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Abstract

We describe a series of fluorocarbon surfactant polymers designed as surface-modifying agents for
improving the thrombogenicity of ePTFE vascular graft materials by the reduction of platelet
adhesion. The surfactant polymers consist of a poly(vinyl amine) backbone with pendent dextran
and perfluoroundecanoyl branches. Surface modification is accomplished by a simple dip-coating
process in which surfactant polymers undergo spontaneous surface-induced adsorption and assembly
on PTFE/ePTFE surface. The adhesion stability of the surfactant polymer on PTFE was examined
under dynamic shear conditions in PBS and human whole blood with a rotating disk system.
Fluorocarbon surfactant polymer coatings with three different dextran to perfluorocarbon ratios
(1:0.5, 1:1 and 1:2) were compared in the context of platelet adhesion on PTFE/ePTFE surface under
dynamic flow conditions. Suppression of platelet adhesion was achieved for all three coated surfaces
over the shear-stress range of 075 dyn/cm? in platelet-rich plasma (PRP) or human whole blood.
The effectiveness depended on the surfactant polymer composition such that platelet adhesion on
coated surfaces decreased significantly with increasing fluorocarbon branch density at 0 dyn/cm?.
Our results suggest that fluorocarbon surfactant polymers can effectively suppress platelet adhesion
and demonstrate the potential application of the fluorocarbon surfactant polymers as non-
thrombogenic coatings for ePTFE vascular grafts.
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1. Introduction

Expanded polytetrafluoroethylene (ePTFE) is a widely used biomaterial for small and medium-
sized vascular grafts, due to its mechanical strength, chemical inertness and non-adhesiveness
[1-5]. ePTFE vascular grafts have exhibited reasonable success for medium-sized vessels
(inner diameter (ID) approx. 6-8 mm). However, for smaller diameters (ID <5 mm), graft
performance has been drastically restricted by pathophysiological problems like thrombotic
occlusion, thromboem-bolism, intimal hyperplasia and infection [1-5]. A particular clinical
challenge for small diameter ePTFE grafts is thrombotic occlusion, which is initiated by protein
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and platelet interaction with the graft surface [3,5]. Platelets are known to play a key role in
the surface-induced thrombosis. Upon adhesion on a foreign material surface and subsequent
activation, platelets accelerate thrombosis by secretion of the granule contents, generation of
microparticles, formation of fibrinogen-mediated platelet aggregate and acceleration of
thrombin production [6].

Platelet adhesion on synthetic materials is mediated by plasma protein adsorption [7].
Specifically, adsorbed fibrinogen [8] and von Willebrand factor (vWf) [9] are known to adhere
and activate platelets in vitro. One strategy for improving blood material interfacial
compatibility is to suppress the protein and platelet adhesion by incorporating hydrophilic chain
molecules like PEO [10,11] or oligosac-charide [12]. However, surface modification on PTFE,
which generates highly hydrated surfaces consisting of individual chain molecules, generally
involves high-energy surface treatment such as radio frequency glow discharge [13,14],
chemical etching [15,16], iron-beam treatment [17], or photoexcited electron-transfer reactions
[18]. The main drawback for such approaches is the undefined surface chemistry.

An alternative approach is to utilize physicochemical methods. Tae et al. recently reported
using physisorption of fluoroalkyl-terminated poly(ethylene glycol) to modify PTFE through
hydrophobic interaction [19]. Similar approaches have been utilized by Larendo et al. to modify
carbon-coated PTFE graft with silyl-heparin [20]. There are other reports about combining the
physisorption of phos-phorycholine polymer and PEO tri-block polymer with cross-linking by
gamma irradiation [21,22]. The approaches have met with only limited success. For example,
PEO-containing triblock co-polymer adsorbed on ePTFE showed about 38% reduction of
platelet adhesion [22]. PEG glow discharge coating on ePTFE membrane reduced the platelet
pseudopod formation, but did not decrease the platelet adhesion [23]. Most of the above
systems employ a simple AB or ABA type molecular structure, which only allows for 1 (AB
type) or 2 (ABA type) hydrophobic chains to interact with the substrate. The adhesion stability
of the surfactant can be improved by adopting a comb-like graft polymer structure, which
allows for multiple hydrophobic chains (>150) along a polymer backbone to interact with the
surface and with each other. From that perspective, we developed a series of surfactant
polymers based on poly(vinyl amine) (PVVAm) backbone with pendent dextran or oligomaltose
and hydrophobic hexanoyl groups, which have shown to suppress protein adsorption on
graphite [24-26], and platelet adhesion and activation on polyurethane and polycarbonate
[26,27]. However, the hydrocarbon surfactant polymers do not have strong affinity to the PTFE
surface. To address this problem, surfactant polymers with fluorocarbon branches have been
designed to increase the adhesion between surfactant polymer and PTFE [28]. The
fluorocarbon surfactant polymers described here are based on poly(vinyl amine) with pendent
hydrophilic dextran and hydrophobic perfluoroundecanoyl branches (Fig. 1).

This approach takes advantage of the thermodynamic compatibility between fluorocarbon
chain and PTFE surface and the thermodynamic driving force that creates a dense surface
coating of surfactant molecules. Fluorocarbon chains serve as physical binding ligands that
constrain the polymer backbone to the fluorocarbon surface while dextran molecules in the
surfactant polymer are designed to mimic the polysaccharide-rich cell-surface glycocalyx
[29] to provide a highly hydrated steric barrier that prevents protein adsorption and cellular
adhesion.

The effectiveness of the surfactant polymer coating in preventing protein adsorption and
platelet adhesion is known to depend on several factors, including the packing density and the
thickness of the hydrated dextran layer on PTFE [12,30,31]. To address the issue of optimal
surface density, we examined the influence of hydrophilic/hydrophobic ratio in fluorocarbon
surfactant polymers on the suppression of platelet adhesion. Fluorocarbon surfactant polymers
with three different ratios of dextran to perfluoroundecanoyl side-chains were adsorbed on
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PTFE and examined for suppression of platelet adhesion under dynamic flow conditions.
Coated PTFE and ePTFE surfaces were examined by epifluorescence microscopy for their
ability to suppress the adhesion of platelets in human platelet-rich plasma and whole blood.

2. Materials and Methods

2.1. Surfactant Polymer Synthesis and Fluorescence Labeling

The synthesis and characterization of fluorocarbon surfactant polymers were described in a
previous report [28]. Briefly, the fluorocarbon surfactant polymers were synthesized by
sequential attachment of dextran and perfluoroundecanoyl branches to the poly(vinyl amine)
backbone. The dextran percentage in the fluorocarbon surfactant polymers was kept constant
at 22 mol%, whereas the percentage of fluorocarbon branches varied from 15 to 45 mol%
[28]. The fluorocarbon surfactant polymers were designated as PVAm(Dex:FC11) 1:0.5, 1:1
or 1:2, according to the ratio of dextran to perfluoroundecanoyl side-chains in the polymer
structure (Fig. 1).

Fluorocarbon surfactant polymer, PVAmM(Dex:FC11) 1:2, was labeled with fluorescein to help
examine the coating by fluorescence microscopy. The procedure was described in a previous
report [27].

2.2. Surfactant Coating on PTFE and ePTFE Surface

Polytetrafluoroethylene (PTFE, skived thin sheet) was purchased from Enflo (Bristol, CT,
USA). Expanded PTFE (ePTFE, pore size approx. 30 um) was purchased from Zeus Industrial
Products (Orangeburg, SC, USA). Cleaning was accomplished by sonicating PTFE/ePTFE
sequentially in acetone, DMSO and water for 10 min. PTFE and ePTFE were modified by
immersing in surfactant solution (1-2 mg/ml) for 48 h. The surfactant solution was diluted
several times with pure water before samples were removed and air-dried overnight.

2.3. Whole Blood and Platelet-Rich Plasma Collection

Whole blood from healthy human donors was drawn by an IRB-approved venipuncture
protocol, with sodium citrate (1:9, v/v) as anticoagulant. All subjects enrolled in this research
responded to an Informed Consent approved by the Committee on Human Research at the Case
Western Reserve University. Platelet-rich plasma (PRP) was obtained by centrifuging whole
blood at 800 x g for 15 min and the remaining fraction was further centrifuged at 1100 x g to
obtain platelet-poor plasma (PPP). The platelet concentration in PRP samples was adjusted
with PPP to 2 x 108/ml.

2.4. Analysis of Surfactant Polymer Stability by Fluorescence Microscopy

The fluorescently labeled surfactant polymer, PVAmM(Dex:FC11) 1:2, was adsorbed onto PTFE
disks, and the coated disk surface was imaged under an epifluorescence microscope (Nikon
Diaphot 200) using a 40x oil immersion objective with a fixed camera exposure time. Surface-
averaged fluorescence intensity values were obtained from the images using ImageJ software.
The disks were then subjected to PBS or whole blood in the rotating disk (RD) apparatus under
dynamic shear and imaged again with the same objective and microscope setting to determine
the post-exposure fluorescence intensity. The set up of the rotating disk system (RDS) was
described previously [28,30].

2.5. Platelet Adhesion Under Static and Dynamic Conditions

For static conditions, human whole blood (250 ul) was pooled on the test surface for 30 min,
following which platelets adherent to the surface were stained using fluorescently tagged
antibodies and imaged with an epifluorescence microscope. For dynamic conditions, RDS was
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used to simulate laminar flow to test platelet adhesion on PTFE/ePTFE surface. A shear-stress
range of 075 dyn/cm? was typically used in the RDS to test in vitro platelet adhesion in PRP
or whole blood.

2.6. Platelet Staining and Fluorescence Microscopy

Platelet staining and fluorescence microscopy were performed as described in a previous report
[27], with some modifications. Briefly, adherent platelets on test surfaces from static or
dynamic studies were stained with fluorescein isothiocyanate (FITC) anti-human CD41a
(emission approx. 530 nm, green fluorescence) which binds to platelet integrin GP llb-Illa
and R-phycoerythrin (R-PE) anti-human CD62p (emission approx. 570 nm, orange-red
fluorescence) which binds to platelet P-selectin. Test surfaces were then examined under an
inverted epifluorescence microscope (Nikon Diaphot 200) with 40x and 100x oil immersion
lenses. A filter cube containing a 450-490 nm excitation filter, a 510 nm dichromatic mirror
and a 520-560 nm bandpass filter was used for capturing FITC fluorescence, while a filter
cube containing a 510-560 nm excitation filter, a 575 nm dichromatic mirror and a 610 nm
longpass filter was used to capture PE fluorescence. For qualitative analysis of platelet adhesion
and activation, FITC and PE fluorescence images (hence expression of GP IlIb—Illa and P-
selectin on platelets) were captured in the same field using alternate filter cubes in a filter slider.
For quantitative assessment of platelet adhesion from dynamic rotating disk (RD) experiments,
only FITC fluorescence images were captured at 1 mm incremental radial distances from the
center of each disk sample and analyzed using Metamorph®.

2.7. Data Analysis

3. Results

Statistically significant differences (P < 0.05) between multiple means were determined by the
method of analysis of variance (ANOVA). The two-tailed Student’s t -test was used to
determine statistically significant differences (P < 0.05) between pairs of means. The statistical
analysis was completed using Minitab.

3.1. Analysis of Surfactant Polymer Stability in PBS

We examined the fluorocarbon surfactant polymer adhesion stability on PTFE using XPS under
dynamic flow conditions in PBS in a previous report [28]. In this report, we further tested the
surfactant polymer stability on PTFE under dynamic shear conditions with fluorescence
microscopy. We labeled a fluorocarbon surfactant polymer, PVAm(Dex:FC11) 1:2, with
fluorescein, and examined the surface before and after exposure to PBS in the RD experiment.
Figure 2a shows the surface-averaged fluorescence intensity on PTFE before, 1 h after and 4
h after exposure to PBS at 100 dyn/cm?2. There is a slight drop in fluorescence intensity between
the initial coating and 1 h experiment (P = 0.06); however, there is no statistical difference
(P =0.65) in fluorescence intensity between the 1 h and 4 h experiment.

3.2. Analysis of Surfactant Polymer Stability in Human Whole Blood

The human blood contains many surface-active proteins that may exchange with the surfactant
polymer on the surface. To get a direct assessment of the surfactant polymer coating stability
on PTFE, we labeled a fluorocarbon surfactant polymer, PVAm(Dex:FC11) 1:2, with
fluorescein, and imaged the coating before and after exposure to human whole blood in the
RD experiment. Figure 2b shows the surface-averaged fluorescence intensity on PTFE before
and after exposure to human whole blood at 75 dyn/cm? for 1 h. The fluorescence intensity
shows no significant difference before and after the human whole blood RD experiment (P =
0.08).
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3.3. Reduction of Platelet Adhesion on PTFE

Platelet adhesion on PTFE was investigated using a RDS in PRP. The result for platelet
adhesion on PTFE in PRP over the shear-stress range of 0-75 dyn/cm? is shown in Fig. 3a.
Platelet adhesion on uncoated PTFE decreases with increasing applied shear-stress level and
becomes very low at shear-stress levels above 38 dyn/cm?, suggesting shear-induced
detachment of platelets. Platelet adhesion on all fluorocarbon surfactant-coated PTFE is
significantly lower than that on uncoated PTFE over the shear-stress range of 0—10 dyn/cm?,
and is less shear-stress dependent. Among the fluorocarbon surfactant polymers, the platelet
adhesion decreases in the order of PVAmM(Dex:FC11) 1:0.5 < 1:1 < 1:2 at 0 dyn/cm?, and the
differences are significant (P < 0.01). Over the shear-stress range of 0-10 dyn/cm?, PVAm
(Dex:FC11) 1:2 is more effective at preventing platelet adhesion than PVAm(Dex:FC11) 1:1
or 1:0.5 (P < 0.01).

Platelet morphology is an important indicator of platelet activation [6,32]. Activated platelets
usually exhibit more spreading on the surface with extending pseudopodia. Figure 3b shows
representative epifluorescence images of platelets on PTFE surfaces at 0 dyn/cm?2. On the bare
PTFE, platelets have an irregular shape and have spread on the surface, indicative of platelet
activation. PVAm(Dex:FC11) 1:0.5 surfaces show less platelet adhesion than the PTFE
control. PVAmM(Dex:FC11) 1:1 surfaces exhibit even less platelet adhesion, and PVAmM
(Dex:FC11) 1:2 surfaces exhibit minimal platelet adhesion and the adherent platelets tend to
be less activated than those on other surfaces, as indicated by the observed platelet morphology.

3.4. Reduction of Platelet Adhesion and Activation on ePTFE

Platelet adhesion on ePTFE was investigated with the RD experiment in PRP. The surfactant
polymer PVAmM(Dex:FC11) 1:2 significantly reduces platelet adhesion, compared with
uncoated ePTFE over the shear-stress range of 0-30 dyn/cm? (P < 0.01), and the platelet
adhesion on the coated ePTFE remains relatively constant over the shear-stress range of 0-75
dyn/cm? (Fig. 4a).

Formation of platelet pseudopodia is obvious on uncoated ePTFE (Fig. 4b). The platelets are
much more rounded on the surfactant polymer coated ePTFE, suggesting a lower level of
platelet activation (Fig. 4b). To confirm our observation, we performed a additional test on
platelet activation by monitoring the expression of platelet P-selectin on ePTFE under both
static and dynamic conditions. Figure 5 shows representative images of the adherent platelets
double stained with FITC anti-human CD41a (GP llb-Illa) and PE anti-human CD62p (P-
selectin) under the static and dynamic conditions. As seen from Fig. 5, the number of platelets
adhering to the PVAm(Dex:FC11) 1:2 coated ePTFE under the static ‘pooled blood’ conditions
is reasonably less than that on the uncoated ePTFE. More importantly, the level of PE
fluorescence (hence P-selectin) from adherent platelets is considerably lower on the coated
ePTFE than that on uncoated ePTFE, indicating a lower level of platelet activation on the coated
surface. A similar trend was observed under the dynamic conditions, although the level of
platelet activation is generally higher, especially on the uncoated ePTFE. There are numerous
activated platelets adherent to the uncoated ePTFE as evidenced by the enhanced P-selectin
(red) fluorescence (Fig. 5) emitted from aggregated platelets. Particles stained with P-selection
(red) but not GP llb-Illa (green) are likely to be platelet microparticles released upon
activation. On coated ePTFE there are significantly lower P-selectin (red) and GP Ilb-Illa
(green) fluorescence intensity, and less platelet aggregation, indicating the surfactant polymer
is effective preventing the platelet adhesion and activation.

The RD experiments were repeated in human whole blood for a more stringent test of the
fluorocarbon surfactant coating. Uncoated ePTFE and PVAm(Dex:FC11) 1:2 coated ePTFE
were tested in human whole blood containing 3.8% sodium citrate over 0-75 dyn/cm? at 37°
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C for 1 h. The quantitative data shown in Fig. 6a indicate platelets adhere on ePTFE at a much
higher shear-stress level in human whole blood compared with PRP (Fig. 4a). Nevertheless,
fluorocarbon surfactant polymer coatings maintain reduction of platelet adhesion on ePTFE
by approx. 90% over the shear-stress range of 0-20 dyn/cm?. Figure 6b shows representative
epifluorescence images of adherent platelets on uncoated and coated ePTFE surfaces at 0 dyn/
cm? (Fig. 6b, A1 and A2), 38 dyn/cm? (Fig. 6b, B1 and B2) and 75 dyn/cm? (Fig. 6b, C1 and
C2). These results from whole-blood-based experiments provide further evidence of the non-
thrombogenic nature of the fluorocarbon surfactant polymer coating.

4. Discussion

We have developed a series of surfactant polymers based on poly(vinyl amines) backbone with
pendent dextran and fluorocarbon branches to enhance the interaction between the surfactant
polymer and PTFE/ePTFE substrate [28]. We investigated the hemocompatibility of the
surfactant polymers in a dynamic shear environment, since the shear is integral part of
physiological milieu. Reports have been variable in the context of the effect of shear-stress on
platelet adhesion. Furukawa et al. reported increased platelet adhesion between 0 and 5 dyn/
cm? on ePTFE surface [33], whereas Chandy et al. reported a reduction in platelet adhesion
from 0 to 1000 s~1 (12 dyn/cm? for PRP) on PTFE surface [34]. The differences are likely
caused by different experimental setup and the range of shear-stress investigated. In the systems
reported above [33,34], the shear-stress and the transport of platelets to the surface are related
because increasing the shear-stress inevitably increases the flux of platelets to the surface due
to the increased convection. On the other hand, increasing shear-stress may also dislodge
platelets from the surface [27]. That may explain the increase of platelet adhesion with a slight
increase of shear-stress at low shear-stress levels, and the reduction of platelet adhesion at
higher shear-stress levels. A unique property of the rotating disk system is that the flux of
platelets to the surface is a function of shear rate, and is, therefore, uniform across the surface,
even though the shear-stress is a linear function of radial distance from the center of the disk
[30,35]. As a result, the platelet flux to the surface is the same at the center of the disk as that
at the edge of the disk. This is consistent with our observation that platelet adhesion generally
decreases along the radial of the disk due to higher shear-stress levels.

The rotating disk system employed to study in vitro platelet adhesion generally involves a
shear-stress range of 0-75 dyn/cm2. This range is chosen to demonstrate the effect of the shear-
stress since high shear-stress (>40 dyn/cm?) can dislodge platelets from the PTFE surface.
However, platelet adhesion at lower shear-stress levels is more important, since the
physiological shear-stress is relatively low (811 dyn/cm?) for small diameter vessels (4-6
mm) like femoral artery and common carotid artery [36]. Modification of PTFE/ePTFE
surfaces with fluorocarbon surfactant polymers results in significant reduction in platelet
adhesion over the shear-stress range of 010 dyn/cm2, as shown in the results (Figs 3, 4 and
6).

The effectiveness in suppressing platelet adhesion is related to the surfactant polymer
composition. Fluorocarbon surfactant polymers were synthesized by sequential attachment of
dextran and fluorocarbon branches to the poly(vinyl amine) backbone [28]. A benefit of the
sequential synthesis of the surfactant polymer is that the dextran percentage in the fluorocarbon
surfactant polymers is kept constant at 22 mol%, whereas the percentage of fluorocarbon
branches varies from 15 to 21 to 45 mol% in the PVAm(Dex:FC11) 1:0.5, 1:1 and 1:2,
respectively [28]. This allows us to systematically change the fluorocarbon branches density
without affecting the hydrophilic dextran density along the P\VAm backbone. Since the dextran
density is kept constant, the differences between surfactant polymers in suppressing platelet
adhesion are not due to the variation of the dextran density in the surfactant polymer, but are
likely caused by the variation of surfactant polymer adsorption, i.e., surfactant molecular

J Biomater Sci Polym Ed. Author manuscript; available in PMC 2010 April 11.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wang et al.

Page 7

packing density on the surface. As shown in the previous report [28], the adsorption of
fluorocarbon surfactant polymer on PTFE increases in the order of PVAm(Dex:FC11) 1:0.5 <
1:1<1:2, dueto increased interaction between the fluorocarbon branches and the PTFE surface.
Increased interaction between fluorocarbon branches and PTFE surface also leads to increased
surfactant stability under dynamic flow conditions, as a result, the PYAm(Dex:FC11) 1:2 is
the most stable surfactant polymer in the group [28]. Further increasing the fluorocarbon branch
density is limited since it causes insolubility of the surfactant polymer. To further demonstrate
the adhesion stability of the PVAm(Dex:FC11) 1:2 on PTFE, we labeled the surfactant with
fluorescein and examined the adhesion stability in PBS and human whole blood under dynamic
flow conditions. The shear-stress range in the test (0-100 dyn/cm? in PBS and 0-75 dyn/
cm? in whole blood) is significantly higher than the physiological shear-stress (8-11 dyn/
cm?) for small diameter vessels (4-6 mm) [36]. The high shear-stress puts the surfactant
polymer in a vigorous dynamic flow environment and, thus, can better examine the stability
of the polymer. The non-significant difference (P = 0.65) of surface fluorescence intensity
between 1 h and 4 h exposure to PBS indicates the initial drop-off is more likely attributed to
the loosely adhered polymers and the remaining surface-adsorbed polymers are stable under
the test conditions. Surfactant polymer PVAm(Dex:FC11) 1:2 is also stable at 75 dyn/cm? after
1 h in the human whole blood test, demonstrating the strong interaction between the
fluorocarbon chains and the PTFE surface. These results suggest with the same dextran density
along the PVAmM backbone (22 mol%), the surfactant polymer with more fluorocarbon
branches (from 15 to 45 mol%) is more effective in suppressing platelet adhesion and
activation. This trend was observed on PTFE at the center of the disk (0 dyn/cm?,Fig. 3), where
shear-induced detachment of platelets is minimal. As shear-stress increases, the difference in
platelet adhesion between different fluorocarbon contents is rapidly diminished to a point of
statistical in-significance. Previous studies [25,26] have shown the ability of dextran surfactant
polymers in suppressing plasma protein adsorption. The likely mechanism for surfactant
polymer to suppress platelet adhesion is through the suppression of plasma protein adsorption
[25,26].

The ePTFE surface represents a special challenge in that some platelets may become trapped
within the fibrils and may not be detected by the fluorescence microscope. Consequently, the
actual number of platelets on the surface may be underestimated. Figure 4 shows the platelet
adhesion on ePTFE. The fibrils and nodes of the ePTFE can be clearly seen in the fluorescence
image because of the autofluorescence of the substrate. Close analysis of related images (Figure
4b) indicates platelets preferentially sit along the ePTFE fibrils. As a result, most platelets still
experience the shear-stress in the RD experiment. Higher shear-stress dislodges platelets from
the surface and, thus, the adhesion of platelets decreases with the increasing shear-stress level
over the range of 0-40 dyn/cm?. The reduction of platelet adhesion in whole blood is shown
in Fig. 6. Compared with the results in PRP, platelet adhesion on ePTFE in human whole blood
is less shear-stress sensitive, and there are still significant amounts of platelets on the surface,
even at the shear-stress level of 75 dyn/cm?2, whereas few platelets remain on the ePTFE surface
over 55 dyn/cm? in PRP. The enhanced platelet adhesion in whole blood may relate to the
increased transport of platelets to the surface in the presence of red blood cells [37,38]. ePTFE
surface also shows increased adsorption of the blood component in whole blood, since ePTFE
fibrils are not easily seen under the fluorescence microscope. Nevertheless, surfactant-coated
ePTFE shows significant reduction of platelet adhesion compared with uncoated ePTFE over
the shear-stress range of 0-75 dyn/cm?.

Besides the enhanced transport of platelets to the surface induced by the dynamic flow
conditions (RDS), exposure to shear-stress activates platelets [39,40]. Platelet activation on
the biomaterial surface is thus the result of the intricate interaction of surface thrombogenicity
and dynamic flow environment. Platelet ‘contact activation’ involves certain specific protein
adsorption on the biomaterial surface that triggers platelet adhesion and activation through
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bimolecular signaling; whereas ‘shear activation’ involves interaction between vWf and
platelet GP Ib/Ix and platelet GP llb—Illa, which triggers further bimolecular signaling of
platelet morphological changes, adhesion and aggregation. We examined platelet activation
caused by ‘contact activation’ under static conditions, and ‘shear activation” under dynamic
conditions. It is important to note that platelets experienced the same shear rate across the
surface in the RD experiment. Itis evident that platelet activation is much higher under dynamic
conditions on uncoated ePTFE, indicating that under shear a significantly higher number of
platelets are activated in contact with the uncoated surface and adhere to the surface. Platelet
activation on coated ePTFE under dynamic conditions is low and comparable to that under
static conditions. These results are consistent with our quantitative results obtained from RD
experiments where coated PTFE/ePTFE surfaces have low and almost constant level of platelet
adhesion. Uncoated PTFE/ePTFE surfaces in comparison have high platelet adhesion under
physiological shear conditions. Given the promising in vitro performance by the fluorocarbon
surfactant polymers, we plan to test the polymer as a potential non-thrombogenic coating for
ePTFE graft in a in vivo porcine model and will report the result in future publications.

5. Conclusion

Fluorocarbon dextran surfactant polymers are effective in suppressing platelet adhesion and
activation on PTFE and ePTFE surface in the platelet rich plasma or human whole blood under
dynamic shear conditions. The effectiveness in suppressing platelet adhesion correlates with
the surfactant polymer composition. The results suggest with the same dextran density (22 mol
%), the surfactant polymer with more fluorocarbon branches (from 15 to 45 mol%) is more
effective in suppressing platelet adhesion and activation at 0 dyn/cm?, and fluorocarbon
surfactant polymer coating potentially can improve the thrombogenicity of the ePTFE vascular
graft.
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Figure 1.

Molecular model and chemical structure of the fluorocarbon surfactant polymer. (a) Molecular
model of a fluorocarbon surfactant polymer with pendent dextran and perfluoroundecanoyl
chains along the poly(vinyl amine) backbone. (b) Chemical structure of the fluorocarbon
surfactant polymer. This figure is published in colour at http://www.ingenta.com
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Figure 2.

Stability of the fluorocarbon surfactant polymer, PVAm(Dex:FC11) 1:2, on PTFE under
dynamic flow conditions in PBS and whole blood. (a) Surface-averaged fluorescence intensity
(gray value, measured in ImageJ) of uncoated PTFE, coated PTFE, 1 h and 4h after exposure
to PBS at the shear-stress level of 100 dyn/cm?. (b) Surface-averaged fluorescence intensity
of PTFE disk before and 1 h after exposure to human whole blood in the RD experiment at the
shear-stress level of 75 dyn/cm?.
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Figure 3.

Platelet adhesion on PTFE surfaces in PRP. (a) Platelet adhesion as a function of applied shear-
stress level: (m) uncoated PTFE, (o) PVAmM(Dex:FC11) 1:0.5 coated PTFE, (A) PVAmM
(Dex:FC11) 1:1 coated PTFE and (V) PVAmM(Dex:FC11) 1:2 coated PTFE. (b) Representative
epifluorescence images of platelets on PTFE surfaces at 0 dyn/cm?: (A) uncoated PTFE, (B)
PVAmM(Dex:FC11) 1:0.5 coated PTFE, (C) PVAm(Dex:FC11) 1:1 coated PTFE and (D)
PVAmM(Dex:FC11) 1:2 coated PTFE.
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Figure 4.

Platelet adhesion on ePTFE surfaces in PRP. (a) Platelet adhesion as a function of applied
shear-stress level on (m) uncoated ePTFE and () PVAm(Dex:FC11) 1:2 coated ePTFE. (b)
Reprehensive epifluorescence images of platelets on ePTFE surfaces in PRP: (A) uncoated
ePTFE at 0 dyn/cm?, (B) PVAm(Dex:FC11) 1:2 coated ePTFE at 0 dyn/cm?, (C) uncoated
ePTFE at 38 dyn/cm? and (D) PVAm(Dex:FC11) 1:2 coated ePTFE at 38 dyn/cmZ.
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Figure 5.

Epifluorescence images of platelet adhesion and activation on ePTFE surfaces in human whole
blood: (A) uncoated ePTFE and (B) PVAmM(Dex:FC11) 1:2 coated ePTFE under static
conditions; (C) uncoated ePTFE and (D) PVAM(Dex:FC11) 1:2 coated ePTFE under dynamic
conditions. Images show both platelet adhesion (green, FITC anti-human CD 41a) and platelet
activation (red, PE anti-human CD62p). This figure is published in colour at
http://www.ingenta.com
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Figure 6.

Platelet adhesion on ePTFE surfaces in human whole blood. (a) Platelet adhesion as a function
of applied shear-stress level: (4) uncoated ePTFE and (A) PVAm(Dex:FC11) 1:2 coated
ePTFE. (b) Representative epifluorescence images of platelets on ePTFE surfaces in human
whole blood. (Al and A2) Uncoated ePTFE (A1-C1) and surfactant-coated ePTFE (A2-C2)
at 0 dyn/cm?, (B1 and B2) 38 dyn/cm? and (C1 and C2) 75 dyn/cm?.
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