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ABSTRACT

IntroductIon: The use of diverse materials for medical purposes is continuously expanding. The modifcation 
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 frst 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 

modifed 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. 

conclusIon: We have strong reasons to believe that chromium-cobalt coatings are promising for future studies 

and reliable for medical purposes. 
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РЕЗЮМЕ
ВВедение: В последнее время всё более широко распространяется применение разнообразных материалов 
в медицинских целях. Модификация материалов, традиционно применяемых в медицинской практике, 
а также разработка и внедрение новых таковых требуют проведения исследований их биологической 
активности. Первыми шагами в этом процессе являются предварительные краткосрочные скрининг тесты 
на цитотоксичность и биосовместимость, которые проводятся на клеточных культурах. Методы: Покрытие 
пластинок из нержавеющей стали (316 L) хром-кобальтом было осуществлено посредством электролиза 
с применением нестандартного хлоридного электролита типа Chromispel. Процесс осуществлялся 
при различной катодной плотности тока и различной продолжительности депонирования покрытия. 
Модифицированная поверхность металлических пластинок была исследована на цитотоксичность и на 
клеточную витальность в среде бессывороточных McCoy-Plovdiv и иммортализованных PDL клеточных 
культур. Результаты: Полученные нами результаты показывают отсутствие цитотоксического эффекта 
металлических пластинок. Тем более, в трёх из проб было установлено  стимулирование пролиферации 
и увеличение количества клеток McCoy-Plovdiv. заключение: Налицо серьёзные основания считать, что 
хром-кобальтовые покрытия являются перспективными для будущих исследований и надёжными для 
применения в медицинских целях.
Ключевые слова: Cr-Co сплав, биосовместимость, клеточные куьлтуры, McCoy-Plovdiv, клеточная 
линия 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.1,2 

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.3-6 

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.3 

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.7 In general, cobalt alloys can be 

characterized as non-magnetic, and resistant to 

corrosion, high temperature and mechanical load.8 

Since they are diffcult to process, however, their use 
is limited. Therefore, new methods for specialized 

casting and selective laser sintering are currently 

in development.9 One possibility to circumvent the 

diffculties 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, fxtures, knee, hip 
and shoulder replacement prostheses.10-12 

The results of electrochemical studies demonstrate 

that Cr-Co alloys have better corrosion resistance 

than nickel alloys.13 The Ni-Co alloy has been 

shown to release toxic nickel ions in the body 

fluids as a result of corrosion.14,15 In addition, in 

vivo tests have shown that the corrosion products 

of Ni-Cr alloys cause reduced cell proliferation.16,17 

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.18 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 

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.19 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 

modifed 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 ºC using 

a non-standard highly effective electrolyte of the 

Chromispel type at a standard concentration of 

250 g/l CrO
3
. Cobalt was imported into the plating 

bath by CoCl
2
.6H

2
O, 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 I.U. Penicillin and 

100 µg/ml Streptomycin. The procedures for cell 

culturing and storing were performed according to.20 

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 µg/

ml Streptomycin. The procedures for cell culturing 

and storing were performed according to.21 

BioCompatiBility teSting

Samples were placed in 8-well glass slides with a 

lid for cell cultures. 6 x 104 cells were added to 

each well and incubated for 96 hours. The state of 

the cell cultures was inspected every 24 hours us-every 24 hours us-very 24 hours us- 24 hours us-hours us-

ing an inverted microscope (Nikon Eclipse TS100). 
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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°С, 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 37ºC. Cells were fxed 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-specifc binding. 

FITC-con�ugated Phalloidin (1:40 in PBS) (Invit--con�ugated Phalloidin (1:40 in PBS) (Invit-con�ugated Phalloidin (1:40 in PBS) (Invit-(Invit-

rogen) was used to stain actin and Hoechst 33342 

(3 µg/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 

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 

confrmed by the results obtained in the cell vital-
ity test (Fig. 3). For samples MS1 and MS2 from 

group I and samples MS5 and MS6 from group 

II 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-E1; 

Fig. 5A1-E1) and the distribution of cytoplasmic 

actin (Fig. 4A2-E2; Fig. 5A2-E2).

DISCUSSION

The demands of modern medicine constantly impose 

new requirements for scientifc research in regard 
to the development of various and suitable materi-

Group No. Sample name
Cathode current density 

(A.dm-2)

Deposition 

time (min)

Average thickness of 

coating (µm)

- Control (C) untreated medical steel

I

MS1 5 5 traces of coating

MS2 10 5 0.15

MS3 20 5 1.34

MS4 30 5 1.70

II

MS3 20 5 1.34

MS5 20 6 1.43

MS6 20 7 0.81

MS7 20 8 0.71

Table 1. Description of the samples

 MS: metal scaffold.
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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 

(С); MS2 (D); MS3 (E); MS4 (F); 

A – Control, untreated MS (C); В 
– cells grown without MS; magnif -cells grown without MS; magnif-

cation: 100х.

Figure 2. Microphotographs of the 

serum-free McCoy-Plovdiv cell 

cultures grown for 72 hours with 

metal scaffolds from group II: MS3 

(С); MS5 (D); MS6 (E); MS7 (F); 

A – Control, untreated MS (C); В – 
cells grown without MS; magnifca-

tion: 100х.
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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. 

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: 100х. 
A1-E1 – Hoechst stained nuclei; fl uo- fl uo-fluo-

rescent microscopy; magnifcation: 
100х; A2-E2 – actin flaments stained 
with FITC-con�ugated Phalloidin; 

fluorescent microscopy; magnifca-

tion: 100х. 
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Figure 5. Microphotographs of PDL 

cell cultures grown for 96 hours with 

metal scaffolds from group II: MS3 

(B); MS5 (C); MS6 (D); MS7 (E); A 

– Control, untreated MS. A-E – light 

microscopy; magnification: 100х. 
A1-E1 – Hoechst stained nuclei; fl uo- fl uo-fluo-

rescent microscopy; magnifcation: 
100х; A2-E2 – actin flaments stained 
with FITC-con�ugated Phalloidin; 

fluorescent microscopy; magnifca-

tion: 100х.

als for different therapeutic applications. There is 

an enormous variety of base-metal alloys used in 

dental implants.22 Newly developed materials are 

sub�ect 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 modifed 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 confrmed 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 

(1, 43 mm), 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 line23 and does not cause cell in�ury in human 

oral fbroblasts.24 It has been proven that the surface 

of metal implants plays a crucial role for the cell 

behavior and survival, the expression of specifc 
molecules and cell differentiation.21 The complex 

reparative cells – biocompatible scaffolds is one the 

most attractive approaches for tissue regeneration.25 

CONCLUSION 

Our results clearly demonstrate that Cr-Co coated 

metal scaffolds do not cause any cytotoxic effect on 
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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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