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Abstract: Nanoscale topography was constructed on a thermally responsive poly(N-isopropylacrylamide)
(PNIPAAm) surface by grafting the polymer from silicon nanowire arrays via surface-initiated atom transfer
radical polymerization. The as-prepared surface showed largely reduced platelet adhesion in vitro both
below and above the lower critical solution temperature (LCST) of PNIPAAm (∼32 °C), while a smooth
PNIPAAm surface exhibited antiadhesion to platelets only below the LCST. Contact angle and adhesive
force measurements on oil droplets (1,2-dichloroethane) in water demonstrated that the nanoscale
topography kept a relatively high ratio of water content on the as-prepared surface and played a key role
in largely reducing the adhesion of platelets; however, this effect did not exist on the smooth PNIPAAm
surface. The results can be used to extend the applications of PNIPAAm in the fields of biomaterials and
biomedicine under human physiological temperature and provide a new strategy for fabricating other blood-
compatible materials.

Introduction

Designing blood-compatible materials and devices is vital for
implantation and many other medical uses. It is generally
believed that when they are in contact with blood, most
implanted material surfaces adsorb blood proteins, after which
platelet activation and adhesion occur, causing blood coagulation
and thrombosis.1 Surface composition, charge, flexibility and
wettability, etc. have an important influence on the blood
compatibility of materials.2,3 Among all these factors, wettability
is one of the most important parameters affecting protein
adsorption, platelet adhesion/activation, and blood coagula-
tion.4-6 Thus, controlling and adjusting the surface wettability
is crucial to blood compatibility of biomaterials. To date,
thermally responsive poly(N-isopropylacrylamide) (PNIPAAm)
has attracted extensive attention because of its reversible
conversion between hydrophilicity and hydrophobicity below

and above its lower critical solution temperature (LCST, ∼32
°C)7 and its novel property of controlling the adhesion of cells
as well as platelets.8-10 Numerous works have been done to
study and improve the surface properties of PNIPAAm.11-13

However, few studies have truly noticed the influence of the
nanoscale topography of the PNIPAAm surface on cells.14,15

In fact, surface topography, especially nanoscale topography,
elicits diverse cell behaviors, including changes in cell adhesion,
cell orientation, cell motility, surface antigen display, etc.16-19

In this work, we successfully constructed a nanoscale
topography on a PNIPAAm surface by introducing silicon
nanowire arrays (SiNWAs), and investigated the interaction
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between this surface and platelets in vitro. The as-prepared
surface (SiNWA-PNIPAAm) showed largely reduced platelet
adhesion both below and above the PNIPAAm LCST, while
the smooth PNIPAAm surface exhibited antiadhesion to platelets
only below the LCST. It was demonstrated that the nanoscale
topography kept a relatively high ratio of water content on the
SiNWA-PNIPAAm surface and played a key role in largely
reducing the adhesion of platelets; however, this effect did not
exist on the smooth PNIPAAm surface.

PNIPAAm is a well-known thermally responsive polymer that
shows an extended hydrophilic chain conformation below its
LCST in aqueous solution and undergoes a phase transition to
insoluble and hydrophobic aggregates above the LCST.20-22

Okano and co-workers have thoroughly investigated this transi-
tion of surface wettability, which affects the platelet contacting
activation and adhesion.8,9 Platelets can be activated and adhere
to the PNIPAAm surface above its LCST, while below it, the
platelets cannot adhere and tend to detach from the PNIPAAm
surface.10 Unfortunately, this would restrict the application of
PNIPAAm and its copolymers in vivo as potential drug delivery
systems,23 since the effect may bring activation and adhesion
of platelets and thus cause subsequent blood coagulation and
thrombosis. Recently, SiNWAs have attracted extensive interest
in many fields, such as nanodevices, photovoltaic cells, bio-
sensors, etc.24,25 Moreover, the surfaces of SiNWAs also show
unique nanostructures in topography that are well-matched with
the size of platelets (2-4 µm). In order to investigate the
interaction between platelets and the nanoscale topography of
a PNIPAAm surface, we combined the composition of PNIPAAm
and the nanostructures of a SiNWA surface. In our experiment,
the SiNWA was fabricated by a versatile, low-cost method
through chemical etching of crystalline silicon in AgNO3/HF
aqueous solution.26 PNIPAAm was then grafted onto SiNWA
through surface-initiated atom transfer radical polymerization
(SI-ATRP).27,28 In vitro testing for platelet adhesion was
conducted on SiNWA-PNIPAAm and control surfaces, and
further characterizations via scanning electron microscopy
(SEM), transmission electron microscopy (TEM), X-ray pho-
toelectron spectroscopy (XPS), atomic force microscopy (AFM),
and contact angle measurements were used to investigate the
surface properties. Details concerning SiNWA preparation, the
SI-ATRP process, and the platelet adhesion treatment are given
in the Experimental Section.

Results and Discussion

BothSEMandTEMimagesshowthat theSiNWA-PNIPAAm
surface possesses unique nanoscale topography. Figure 1a
displays a top-view SEM image of the SiNWA. Many silicon
nanoclusters, formed by several nanowires combined together,

can be clearly observed on the surface. As evidenced by the
cross-sectional SEM image (Figure 1b), most of the nanowires
are perpendicular to the silicon wafer substrate and have uniform
diameters in the range 50-100 nm (average value 69.7 ( 4.3
nm) and lengths of 25 ( 3.3 µm. Polymerization of N-
isopropylacrylamide monomer by SI-ATRP using SiNWA
produced a thin layer of PNIPAAm on the SiNWA surface
(Figure 1c). The TEM image (Figure 1d) clearly shows a single
silicon nanowire enwrapped by PNIPAAm, as the interface of
these two components is evident. According to the TEM image,
the diameter of the single silicon nanowire is ∼64.2 nm, and
the thickness of the PNIPAAm layer is ∼32.3 nm. Further
characterization of the SiNWA-PNIPAAm surface was con-
ducted by XPS (Figure S1 in the Supporting Information). The
XPS wide-scan spectrum of the surface shows that composition
of surface elements is mainly C, N, and O (Figure S1a). The C
1s core-level spectrum of the surface (Figure S1b) can be curve-
fitted for three peak components with binding energies of
∼284.8, 285.5, and 288.0 eV, attributable to the C-H, C-N,
and N-CdO species, respectively.12,29 The XPS results prove
that the material surface is grafted with PNIPAAm, indicating
an effective SI-ATRP procedure in our work.

Testing for platelet adhesion was carried out in vitro via the
platelet-suspension method and assessed by environmental SEM
(ESEM) imaging. Here, three kinds of control surfaces were
introduced for comparison with the SiNWA-PNIPAAm sur-
face: a pristine smooth silicon wafer (Si), a bare SiNWA, and
a PNIPAAm-grafted smooth silicon wafer (Si-PNIPAAm). As
shown in Figure 2a, the density of adhered platelets on the Si
surface was (1.0 ( 0.2) × 106 platelets/cm2 at 37 °C, which is
a little higher than the value of (5.7 ( 1.6) × 105 platelets/cm2

at ambient temperature (∼20 °C). The difference for the two
temperature conditions is mainly due to the low activity of
platelets below the physiological temperature of 37 °C. For the
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Figure 1. Morphologies of SiNWA and PNIPAAm-grafted SiNWA
(SiNWA-PNIPAAm). (a) SEM top view of the as-prepared SiNWA. (b)
Cross-sectional SEM view of an SiNWA with a length of 25 ( 3.3 µm. (c)
SEM top view of SiNWA-PNIPAAm, where a thin layer of PNIPAAm
was grafted onto the SiNWA surface while retaining the nanoscale
topography. (d) TEM image of a single silicon nanowire enwrapped by
PNIPAAm. The diameter of the single silicon nanowire is ∼64.2 nm, and
the thickness of the PNIPAAm layer is ∼32.3 nm.
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SiNWA surface, the density of adhered platelets was the highest
one among the four samples [(2.2 ( 0.2) × 106 platelets/cm2

at 37 °C and (1.5 ( 0.2) × 106 platelets/cm2 at 20 °C].
Subsequently, the Si-PNIPAAm surface showed significantly
less platelet adhesion than the Si surfaces but remarkable
temperature-responsive behavior [(5.8 ( 1.5) × 105 platelets/
cm2 at 37 °C, 1 order of magnitude higher than the value of
(6.0 ( 6.7) × 104 platelets/cm2 at 20 °C]. Surprisingly, only a
few platelets were found to adhere on the SiNWA-PNIPAAm
surface at both 20 and 37 °C, which means that the temperature-
responsive behavior was eliminated in this manner.

Additionally, morphological changes in platelets adhered on
different surfaces were certainly observed in our work. Figure
2b-i displays the detailed morphology of adhered platelets on
different surfaces at 20 and 37 °C by ESEM imaging. On the
Si surface (Figure 2b,f), the platelets were highly activated and
fully spread out with many typical pseudopods at both 20 and
37 °C. On the SiNWA surface, the adhered platelets were ball-
shaped with less-spreading pseudopods (Figure 2c,g), probably
because of the structural restriction on the platelets by the silicon
nanowires. However, as shown in Figure 2d,h, the platelets
exhibited different morphologies on the Si-PNIPAAm surface
at 20 and 37 °C. The adhered platelets were spherical with
obvious protuberances but few pseudopods at 20 °C, whereas
at 37 °C, the platelets were spread out to some extent with a
few pseudopods. This suggests that PNIPAAm inhibited platelet
adhesion below its LCST and that this effect died out above its
LCST, possibly as a result of reduced platelet-surface interac-
tions caused by hydration of PNIPAAm chains as the temper-
ature decreased.10 In regard to the SiNWA-PNIPAAm surface

(Figure 2e,i), it is very noticeable that adhered platelets were
barely found on the surface at both 20 and 37 °C. The few
platelets on the surface kept a disk shape free of pseudopods.
This result indicates that the SiNWA-PNIPAAm surface could
largely reduce the adhesion and activation of platelets.

To understand this result, it should be noted that although Si
and SiNWA surfaces are hydrophilic, there is always a thin layer
of SiO2 at the silicon surface. Iler has shown that over the normal
pH range the surface of SiO2 is weakly negatively charged and
that the charge density is virtually constant between pH 3 and
8.30 Hence, the adhesion of platelets on the SiNWA surface
may be complicated by the presence of surface charges at the
SiO2-water interface. The electrostatic attraction between this
charged surface and protein molecules is often the driving force
for adsorption from solution onto the solid surface and mostly
causes irreversible adsorption of proteins on the charged
surface.31,32 Since attachment of cells/platelets is a secondary
process that significantly depends on the nature of the adsorbed
layer of protein,33 the charged Si and SiNWA surfaces in our
experiment can easily cause platelet adhesion and certainly have
no antiplatelet effect.

To the best of our knowledge, the PNIPAAm surface is
hydrophilic and antiadhesive to platelets below the LCST but
hydrophobic and adhesive to platelets above the LCST.10 The
nanoscale topography was supposed to enlarge this thermally
responsive change, rendering the surface more hydrophilic and
antiadhesive below the LCST and more hydrophobic and
adhesive above it.28 However, it turned out that this nanofab-
ricated PNIPAAm surface showed the antiadhesive property to
platelets both below and above the LCST. Therefore, surface
wettability, a most important parameter affecting platelet
behavior, certainly should be considered. In previous work
reported by Sun et al.,19 a nanostructured superhydrophobic
surface showed novel antiadhesive properties to platelets.
However, in the work presented here, the antiadhesive nano-
structured PNIPAAm surface shows thermally responsive
switching between hydrophilic and hydrophobic states. In an
air system, for the Si-PNIPAAm surface, the contact angle
(CA) of a 3 µL water droplet increased from 70.1 ( 1.3° to
88.5 ( 4.5° (Figure 3a) when the temperature was switched
from 20 to 37 °C, while for the SiNWA-PNIPAAm surface,
the CA changed from 20.7 ( 3.1° to 106.4 ( 5.3° (Figure 3b).
Accordingly, in a water system, for the same Si-PNIPAAm
surface, the CA of a 3 µL oil droplet (1,2-dichloroethane)
decreased evidently from 121.1 ( 5.2° to 103.7 ( 6.3° (Figure
3c), while for the same SiNWA-PNIPAAm surface, the CA
stayed almost constant, and the surface remained in the
superoleophobic state when the temperature was switched from
20 to 37 °C again (Figure 3d). This result is crucial for
understanding the change in platelet adhesion on the Si-
PNIPAAm and SiNWA-PNIPAAm surfaces at 20 and 37 °C.
Because the platelet adhesion experiment was conducted in
phosphate buffered saline (PBS, pH 7.4), the wettability of the
PNIPAAm surface in the liquid phase should be taken into
account. It has been reported by Liu et al.34 that a hydrophilic
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Figure 2. Number and morphology of adhered platelets. (a) Statistical
histogram of the number of adhered platelets on different surfaces at 20 °C
(blue bars) and 37 °C (orange bars): Si, pristine smooth silicon wafer;
SiNWA, silicon nanowire array; Si-PNIPAAm, PNIPAAm grafted onto
Si; SiNWA-PNIPAAm, PNIPAAm grafted onto SiNWA. The ** labels
indicate significant differences (p < 0.01) in comparison with Si. The values
are means of ten samples, and the error bars denote the standard deviation.
(b-i) ESEM images of adhered platelets on (b, f) Si, (c, g) SiNWA, (d, h)
Si-PNIPAAm, and (e, i) SiNWA-PNIPAAm at 20 and 37 °C, respectively.
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surface in a water/air/solid system shows oleophobic behavior
in an oil/water/solid system (see Scheme S1 and Note S1 in
the Supporting Information). Moreover, a water-trapped com-
posite rough surface, such as fish skin, can even exhibit a
superoleophobic property due to its high water content. There-
fore, the CA results for the water system offer a direct proof
that the SiNWA-PNIPAAm surface was composed with
relatively high ratio of water content, which leads to a
nonresponsive superoleophobic state in comparison with the
responsive oleophobic state of the Si-PNIPAAm surface in
water. It is obvious that the nanoscale topography plays a key
role in keeping water molecules on the SiNWA-PNIPAAm
surface.

For the Si-PNIPAAm and SiNWA-PNIPAAm surfaces, the
adhesive forces on oil droplets in water also varied remarkably.
In our experiment, force changes were recorded by a high-
sensitivity micromechanical balance system35 when the Si-
PNIPAAm and SiNWA-PNIPAAm surfaces were controlled
to contact and leave a 1 µL oil droplet. The Si-PNIPAAm
surface exhibited remarkable adhesion to the oil droplet, always
drawing the droplet with great shape distortion and then causing
it to break; this implies that the adhesive force should be larger
than the stretch force (Figure 4a,b). The stretching force for
this surface was 19.0 ( 2.4 µN at 37 °C and 14.5 ( 2.5 µN at
20 °C. However, for the SiNWA-PNIPAAm surface, the oil
droplet could only be stretched to an elliptical shape, with almost
no residuum on the surface (Figure 4c,d). The adhesive force
here was only 3.2 ( 1.7 µN at 37 °C and 4.6 ( 1.8 µN at 20
°C, much smaller than that on Si-PNIPAAm surface. This result
is in great consistence with the results of the CA measurements

in water, showing higher water content on the SiNWA-
PNIPAAm surface than on the Si-PNIPAAm surface.

AFM was also used to characterize the smooth PNIPAAm
surface to investigate its adhesion behavior to platelets at the
micro/nano scale. As shown in Figure 5a-d, a 3 µm × 3 µm
area of the Si-PNIPAAm surface was scanned (tapping mode)
in situ using a Si3N4 tip in water at 20 and 37 °C (the green
circles represent the same area). Increasing the temperature from
20 to 37 °C resulted in shrinkage of the nanopapillas on the
PNIPAAm surface, as can be observed in the topography images
in Figure 5a,b. Moreover, as a useful tool for characterization
of the adhesion force between a tip and a sample,36,37 topog-
raphy and recognition (TREC) images (Figure 5c,d) were used
to display different adhesive forces between the tip and surface
at 20 and 37 °C. More dark regions can be observed in Figure
5d than in Figure 5c, and especially in the green-circle region,
the color changes dramatically from light-yellow to black. These
increasing dark regions represent stronger hydrophobic-
hydrophobic interactions between the tip and the surface (the
Si3N4 tip is hydrophobic) at 37 °C than at 20 °C, indicating a
transition of the PNIPAAm surface from hydrophilic to hydro-
phobic state.38 Direct quantitative measurement of the adhesion
force between the Si3N4 tip (force constant ) 0.121 N/m) and
the PNIPAAm surface was also conducted in contact mode at
20 and 37 °C. As shown in Figure 5e, the typical force-distance
curve displays a sharp peak in the adhesion force during
separation of the tip and surface at 37 °C, while only an
inapparent peak existed at 20 °C. The average adhesion force
(based on 30 curves measured at each location and five locations
at each temperature) was 0.50 nN at 20 °C and 1.18 nN at 37
°C, and the corresponding distributions of the observed adhesion
forces are visualized in Figure 5f. The temperature-dependent
switching of the adhesion force between the Si3N4 tip and the
PNIPAAm surface can be ascribed to a hydrophobic attractive
force, which gives clear evidence for the hydrophilic-hydrophobic
phase transition of the PNIPAAm surface, leading to responsive
adhesion of platelets from 20 to 37 °C.
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Figure 3. Contact angle images for Si-PNIPAAm and SiNWA-PNIPAAm
surfaces under different conditions. The temperature was set to (left) 20
and (right) 37 °C. (a) CAs of water droplets on the Si-PNIPAAm surface
in air, where the change in CA was ∼18.4°. (b) CAs of water droplets on
the SiNWA-PNIPAAm surface in air, where the change in CA was ∼85.7°.
(c) CAs of oil droplets (1,2-dichloroethane) on the Si-PNIPAAm surface
in water, where the change in CA was ∼17.4°. (d) CAs of oil droplets on
the SiNWA-PNIPAAm surface in water, where the surface remained a
superoleophobic state.

Figure 4. Adhesive force measurements on different substrates using oil
droplets (1,2-dichloroethane) as detecting probes. Each measurement
includes three steps: (left) the oil droplet contacts the surface; (middle) the
oil droplet is leaving the surface; (right) the oil droplet has left the surface.
(a) At 20 °C, the smooth Si-PNIPAAm surface shows a large adhesive
force and a high amount of residuum. (b) At 37 °C, the smooth
Si-PNIPAAm surface shows a large adhesive force and a higher amount
of residuum. (c) At 20 °C, the SiNWA-PNIPAAm surface shows a low
adhesive force and almost no residuum. (d) At 37 °C, the SiNWA-PNIPAAm
surface shows a low adhesive force and almost no residuum.

10470 J. AM. CHEM. SOC. 9 VOL. 131, NO. 30, 2009

A R T I C L E S Chen et al.



To the best of our knowledge, it is more difficult for protein
or cells to adsorb on a hydrophilic polymer surface [e.g.,
poly(ethylene glycol) or poly(ethylene oxide)] than a hydro-
phobic polymer surface, mainly because of the high water
content in the hydration layer of these polymer outer chains.39-41

Meanwhile, the hydrophilic/hydrophobic transition of the
PNIPAAm surface has been reported to be the main reason

affecting the responsive adhesion of cells and platelets.8,10

However, that mechanism may not suitable when nanoscale
topography is considered. A new mechanism is proposed to
explain why the SiNWA-PNIPAAm surface can largely reduce
the adhesion of platelets relative to the Si-PNIPAAm surface,
as shown in Figure 6a-d. In the present work, for the smooth
Si-PNIPAAm surface, PNIPAAm chains form a hydration layer
that prevents adhesive proteins of platelets from adsorbing at
20 °C (Figure 6a), while at 37 °C, the PNIPAAm chains crouch
into a hydrophobic state, enabling adhesive proteins to adsorb
(Figure 6b). However, for the SiNWA-PNIPAAm surface,
water molecules are trapped in the interstices of the nanowire
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Figure 5. AFM mapping of the PNIPAAm surface and direct measurement of the adhesion force between the tip and sample. (a-d) In situ AFM images
of the PNIPAAm surface (green circles represent the same area; scale bar 500 nm): (a, b) topography images at 20 and 37 °C, respectively (Z range 700 nm),
showing the shrinkage of the nanopapilla on the PNIPAAm surface with increasing temperature; (c, d) TREC images at 20 and 37 °C, respectively (Z range
2.5 V), in which the change in color from light-yellow to black indicates the surface transition from the hydrophilic state to the hydrophobic state. (e)
Typical temperature-dependent switching of the adhesion force between a Si3N4 probe tip and the PNIPAAm surface. The adhesion force was ∼0.50 nN at
20 °C (black line) and 1.18 nN at 37 °C (red line). (f) Histograms of the adhesion forces between the probe tip and the PNIPAAm surface at 20 °C (blue
bars) and 37 °C (orange bars).

Figure 6. Hypothetical platelet adhesion mechanisms for different surfaces. (a) On the Si-PNIPAAm surface at 20 °C, extended polymer chains form a
hydration layer that prevents adhesive proteins of platelets from adsorbing. (b) On the Si-PNIPAAm surface at 37 °C, the polymer chains crouch to a
hydrophobic state, enabling adhesive proteins to adsorb. (c) On the SiNWA-PNIPAAm surface at 20 °C, water is trapped into the interstices of the nanowire
arrays, causing a higher hydration ratio of the surface and lower protein adhesion. (d) On the SiNWA-PNIPAAm surface at 37 °C, the water-trapping effect
changes the surface wettability from a hydrophobic state to a hydrophilic state, thus largely reducing the adsorption of adhesive proteins.
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arrays, causing a higher hydration ratio of the surface (Figure
6c). This effect was evidenced by the oil droplet CA and
adhesive force measurements in water. Hence, the increased
water content of the surface largely reduces the adsorption of
adhesive proteins of platelets. Moreover, since the PNIPAAm
surface is already hydrophilic at 20 °C but hydrophobic at 37
°C, this water-trapping effect brings a greater change in the
wettability of PNIPAAm surface at 37 °C than at 20 °C (Figure
6d). This is why largely reduced adhesion of platelets could be
achieved by the introduction of nanoscale topography at both
20 and 37 °C, i.e., both below and above the PNIPAAm LCST.
Furthermore, the improved interfacial property of SiNWA-
PNIPAAm inspires us to suggest that optimization of chemical
characteristics in combination with micro/nanoscale topography
could yield new functional materials.

Conclusion

In summary, SI-ATRP of PNIPAAm onto a silicon nanowire
array yielded a surface showing typical nanoscale topography
and significantly reduced activation and adhesion of platelets
(relative to the Si, SiNWA, and Si-PNIPAAm surfaces) both
below and above the PNIPAAm LCST. Both contact angle and
adhesive force measurements in water revealed that the nano-
scale topography kept a relatively high ratio of water content
on the PNIPAAm surface, which played a key role in largely
reducing the adhesion of platelets. We believe that the work
presented here will extend the applications of PNIPAAm in the
field of biomaterials and biomedicine at human physiological
temperature and offer a new strategy for fabricating other blood-
compatible materials.

Experimental Section

Fabrication of SiNWA. Silicon wafers were cut into rectangular
strips, soaked in 3:1 H2SO4 (97%)/H2O2 (30%) for 30 min, and
then thoroughly rinsed with deionized water. Cleaned silicon strips
were put into the etching solution ([HF] ) 5.0 mol L-1 and
[AgNO3] ) 0.015 mol L-1), sealed at 50 °C for 20 min, immersed
in 20% nitric acid for 1 min, and finally rinsed with deionized water
two or three times.

SI-ATRP of PNIPAAm onto SiNWA. The SiNWA strips were
immersed in a saturated aqueous NaOH/ethanol solution for 5 min
and subsequently in HNO3 (0.1 M) for 10 min to generate surface
hydroxyl groups. After they were washed with deionized water and
dried using nitrogen gas, they were heated to reflux in toluene
containing 5 wt % aminopropyltrimethoxysilane (ATMS) for 6 h,
affording chemically bonded -NH2 groups on the surface. The

strips were rinsed with toluene and dichloromethane and then
immersed in dry dichloromethane containing 2% (v/v) pyridine.
The polymerization initiator bromoisobutyryl bromide was added
dropwise into the solvent containing the strips at 0 °C; the system
was left at 0 °C for 1 h and then at room temperature for 12 h,
after which the strips were cleaned with dichloromethane and
acetone. Polymerization of NIPAAm was achieved by immersing
the strips with the initiator grafted onto the surface into a degassed
solution of NIPAAm (0.8 g) in a 1:1 (v/v) mixture of H2O and
CH3OH (5 mL) containing CuBr (0.032 g, 0.23 mmol) and
pentamethyldiethylenetriamine (PMDETA; 0.14 mL) for 2 h at 60
°C. When the polymerization was over, the strips were rinsed with
deionized water two or three times and then blown dry with a flow
of nitrogen.

Preparation of Platelet Suspension. Blood was drawn from
male rats (Wistar, 400 g) into a syringe containing a 3.8% sodium
citrate solution [9:1 (v/v) blood/anticoagulant], in accordance with
institutional policies. Next, platelet-rich plasma (PRP) was prepared
by centrifugation (1100 rpm for 10 min). After ACD anticoagulant
and EDTA were added, the PRP was centrifuged at 160g for 10
min twice to separate the platelets and platelet-poor plasma (PPP).
The platelets were then suspended in PBS at a final concentration
of ∼106 cells/mL.

Platelet Adhesion and Treatment. Two groups of samples were
placed in the platelet suspension and incubated for 1 h, one at room
temperature (∼20 °C) and the other at 37 °C. After incubation, the
two groups of samples were rinsed with PBS at 20 and 37 °C,
respectively, to remove loosely attached platelets, fixed with 3%
glutaraldehyde in PBS for 30 min at the respective experimental
temperatures, and then transferred to storage at 4 °C overnight.
Finally, the samples were gradiently dehydrated by ethanol and
treated by critical CO2 drying for subsequent ESEM observation.
The platelet adhesion on different surfaces was assessed by
randomly selecting 10 images for each surface and then counting
the number of platelets.
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