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ABSTRACT

There have been a number of attempts to create a novel surface that reduces
the adverse effects of blood interaction with material . Among various
techniques, laser-induced surface modification is highly suitable for this
purpose. This paper presents surface modification of polyethylene tere-
phthalate (PET) using CO2 pulsed laser. The changes in surface properties
were investigated by SEM, attenuated total reflectance infrared spectroscopy
(ATR-FTIR) and water drop contact angle measurements . The complicated
microstructures on the PET surface were observed in SEM micrographs.

ATR-IR spectra showed that the crystallinity decreased in the surface region
as a result of laser irradiation . The water drop contact angle also decreased
with increasing the laser pulses . The haemocompatibility of CO2 laser
irradiated PET was examined in vitro, evaluating its capability of inducing

platelet adhesion in comparison with the unmodified PET The number of
adhered platelets was determined by platelet-rich plasma method and lactate
dehydrogenase activity measurements . Platelet adhesion on the untreated
PET was relatively high . Laser irradiation of PET surface reduced the number
of adherent platelets and prevented platelet spreading on the surface . The
extent of platelet adhesion was correlated to the number of laser pulses.
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INTRODUCTION

	

interaction of platelets with surface is one of the main

determinants in the degree of thrombo-resistance of
One of the major concerns in prosthetic vascular graft

	

vascular or artificial surfaces exposed to flowing
implantation is the occurrence of thrombosis. The

	

blood [I] . It is known that thrombus formation is
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triggered by an interaction between blood components
and the foreign polymer surface [2] . There have been
a number of attempts to create a novel surface that
reduces the adverse effects of blood interaction with
material [3–5] . Among them, special attention is
devoted to the understanding of the influence of laser
irradiation on the morphology and surface properties
of the films [6-8] . The modification of polymer
surfaces with laser has played an important role in the
enhancement of polymer biocompatibility by means
of polymer etching, creation of new functional groups
and formation of microstructure [9, 10] . The physical
and chemical modifications induced by the laser treat-
ment of the polymers are related to the modification
of the adhesive response of platelet in contact with the
polymer substrates, as a result of functionalization
and morphology change of the surface [II] . The
advantages of laser sources to improve biocompatibi-
lity have been previously reported [12–14].

Polyethylene terephthalate (PET) has many
mechanical, bulk and surface properties desirable in
medical applications . However, a few problems have
been pointed out to exist with regard to the surface
properties, mostly originating from its low water
wettability [15, 16].

This paper presents the result of CO2 laser-
induced surface modification of PET film . The changes
in morphology, chemical and physical properties of the
laser irradiated PET surfaces and their response
towards platelet adhesion will also be described.

EXPERIMENTAL

Materials
The substrate used was PET film (Dupont Mylar;
thickness 70 µm) . The surfaces of all samples were
ultrasonically cleaned with ethanol and dried at 40 "C
in a vacuum oven before irradiation.

Laser Treatment
The film samples were irradiated using a line tunable
pulsed TEA CO 2 laser (Lumonics 103-2), which
provides laser beams of wavelengths from 9–11 sm
and a pulse fluence between 0 .4–2.0 J/cm 2 . The laser

was operated at 0 .5 Hz pulse repetition rate to avoid
cumulative heating of the film . The strips of PET film
were placed on a belt of a special step motor and the
irradiation was carried out in air with desired pulses.
Film strips were moved for irradiating the other side
of the film by the step motor.

Infrared Spectroscopy
To characterize the surface of modified samples, atten-
uated total reflectance infrared spectroscopy with ZnSe
prism and an incident angle of 45 ' was performed using
a FT-IR instrument (BOMEM Model BM-l02).

Scanning Electron Microscopy
The surface morphology was observed with a SEM
(Philips model- XL30) after sputter gold coating of
the samples.

Contact Angle Measurement
Static contact angles were measured using the sessile
drop method by a contact angle measurement equip-
ment (Kriiss G10) . All water drop contact angles are
the minimum value of five measurements on different
parts of the film.

In Vitro Experiment
Human blood was collected with a vacuum syringe
containing anti-coagulant solution . The blood was
centrifuged to obtain platelet-rich plasma (PRP). The
PRP concentration was determined by Coulter counter
(type 4) and adjusted to 300,000 platelets mm -3 by
adding phosphate buffered saline (PBS) . The PRP
was placed on the PET films of 1 cm diameter and
kept for 24 h at 37 'C . Then, the films were taken out
and dip-rinsed twice with PBS in order to remove the
platelet which were not attached to the film surfaces
and treated overnight with 2 .5% (v/v) glutaraldehyde
at 4 ' C . The samples were washed with saline and
subjected to drying process by passing through a
series of graded aqueous alcohol solutions and dried
to the critical point . The dried samples after gold
coating were examined by SEM.

The number of adhered platelets were deter-
mined by lactic acid dehydrogenase (LDH) activity
method . The films were put into 2 mL PBS containing
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(1% Triton-X 100) for 1 11 at room temperature to l yse
the adhered platelets . LDH activity of the lysate was
measured with an enzymatic method to count the
adhered platelets with the use of calibration curve of
platelet counts . The change in ultraviolet absorption
at 340 nm was measured using a Pharmacia Biotech
spectrophotometer (model Novaspec 11)

RESULTS AND DISCUSSION

Surface Characteri ;ration
Samples of Plif were irradiated using the line-tunable

CO 2 pulsed laser at the wavelengths of 10 .28, 9 .58,
9 .25 µm . The electron micrographs in Figures l,—],
show the irradiated PET film surface after CO 2 pulsed
laser irradiation at various wavelengths, and Figure I (
shoves the unirradiated sample.

The complicated surface microstructures, which
are probably associated with stress release in a melted
surface layer. are shown in this figure . A "wavy"
structure due to laser irradiation at wavelength of
925 p.m and a "honeycomb like" structure at 9 .58 µm
are observed on the PET surface in Figures 1 ,, and I i,.
respectively, Figure 1, shows a "grating- like" pattern
formed onto the PET film exposed to (0 2 laser

(a)

	

(c)

div.

(b)

	

(d)
Figure 1 . SEM Micrograph of the treated PET films with the COrpulsed laser at wavelength of : (a) 9 .25 µm (1081 cru-1 ), (b)
9 .58 pm (1043 cm-1 ), (c) 10 .28 urn (971 cm "' }, (d) untreated film (magnification is 100x).
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radiation at the wavelength of 10.28 pm . The morpho-
logy formed on the laser treated has significant effect
on the cell behaviour. It has been recognized that
features of the surface morphology of the implant
biomaterials may affect the cell response by physical
rather than chemical or mechanical mechanisms [14].

Figure 2 shows ATR-IR spectra of die laser
irradiated PET film surface as compared to the spectra
of the untreated PET. As can be seen in this figure, the
intensity of the band at 1125 cm-' and 1340 cm-1
that are characteristic of crystalline PET decreases,
whereas, the intensity of band at 1100 em-' in
amorphous regions increases with CO2 laser irradiation.
Thus amorphism increases onto the surface of PET film
due to CO2 laser irradiation. The IR spectra in Figure 2
also show that laser amorphization is accompanied by
photodegradation for laser exposure at 9-10 .6 prn . The
dissociation of ester bonds has been shown in Figure 2
by the change in peak intensity at 1716 cm-l . Such
dissociation of bonds might lead to the change in
morphology of the PET film, which is consistent with
the SEM observations.

Contact Angle Changes
A number of strategies have been employed to
generate polymers suitable for blood compatible
biomaterial application [3-5] . The key component in
all the cases is to control the hydrophilicity and
hydrophobicity of the polymer materials . The balance
of hydrophilicitylhyrophobicity plays a vital role in

v (cm-1 )

Figure 2. ATR-FTIR spectra of the laser-irradiated PET
films at wavelength of 10 .28 µm (971 cm-1) : (a) untreated
film, (b) treated with 20 pulses .
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Figure 3. Variation of contact angle as a function of pulse
number (laser Irradiation was performed at the wavelength
of 9.25 Ian and the fluence of 0 .4 Jlcm).

blood compatibility [17]. The water drop contact
angle data of polymer surfaces indicated that the
irradiated PET film surfaces had lower contact angle
values as compared to the untreated PET. Figure 3
shows that the water drop contact angle with
irradiated PET surfaces decreased with increasing the
laser pulses . According to the contact angle data
plotted in Figure 3, hydrophilicity increased with
increasing the laser pulses up to 3 pulses, and then
gradually decreased due to further pulses . The
decrease in contact angle is ascribed to the formation
of various kinds of oxidized groups such as hydroxyl
and carbonyl functions. The results of surface oxid-
ation of the PET films using CO 2 laser irradiation
have been previously reported [18].

Platelet Adhesion
For testing the thrombogenicity of the PET surface
the LDH activity method has been used [19] . The
rational to use this method is a quantitative deter-
mination of the number of platelets adhering to the
surface, which are providing procoagulant sites [20].

In Figure 4, platelet adhesion is plotted as a
function of the laser pulses . The data obtained from
LDH method indicated the platelet adhesion was
reduced due to laser treatment with various laser
pulses . The most optimal laser pulses required to
reduce platelet adhesion are 3 pulses . As mentioned
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above, the contact angle is also minimal at 3 pulses,
which indicates the maximum hydrophilicity of the
laser treated PET film . The present data indicate that
the extensive platelet adhesion on the PET surface can
he controlled by the change in number of laser pulses.

As we reported previously [18], a maximum
peroxide density is obtained at 3 pulses, which is
consistent with minimum platelet adhesion . It seems
likely that the various kinds of oxidized groups such
as carboxylic acids, hydroxyls and aldehydes due to
decomposition of peroxides by further laser pulses
should be formed on the PET surface, which induces
decreasing of platelet adhesion as compared to
unmodified PET.

Although the platelet attachment studies have
been carried out with LDhi activity method, a
comparison of the morphology of platelets attached
on different surfaces under the same experimental
conditions provides information about the potential
ability of the surfaces for platelet activation [17].

Scanning electron microscopy pictures of the
adhered platelets on the surfaces of CO2 laser irrad-
iated PET films in comparison with untreated polymer
are presented in Figure 5 . As shown in this figure, the
platelets onto the untreated Phil surface extend long
pseudopods leading to their complete spreading.
whilst most of the platelets on the laser irradiated
PET films retain their discoid shapes, with a few of

Figure 4. Dependence of the platelet adhesion as a
function of pulse number (laser irradiation was performed at
the wavelength of 9 .25 um and the fluence of 0 .4 Jlcm 2).
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(c)
Figure 5. SEM Micrographs of adhered platelets on the
PET films : (a) untreated film, (b) treated with 3 pulses, (c)
treated with 15 pulses . All magnifications are 5000s.
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them extending small pseudopods . The irradiated PET
surface with 3 pulses has lower tendency towards
platelet adhesion and deformation as compared to the
samples irradiated with more laser pulses . This is
probably due to the weak interaction between
hydrophilic surface and the surface ofblood platelets.

On the other hand, the morphology formed on
the laser treated polymer surface has significant effect
on the cell behaviour. It has been recognized that
features of the surface morphology of the implant
biomaterials may affect the cell response by physical
rather than chemical or mechanical mechanisms [14].

We have also reported the effect of surface
morphology on the platelet adhesion of the laser
treated polymer elsewhere [21].

CONCLUSION

The complicated microstructures were created onto
the PET surfaces due to laser irradiation . The various
morphologies produced on the irradiated PET film
surfaces correlated with the change in laser wave-
lengths. The results of 1R spectroscopy showed that
the crystallinity of PET films in the surface region
decreased owing to laser irradiation . The micro-
structure and crystallinity changes were accompanied
with the change in hydrophilicity of the irradiated
films . These variations affected the platelet adhesion
onto the PET surface . The LDH activity of platelets
and SEM observations revealed the number of the
adhered and activated platelets reduced with laser
irradiation . The extent of the platelet adhesion was
correlated to the number of laser pulses.
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