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Magnesium alloy has been generally accepted as an important biodegradable material on cardiovascular stent development for a
long time. However, its limited biocompatibility, especially delayed endothelialization process restricts its further application. In
this contribution, we modified the Mg-Zn-Y-Nd alloy surface with citric acid and dopamine via a layer-by-layer self-assembly
assay, aiming at improving the biocompatibility of the magnesium alloy. The citric acid/dopamine (CA/PDA) layer exhibited a
remarkable suppression of platelet activation/aggregation and thrombosis under 15 dyn/cm2 blood flowing. Inhibition on
vascular smooth muscle cells growth and macrophages attachment/activation were also observed on this layer. In particular, the
CA/PDA layer presented a promoted property for the vascular endothelial cells growth and spreading compared with the bare
magnesium alloy, suggesting the pro-endotelialized function. In conclusion, this research may support potential application on
surface modification of magnesium alloy based cardiovascular stents for better biocompatibility.
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1 Introduction

According to global non communicable diseases status re-
port 2014 by World Health Organization (WHO), cardio-
vascular disease (CVD) is still the leading cause of morbidity
and mortality globally (there are 17 million thousand deaths
because of CVD worldwide each year, far above the 8 mil-
lion thousand deaths from cancer) [1]. Interventional therapy
of CVDs with cardiovascular stents is emerged as the most
effective methods in clinical [2]. However, traditional stents
(stainless steel stent or cobalt chromium alloy stent, etc.)
may stimulate the organisms serious inflammations after

implantation for long terms, and further lead to series of
complication, which limit the stents long-term application
[3,4]. Thus, it becomes a hot research topic that developing
biodegradable stents to treat the early vascular occlusion and
further promote tissue regeneration during the stents de-
gradation for solving complications of foreign graft im-
plantation [5,6]. Magnesium alloy has been studied a lot as
an important biodegradable material on cardiovascular stent
development for its excellent mechanical properties and
biodegradability [7,8]. In particular, the Mg-Zn-Y-Nd alloy
has been reported widely for series superior performance,
including better mechanical properties, slower degradation
rate, and lower biological toxicity, etc. [9–11]. However, the
biocompatibility of the Mg-Zn-Y-Nd alloy still needs to be
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further improved to satisfy the cardiovascular stent’s re-
quirement, such as anti-inflammation, anti-coagulation, anti-
hyperplasia and especially pro-endothelialization.
Surface modification is an effective technology to enhance

the stents materials’ biocompatibility, and the technology
includes layer-by-layer self-assembly [12], co-immobiliza-
tion [13], plasma ion implantation [14], atomizing spraying
[15] and polymer deposition [16], etc. For magnesium alloy
modification, surface uniform passivation and functional
molecular grafting via layer-by-layer self-assembly is the
preferable method to enhance its biocompatibility [17,18].
Citric acid solution is a common passivation reagent which
has been widely applied for surface modification of mag-
nesium alloy, its application may prevent the alloy substrate
from corrosion. Citric acid also exists in human body and
involves in the “three carboxylic acid cycle” and “tri-
carboxylic acid cycle”, contributing to the decomposition of
fat [19,20]. Its sodium salt has been used in clinical as anti-
coagulant and anti-inflammation drugs [21]. Dopamine is
well known for mussel inspired functions, i.e. its outstanding
conjugation for metals and other molecules [22,23]. Poly-
dopamine (PDA) film also possesses friendly property for
vascular endothelial cells adhesion and proliferation, which
is conductive to the cardiovascular implanted materials’
surface endothelialization [24]. Thus, surface modification
with citric acid and dopamine by layer-by-layer self-assem-
bly to improve magnesium alloy biocompatibility may be an
ideal strategy for biodegradable cardiovascular stent devel-
opment.
In this contribution, we modified the Mg-Zn-Y-Nd surface

with citric acid and dopamine by layer-by-layer self-assem-
bly, and the modified layers were labeled as CA/PDA. The
surface morphology and roughness of the CA/PDA layers
were characterized by atomic force microscopy (AFM), and
their wettability was detected by water contact angle mea-
surement. A dynamic blood experiment was performed to
evaluate the blood compatibility, and series of cell experi-
ments were performed to investigate the CA/PDA layers’
cytocompatibility.

2 Materials and methods

2.1 Preparation of CA/PDA coating on Mg-Zn-Y-Nd

The Mg-Zn-Y-Nd alloy were cut into small discs with the
10 mm diameter and 3 mm thick, and then polished with
metallographic abrasive paper of 100#, 200#, 400#, 600#,
800#, 1000#, successively. Then the Mg-Zn-Y-Nd disks were
sonicated successively in acetone, ethanol, and deionized
water (dH2O) and finally dried at room temperature. The
clear Mg-Zn-Y-Nd were treated by a citric acid (CA) solution
(1 mg/mL) for 1 h, then rinsed with dH2O for 3 times (5 min
per time) to remove the unconjugated CA. After a drying

step, the samples were immersed into 2 mg/mL dopamine
(PDA) solution (dissolved in pH 8.5 Tris buffer). After de-
position for 1 h, the samples were washed in dH2O, and la-
beled as CA/PDA-1. After that, 1 mg/mL of CA was in
advance activated in water-soluble carbodiimide (WSC)
solution composed of 1 mg/mL N-(3-dimethylaminopropyl)-
N′-ethylcarbodiimide (EDC, purity ≥98.0%, Sigma-Aldrich,
USA) and 0.24 mg/mL nhydroxysuccinimide (NHS, purity
≥97.0%, Sigma-Aldrich, USA) for 15 min. Then, the CA/
PDA-1 were immersed into the above CA solution for in-
cubation. After reaction for 1 h, the specimens were washed
with dH2O (3 times, 5 min) and followed with a PDA de-
position as described above, and the samples were labeled as
CA/PDA-2. Then, the CA/PDA-2 were treated with CA and
PDA via self-assembly again, and were labeled as CA/PDA-
3. The pure CA or PDA treated Mg-Zn-Y-Nd for 1 h were
used as control, and were labeled as CA and PDA, respec-
tively. The preparation process of the CA/PDA coatings was
displayed in Figure 1.

2.2 Surface characterization of CA/PDA coating

The morphologies and roughness of CA/PDA-1, CA/PDA-2,
CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd samples were ob-
served by atomic force microscopy (Key sight 7500, USA) in
tapping mode and scanning electron microscopy (SEM,
JSM-7001F, Japan) [25]. The wettability of CA/PDA-1, CA/
PDA-2, CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd sample
surfaces was assessed by water contact angle measurement
(DSA 100, Krüss, GmbH, Germany) at room temperature
followed by image processing of sessile drop of 5 μL test
ultrapure water with DSA 1.8 Software. At least 6 contact
angles on different areas were measured and averaged [26].
The carboxyl group quantification of HA bound to the sur-
face of coatings was performed by a Toluidine blue-O (TBO)
method [27]. The density of amine groups on the PDA/HD
coating was determined using Acid Orange II (AO II) col-
orimetric method [28]. Electrochemical tests were carried
out using a classical three electrodes cell with a platinum rod
as the auxiliary electrode, a saturated calomel electrode as
the reference electrode and the samples as the working
electrode. The simulated body fluid (SBF) was prepared
according to previous studies [29]. The electrolyte was
buffered at pH 7.4 using tris-hydroxymethyl aminomethane
((HOCH2)3CNH2) and hydrochloric acid (HCl), kept at
37 °C. The sample area exposed to the solution was 1 cm2.
The measurements were carried out at a scan rate of 0.5 mV/s
using an electrochemical station and the sample was kept in
the solution for 1 h before polarization tests to establish the
open circuit potential [30].

2.3 Dynamic blood test

A dynamic blood test on each sample was performed via
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setting them into the 24-well culture plate and being cultured
on the shaking table in vitro at 37 °C for 1 h. Then, the
samples were picked out, washed with PBS (pH 7.4, 3 times,
5 min), and fixed with 2.5% glutaraldehyde solution, de-
hydrated at increasing alcohol concentrations (50%, 75%,
90%, 100%; V V/alcohol dH O2

) and dealcoholized at increasing
isoamylacetate (50%, 75%, 90%, 100%; Visoamyl acetate/Valcohol),
all the samples were dried with critical point drying
(CPD030, Balzers, Switzerland) and coated with gold to
conduct SEM to evaluate the morphology. The amounts of
the adherent platelets and the activated platelets were also
detected by the previous method, respectively [31,32].

2.4 Endothelial cells culture

Human umbilical vein endothelial cells (HUVEC) obtained
from the newborn umbilical cord (Haoyi Biotechnology Co.,
Ltd., Chengdu, China) were cultured in a humidified in-
cubator with 95% air and 5% CO2. HUVEC between 3rd and
5th passages were used for experiments. The CA/PDA-1,
CA/PDA-2, CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd sam-
ples were placed in a 24-well culture plate, and the HUVEC
were seeded onto the samples with the concentration of
5×104 cells/mL, then cultured at 37 °C for 1 d. After the
sequentially washed step, the samples were fixed with 4%
paraformaldehyde (Sigma, USA) for 2 h at room temperature
and stained by rhodamine reagent (Sigma, USA) for 15 min,
finally examined and recorded by a fluorescence microscope
(DMRX, Leica, Germany) [33]. The HUVEC numbers on
each sample was detected via a typical CCK-8 method [34].

2.5 Smooth muscle cells culture

Human umbilical arterial smooth muscle cells (HUASMC)
were also purchased from Haoyi Biotechnology Co., Ltd.
(Chengdu, China), and cultured in a standard condition ela-
borated above. HUASMC between 2nd and 7th passages
were seeded on the CA/PDA-1, CA/PDA-2, CA/PDA-3, CA,
PDA and Mg-Zn-Y-Nd samples with the concentration of
5×104 cells/mL, and cultured at 37 °C for 1 d. The HUASMC
was observed under the fluorescence microscope after the
fixed step and stained with 4,6-diamino-2-phenyl indole

(DAPI) [35]. The HUASMC number was also examined
[36].

2.6 Macrophages attachment

The peritoneal macrophages of SD rats (Haoyi Biotechnol-
ogy Co., Ltd., Chengdu, China) were also cultured in the
standard culture condition, and then added onto each samples
with the concentration of 5×104 cells/mL, and incubated at
37 °C for 24 h. To study the cell behaviors, the fluorescence
staining of the attached macrophages was performed using
DAPI, and the numbers of the cells on each samples were
statistically counted from 15 random pictures [37].

2.7 Statistical analysis

Mean values±SD are given with their representative images.
Statistical significance requires a p-value <0.05.

3 Results and discussion

3.1 Surface characterization

Figure 2 showed the surface roughness changes on the CA/
PDA-1, CA/PDA-2, CA/PDA-3, CA, PDA and Mg-Zn-Y-
Nd samples. The Mg-Zn-Y-Nd substrate showed an obvious
smoother surface with lower roughness (24.7±3.6 nm) be-
cause of the polished process, the roughness increased to a
very high value (97.3±6.9 nm) after the CA treated for 1 h.
Pure PDA preparation markedly showed a smoother surface
(59.3±9.1 nm) compared with the pure CA surface, but still
showed rougher surface compared with Mg-Zn-Y-Nd sub-
strate. However, the CA/PDA coatings exhibited smoother
surfaces compared with both pure PDA and pure CA sur-
faces, and more self-assembly layers were prepared,
smoother the surface developed, indicating a trend of
roughness: CA/PDA-1>CA/PDA-2>CA/PDA-3. This phe-
nomenon may be attributed to the property of the self-as-
sembly method, which may make the immobilized molecules
showing a more homogeneous distribution, and further the
homogeneously distributed PDA makes the surface smoother.
Figure 3 showed the surface morphology on the CA/PDA-

Figure 1 (Color online) The scheme of preparing CA/PDA coatings on the Mg-Zn-Y-Nd surface.
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1, CA/PDA-2, CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd
samples. The Mg-Zn-Y-Nd substrate presented a relatively
smooth surface, while the lighter stripes and white dots were
produced during the polished process, and it was ineluctable.
The CA modification covered the stripes, but part of the
magnesium alloy substrate was exposed, and this may be due
to the inhomogeneous layer prepared by the single mod-
ification. All the CA/PDA coatings and the single PDA
surface showed several cracks caused by the drying process,
and the crack number and width can also indirectly verify the

stability of the coatings. Obviously, there were less cracks on
the CA/PDA-1 coating compared to the PDA, CA/PDA-2
and CA/PDA-3 surfaces, and simultaneously the cracks on
the CA/PDA-1 coating showed narrower width compared
with the cracks on the PDA, CA/PDA-2 and CA/PDA-3
surfaces, suggesting better stability of the CA/PDA-1 coat-
ing.
Surface hydrophilicity is a factor that influences the bio-

compatibility of the biomaterials by making quantitative and
qualitative variation of the adsorbed protein [38]. In this
work, the water contact angles were detected to evaluate the
surface hydrophilicity of CA/PDA coatings. Figure 4
showed the water contact angle of the CA/PDA-1, CA/PDA-
2, CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd samples. It is
clear that Mg-Zn-Y-Nd presented a very high water contact
angle (114.4°±5.8°), indicating a hydrophobic surface, and
the CA treatment reduced the water contact angle (102.3°±
3.0°), but still showed a hydrophobic surface, while PDA
deposition significantly made the water contact angles de-
crease to a hydrophilic range (80.3°±0.7°), indicating a hy-
drophilic surface. However, the CA/PDA coatings showed a
broad range on water contact angles, the increased layers
made the values decrease successively: CA/PDA-1 (102.1°
±5.9°)>CA/PDA-2 (89°±0.0°)>CA/PDA-3 (61.7°±8.0°).
Quantitative determination of carboxyl and amine groups

not only makes positive correlation to the immobilized citric
acid and dopamine respectively, but also reveals the trends in
biocompatibility on the surface indirectly [39]. Figure 5(a)
showed that there was no significant difference between CA
and CA/PDA-1 on the carboxyl group density, which in-
dicated that one layer dopamine deposition made minimal
influence on the free carboxyl group or citric acid distribu-

Figure 2 (Color online) AFM images of Mg-Zn-Y-Nd, CA, PDA, CA/
PDA-1, CA/PDA-2 and CA/PDA-3 samples (mean±SD).

Figure 3 SEM images of Mg-Zn-Y-Nd, CA, PDA, CA/PDA-1, CA/PDA-2 and CA/PDA-3 samples.
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tion. However, the CA/PDA-2 and CA/PDA-3 surfaces
presented a decreasing carboxyl group density compared
with CA and CA/PDA-1, suggesting that the more layers
structures covered up the free carboxyl groups below. In
addition, the interaction between citric acid and dopamine
also consumed part of the free carboxyl group. Figure 5(b)
showed that the amine groups of CA/PDA-1 significantly
decreased compared to PDA, which may be due to the dif-
ferent amounts of the deposited dopamine, because the

modified CA possessed part of the Mg-Zn-Y-Nd surface, and
this may reduce the amount of the deposited dopamine and
also the amine density. The CA/PDA-2 and CA/PDA-3
surfaces presented an increasing amine group density com-
pared with carboxyl group which indicated more free amine
group was enriched on the surfaces. The prepared modified
layers may regulate the surface biocompatibility by appro-
priate carboxyl and amine group density [40].
Electrochemical test is a typical method to evaluate the

samples’ corrosion resistance [30]. Figure 6 presented the
typical polarization curves of the CA/PDA-1, CA/PDA-2,
CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd samples in SBF.
Corrosion potential (Ecorr) and corrosion current density (Icorr)
were summarized in Table 1. The previous research indicated
that the samples’ corrosion resistance was determined by
their corrosion current density and resistance [30]. From
Figure 6 and Table 1, CA/PDA-1 coating obviously im-
proved the corrosion resistance of the Mg-Zn-Y-Nd sub-
strate, with the corrosion current density decreases from
1.30×10−4 A/cm2 to 4.38×10−5 A/cm2, also suggesting better
stability of CA/PDA-1 samples.

3.2 Blood compatibility

The blood flow contacts materials surface that may trigger
the adhesion and activation of platelets, thrombosis forma-
tion and red blood cells (RBC) adhesion, all of which may
lead to restenosis [41]. Therefore, the in vitro dynamic blood

Figure 4 (Color online) Water contact angles of Mg-Zn-Y-Nd, CA, PDA,
CA/PDA-1, CA/PDA-2 and CA/PDA-3 samples (mean±SD, n=6).

Figure 5 Surface (a) carboxyl and (b) amine group density of each
sample (*p<0.05, **p>0.05, mean±SD, n=6).

Figure 6 (Color online) Polarization curves of the CA/PDA-1, CA/PDA-
2, CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd samples in SBF.

Table 1 Values from the polarization curve of different samples in SBF

Samples Ecorr (V) Icorr (A/cm2)

Mg-Zn-Y-Nd −1.65 1.30×10−4

CA −1.62 9.55×10−4

PDA −1.69 2.32×10−4

CA/PDA-1 −1.62 4.38×10−5

CA/PDA-2 −1.64 1.32×10−4

CA/PDA-3 −1.65 2.00×10−4

1232 . . . . . . . . . . . . . . . . . . Chen L, et al. Sci China Tech Sci August (2018) Vol.61 No.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1232



test is often applied to evaluate the blood compatibility of the
stents materials surface. SEM images of the adherent blood
components on each sample were presented in Figure 7, and
this result showed that there were less platelets adherent,
thrombosis and RBC on the CA and CA/PDA-1 surfaces
compared on the other surfaces. On the Mg-Zn-Y-Nd sur-
face, the adherent platelets/RBC from the blood flow and the
corrosion products from the materials stirred together. The
PDA surface markedly slowed down the materials corrosion,
but more platelets and RBC adhesion and aggregated on its
surface due to the amine group. The CA/PDA-2 surface
presented more platelets/RBC adhesion/aggregation because
of higher amine group density. However, the CA/PDA-3
surface exhibited less adherent platelets/RBC with higher
amine group density, and this may be just attributed to its
excessive amine group which will lead to suppression on the
cells adhesion that was described in the previous work [28],
while the obvious thrombosis also indicated a poor blood
compatibility. The quantitative characterization of adherent/
activated platelets by the typical LDH/GMP140 methods
presented the consistent results: CA and CA/PDA-1<CA/
PDA-3<Mg-Zn-Y-Nd<PDA<CA/PDA-2 (Figure 8), which
indicated better blood compatibility of CA and CA/PDA-1
surfaces.

3.3 Vascular endothelial cells growth

To investigate the endothelial cells growth on CA/PDA-1,
CA/PDA-2, CA/PDA-3, CA, PDA and Mg-Zn-Y-Nd, HU-
VEC were seeded on the surface of each sample. After cul-
ture for 1 d, the morphology and behavior of HUVEC were
observed by fluorescence images in Figure 9. The HUVEC

on Mg-Zn-Y-Nd presented shrunken or dilapidated mor-
phology as description by the research elsewhere [42], and
the CA modification further aggravated this phenomenon
due to the rich carboxyl group. The PDA modification in-
creased the surface HUVEC number and coverage ratio by
introducing amine group. The CA/PDA-1 further improved
Mg-Zn-Y-Nd surface endothelialization by strengthening its
corrosion resistance function and controlling the amine
density to an appropriate value. The increased amine density
but decreased HUVEC number on the CA/PDA-2 and CA/
PDA-3 surface was evidence that surface amine density
distributed in appropriate range really affect cells growth.
Combining with the RBC numbers in Figure 7, there was
obviously distinct response from different cells (HUVEC
and RBC, etc.) for the amine density change. The HUVEC
on CA/PDA-2 and CA/PDA-3 surfaces also showed lower

Figure 7 SEM images of adherent blood components (platelets, red blood cells and thrombus) on the CA/PDA-1, CA/PDA-2, CA/PDA-3, CA, PDA and
Mg-Zn-Y-Nd samples.

Figure 8 Quantitative characterization of adherent (LDH) and activated
(GMP140) platelets on the CA/PDA-1, CA/PDA-2, CA/PDA-3, CA, PDA
and Mg-Zn-Y-Nd samples (mean±SD, *p<0.05 compared with other
samples, n=3).
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coverage ratio compared with CA/PDA-1 and CA surfaces.
The CCK-8 determination and HUVEC coverage ratio cal-
culation in Figure 10 showed the consistent results, and all
the results indicated that the CA/PDA-1 layer could sig-
nificantly improve the endothelialization of Mg-Zn-Y-Nd
substrate.

3.4 Vascular smooth muscle cells growth

After the stent intervention, the smooth muscle cells that
located at the blood vessel media will be triggered by the
damaged vessel wall, then pathologically proliferated and
migrated on to the stents’ surfaces, which will lead to hy-
perplasia and make key challenge for the long-term therapy
[43,44]. Thus, the HUASMC number on each surface was
investigated to evaluate the anti-hyperplasia ability. The
DAPI staining images (Figure 11) and CCK-8 determination
(Figure 12) of HUASMC indicated that Mg-Zn-Y-Nd sub-
strate presented a very low HUASMC number, while the CA
and CA/PDA-1 modification further reduced HUASMC
number, suggesting better anti-hyperplasia function. Con-
trarily, PDA deposition increased HUASMC number due to
its amine group, and higher amine density may cause more
HUASMC number, which was proved by the results from
CA/PDA-2 and CA/PDA-3 surface. This results also vali-
dated the fact that distinct response from different cells
(HUVEC, RBC and HUASMC, etc.) for the amine density
change.

3.5 Macrophages adhesion and activation

Inflammation is the first response of the immune system to

infection, injury, or irritation, and macrophages play a crucial
role during the inflammatory process [45]. The fluorescence
photographs and counting of macrophages on the Mg-Zn-Y-

Figure 9 (Color online) Fluorescence images of HUVEC on samples of Mg-Zn-Y-Nd, CA, PDA, CA/PDA-1, CA/PDA-2 and CA/PDA-3, respectively. The
spots pointed by arrows were the HUVEC that stained with rhodamine.

Figure 10 (a) Quantitative characterization and (b) coverage ratios of
HUVEC on samples of Mg-Zn-Y-Nd, CA, PDA, CA/PDA-1, CA/PDA-2
and CA/PDA-3, respectively (mean±SD, *p<0.05, n=3).
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Nd, CA, PDA, CA/PDA-1, CA/PDA-2 and CA/PDA-3
samples are shown in Figures 13 and 14(a). It could be seen
from Figure 13 that very few macrophages distributed on the
CA and CA/PDA-1 surfaces, and their nucleus presented
rounded shape, which indicated a non-inflammation state,
while numerous macrophages attached on the Mg-Zn-Y-Nd,
PDA, CA/PDA-2 and CA/PDA-3 surfaces, and their nucleus
possessed more area, suggesting the aggregated and/or ac-
tivated state. The quantity of the attached macrophages on
the surfaces presented in Figure 14(a) indicated that the CA
and CA/PDA-1 samples showed significantly less macro-
phages compared with the other samples. It is very inter-
esting that there is no significant difference between Mg-Zn-
Y-Nd and PDA on macrophages numbers. This may be due
to their different pro-inflammatory mechanisms: Mg-Zn-Y-
Nd may lead to inflammation because of its excessive hy-

drogen enrichment during the degradation process [46],
while the PDA preparation introduced amine group and
further attracted more macrophages adhesion to the Mg-Zn-
Y-Nd surface [24]. Another interesting phenomenon was that
the attached macrophages numbers displayed a trend: CA/
PDA-1<PDA<CA/PDA-2<CA/PDA-3. This trend was con-
sistent with the amine group quantity and HUASMC quan-
tity, but different from HUVEC and platelets quantity, which
further verified the fact that distinct response from different
cells (HUVEC, RBC, platelets, HUASMC and macrophages,
etc.) for the amine density change.
During the inflammation reaction, the attached and acti-

vated macrophages on the devices will release special che-
mokines (such as TNF-α and IL-6), which may aggravate
this pathological process [47]. Thus, TNF-α and IL-6 re-
leased from the macrophages on the Mg-Zn-Y-Nd, CA,
PDA, CA/PDA-1, CA/PDA-2 and CA/PDA-3 samples were
measured by a typical ELISA method, and the results are
presented in Figure 14(b). It was obvious that macrophages
on the CA and CA/PDA-1 layers released less TNF-α and IL-
6 compared with the other samples, suggesting better anti-
inflammation function.

4 Conclusions

In this work, the Mg-Zn-Y-Nd alloy substrate was modified
with citric acid (CA) and dopamine by a layer-by-layer self-
assembly method. The characterization of AFM, water
contact angle measurement and carboxyl/amine quantity
proved the successful preparation of the three CA/PDA
layers (CA/PDA-1, CA/PDA-2 and CA/PDA-3). The dy-
namic blood test demonstrated the significantly improved
blood compatibility of the Mg-Zn-Y-Nd by both CA and CA/

Figure 11 (Color online) Fluorescence images of HUASMCs stained with DAPI on samples of Mg-Zn-Y-Nd, CA, PDA, CA/PDA-1, CA/PDA-2 and CA/
PDA-3, respectively. The dots pointed by arrows were the HUASMC nucleus that stained with DAPI.

Figure 12 Quantitative characterization of HUASMCs on samples of
Mg-Zn-Y-Nd, CA, PDA, CA/PDA-1, CA/PDA-2 and CA/PDA-3, respec-
tively (mean±SD, *p<0.05, n=3).
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PDA-1 modification, and the HUASMC culture experiment
presented a consistent result that both the CA and CA/PDA-1
layers inhibited smooth muscle cell proliferation, suggesting
a strong anti-hyperplasia function. In particular, the CA/

PDA-1 layer exhibited excellent improving ability on en-
dothelial cell growth and coverage, indicating potential
function on pro-endothelialization. The macrophages culture
results also showed that the CA/PDA-1 layer inhibited
macrophages attachment and activated (TNF-α and IL-6
release), indicating better anti-inflammation functions. All
the results revealed that this CA/PDA modification with
specific parameters could markedly improve surface bio-
compatibility, especially promote endothelial cells growth,
and thus was looked forward potentially application for
surface modification of degradable magnesium alloy as
cardiovascular implanted biomaterials.
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