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Research was undertaken to determine the inﬂuence of the increased content of chromium in the outermost
passive layer of magneto-electrochemically reﬁned Co-Cr alloy L-605 surface on its hemocompatibility. The
chemistry, roughness, surface energy, and wettability of conventionally electropolished (EP) and magnetoelectropolished (MEP) samples were studied with x-ray photoelectron spectroscopy (XPS), open circuit
potential, atomic force microscopy, and contact angle meter. In vitro hemocompatibility of tested material
surfaces was assessed using two important indicators of vascular responses to biomaterial, namely endothelialization and platelets adhesion. The endothelialization was assessed by seeding and incubating samples
with human umbilical vein endothelial cells (HUVEC) for 3 days before counting and observing them under
a ﬂuorescent microscope. The platelet (rich plasma blood) adhesion and activation test on EP and MEP
L-605 alloy surfaces was assessed using a laser scanning confocal microscope. The XPS analysis of MEP
samples showed signiﬁcant enrichment of the passive layer with Cr and O when compared with the EP one.
The amount of other elements in the passive layer did not show a signiﬁcant difference between EP and
MEP treatments. The adhesion of HUVEC cells shows remarkable afﬁnity to surfaces enriched in Cr
(MEP) with almost 100% conﬂuency. In addition, the number of platelets that adhered to standard EP
surfaces was higher compared to the MEP surface. The present study shows that the chromium-enriched
surface of cobalt-chromium alloy L-605 by the magnetoelectropolishing process tremendously improves
surface hemocompatibility with regard to stent functionality by enhanced endothelialization and lower
platelet adhesion and should be taken under consideration as an alternative surface of biodegradable
polymer drug-eluting stents, polymer-free drug-eluting stents as well as bare-metal stents.
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1. Introduction
The primary goal of the introduction of drug-eluting stents
(DES) was to cut the high restenosis rate of bare-metal stents
(BMS) and thus reducing the need of repeated revascularization. However, shortly after their introduction, unexpected but
very signiﬁcant problem has appeared, namely, an increased
rate of thrombosis with very dangerous consequences. In
response to this, the Food and Drug Administration (FDA)
issued the guideline for the need of dual antiplatelet therapy
(DAPT) up to 12 months after implantation of DES (Ref 1).
The second generation of DES introduced several changes
compared to the previous one: new more fatigue-resistant alloys
(cobalt-chromium and platinum-chromium) which consequently allowed utilization of a thinner strut, more biocompatible and thinner polymers, and new immunosuppressant drugs
such as everolimus and zotarolimus. These changes showed
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overall improvement over the ﬁrst generation, but they are still
not able to totally eliminate late events and shorten the duration
of dual antiplatelet therapy (DAPT). Looking for the culprit
responsible for this, Waksman (Ref 2) points again to polymer
as was in the case of ﬁrst generation DES. The solution to
the problems associated with the durable polymer DES (ﬁrst as
well as second generation) has been the widespread development of the biodegradable polymer drug-eluting stent
(BPDES).
Theoretically the new, but not totally new, concept of
BPDES looks very promising. However, its precursor, namely
NEVO-Cordis-J&J BPDES, did not succeed (Ref 3). The main
difference between NEVO and the present generation of
BPDES are the places from which the drug is released. In the
case of NEVO, the drug was released from biodegradable
polymer conﬁned in the reservoirs situated in the struts of the
stent. Contemporary BPDES releases the drug from the
polymer which covers the abluminal stent surface. The main
similarity of whose stents are their unmodiﬁed bare metal
surface. Unfortunately, the latest studies by Christiansen et al.
(Ref 4), Smith et al. (Ref 5), and Tada et al. (Ref 6) do not show
overwhelming differences regarding the primary end point of
biodegradable polymer versus durable polymer DES. This time,
the suspected culprit is unquestionably the bare-metal stent
surface itself after the drug is eluted and biodegradable polymer
is gone. Due to their high strength, toughness, elasticity, and
corrosion resistance, chromium-bearing alloys are extensively
used as material for cardiovascular stent platforms. The main
contemporary alloys used as cardiovascular stent platforms are
stainless steel-316Lvm, Co-Cr-alloy L-605, nickel-cobalt-
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chromium-molybdenum alloy MP35N, and newest platinumchromium alloy Pt-Cr. In all of these alloys, chromium plays
the essential role in the corrosion resistance by spontaneously
creating the passive layer consisting mainly of Cr2O3. Unfortunately, this spontaneously formed passive layer is not
hemocompatible enough for cardiovascular stents and is prone
to thrombosis and restenosis. This inadequacy can be changed
by increasing the chromium content in the outermost layer of
the chromium-bearing stent. Poperenko et al. (Ref 7) showed
that chromium-sputtered stainless steel had thicker chromium
oxide CrOx and a lower adhered platelets count compared to
untreated 316 stainless steel, which indicates better thromboresistivity. However, the main drawback of such a constructed
enriched chromium oxide layer was its impaired corrosion
resistance when compared to untreated stainless steel. The
impaired corrosion resistance of the passive layer created by
this method could consequently lead to harmful metal ions
released to the vessel wall and circulating blood which could
became the source of chronic inﬂammation.
The other way to create a corrosion-resistant and simultaneously more hemocompatible and endothelial-friendly surface
of chromium-bearing stent platforms is to enrich those surfaces
with Cr2O3 by an electrochemical process, namely magnetoelectropolishing (Ref 8). Our previous work has shown signiﬁcant
chromium enrichment of passive layer of magnetoelectropolished
(MEP) 316L ss compared with conventionally electropolished
(EP) (Ref 9). The principle of this process is a very strong
interaction between externally applied magnetic ﬁelds and
ferromagnetic elements (Fe, Ni, Co) of anodically dissolved alloy.
The cardiovascular chromium-bearing stents consist of ferromagnetic elements which, during magnetoelectropolishing, are
dissolved faster as chromium which is antiferromagnetic and
interact very weakly with an applied magnetic ﬁeld. By this action,
the passive layer of MEP chromium-bearing alloy becomes
depleted or totally devoid of ferromagnetic elements (Fe, Ni, and
Co) and enriched with chromium which spontaneously oxidized
upon termination of magnetoelectropolishing process.
By the introduction of abluminally covered BPDES, the
stent evolution is coming almost full circle, back to square one:
bare metal surfaces. As can be seen, the hemocompatibility
problem of BMS reappears and this time demands proper
attention and a solution before the BPDES can lead to
considerable efﬁcacy improvements over previous ones. Some
leading researchers in the stent area predict that BPDES will
become the ‘‘workhorse’’ technology for future DES (Ref 10).
Stent pioneer Palmaz and other researchers in this ﬁeld believe
that the future of stenting lies in a return to the pure bare-metal
stent with a modiﬁed surface (Ref 11, 12). But regardless of
which technology will take the lead, it is apparent that we never
abandoned BMS and we are already starting to return in some
instances to bare-metal stent surfaces by introducing BPDES or
directly drug-covered stents. It is obvious that to change already
known clinical outcomes of BMS, their surfaces have to be
altered. As was mentioned, recent studies (Ref 4–6) do not
show overwhelming differences regarding the primary end
point of BPDES versus durable polymer DES. Also, the
COMFORTABLE AMI study (Ref 13) has shown only the
superiority of BPDES (BioMatrix) compared with standard
BMS. It is worthy of note that in those trials, compliance with
dual antiplatelet therapy for up to one year was required which
not differed from the guidance for durable polymers DES, but
this highly anticipated shorten (DAPT) was not conﬁrmed.
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In this study, we undertook the evaluation of magnetoelectropolished surface of one of the chromium-bearing alloys used as
cardiovascular stent material, namely Co-Cr alloy L-605 on
HUVEC cell and platelets adhesion, proliferation, and aggregation.

2. Materials and Methods (Preparation
of Samples)
2.1 Cutting and Abrasive Polishing
The samples, 10 mm in diameter and 2.5 mm thick, were
cut from a Co-Cr alloy L-605 rod which was obtained from
Fort Wayne Research Products Corporation (Fort Wayne, IN).
After cutting, the samples were successively mechanically
polished using grades 400, 600, and 1500 silicon carbide paper
and then cleaned ultrasonically in distilled water.

2.2 Electropolishing (EP)
The mechanically polished samples underwent an EP
process below oxygen evolution regime.
The electrolytic cell for EP consisted of a transparent 500mL beaker. The L-605 sample was vertically positioned in the
center of the beaker about 30 mm below the surface of
electrolyte. The cathode consisted of 316L stainless steel screen
positioned around the internal beaker wall. The EP was
performed for 5 min in room temperature of 25 C under a
constant potential of 10 V. After EP, the samples were
ultrasonically cleaned in distilled water.

2.3 Magnetoelectropolishing (MEP)
The MEP was performed in identical conditions, as conventional EP process accepts externally applied magnetic ﬁeld. The
magnetic ﬁeld was imposed on electrochemical system by four
ring magnets stacked together with electrochemical cell inside.
The magnets were magnetized by their thickness. The imposed
magnetic ﬁeld, around 100 mT, was directed parallel to the
electropolished work-piece surface (sample). The Lorenz force
effect was observed visually during the MEP process (circular
movement of electrolyte around sample).

2.4 XPS Study
The chemical composition of the surface layer of differently
ﬁnished L-605 samples (EP, MEP) was analyzed by x-ray
photoelectron spectroscopy K-alpha system (Thermoﬁsher
Scientiﬁc).

2.5 OCP Study
The general corrosion behavior of Co-Cr alloy L-605 in
RingerÕs solution maintained at 37 C temperature level was
evaluated during 72 h of exposure by the measurement of the
open circuit potential (OCP) against Ag/AgCl electrode as a
reference. The OCP values were recorded every 1 min during
the whole period of exposure and then plotted versus time.

2.6 Surface Roughness: Atomic Force Microscopy (AFM)
The roughness measurements were performed by atomic
force microscopy. Three scan sizes (2 lm 9 2 lm, 10 lm 9
10 lm, and 20 lm 9 20 lm) were used for both samples.
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Fig. 1

XPS survey: (a) EP, (b) MEP

2.7 Contact Angle Measurement
The wettability contact angle was measured by sessile drop
method using Kyowa contact angle meter (DM-CE1, Kyowa,
Japan).

2.8 In Vitro HUVEC Cell-Biomaterial Interaction
The growth of HUVEC cells on the surface of Co-Cr alloy
L-605 was assessed using the ISO 10993 protocols for
biological evaluation of medical devices. This was accomplished by using an Olympus IX81 ﬂuorescent microscope to
take images. HUVEC cells were maintained in accordance with
the instructions provided by the commercial source (American
Type Culture Collection, ATCC). The cells were ﬁrst cultured
in a 75-cm2 cell culture ﬂask using F-12K as the medium.
When conﬂuency was achieved by the cells, they were
trypsinized, centrifuged, and re-suspended in culture media
for cell counting and cell seeding.
In order to assess the endothelial cell proliferation, Co-Cr
alloy L-605 samples, 10 mm in diameter, were placed into a 24well plate and seeded with 509103 cells per well. Cell culture
plates with Co-Cr alloy L-605 were incubated for 72 h at 37 C,
5% CO2 in cell culture media. Later, cell culture media were
removed and samples were gently washed with DPBS. Two mL
of Hoechst dye (5 lM) and Mitotracker Red dye (100 nM) were
added into the wells. Hoechst dye was used to highlight the
nuclei of the cells, while Mitotracker Red dye was used to
highlight the mitochondria of the cells. The plates were again
incubated for 20 min, after which the Co-Cr alloy L-605 samples
were washed 3 times with DPBS. Finally, the cells were ﬁxed on
the surface of the alloys with 10% formaldehyde and covered by
glass slides. Cells were counted by randomly choosing an area of
400 lm2. The consistency of the result was ascertained by
performing experiments at least three times.

2.9 In Vitro Blood Platelets: Biomaterial Interaction
Platelet-rich plasma (PRP) was purchased from Zen-Bio, Inc.
Research Triangle Park, NC, USA and used immediately upon
arrival. The concentration of the PRP was adjusted to 1 9 105/lL
with TyrodeÕs buffer pH 7.4 (134 mM sodium chloride, 12 mM
sodium bicarbonate, 2.9 mM potassium chloride, 0.34 mM
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sodium phosphate monobasic, 5 mM HEPES, and 5 mM
glucose). Before the start of experiment, platelets were acclimatized by adding 1 mL of PRP to Nunc cover glass chambers and
incubating for 1 h. To identify entire cellular morphology, cells
were then loaded with 5 lM Oregon green 488 carboxylic acid
diacetate (DFFDA) (Life Technologies) for an additional 30 min
at 37 C. In a separate culture dish, Co-Cr alloy L-605 samples
were warmed in the incubator all along. The samples were then
transferred to the Nunc chambers for 5 or 30 min. Thereafter, the
PRP was substituted with Tyrode buffer to remove all unbound
cells. The metal alloys were ﬂipped to expose the bound cells
toward the microscope objective. Images of the adherent platelets
were captured immediately using an Olympus FV1000 confocal
microscope equipped with a 609 objective, NA 1.42, using
standard 488-nm Argon laser settings with excitation/emission of
(488/520 nm). Laser intensity output and scan speed (8 ls/pixel)
for image acquisition were attenuated to minimize photobleaching and photo-toxicity. Five-six images per sample were
randomly obtained from each group to determine platelet
number, morphology, and activation

3. Results
3.1 XPS Survey and Chemical Data
Figure 1 presents XPS survey of Co-Cr alloy L-605 after
consecutive treatments: Fig. 1a—EP, Fig. 1b—MEP.
ESCA data of varying concentration of C, Co, Cr, Ni, W,
and O are shown in Table 1. It is clearly seen that MEP
treatment has enriched passive oxide layer in Cr. The atomic
concentration of chromium increased to about 30% after MEP
when compared to the EP sample. The Ni and W were not
detected in passive layers of either sample. Co has shown small
increase in MEP sample. MEP sample also shows 10% higher
concentration of oxygen compared to EP.

3.2 Open Circuit Potential
The open circuit potential results of Co-Cr alloy L605 EP
and MEP samples in the RingerÕs solution are presented in
(Fig. 2). One can easily notice the shifting of OCP of sample
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Table 1 Elemental concentration of Co-Cr alloy L-605 oxide layer detected using XPS
Elements
Sample
Co-Cr alloy L-605

Co

Cr

Ni

O

W

EP
MEP

0.4
0.5

1.1
1.5

ND
ND

7.8
8.7

ND
ND

ND: None detected

surface and three different liquids were measured. The ﬁve
readings for every sample were taken, and the average values
are presented in Table 3. As could be expected, the MEP
sample surface showed a lower water contact angle of 70.3
compared to 77.1 of EP sample.

3.5 In Vitro HUVEC Cell-Biomaterial Interaction
The HUVEC cell adhesion and proliferation on EP and MEP
Co-Cr alloy L-605 after 72 h of incubation are shown in Fig. 3.
The profound difference at qualitative and quantitative levels of
HUVEC cell between EP and MEP surfaces is vividly evident. The
cells on EP surface differ between each other in shape and size. In
some places, they clump up together in bigger agglomerates. On
MEP surface, almost all cells look alike and have a very distinctive
spindle shape with a very visible pattern of mitochondria on the
opposite end of elongated cell divided by centrally situated
nucleus. At quantitative level, MEP sample surface reached almost
100% conﬂuency compared to below 50% conﬂuence of EP
sample surface. The results of cells counting (average of three
samples) are as follows: 10 on the EP sample and 26 on MEP.
Fig. 2 Open circuit potential of EP and MEP Co-Cr alloy L-605 in
RingerÕs solution as a function of the immersion time

Table 2 Ra of Co-Cr alloy L-605 after EP and MEP
scan size, lm
Magnitude
Co-Cr alloy L-605

232

10 3 10

20 3 20

Ra, lm EP surface
Ra, lm MEP surface

0.646
0.57

2.595
2.339

6.073
5.872

n=3

surface after MEP in more positive direction in comparison
with the results obtained after EP treatment. Both samples show
monotonous increase of OCP with passing time. The shift
between the values of OCP of EP and MEP samples stay almost
unchanged through the time of experiment (72 h).

3.3 Surface Roughness
The results of roughness measurement are shown in Table 2.
As can be seen, the roughness of the MEP sample is lower than
that of EP for all three taken scan sizes. The differences are not
very signiﬁcant and are in the same value range.

3.4 Contact Angle
To evaluate the difference between EP and MEP CO-Cr
alloy L-605 wettabilities, the contact angles between L-605
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3.6 In Vitro Platelets-Biomaterial Interaction
The micrographs (Fig. 4) indicate that EP surfaces support a
higher number of adhered platelets than MEP surfaces for both
times of exposure. The numbers of adhered platelets stay
almost unchanged individually for EP as well as MEP surfaces
without showing any apparent signs of aggregation with
passing time from 5 to 30 min.

4. Discussion
Immediately upon introduction of BMS to percutaneous
coronary intervention, work was undertaken in the direction to
improve their hemocompatibility. The electropolishing process,
which has shown to improve stent thromboresistivity and
inhibit neointimal hyperplasia to some extent (Ref 14, 15), was
adapted without any critical changes and, to these days, is used
as a ﬁnishing process for almost all BMS.
However, electropolishing was not able to combat the
restenosis problem and stents become covered with durable
polymers eluting immunosuppressant drugs which inhibit
neointimal hyperplasia. But by ﬁxing the problem of
restenosis, the durable polymers introduced an even more
dangerous problem of thrombosis. The partial answer to this
was the introduction of DAPT up to one year after
implantation of DES (Ref 1). The next step in stent
evolution was the introduction of next generation stents with
thinner struts, different immunosuppressant drugs, and more
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Table 3 Wettability components
Work of adhesion, mJ/m2
Contact angle, °
(Interfacial free energy, mJ/m2
Sample
Co-Cr alloy l-605 Water Ethylene glycol Diodo-methane Water Ethylene glycol Diodo-methane Water Ethylene glycol Diodo-methane
EP
MEP

77.1
70.3

63.7
59.

58.0
55.3

13.4
6.8

8.5
6.6

2.8
2.3

89.1
97.3

69.1
72.6

77.7
79.8

n=5

Fig. 3

Images of HUVEC cells attachment (a) EP and (b) MEP Co-Cr alloy L-605 surfaces after 72 h of incubation

hemocompatible but still durable polymers. They showed
improvement over the ﬁrst generation of DES, but they are
still not free from late events. After ﬁnding the factor
responsible for those events, namely durable polymer, the
research became aimed in the direction to eliminate the
durable polymer by substituting it by a biodegradable one.
However, as was mentioned earlier, the latest studies of
BPDES do not show overwhelming differences regarding the
primary end points. In our opinion, this is caused by baremetal stent surface. After the drug is eluted and biodegradable polymer is gone, we can expect exactly the same
problems as we have with BMS. In both cases, the stented
vessel contacts to some extent the thrombogenic surface. To
change this outcome, the bare metal surface has to be more
hemocompatible. Peculiarly, only one new process, namely
magnetoelectropolishing (Ref 8), was developed for further
improvement of metallic stent surface hemocompatibility in
the boundary of its own chemical composition.
It is well recognized that blood protein adsorption on the
stent surface is a prerequisite of stent-blood cells interaction.
After biodegradable polymer is eroded, the bare stent surface is
covered by soluble plasma proteins. The proteins adsorption is
a dynamic process and depends on many factors such as stent
chemical and physical properties, plasma protein concentration,
stent and proteins surface electrostatic charge, wettability,
hydrophobic interactions, isoelectric points, etc. Despite critical
importance of proteins adsorption rates, sequence, amounts,
orientation, and conformation on the implanted stent successful
integration with blood vessel, it is not possible to exactly
predict the stent-proteins in vivo interaction mainly due to the
Vroman effect (Ref 16). The Vroman effect postulates constant
competition of proteins over binding sites on the surface of
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biomaterial. The smallest and most abundant protein molecules
will adsorb ﬁrst, but later they are replaced by other ones with
highest afﬁnity to particular surface. Albumins, the most
abundant blood protein, will adsorb ﬁrst on negatively charged
chromium-bearing stent surfaces in spite of their own negative
net charge. This can be explained by charge anisotropy of nonevenly distributed negative and positive charges of functional
groups on the surface which only when combine giving total
negative net charge to albumin. The electrostatic net attraction
will be established by the interaction of negatively charged
hydrophilic chromium-bearing stent surfaces and positively
charged albumin subdomains. It is also worth to note that
proteins with low internal conformational stability (e.g.,
albumin) tend to adsorb on all surfaces irrespective of
electrostatic interactions due to conformational entropy gain
upon adsorption (Ref 17). Fibrinogen, a negatively charged
blood-clotting protein, also contains substantial hydrophobic
and cationic functionality (Ref 18) which allows adsorption to a
negatively charged surface. Taking under consideration its
major physiological function as the precursor to ﬁbrin and
ability to form bridges between platelets by binding to their
GpIIb/IIIa surface membranes, ﬁbrinogen adsorption to the
stent surface is an unwelcome event because of higher risk of
thrombosis.
It is expected that bare-metal stent surfaces upon implantation will be immediately covered by albumin and other
abundant transport proteins in regard to their high plasma
concentration. This ﬁrstly adsorbed layer will undergo replacement by protein of higher afﬁnity to BMS surface, namely
ﬁbrinogen. Those processes will have a decisive inﬂuence on
further stent-cell interaction. Theoretically, albumin will
decrease platelet attachment and activation on some surfaces

Volume 24(1) January 2015—349

Fig. 4

Platelets adhesion to Co-Cr alloy L-605 after 5 and 30 min (a, c) EP, (b, d) MEP

but at the same time will decrease the speed of endothelialization, whereas ﬁbrinogen will activate platelets but will accelerate endothelialization (Ref 19). The study of Lambrecht et al.
(Ref 20) has shown that an albumin-coated surface bonds less
platelets which indicate the importance of the initial interaction
between protein and metal surfaces on the process of platelets
adhesion and aggregation.
Here comes the necessity of changing the above-mentioned
protein adsorption sequential pattern on bare-metal stent
surface by changing the chemical composition of passive layer
in the more favorable direction to attract and increase albumin
adsorption and discourage ﬁbrinogen from binding to the stent
surface.
This is done to some extent by electropolishing process as a
ﬁnal ﬁnishing step of BMS. Electropolishing action removes
native spontaneously formed oxide together with its imperfections and ﬂaws from chromium-bearing stents and creates new
more perfect oxide with elevated concentration of chromium in
the form of Cr2O3 (Ref 20) with lower relative permittivity.
This new chromium-enriched oxide is not only more corrosion
resistant, but also more hemocompatible in regard to stent
functionality, namely, it is more thromboresistant and inhibitory
to neointimal hyperplasia (Ref 15, 21).
The surface electrostatic force of oxide is one of the factors
which inﬂuence adsorption of protein as albumin and ﬁbrinogen. Bernabeu et al. (Ref 22) found that negatively charged
proteins could be adsorbed onto a negatively charged surface
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and the adsorption increased with increasing negative surface
charge. To increase negative electrostatic force of chromiumbearing stent surface to attract and bind more albumins, its
relative permittivity has to be lowered. This is done to some
extent by electropolishing, which increases chromium concentration in passive oxide layer, thus increasing the negative
electrostatic force but can be pushed even higher by applying
magnetoelectropolishing process (Table 1).
The XPS study clearly showed that the sample of Co-Cr
alloy L-605, which underwent magnetoelectropolishing treatment, is enriched not only in chromium but also with oxygen
(Fig. 1). The adsorption of protein is also inﬂuenced by
physical properties of the metallic surface, namely roughness
which inﬂuence total surface area of the samples. The bigger
surface area of metallic surface will promote higher density of
proteins adsorption. However, in our study, the difference of
surface roughness between EP and MEP samples is not big
enough (Table 2) to change drastically the surface area of
particular samples, and thus it cannot be considered as a
primary factor of proteins adsorption.
From a practical point of view, the most important
electrochemical parameter characterizing the behavior of
metallic material in corrosive liquid environment is open
circuit potential (OCP) and particularly its dependence on time
of immersion. Both samples of Co-Cr alloy L-605 (EP and
MEP) have shown steady monotonous increase of OCP through
the duration of the experiment in RingerÕs solution. The only

Journal of Materials Engineering and Performance

difference between samples was about 30% shift of potential in
more positive direction in case of MEP sample which was
maintained at almost unchanged level throughout the duration
of the experiment (Fig. 2). This phenomenon coincides with an
almost identical 30 % increase of Cr content in the outermost
passive layer of MEP sample (Table 1). The steady increase of
OCP toward more positive values for both samples can be
explained by a partial dissolution of Cr2O3 oxide by RingerÕs
solution which immediately becomes oxidized to hydrated
chromium oxide which is readsorbed on the top of remaining
Cr2O3 oxide. The hydrated chromium oxide undergoes olation
(reaction 1) and oxolation (reaction 2) processes which transform chromium oxide passive ﬁlm in polymeric structure
bound by hydroxyl -OH- and oxy-O-bridges.

oxyolation (reaction 2) and stay in this polymeric state in
nearly neutral (blood pH  7.4) liquid environment makes
chromium-bearing surface very hemocompatible.
As can be seen from micrographs (Fig. 4), the MEP surface
shows less adhered platelets compared with EP for both times of
exposure. Also after 30 min of incubation, phenotype of platelets
stayed almost unchanged without any sign of aggregation. This
lower number of total platelets on MEP surface most probably
can be attributed to higher density of albumins which adsorb, in
bigger amount, on more negative MEP surface. Albumin is
considered to be non-adhesive to platelets due to the lack of
established domains for platelets bindings (Ref 30). Together,
these ﬁndings suggest that a MEP stent surface should become
more thromboresistant than its EP counterpart.

The polymeric chromium oxides are more stable in the
presence of Cl ions (Ref 23). The higher value of OCP of
MEP sample can be explained by the fact that the oxolation is
positively driven by an increased amount of Cr3+ hydrated ions
which is higher on MEP samples. Consequently, the MEP
process creates more functional groups (OH-) which are
platelets adhesion suppressant (Ref 24). The current results
conﬁrmed previous reports of the low afﬁnity of platelets and
proteins for hydroxyl group-bearing materials (Ref 25, 26).The
increased density of surface hydroxide groups improves
hydrophilicity of metallic surface which is regarded to be
more hemocompatible. The wettability of both samples
remained in high hydrophilic range ‡ 70 with no signiﬁcant
differences (Table 3). The process is of paramount importance
taking under consideration the paucity of functional group of
untreated metallic surface (Ref 27, 28). The study of Martins at
el. (Ref 29) suggested that ideal percentage of surface hydroxyl
group may increase albumin afﬁnity without ﬁbrinogen
adsorption. It is worth noting that reverse process of deoxolation, which can destroy polymeric structure of chromium, is
mitigated by almost neutral pH  7.3-7.4 of RingerÕs solution
and also will be maintained for stent under contact with blood
(pH  7.4) upon its implantation.
As we mentioned before, it is no coincidence that all
cardiovascular stent platforms are chromium bearing. The
ability of chromium to undergo olation (reaction 1) and

From endothelialization results of Co-Cr alloy L-605
obtained in our study, we can suspect that a MEP stent
platform of BPDES will undergo faster and fuller endothelialization after the erosion of polymer (Fig. 3) and thus
decreasing the risk of thrombosis. Theoretically, when a stent
undergoes a fast, full, and functional endothelialization, the
problems of thrombosis and restenosis should not exist. The
spindle shape, same size, visible mitochondria, and nucleus of
endothelial cells grown on MEP surface in static condition
indicate that endothelial cells did not change their normal
phenotype (Fig. 3). Taking under consideration the improved
corrosion resistance of MEP surface (Fig. 2) which is inseparable with the decrease of metals cations leaching from stent
surface which are the main culprits of inﬂammatory reaction of
tissue surrounding stent struts, the neoatherosclerosis most
probably could be prevented or at least minimized for stents
which underwent magnetoelectropolishing treatment.
We conclude that the primary factor responsible for those
beneﬁcial changes of improved hemocompatibility is the ability
of chromium oxide Cr2O3 to undergo partial dissolution in
body ﬂuid (blood) and after immediate hydration, readsorb on
top of the remaining chromium oxide and undergo polymerization by olation and oxolation processes. Due to hydroxyl
group of polymerized chromium oxide, the surface becomes
able to crosslink the protein e.g., albumin friendly to endothelial cell which leads to speedy stent endothelialization.
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5. Conclusion
Applying the novel magnetoelectropolishing ﬁnishing process to biodegradable polymer cardiovascular chromiumbearing stents platforms simultaneously enhances their corrosion
resistance and hemocompatibility which is of paramount importance in case of stents functionality. The improved corrosion
resistance is due to chromium enrichment of passive layer by the
application of a magnetic ﬁeld during the electropolishing
process. The higher amount of chromium (about 30%) in passive
layer of MEP surface is responsible for creating more functional
hydroxyl groups on the surface of stent by olation and oxolation
processes which can crosslink more endothelial cell friendly
proteins, e.g., albumins as conventionally EP one and thus
making stent more hemocompatible. This study shows that MEP
process has all potentials to improve BPDES, polymer-free
medicated as well as bare-metal chromium-bearing stents. In our
opinion, the success of BPDES is inseparable with improved
hemocompatibility of chromium-bearing stent platform.
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