Cell growth on surface modified medical polymers
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ABSTRACT

Cdllular reactions to implantable medical devices are dominated by the surface properties of materials from which the
device is congtructed. Consequently, in recent times much effort has been expended on modifying material surface
properties to control bioactivity. We examine the effect of exposing surfaces to ultra-violet (UV) light from excimer
lasers (A = 193 nm) in aroom air environment. Working bel ow the threshold of ablation, samples of nylon-12 and PET
were treated. Physical and chemical studies of the surfaces following treatment demonstrated an increase in sample
hydrophilicity, though no significant increases in roughness were recorded. Spectroscopic analyses revealed increased
oxygen content in the surface layers while there were no chemical alterationsin the bulk material. The assessment of in
vitro interactions concerning the polymer samples and 3T3 fibroblast cells was conducted using cell counting, viability
assays and a confocal microscopic analysis of cytoskeletal fluorescent staining. Results from cell counting and the
viability tests confirmed that, subsequent to treatment, there was an increase in cell population on the surface, while
improved spreading and activity was observed by confocal microscopy.
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1. INTRODUCTION

The performance of a plastic medical device depends not only on its bulk material properties, but also on the surface
characteristics of the material. However, the suitability of the surface properties is often compromised in favour of the
bulk properties, or due to economic considerations. In light of the fact that surface properties govern biological
interactions with devices, thereis an increasing emphasis on treating the surface to improve their performance in-vivo.
The aim of this investigation was to gain an understanding of how laser modified surfaces would influence the
attachment and spreading of cells. Knowledge of a cellular reaction is of vital importance for the manufacture of
medical devices and artificial implants, as it may present an initial indication of how an implant or medical device
would be received in vivo.

A number of techniques have been devel oped for surface treatments that involve modifications of the surface chemistry
and/or morphology including corona discharge!, plasma deposition?, ion beam irradiation®, the immobilisation of
biologically active molecules/ligands® and photolithography®.  Although these methods leave the bulk material
properties unaffected, from a practical standpoint, each suffers from complex operating conditions and/or lack of
controllability.

The use of an excimer laser presents an alternative for modifying material surfaces and regulating cellular interactions
on material surfaces, which could be applied to the tailoring of biomaterials for different biomedical applications. This
study examines the most straightforward approach — simply exposing polymer surfaces to short wavelength UV light
from an excimer laser sourcein aroom air environment. The photon energy from excimer lasers operating at 193 nm
(6.43 eV) is sufficient to directly break bonds within the polymer chain (this property isregularly used in excimer laser
machining of plastics), thereby creating sites to which active molecules/ligandsin the vicinity of the surface can attach®.
In this case, oxygen from the room air is expected to be immobilised on the surface.

“richard.sherlock@nuigalway.ie; phone +353 91 750469; fax +353 91 750594; http://www.physics.nuigalway.ie/ncla; National
Centre for Laser Applications, National University of Ireland, Galway, University Road, Galway, Ireland;

““michael .ball @nuigalway.ie; phone +353 91 524411; fax +353 91 750596; http://www.nuigal way.ie/ncbes; National Centre
Biomedical Engineering Science, National University of Ireland, Galway, University Road, Galway, Ireland

Opto-Ireland 2002: Optics and Photonics Technologies and Applications, Werner J. Blau, John F. Donegan, Austin F. Duke, 11
Brian D. MacCraith, James A. McLaughlin, Norman D. McMillan, Gerard M. O’Connor, Eon O’Mongain, Vincent Toal,
Editors, Proceedings of SPIE Vol. 4876 (2003) © 2003 SPIE - 0277-786X/03/$15.00



12

The potential advantages of laser processing are the ratively straight forward processing conditions (e.g. no vacuum
required, the inherent controllability of laser-based processes and the ability to selectively treat different areas of the
surface.

2. MATERIALSAND METHODS

2.1 Laser treatment

The surface of samples of Nylon-12 and PET (Dacron) were modified using an ArF (A = 193 nm) excimer laser. Prior
to treatment the samples were cleaned with ethanol. The entire surface of each treated specimen was exposed to a
uniform illumination of laser pulses from an excimer laser operating at 193 nm. In all casesthe laser fluence was well
below the ablation threshold. Treatments were carried out in aroom air environment.

2.2 Physical/chemical analysis

Treated and untreated samples were subjected to a number of tests to determine the physical and chemical surface
properties. Aswell as providing information that may help to correlate the surface condition to cellular response, this
analysis ensures consistency between sample batches. The primary indicator of the effect of laser treatment was contact
angle measurement. Small drops of HPLC grade water were placed on the surface and the angle of contact measured
using a microscope interfaced to a PC with image analysis software. In thisway the relative hydrophilicity of samples
were determined. As water contact angle can be affected by the surface condition the material under test, surface
roughness was measured using atomic force microscopy.

Further investigations included spectroscopies such as x-ray photoelectron spectroscopy (XPS), fourier transform
infrared spectroscopy in the attenuated total reflection mode (ATR-FTIR), and Raman spectroscopy. The purpose of
these measurements was to identify any changes in the chemistry of the surface as aresult of laser processing.

2.3 Biodlogical Interactions: Protein

An important precursor step in the process of cell adhesion to substrates is the initial laying down of a protein layer’.
Fibronectin has been identified as having an important rolein this process dueto the fact that it isrecognised by cellular
transmembrane receptors, integrins, which in turn connect intracellular actin filaments to the extracellular matrix. In
order to assess the impact of laser treatment on the adhesion of proteins to the plastic samples were firstly incubated
with fibronectin. Following this the samples were treated with a fibronectin specific fluorphore consisting of anti-
human fibronectin 1° antibody(ab) raised in rabbit and 2° anti-rabbit ab conjugated with fluorescein isothiocyanate
(FITC). Once fixed and mounted the specimens were visually assessed by laser scanning confocal microscope (LSCM)
detecting FITC.

2.4 Biodlogical Interactions. 3T3 fibroblast cells

Biological responses to the laser treated samples were studied using 3T3 fibroblast cells. This particular cdl line was
chosen for these initial studies because they have been widely used in the past, arerelatively well understood and can be
cultured easily in-vitro. The fibroblasts were generally cultured on laser treated and control samples in Dulbecco's
Modified Eagles Medium (DMEM), supplemented with Fetal Bovine Serum (FBS) and Penicillin/Streptomycin. Cells
were harvested using trypsin.

Since cells morphologically change on contact with a surface in an effort to stabilise the cell materia interface, the
adhesion and spreading of cellsis an important indicator of the compatibility of a surface. For thisreason the primary
indicator of the effect of laser treatment was a visual comparison of the cells cultured on treated and non-treated
plastics. This was accomplished by fixing the cells on the sample surface after culturing using paraformal dehyde.
These cells were permeabilised in buffered triton X-100 and further incubated with phalloidin conjugated with the
flurophore TRITC (tetramethylrhodamine isothiocyanate). This probe binds to and stabilises F -actin, a cytoskeletal
protein important in maintaining cell shape and cel matility, enabling a qualitative analysis of the degree of cel
spreading and attachment when viewed with the LSCM.

Further investigations involved the assessment of cell viability. Two approaches were used for this analysis. Firstly,

total cell counts were obtained for both treated and untreated material using a haemacytometer. Prior to counting trypan
blue, a cell membrane integrity stain that is absorbed by nonviable cells, but excluded by viable cells, was added to

Proc. of SPIE Vol. 4876



samples so that the cells could be differentiated in addition to counting. Cell activity was also detected using an MTT
(3-(4-5-dimethylthiazol -2-yl1)2,5-diphenyltetrazoliumbromide) assay. In this case, succinate dehydrogenase enzymes,
present in the mitochondria of viable cells will convert the yellow tetrazolium salt, MTT, to a purple formazon product.
After incubation the crystals were dissolved in dimethylsulfoxide (DM SO) and the optical density (OD) of the solution
was read using a bichromatic ELISA platereader. Asthe amount of colour is proportional to the number of viablecdls,
thiswas used as an indication of the level of metabolic activity in the cells.

3. RESULTS

3.1 Physical/chemical characterisation

The primary indicator of the effect of laser treatment was contact angle measurement. Significant changesin the water
contact angle were observed for both the plastics being investigated. Nylon-12 demonstrated a change from 81° to 22

upon laser treatement, while for PET the change was from 87 to 43. For the purpose of this study the “optimum”

treatment parameters were considered to be those that gave the largest reduction in water contact angle (i.e. resulted in
the most hydrophilic surface). The changein contact angle was attributed to chemical changes at the surface, since no
significant increase in surface roughness was observed for treated samples when viewed with an atomic force
mi croscope.

-

Fig 1: Water droplet on untreated nylon-12 Fig 2: Increased spreading on alaser treated sample

The surface chemistry was probed by XPS, with the resultsfor nylon-12 shown in figure 3. The sharp peak at 286 eV is
due to electrons from the 1s shell of carbon atoms (C1s peak) while the sharp peak at 535 €V is due to electrons from
the 1s shell of oxygen atoms (Ol1s). The reative height of these peaks is an indicator of the relative abundance of
carbon and oxygen in the material under test. Clearly, there is an increase in the oxygen content of the surface of
excimer laser treated nylon-12. Similar results were obtained for PET.
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Fig 3. XPS spectra of laser treated and control samples of nylon-12
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