSICMBIX B MCIUIIMHCKON MPAKTHUKE,
a Takke pa3paboTKa M BHEAPCHHE HOBBIX TaKOBHIX TPEOYIOT MPOBEICHHUS HCCICIOBAHWUH WX OMOIOTHYESCKON
akTUBHOCTH. [IepBBIMU IITaraMu B 3TOM MPOLIECCE IBISIOTCS MTPEABAPUTENBHBIC KPATKOCPOYHBIC CKPHHHUHT TECTHI
Ha IUTOTOKCUYHOCTh M OMOCOBMECTUMOCTh, KOTOPBIE IPOBOSATCS Ha KJIETOYHBIX KyabTypax. METOBI: [TokpbiTHE
IJTACTUHOK U3 Hepikaseromien cranu (316 L) xpom-ko0aasToM OBLIIO OCYIISCTBICHO MTOCPEICTBOM JIICKTPOIIH3a
C TPUMEHCHHEM HECTaHIAPTHOTO XIopuaHOTo smekrponura tuma Chromispel. Iporecc ocymecTsisiics
TIPH PA3TUYHON KAaTOXHOW TUIOTHOCTH TOKAa W PA3IMYHONW MPOIODKUTEIBHOCTH JEMOHWPOBAHUS IOKPBITHS.
MonuduurpoBaHHas MOBEPXHOCTh METAIUIMYECKHUX IIACTHHOK Obla MCCIeJ0BaHa HA LUTOTOKCHYHOCTh M Ha
KIICTOYHYIO BUTAIBHOCTH B cpene 0ecchiBopoTouHbX McCoy-Plovdiv u ummopranuzoBarabix PDL kietounsrx
KyneTyp. PE3VIBTATHI: [lomydeHHBIE HAMU pE3yIBTAThl MMOKA3bIBAIOT OTCYTCTBHE ITUTOTOKCHYECKOTO d(deKTa
METAJNTHYECKHUX MIACTUHOK. Tem Ooree, B TpEX U3 Mpob OBUIO yCTaHOBIECHO CTHUMYJIHPOBAHHE MPOIH(epaIiy
U yBennueHue konndectsa kinetok McCoy-Plovdiv. 3AkmouEHnE: Hanuio cepbE3Hble 0CHOBaHUS CUUTATD, YTO
XPOM-KOOAIBTOBBIC MMOKPBITHSI SIBIISIOTCS MMEPCIICKTUBHBIME JJIsi OyIYIIUX HCCICAOBAHUN W HAaIEKHBIMH IS
MIPUMCHEHUS B METUIIMHCKHX IICTISAX.

KuaroueBble cnoBa: Cr-Co cnias, buocosmecmumocms, Kiemounsie xKyvamypsi, McCoy-Plovdiv, kiemounas
qunus PDL
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INTRODUCTION

Metal biomaterials are often used to reinforce or
replace components of the skeleton. They should
have high tensile strength and fatigue and a greater
resistance to fracture compared to ceramic materials.
The choice of materials for medical implants is also
based on properties such as corrosion resistance,
biocompatibility, genotoxicity, carcinogenicity and
cytotoxicity.!?

The variety of materials and alloys used for the
manufacture of implants is enormous. The most
commonly used metal biomaterials are stainless steel
316 L, Cr-Co alloys, commercially pure titanium
and Ti-6Al-4V alloy.?®

Stainless steel used for medical implants is
of austenitic type. It has no magnetic properties,
and its disadvantages are associated with greater
susceptibility to pitting corrosion and cracking.’
Titanium alloys are also implicated in implant
production but not in cases when hardness and
resistance to wear are compulsory. It has been
shown that their hardness is 15% lower than that
of Cr-Co alloys.” In general, cobalt alloys can be
characterized as non-magnetic, and resistant to
corrosion, high temperature and mechanical load.®
Since they are difficult to process, however, their use
is limited. Therefore, new methods for specialized
casting and selective laser sintering are currently
in development.® One possibility to circumvent the
difficulties in processing would be the electroplating
of chromium-cobalt coatings on different scaffolds
made of steel, copper, aluminium etc. Various in
vitro and in vivo tests give evidence that cobalt
alloys have good biocompatibility. For this reason
they are used for the manufacture of surgical instru-
ments, orthopaedic prostheses, fixtures, knee, hip
and shoulder replacement prostheses.!'%-12

The results of electrochemical studies demonstrate
that Cr-Co alloys have better corrosion resistance
than nickel alloys.!> The Ni-Co alloy has been
shown to release toxic nickel ions in the body
fluids as a result of corrosion.'*!> In addition, in
vivo tests have shown that the corrosion products
of Ni-Cr alloys cause reduced cell proliferation.!6:!7

In addition, cytotoxicity tests of three types of
dental alloys using the DNA Comet Assay in mice,
detected cells with damaged DNA. The extent of
DNA damage caused by Ni-Cr alloy is has been
reported as heavier than that of gold alloy and Cr-
Co alloy.'® Therefore, Cr-Co alloy can be used as
a substitute for gold alloys in dentistry.

The above mentioned results suggest that Cr-Co
alloys are suitable for medical applications. Until
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now the deposition of these alloys by electroplat-
ing has been performed using standard sulphate
electrolytes which have low effectiveness. For this
reason we developed a method of electroplating us-
ing the Chromispel type electrolyte which is much
more effective.!® Since it contains chloride ions,
however, it was crucial to test the biocompatibility
of the coatings produced in this way.

AIM

The aim of the current study was to determine the
biocompatibility of Cr-Co coatings deposited by a
modified Chromispel electrolyte. The acquired data
can be used to improve the electroplating technology
so that these coatings can be applied in medicine
and medical technology.

MATERIALS AND METHODS

SAMPLES

Samples (MS1-7) are scaffolds of medical stain-
less steel 316 L coated electrochemically with
Cr-Co. Coating was performed at 20 + 2 °C using
a non-standard highly effective electrolyte of the
Chromispel type at a standard concentration of
250 g/l CrO,. Cobalt was imported into the plating
bath by CoCl,.6H,0, and its concentration was 1
g/l. Process parameters of electroplating are given
in Table 1. The samples were separated into two
groups based either on the cathode current density
or on the deposition time (Table 1). An uncoated
steel scaffold was used as a control (Control, C).
The thickness of the coating was measured with
Fischerscope® XRAYXDAL (Fischer, Germany).

CELL CULTURES

Serum-free cell line McCoy-Plovdiv

Cells were cultured in medium DMEM/Ham’s F-12
1:1 with 15 mM HEPES, 100 1.U. Penicillin and
100 pg/ml Streptomycin. The procedures for cell
culturing and storing were performed according to.2°

PDL cell line of immortalized precursor cells from
periodontal ligament

Cells were cultured in medium DMEM/Ham’s F-12
1:1 with 10 % FCS, 100 I.U. Penicillin and 100 pg/
ml Streptomycin. The procedures for cell culturing
and storing were performed according to.?!

BIOCOMPATIBILITY TESTING

Samples were placed in 8-well glass slides with a
lid for cell cultures. 6 x 10* cells were added to
each well and incubated for 96 hours. The state of
the cell cultures was inspected every 24 hours us-
ing an inverted microscope (Nikon Eclipse TS100).
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Table 1. Description of the samples

Investigation of Chromium-Cobalt Coated Scaffolds on Cell Cultures In Vitro

Cathode current density

Deposition

Average thickness of

Group No. Sample name (A.dm??) time (min) coating (um)
- Control (C) untreated medical steel
MS1 5 5 traces of coating
MS2 10 5 0.15
! MS3 20 5 1.34
MS4 30 5 1.70
MS3 20 5 1.34
I MS5 20 6 1.43
MS6 20 7 0.81
MS7 20 8 0.71

MS: metal scaffold.

CELL VITALITY AND CYTOTOXICITY

Cell vitality was determined in direct co-culture
of McCoy-Plovdiv cells and the studied samples
using the reagent WST-1 (Roche Diagnostics),
which is reduced to a water-soluble product by
cellular enzymes (mitochondrial dehydrogenases).
Accumulation of the formazan product correlates
directly with the number of metabolically active
cells in the culture.

In the cytotoxic test McCoy-Plovdiv cells were
treated with medium DMEM/Ham’s F-12 1:1 which
was pre-incubated with the samples for 24, 48,
72 and 96 hours. After 24 hours of treatment the
cytotoxic effect was determined microscopically
and by a cell vitality test using the reagent WST-1.
The results were statistically analyzed.

Cells were incubated with the WST-1 for 4
hours at 37°C, after which the absorbance of the
resulting colored product was measured at 450 nm
using the ELISA reader Sunrise (Tecan).

IMMUNOFLUORESCENSE

Samples were washed twice with PBS equilibrated
at 37°C. Cells were fixed in 4% Paraformaldehyde/
PBS for 10 min and permeabilized with ice-cold
acetone for 5 min. Incubation in 3% FCS/PBS was
performed for 30 min to block non-specific binding.
FITC-conjugated Phalloidin (1:40 in PBS) (Invit-
rogen) was used to stain actin and Hoechst 33342
(3 pg/ml) (Sigma) was used for nuclear staining.
The results were observed and documented on the
epifluorescent microscope (Nikon Eclipse TS100).

RESULTS

Figures 1 and 2 are microphotographs showing the
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state of McCoy-Plovdiv cell cultures after 72 hours
of co-cultivation with the studied metal samples. In
all samples from groups I and II cells have normal
morphology and form a monolayer on the glass well
surface. We did not detect any visual differences
between cells from the control cultures (Fig. 1A,
B; Fig. 2A, B) and the rest of the cultures (Fig.
1C-F; Fig. 2C-F). The microscopic evaluation was
confirmed by the results obtained in the cell vital-
ity test (Fig. 3). For samples MS1 and MS2 from
group | and samples MS5 and MS6 from group
I the measured values are close to those of the
control. For the rest of the samples the cell vital-
ity values are as follows: 113, 5% (MS3); 107,
3% (MS4) and 106, 4% (MS6) (Fig. 3). None of
the studied samples showed a cytotoxic effect on
McCoy-Plovdiv cells (data not shown).

Figures 4 and 5 are microphotographs of PDL
cells co-cultured with the metal samples from
both groups. We did not observe any inhibitory
or toxic effect on the cell cultures. This can be
easily seen in the light microscopy images show-
ing a well formed cell monolayer (Fig. 4A-E; Fig.
5A-E). Cells on the opaque metal surfaces were
visualized on an epifluorescent microscope. We
assessed the state of the cell monolayer based on
the presence of normal cell nuclei (Fig. 4A1-El;
Fig. 5A1-El) and the distribution of cytoplasmic
actin (Fig. 4A2-E2; Fig. 5A2-E2).

DISCUSSION

The demands of modern medicine constantly impose
new requirements for scientific research in regard
to the development of various and suitable materi-
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Figure 1. Microphotographs of the
serum-free McCoy-Plovdiv cell
cultures grown for 72 hours with
metal scaffolds from group I: MS1
(C); MS2 (D); MS3 (E); MS4 (F);
A — Control, untreated MS (C); B
— cells grown without MS; magnifi-
cation: 100x.

Figure 2. Microphotographs of the
serum-free McCoy-Plovdiv cell
cultures grown for 72 hours with
metal scaffolds from group II: MS3
(C); MS5 (D); MS6 (E); MS7 (F);
A — Control, untreated MS (C); B —
cells grown without MS; magnifica-
tion: 100x.
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Figure 3. Cell vitality of McCoy-Plovdiv cell cultures determined with the WST-1 reagent. Cells were cultured for
72 hours in the presence of metal scaffolds: MS1, MS2, MS3, MS4, MS5, MS6, MS7. The results are represented
as mean values of two independent experiments with three replicas per sample in each.
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Figure 4. Microphotographs of PDL
cell cultures grown for 96 hours with
metal scaffolds from group I: MS1
(B); MS2 (C); MS3 (D); MS4 (E); A
— Control, untreated MS. A-E — light
microscopy; magnification: 100x.
A1-E1 - Hoechst stained nuclei; fluo-
rescent microscopy; magnification:
100x; A2-E2 — actin filaments stained
with FITC-conjugated Phalloidin;
fluorescent microscopy; magnifica-
tion: 100x.
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als for different therapeutic applications. There is
an enormous variety of base-metal alloys used in
dental implants.??> Newly developed materials are
subject to preliminary biological tests for cytotoxic-
ity and biocompatibility. Stainless steel 316 L is a
widely used material for medical purposes. In our
experiments we modified the surface of this mate-
rial by an electroplated Cr-Co coating in order to
create a microenvironment (extracellular matrix)
which facilitates better adhesion, spreading and
proliferation of PDL cells. Our results show that the
Cr-Co-coated metal scaffolds from groups I and II
are biocompatible. This was confirmed in the cell
vitality tests performed on the serum-free McCoy-
Plovdiv cell culture. In group I the highest values
for cell vitality were obtained for samples MS3 and
MS4, whereas for samples MS1 and MS2 the values
were lower. Samples MS3 and MS4 are character-
ized by a thicker Cr-Co coating than the other two
samples. In group II the highest cell numbers were
detected for samples MS3 and MS6. It is interesting
that sample MS5, which has the thickest coating
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Figure 5. Microphotographs of PDL
cell cultures grown for 96 hours with
metal scaffolds from group II: MS3
(B); MSS5 (C); MS6 (D); MS7 (E); A
— Control, untreated MS. A-E — light
microscopy; magnification: 100x.
A1-E1 —Hoechst stained nuclei; fluo-
rescent microscopy; magnification:
100x; A2-E2 — actin filaments stained
with FITC-conjugated Phalloidin;
fluorescent microscopy; magnifica-
tion: 100x.

(1, 43 pm), causes a slightly stronger reduction
in cell vitality than the other samples in group II.
The number of living cells incubated with samples
MS3, MS4 and MS6 was increased in comparison
to the control cultures. This could be a result of
a higher proliferation rate of cells in a co-culture
with these samples. Our results demonstrate that
the Cr-Co coatings of samples MS3, MS4 and MS6
favor cell adhesion and growth in in vitro condi-
tions. It has been reported that cobalt-chromium
alloy is well tolerated by a human osteoblast-like
cell line?* and does not cause cell injury in human
oral fibroblasts.?* It has been proven that the surface
of metal implants plays a crucial role for the cell
behavior and survival, the expression of specific
molecules and cell differentiation.?! The complex
reparative cells — biocompatible scaffolds is one the
most attractive approaches for tissue regeneration.

CONCLUSION

Our results clearly demonstrate that Cr-Co coated
metal scaffolds do not cause any cytotoxic effect on

Folia Medica 2014; 56(4): 275-281
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McCoy-Plovdiv cells. They favor better cell growth
and development of the PDL cell culture. These are
strong reasons to believe that future in vitro and in
vivo studies will support the introduction of these

materials into medical practice.
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