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ABSTRACT: Siloxane functionalized phosphorylcholine (PC) or sulfobetaine (SB) macromolecules (PCSSi or SBSSi) were
synthesized to act as surface modifying agents for degradable metallic surfaces to improve acute blood compatibility and slow
initial corrosion rates. The macromolecules were synthesized using a thiol-ene radical photopolymerization technique and then
utilized to modify magnesium (Mg) alloy (AZ31) surfaces via an anhydrous phase deposition of the silane functional groups. X-
ray photoelectron spectroscopy surface analysis results indicated successful surface modification based on increased nitrogen and
phosphorus or sulfur composition on the modified surfaces relative to unmodified AZ31. In vitro acute thrombogenicity
assessment after ovine blood contact with the PCSSi and SBSSi modified surfaces showed a significant decrease in platelet
deposition and bulk phase platelet activation compared with the control alloy surfaces. Potentiodynamic polarization and
electrochemical impedance spectroscopy data obtained from electrochemical corrosion testing demonstrated increased corrosion
resistance for PCSSi- and SBSSi-modified AZ31 versus unmodified surfaces. The developed coating technique using PCSSi or
SBSSi showed promise in acutely reducing both the corrosion and thrombotic processes, which would be attractive for
application to blood contacting devices, such as vascular stents, made from degradable Mg alloys.

1. INTRODUCTION

While biodegradable polymers are broadly employed for a
variety of medical devices, the use of similarly labile metallic
materials has not found widespread use clinically. Only in
recent years has the interest in bioabsorbable metallic alloys
been reinvigorated after early pioneering experiments with

these materials over 125 years ago.1 Dominated so far by

magnesium-based alloys, research into degradable metal devices
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has recently reached the level of clinical investigation, and
interest in applying these materials in a number of different
settings from orthopedic to cardiovascular systems is growing.2

For blood contacting applications, such as with an arterial stent,
the hemocompatibility of the metallic alloy is a primary
concern, particularly in terms of avoiding thrombotic
deposition in the early period after the stent is placed. Yet
the underlying mechanical properties, processability and
degradation rate of an otherwise attractive alloy, may not
possess ideal levels of thromboresistance. As a result, the
potential to surface modify magnesium-based alloys to improve
hemocompatibility in the early period when the thrombotic risk
is highest and prior to the onset of substantial degradation is of
particular interest.3,4

A number of different coating approaches might be taken to
improve the surface biocompatibility of Mg-based alloys.
Treatment of the metal through oxidation or ion implantation,
polymeric film coatings, and direct molecular attachment have
all been explored.5,6 To achieve reduced thrombogenicity on
nondegradable metallic surfaces, as well as in polymeric
systems, phosphorylcholine (PC)-based or sulfobetaine (SB)-
based modifications have been shown to be effective.7−16 The
zwitterionic PC or SB groups putatively act to reduce the
driving force for protein adsorption, thus reducing the capacity
for cell adhesion and improving thromboresistance.17−19

Our objective in this study was to design and synthesize
siloxane functional PC or SB macromolecules using a thiol-ene
radical photopolymerization technique20−23 that would then be
applied to achieve surface modification of a Mg alloy with PC
or SB macromolecules in a simple, one-step method that could
be translated to complex geometries. The macro-PC or SB
modifiers with a siloxane group were attached directly on a

commonly studied biodegradable Mg alloy (AZ31) using an
anhydrous surface deposition method.24 The effectiveness of
the modified macro PC or SB modifiers on Mg alloy surfaces
was evaluated in terms of the ovine platelet activation and
adhesion from whole blood and in vitro corrosion resistance.

2. MATERIALS AND METHODS
2.1. Materials. Mg−Al−Zn alloy (AZ31; 3% Al, 1% Zn) was

purchased from Goodfellow Corp. (Oakdale PA). 2-Methacryloylox-
yethyl-phosphorylcholine (MPC) was obtained from NOF Corpo-
ration (Tokyo, Japan). N-(3-Sulfopropyl)-N-(methacryloxyethyl)-
N,N-dimethylammonium betaine (SMDAB), 3-mercaptopropyl trime-
thoxysilane (MPTMSi), and benzophenone were purchased from
Sigma-Aldrich (St. Louis, MO) and used as received.

2.2. Synthesis of Silanated Macro Modifier. To synthesize a
macro PC surface modifier with siloxane functional groups (PCSSi,
Figure 1), MPTMSi and MPC at a defined molar ratio (MPC/
MPTMSi = 5:1) were dissolved with anhydrous methanol (10 mL) in
a round-bottom flask equipped with a magnetic stirrer after adding a
photoinitiator (benzophenone). After argon injection for 5 min to
remove the air, the flask containing the reaction mixture was sealed
and placed under a high intensity UV lamp (1150 V, 60 Hz, 2.5 A,
wavelength: 365 nm, UVP Model B 100AP, Upland, CA) at 15 cm gap
and remained at room temperature for 15 h. After the reaction,
anhydrous diethyl ether and chloroform mixed solution (1:1) was used
for precipitation of the synthesized product. The obtained white gel-
like product (PCSSi) was further washed with anhydrous chloroform
by stirring for 24 h to remove unreacted MPTMSi or MPC and dried
under vacuum. A macro SB surface modifier with siloxane functional
groups (SBSSi) was also synthesized with the same process as
described for PCSSi synthesis. For SBSSi synthesis, trifluoroethanol
(TFE) was used as the solvent for the reaction, and the product was
precipitated in anhydrous MeOH and chloroform mixed solution
(1:1). The synthesized SBSSi was further washed with anhydrous
MeOH to remove any unreacted MPTMSi and SMDAB.

Figure 1. PCSSi and SBSSi structure and schematic for surface modification.
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2.3. Preparation of Surface Modified Mg Samples. AZ31
plates (1 × 1 cm or 6.35 mm diameter discs) were polished with up to
1200 grit of silicone carbide sand paper and then cleaned with acetone
and trichloroethylene. The cleaned and dried samples were passivated
by immersing in distilled water for 10 min and dried under vacuum. A
UV/ozone treatment was applied for 30 min on the alloy surface using
a UV-ozone cleaner (Novascan Tech. Inc. PSD Pro-UV, Ames, IA) to
increase the surface reactivity. Then, the alloys were modified by
immersing in solutions of PCSSi or SBSSi in toluene/TFE mixed
solution (1:1), with triethylamine as a catalyst for 4 h at 40 °C (Figure
1).
2.4. Surface Analysis and in Vitro Blood Contacting Test.

The surface composition of the modified and unmodified Mg alloy
samples was analyzed by X-ray photoelectron spectroscopy (XPS)
using a Surface Science Instruments S-probe spectrometer with a
takeoff angle of 55° (∼50 Å sampling depth) at the University of
Washington (Seattle, WA).14 The static water contact angle on the Mg
alloy surfaces was measured at multiple steps through the processing:
freshly polished, water contacted for 10 min, UV/ozone treated, and
PCSSi or SBSSi modified, each at room temperature using a contact
angle goniometer (VCA optima, AST Product Inc., Billerica, MA) and
placing 1 μL of distilled water on the surfaces.
Whole blood was collected from healthy ovines by jugular

venipuncture after discarding the first 3 mL. Institutional animal care
and use committee (IACUC) guidelines for the care and use of
laboratory animals were observed. The acute in vitro blood
biocompatibility of the modified surfaces was evaluated under
continuous rocking at 37 °C in freshly drawn, anticoagulated (3.0
U/mL of heparin) ovine blood for 2 h. After blood contact, the test
surfaces were rinsed with PBS and immersed in a 2.5 wt %
glutaraldehyde in distilled water for 15 min. Then, the surfaces were
rinsed with distilled water and freeze-dried to observe the thrombotic
deposition by scanning electron microscopy (SEM). The thrombotic
coverage on the surfaces was evaluated using Image-J software (NIH)
with selected representative electron micrographs. The percent area
covered by thrombotic adhesion was calculated by image processing
after image optimization by background subtraction and threshold
adjustment. In addition, activated platelets in the bulk phase of the
contacting blood for each sample were quantified by a flow cytometric

assay after continuous rocking for 1 h at 37 °C. This assay utilized
fluorescein-conjugated Annexin V binding25 to detect and count the
fraction of platelets activated to a state where the membrane was
capable of binding this protein. Relative activation levels were
calculated by subtracting the % activated platelets in blood from a
rocked tube into which no test surface was placed.

2.5. Electrochemical Corrosion Analysis. Potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS) were
utilized to evaluate the corrosion behavior of PCSSi or SBSSi
macromolecule modified Mg alloy samples (AZ31-PCSSi or AZ31-
SBSSi). The test samples were mounted in an epoxy resin with an
exposed metallic area of 0.316 cm2 and electrical connectivity
accomplished by a copper wire attached to the opposite side from
the exposed surface. A platinum wire was used as the counter
electrode, and an Ag/AgCl electrode served as the reference electrode
using a potentiostat (Gamry Instruments, USA). Electrochemical
measurements were carried out in a simulated body fluid (SBF)
solution with modified (AZ31-PCSSi or AZ31-SBSSi) and the AZ3l
control samples as the working electrodes. The SBF solution was
composed of 8 g/L NaCl, 0.4 g/L KCl, 0.14 g/L CaCl2, 0.35 g/L
NaHCO3, 1g/L C6H12O6, 0.2 g/L MgSO4·7H2O, 0.09 g/L KH2PO4,
and 0.06 g/L Na2HPO4·7H2O, following a previously described
procedure.26 Each sample was immersed in the SBF solution for 5 min
to keep a stable open circuit potential. After that, the EIS measurement
was performed at the open circuit potential. The amplitude of the
applied AC signal was 10 mV rms, and the measured frequencies
ranged from 100 kHz to 1 Hz. Potentiodynamic polarization tests were
carried out at the open circuit potential as well and scanned from −0.1
V/Eocp to +0.5 V/Eocp at a scan rate of 5 mV/s.

2.6. Statistical Analyses. Data are presented as means with
standard deviations or as medians if the data were not normally
distributed. Statistical significance between sample groups was
determined using ANOVA with posthoc Neuman−Keuls testing for
normally distributed data, or for non-normally distributed data,
nonparametric testing (independent-samples Kruskal−Wallis test)
with SPSS software (IBM SPSS Statististics 20). Statistical significance
was considered to exist at p < 0.05.

Figure 2. 1H NMR spectra of the synthesized PCSSi and SBSSi.
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3. RESULTS

3.1. Synthesis of PCSSi and SBSSi and Surface
Modification of Mg Alloy. The chemical structure of the
synthesized siloxane functional PC and SB macromolecules
(PCSSi and SBSSi) was confirmed by 1H NMR spectroscopy
(Figure 2). For PCSSi in deuterated ethanol (EtOD), the peaks
were δ (ppm) = 0.60−0.82 (SiCH2CH2), 0.90−1.35 (α-CH3),
1.61−1.81 (SiCH2CH2), 1.85−2.31 (SCH2C and CH2C),
2.44−2.66 (CH2CH2S), 3.20−3.50 (CH2N(CH3)3 and Si-
(OCH3)3,) 3.68−3.90 (CH2N(CH3)3), 4.00−4.18 (OCH2),
and 4.18−4.48 (CH2PO4CH2), and for SBSSi in deuterium
oxide (D2O) the peaks were δ (ppm) = 0.55−0.80
(SiCH2CH2), 0.80−1.30(α-CH3), 1.45−1.71 (SiCH2CH2),
1.75−2.11 (SCH2C and CH2C), 2.08−2.28 (CH2CH2SO3),
2.41−2.68 (CH2CH2S), 2.82−2.86 (CH2CH2SO3), 3.02−3.28
(N(CH3)2 and Si(OCH3)3), 3.40−3.83 (CH2N(CH3)2CH2),
and 4.21−4.55 (OCH2). The degree of polymerization for the
PCSSi and SBSSi molecules was 5.6 (Mw = 1840) and 5.1 (Mw
= 1610), respectively, which was estimated by the peak
integration ratio of OCH2N (PC or SB groups) and SiCH2
(siloxane group) originating from each of the components on
the NMR charts (Figure 2). The degree of polymerization
could be controlled by the initial monomer feed ratio. For
instance, using an MPC/MPTMSi molar ratio of 1:1 yielded a
PCSSi with a degree of polymerization of 1.8, and using an
MPC/MPTMSi molar ratio of 3:1 yielded a PCSSi with a
degree of polymerization of 3.4.
The surface contact angles on Mg alloy surfaces varied

significantly depending on surface treatment and modification
with PCSSi or SBSSi. The water contact angle on polished and
cleaned AZ31 (40.4 ± 5.7°) was significantly reduced after

surface passivation with water to 18.5 ± 3.4° and UV/ozone
treatment to 10.1 ± 5.5°. The contact angles on PCSSi or
SBSSi modified AZ31 surfaces were also significantly reduced
versus AZ31 to 12.2 ± 2.9° and 26.3 ± 2.2°, respectively (p <
0.05, n = 5). Furthermore, XPS analysis data (Table 1) were
consistent with the modification of Mg alloy surfaces with the
PCSSi or SBSSi based on the increased phosphorus
composition on the PCSSi modified surfaces (P = 1.6 ±
0.9% on AZ31-PCSSi) and increased sulfur on the surfaces of
AZ31-SBSSi (S = 2.6 ± 0.6%) in comparison to unmodified
AZ31 (p < 0.05, n = 4). An elevation in Si was also observed for
the modified surfaces, although this was not found to be
statistically significant, and substantial variance was associated
with Si amounts on the unmodified surfaces consistent with
previous reports.14

3.2. Ovine Blood Contact. Figure 3 shows the surface
morphology observed after the contacting of test surfaces with
fresh ovine blood. Electron microscopy shows consistent
deposition of platelets on unmodified AZ31 after blood contact
with the deposited platelets in large aggregates and spread
morphology (Figure 3A). In contrast, platelet deposition was
sparse on the AZ31-PCSSi and AZ31-SBSSi surfaces, and it was
difficult to detect large platelet aggregates on the surfaces
(Figures 3B,C). Overall, surface deposition was significantly
decreased on the modified surfaces versus the unmodified
AZ31 control (p < 0.01, n = 5) as evaluated by Image-J software
(Figure 3D). Platelet activation in the bulk phase was decreased
in the blood contacted with AZ31-PCSSi (3.7 ± 1.7%) and
AZ31-SBSSi (2.7 ± 1.9%), compared to the AZ31 control (7.7
± 1.5%) (p < 0.05, n = 5).

Table 1. Atomic Percentages for Mg Alloy Surfaces at Listed Binding Energies (eV) As Determined by X-ray Photoelectron
Spectroscopy

C 1s at 285 eV O 1s at 532 eV Mg 2p at 50 eV Al 2p at 74 eV Si 2p at 106 eV N 1s at 403 eV P 2p at 133 eV S 2p at 168 eV

AZ31-control 31.9 (±4.7) 44.6 (±3.0) 20.5 (±4.4) 1.3 (±0.8) 0.9 (±0.8) 0.1 (±0.2) 0.0 (±0.0) 0.2 (±0.2)
AZ31-PCSSi 38.5 (±5.4) 39.5 (±2.1) 14.4 (±2.0) 1.2 (±1.5) 2.7 (±1.6) 1.5 (±0.4)a 1.6 (±0.9)a 0.7 (±0.4)
AZ31-SBSSi 41.1 (±3.9) 33.7 (±3.4) 11.7 (±4.2) 0.3 (±0.2) 2.2 (±1.3) 1.2 (±0.3)a 0.2 (±0.2) 2.6 (±0.6)a

ap < 0.05 vs AZ31 control (n = 4, mean ± standard deviation).

Figure 3. Electron micrographs of Mg alloy samples (A) AZ31, (B) AZ31-PCSSi, and (C) AZ31-SBSSi after contact with ovine blood for 2 h, and
(D) summary of thrombotic deposition coverage of the five surfaces.
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3.3. In Vitro Corrosion Properties of Modified
Surfaces. In Figure 4 a Nyquist plot for AZ31 control and

PCSSi and SBSSi modified samples in SBF solution is
presented. An equivalent circuit model (ECM) shown in
Figure 5 was used to fit the EIS results. This model comprised

solution resistance (Rs), coating resistance (Rcoat), constant

phase element of the coated structure (CPEcoat), electron

transfer resistance (Ret), and constant phase element of double

layer capacitance (CPEdl). For AZ31 samples, a magnesium
hydroxide layer is naturally formed and was modeled as a new
time constant (CPEcoat, corresponding capacitance) and
magnesium hydroxide resistance (Rcoat). In the case of the
PCSSi or SBSSi modified AZ31 samples, Rcoat and CPEcoat were
utilized as corrosion-resistance coating layers. Figure 4 shows a
typical example of Nyquist plots for control and coated AZ31
samples. Nyquist results from both the control and coated
samples show two time constants; one resulted from pretreat-
ment and the other resulted from electron transfer resistance.27

However, the diameter of the semicircles for coated samples
(Figure 4B) was much larger than the diameter of the
semicircle for control sample (Figure 4A), implying formation
of a high corrosion resistance coating on the surface. The initial
coating resistances (Rcoat, n = 3 median) and the electron
transfer resistance (Ret, n = 3 median) obtained from Figure 4
are summarized in Table 2. Both the initial Rcoat and Ret on
AZ31-PCSSi and AZ31-SBSSi surfaces was markedly higher
than for AZ31 control surfaces (p < 0.01).
Figure 6 shows the potentiodynamic polarization curves for

the AZ31 and modified surfaces in SBF solution. For AZ31, a

pitting corrosion point was observed in the polarization curve
(Epit: −1.32 V in Figure 6); however, the modified samples
(AZ31-PCSSi and AZ31-SBSSi) did not appear to experience
pitting corrosion, and the curves for the modified samples were
shifted to a lower corrosion current density. The corrosion
potential (Ecorr) and corrosion current density (Icorr) of the
samples acquired from the potentiodynamic polarization curves

Figure 4. Nyquist plot of electrochemical impedance spectroscopy
(EIS) for (A) AZ31 control and (B) the modified samples AZ31-
PCSSi and AZ31-SBSSi in a simulated body fluid.

Figure 5. Equivalent circuit model used for fitting experimental EIS
spectra; Rs = solution resistance, Rcoat = coating resistance, CPEcoat =
constant phase element of coated structure, Ret = electron transfer
resistance, and CPEdl = constant phase element of double layer.

Table 2. Coating Resistance (Rcoat) and Electron Transfer Resistance (Ret) of AZ31, AZ31-PCSSi, and AZ31-SBSSi with
Immersion Time in a SBF Solutiona

samples resistance (ohms) initial 1 days 2 days 3 days 4 days 8 days

AZ31-control Rcoat 2.02 × 102 1.96 × 103 1.39 × 103 9.55 × 102 1.99 × 103 1.63 × 103

Ret 1.88 × 104 1.05 × 105 1.04 × 105 8.90 × 104 1.08 × 105 1.13 × 105

AZ31-PCSSi Rcoat 4.74 × 105 2.90 × 105 2.87 × 105 2.86 × 105 2.64 × 105 4.77 × 103

Ret 9.83 × 108 8.40 × 107 1.28 × 108 3.92 × 106 4.30 × 106 7.98 × 104

AZ31-SBSSi Rcoat 1.21 × 106 2.63 × 104 5.16 × 103 1.00 × 104 1.01 × 104 1.44 × 104

Ret 5.63 × 1011 6.59 × 1011 3.25 × 1011 9.11 × 106 6.90 × 107 3.20 × 106

an = 3, median.

Figure 6. Potentiodynamic polarization curves of AZ31 control and
the modified samples AZ31-PCSSi and AZ31-SBSSi in a simulated
body fluid.
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of Figure 6 show that the average corrosion potential (Ecorr, n =
6, median) for the modified samples (AZ31-PCSSi (1.52 ±
0.08 V) and AZ31-SBSSi (1.63 ± 0.02 V)) did not significantly
vary with respect to the control samples (1.58 ± 0.03 V).
However, both modified samples had significantly lower Icorr
values (AZ31-PCSSi (4.82 × 10−9 A/cm2) and AZ31-SBSSi
(6.78 × 10−8 A/cm2)) than the AZ31 control (1.93 × 10−5 A/
cm2) (p < 0.01, n = 6, median).
The surface corrosion performance and coating resistance

were also investigated with immersion time in SBF solution at
37 °C for 8 days (Figure 7 and Table 2). For the control AZ31
surface (Figure 7A), white areas of adherent corrosion
byproducts were apparent by day 4, and these further spread
at day 8 of Figure 7A. For the PCSSi- or SBSSi-modified
samples for at least the first 4 days, limited or no white regions
were seen although by day 8 some areas became apparent
(Figure 7B,C). The changes in coating resistances (Rcoat) and
electron transfer resistance (Ret) with immersion time are
summarized in Table 2. For PCSSi- or SBSSi-modified surfaces
both of the Rcoat and Ret was elevated with respect to AZ31
control surfaces for at least 4 days of immersion time, although
the Rcoat and Ret values became similar at the 8 day time point
(Table 2).

4. DISCUSSION
In this study, we utilized a thiol-ene radical photopolymeriza-
tion technique to prepare siloxane functionalized PC or SB
macromolecules. Both radical-mediated and base/nucleophile-
initiated thiol-ene reactions have been widely employed in
polymer and materials synthesis to design complex or versatile
functional macromolecules.28 In the most similar approaches to
the current study, Matsuno et al.29 prepared a series of
alkanethiol-S-PC surfactants via Michael-type addition of the
methacrylate and alkane thiol compounds using a base catalyst,
diisopropylamine. Also, Zhou et al.30 synthesized silane-
terminated functionalized polystyrene and polymethylmetha-
crylate polymers through radical chain-transfer polymerization
with a thermal initiator, 2,2′-azobisisobutyronitrile, and

prepared the self-assembled films on a silicon wafer. This
thermal polymerization technique is not well-suited to control
homopolymerization via radical chain growth.31 Tucker-
Schwartz et al.32 used a photoinitiated thiol-ene click reaction
to prepare functional trialkoxysilane for surface coating
applications on iron oxide superparamagnetic nanoparticles,
although not to form functional macromolecules or polymers.
An alternative thiol-ene radical photopolymerization techni-

que has been investigated by a number of researchers20−23

where a high conversion rate could be obtained by controlling
the initial feed ratio of thiol, methacrylate monomer, and
photoinitiator.20 To control the initiation and the polymer-
ization steps in the current study, we used a benzophenone, a
hydrogen abstraction type of photoinitiator (a Type II
photoinitiator),33 and recognized that it might also be necessary
to control the process by controlling the feed of the initiator,
thiol (MPTMSi), and methacrylate (MPC or SMDAB) to
minimize byproducts from the termination reaction. Further
detailed studies would be needed to verify the degree to which
the method utilized provided control over the various
undesirable reactions.
The metal oxide surface modification using functionalized

PC or SB macromolecules (PCSSi or SBSSi macromodifiers)
was attractive due to the simplicity of both surface modifier
synthesis and surface modification compared with previous
approaches.14−16 Thus, this described approach offers relative
ease of development and application for complex surface shapes
associated with some metallic devices as well as biodegradable
metallic surfaces. Further, the surface modification is amenable
to application under both aqueous and anhydrous conditions,
the latter of which may be desirable in the processing of
degradable metal systems. In this study, we have used a
relatively short chain length (n = 5) of PCSSi and SBSSi
macromolecules and attempted to optimize the grafting
condition by adding UV/ozone treatments, which could create
further hydroxyl groups on the surfaces after cleaning the Mg
surfaces and oxidation with water. The effect of UV/ozone
treatment was verified by contact angle measurement (data not

Figure 7. Macroscopic surface observation of AZ31-control, AZ31-PCSSi, and AZ31-SBSSi surfaces with immersion time in a simulated body fluid.
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shown) where it was found that 30 to 60 min of treatment was
most effective to increase hydrophilicity. However, the ultimate
stability of the attached macromolecules might depend on the
stability of Mg oxide layer of the substrate. Therefore, the
stability of the modification might be controlled by using a
further surface pretreatment method to specifically generate a
more stable oxide layer such as anodization,34 alkaline heat
treatments,35 or microarc oxidation.36 While surface composi-
tion analysis (Table 1) clearly showed the presence of PCSSi
and SBSSi on the modified alloys, comparisons between the
coating types were not statistically conclusive in terms of which
material may have relatively better masking of the underlying
material. Further studies into methods to increase surface
coverage may be warranted.
There are several approaches found in the literature related

to the surface modification or coating of Mg-based materials to
increase corrosion resistance for potential biomedical applica-
tions.5,6 However, only a few of these approaches were reported
to improve the blood compatibility. Gu et al.37 investigated the
effect of alloying elements used with Mg on in vitro cytotoxicity
and hemocompatibility, showing that hemolysis and platelet
adhesion decreased significantly on Mg alloys with 1 wt % of
elements such as In, Mn, Si, and Y relative to pure Mg.
Unmodified Mg alloy (WE42) was found to have longer
clotting times (and thus potentially improved blood bio-
compatibility) than the same alloy modifed with microarc
oxidation or polylactide coating. The modified surface clotting
time did not vary markedly from that of stainless steel
(316L).38 Hansi et al.39 also showed that platelet adhesion on a
316L stainless steel stent was higher than for Mg alloy stents. Li
et al.40 showed that hemolysis on WE43 magnesium alloy was
significantly decreased after depositing a SiC film by a plasma
enhanced chemical deposition technique.
The data reported in the current study show that surface

modification with the siloxane functionalized PCSSi or SBSSi
macromolecules on a Mg alloy surface clearly showed inhibition
of initial thrombotic deposition and corrosion resistance
compared to unmodified control surfaces in the acute stages
of blood contact. The determination of the effect of the surface
modification on protein adsorption, which would presumably
be reduced with these modifying molecules,16 was not possible
in this study due to the rapid corrosion observed in the control
samples. A simple, covalently bound silane layer on the Mg
alloy surface might be sufficient to act as a means to prevent
acute corrosion resistance, as some previous studies have
indicated.41,42 Further studies also would be needed to
determine whether the inclusion of the PC and SB macro-
molecules on the silane base is critical in determining the
degree of corrosion resistance observed. With the delayed, but
inevitable, corrosion of the Mg alloy surface, the non-
thrombogenic coating (PCSSi or SBSSi) would necessarily be
removed over time. On the basis of the clinical risk period for
acute thrombosis, where antithrombotic pharmaceutical
therapy is more aggressive, it is presumed that the non-
thrombogenic and corrosion resistance coating activity is most
important in the first several days following device
implantation. After this time, a slowly unmasked underlying
and degrading alloy oxide surface would be better tolerated.
Ultimately this phenomenon would need to be addressed with
in vivo models for specific devices to verify the presumed
benefit. The simple coating technology using functional PC or
SB macromolecules could be also applied to many other
nondegradable metallic cardiovascular devices including

titanium alloys where thrombogenicity is similarly of concern
such as vascular stents or ventricular assist devices.

5. CONCLUSIONS
Siloxane functional PC and SB macromolecules (PCSSi and
SBSSi) were successfully prepared via a thiol-ene radical
photopolymerization technique using UV irradiation and
benzophenone as a photoinitiator. The functional PCSSi and
SBSSi macromolecules could modify Mg alloy (AZ31) surfaces
under anhydrous conditions. Acute platelet deposition and
activation on the PCSSi- and SBSSi-modified alloy surfaces
markedly decreased compared to those left unmodified. The
PCSSi and SBSSi modified AZ31 also appeared to exhibit
improved corrosion resistance. This simple and covalent
modification pathway with functional PC or SB macro-
molecules could offer relative ease and effective application
for complex surface shapes associated with (nondegradable)
metallic cardiovascular devices as well as the growing number of
investigational biodegradable Mg alloy devices.
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