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Introduction

Recent research into biocompatibility has identified the
important role that surface properties of biomaterials (chemi-
cal nature, topography, microstructure) and processes of
proteins adsorption play in cellular interactions [1-2].

Collagen and fibrinogen are the proteins of particular
interest. Collagen is the most abundant structural protein
of the extra-cellular matrix and is involved in many impor-
tant biological functions such as tissue structuring and
biorecognition process [3]. Fibrinogen is one plasma pro-
tein that has received much attention due to its crucial role
in blood clot formation [4] .

Many types of carbon materials have been used in medi-
cine as long- or short-term implants or as biosensors. Low-
temperature isotropic carbon (LTl), a reputed blood-com-
patible material, is widely used in artificial heart valve con-
struction, while glass-like carbon (GC) in the replacement
of small joints and in dentistry [5].

The aim of this study is to examine the adsorption of
collagen and fibrinogen on model carbons (LTI and GC) in
order to get insight into the relation between surface prop-
erties and protein adsorption process. Three technigues
are used to study the surface of carbon substrates before
and after protein adsorption: X-ray photoelectron
spectroscopy (XPS) to determine surface composition,
water contact angle to assess hydrophobicity and atomic
force microscopy (AFM) to examine topography.

Experimental

Substrata

Glass-like carbon (GC) was obtained by carbonisation
process of phenol-formaldehyde resin. Low-temperature
isotropic carbon (LTI) was deposited on fused quartz from
methane.

Adsorption study

Adsorption of type | collagen and fibrinogen were made
as follows: |) protein solution (concentration 40ug/ml) was
brought in contact with the substrates for 2h at 37°C, Il)
after incubation the agueous phase was replaced by water
and this was repeated by washing the sample without air
exposure, |ll) the samples were analysed both in wet-and
in dried state.

Methods

The samples before protein adsorption were character-
ised by XPS (SSI X-Probe, Surface Science Instruments),
water contact angle (sessile drop method) and AFM
(Nanoscope |lI, Digital Instrument, Santa Barbara, CA ).
After adsorption the protein film was examined: l)in situ

under water, by AFM, to study topography, 1) after drying
in nitrogen flow, by XPS, to asses amount adsorbed anc
1) by sessile drop method to provide complementary in-
formation about the adsorbed film.

Results and discussion

The surface characteristics of the carbons used for ad-
sorption of proteins and their representative AFM topo-
graphic images are shown in TABLE 1 and FIGURE 1z. &
respectively. On the surface of GC the concentration of
oxygen is much higher than on LTI. In addition small amount
of nitrogen, originating from precursor resin is present. El-
emental analysis of both carbons is consistent with their
water contact angles: lower value of 6 for GC, revealing
lower hydrophobicity, goes along with higher oxygen con-
centration.

measurements and confidence interval at 0.95
° Determined by AFM; on 5x5um area, expressed as the
standard deviation of the topographical height

TABLE 1. Surface properties of carbons

On the other hand, the surface Rrms roughness of LTI
is higher than GC. The AFM images show that GC surface
is quite smooth with some regular relief probably resulting
from the grooves in the mould used in production process,
whereas on the LTI surface grain-like features are observed.

collagen collagen
0.12 70£2.7

0.14 ; 72+1.7

? Determined by XPS

® Determined by sessile drop method: mean value of
at least 10 measurements and confidence interval at
0.95

TABLE 2. N/C and water contact angles of carbon
substrata before and after protein adsorption.

XPS analysis after adsorption process shows an increase
of N/C ratio on the surface of both substrata and a decrease
in hydrophobicity [TABLE 2]. Note that nitrogen is due to
adsorbed proteins, thus N/C ratio is a parameter used to
estimate adsorbed amount of proteins.

N/C and @ of both carbon substrata with adsorbed colla-
gen are similar suggesting that neither initial hydrophobicity
nor topography influence adsorption of collagen. The
adsorbed collagen film is clearly visible on the surface of
GC as a mesh of elongated fibrous features [FIG.1c]. On
the other hand, any morphological changes are seen after
collagen adsorption on LTI [FIG.2d]. This phenomenon is
due to too high roughness of the carbon substrate, compa-
rable with the size of collagen molecule [3].

N/C value of GC sample with adsorbed fibrinogen, twice
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FIG.1. AFM topographic images recorded under water for GC (z-range: 10nm) and LTI (z-range: 20nm) before

and after adsorption of collagen and fibrinogen.

higher than that of LTI [Table 2], suggests that lower initial
hydrophobicity and/or lower roughness promotes adsorp-
tion phenomena. Adsorbed film on GC is smooth, homo- -
geneous and continuous [FIG.1e], while any changes of
LTI topography are visible after adsorption [FIG.1f] due to
high substrate roughness, comparable to the size of fibrino-
gen (the same reason as in the case of collagen).

In conclusion we can say that processes of protein ad-
sorption depend on the type of protein and properties of
the substrate (chemical nature, topography). Surface prop-
erties of carbon substrata seem do not influence adsorp-
tion of collagen while they look to be important in the case

of fibrinogen.
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In laryngology for treatment of tissue of larynx resulting from
cancer or injuries synthetic materials are becoming fre-
quently used. In the decade there have been made trials
with allogenic materials application in larynx and trachea
reconstruction such as silastic, teflon and bioglass. Recon-
struction of the loss larynx tissue requires recreation of natu-
ral anatomic conditions. This is possible when the proper-
ties of an implant material are similar to cartilage tissue i.e.
it preserves the appropriate shape end elasticity,and its
microstructure enablesconnective tissue of larynx to pen-
etrate into micropores of the implant.

Much work have been done on the materials used for attificial
tracheas, but a precise machanical evaluation of these
structures has not yet been performed.

The present study examined biocompatibility of two types
of composite materials which have different mechanical
properties. We determined the mechanical properties of
implant materials and compared them with native larynx.
Composite materials have been prepared using polysulfone
and two type carbon fibers differing in their form (carbon
tissue, carbon unwoven fabric) .Two types of materials were
prepared; unwoven fabric / PSU - K, unwoven fabric / car-
bon tissue / PSU - K. The results of tensile strength and
Youngs modulus of two kind of materials exhibits that K,
composite has lower strengh and modulus compare 40 K,
materials.

The composite implants has been used to reconstruction of
experymentaly prepared defects in the thyroid cartilage of
the sheep. The tissue samples removed from the implant
site together with adjoining tissue were subjected to routine
histological analysis. Tissue section were stained with
hematoxylin and eosin (H&E). A morphological description
of the tissue surrounding and growing into the implants was
made.

The nature of interaction between the biological environ-
ment and composite implants is clerly influenced by type of
implants. The material denoted as K, having lower Youngs
modulus leads to a faster and more intesity tissue response.
which simultaneously can influence regenration and repair
time of larynx tissue. The histological inspection has shown
the formation of connective tissue capsule with numerous
fibrocytes and collagen fibers filling the defect.

This study showed that biolagical behaviour of composite
implants may depend not only their chemical state but also
on mechanical properties of biomaterials.
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