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14 CONFERENCE ON SURFACES OF BIOMATERIALS
: BYOTECHNOLOGY~-~BIOINTERACTIONS '87
1 INTRCDUCTION
‘ Biointeractions '87: Surfaces of
i : Bionatcr1&18/Biotochnolosy» the second of

; these international conferences, was held
at Churchi{ll College, Cambridge, UK, from
6 through 8 July, 1987. The conference
vag sponsored by the journal Biomaterials
(Buttarworth & Co. Publishers Ltd, UK)
and organized by M, Korndorfer of Butter-

scientific conmittee, The Office of Naval
Research also provided some support for
this volx-organizad and timely confer-

(’ ance.
‘g . The total attendence of 145 com-
A prised scientists from nine West Ruropean
43 countries as well as the UK, Israel, US,
éf Australia, Kenya (Africa), and Bulgaria.

Abour 65 percent of the participants rep~
resented academic institutions with 'the
. balance from industrisl organizations.
The aim of the conference was to en-
large and i{mprove understanding between
materials and 1ife scientists by focus-
ing on the ways in which biotechnological
products and man-made materialc interact
physically and chemically with bdiolog-
ical environments, Behaviur at asurfaces
" strongly infiuences the effectiveness of
implented matertials snd such phenouens
can he appropriately adapted to specific
situat{onsa, 4(
e scientific program was .rrlngcd
n six sessions over 3 days and comprised
lectures by keynote speakers, short con-
tributed papers, and poster presenta-
tions., The keyncte papers will be pub-
lished in a special issue of Bicmaterials
in about 6 months.
Tha program format consisted of the
fulloviug topics:

Cell/polymar interactions,
Blood/surface interasctions,
Innovations: Monoclonal antibodies and
hiosensora,

Blocompatabiltity,

Blfoadhenton ,

Drug delivery ryntems.

ot APY EiClal ¥issue,

Tiossew Cirat s, Su rg‘\c‘.\
TRy \aMoA\w\_.‘(c;,c_/q u)

Sod "’5‘6

Poilaving are discussions of papers
presented under each of the topics.

2 CELL/POLYMER INTERACTIONS

In vivo Cell/Polymer Interaction

worth with the aid of an international

'In order to investigate this phenomenon,

Studies of in vivo cell/polymer in-
tersctions were presented by J.M. Ander-
son (Institute of Pathology, Case Western
Reserve University, Cleveland, Ohio).
Anderson etated that the traditional.
pathway for wound healing (injury, acute
inflammation, chronic inflammation, tis-

"sue granulation snd fibrosis) also occurs

with implants in the body. This course of
events is aleo called a foreign body re-:
actinn., Fibrosis occurs 1if the implant

" 18 not biodegradable, If the implant is

bilodegradable, an ecute reaponse occure
with swelling and cellular infiltration.
A consistent finding in the evaluation of
retrieved human implants by Anderson and

‘his group was the presence of macrophages

and foreign body giant cells at or near
the 'surface of the prostheses or devices.

Andarson's group has studied cellular ad-
hesion of several polymers in their cage
implant system in wvhich they assessed
the biocompatadility of im vivo implants
by examining the exudate that surrounds
the implant, The group monitored poly-
worphonuciear (PMX) alkaline phosphatase
an well as mononuclear and cathepein acid
phosphatase of the exudates. Thef{r stud-
ien mhowed dintinct differences tn cellu-
lar adhesion betvear the various poly-
mers, Also, surface concentrations of
cells, measured as cells per square mm,
vere different for the respective poly-
wers., It was found that macrophages, vhen
activated by the polymers, can secrete
about 100 components such as polypeptide
horsones, and growth factors (interleu-
kins, platelgt-derived growth factor,
etc.). Anderson's group 1is engaged in
extensive studies of selected aspects of
macrophage activation, following adhesion
and the role of cell-material, call-
protein, and cell-cell interactiona aa
they relate to the biocowmpatnahilitv of
polymars.

The deposition
brunectin onto polymertc

of endothelfal (1.
surfacea wan

BNy
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‘found that REC,

reported by P.B. van Wachem (Department
of Chemical Technology, Biomaterials Sec-
tion, Twente University of Technology,
Enschede, the Netherlands). Van Wachem
mentioned that the clinical results with
small-diameter vascular grafts made from
polymers such as Dacron (PETP, polyethy-
lene terephthalate) and Teflon are gen-
erally disappointing, mainly because of
occlusion due to thrombus formation. He
also stated that since vascular erdothe-
lium represents a uniqua nonthrombogenic
surface, he considered that endothelial
cells are the first iogical choice for
lining small-diameter vascular grafts,
Therefore, van Wachem and his group car-
ried out a systematic in virro study of
the interaction of human endothelial
cells (HEC) with polymers with the aim of
developing grafts which could promote
overgrowth of endothelial cells,

These investigators had previously
suspended in a culture
medium containing human serum, esdhered
to moderately wettable polymers such as
tissue culture polystyrene (TCPS5). Re-
duced adhesion or no adhesjion was ob-
served upon the more hydrophobic polymer
PETP and the very hydrophobic polymer,
fluoroethylene~propylene copolymer (FEP,
a Teflonlike polymer). Recently, van
Wachem and his group also observed that
TCPS adsorbs more of the adhesive protein

. fibronectin from the culture than PETP or

FEP, although this amount was small com-
pared to, for example, adsorbed albumin,
They considered 1t unlikely thst this
relatively small amount of fibronec:in

- was responsible for the adhesion, aspread-

ing, and proliferation of HEC. There-
fore, they studied the deposition of en-
dothelial cell-derived fibronectin to
TCPS.

The use of culture medium containing

fidbronectin~depleted serum and the appli-~-

cation of an enzyme immunoassay in which
a monoclonal antifibronectin antibody was
used, enabled van Wachem and his cowork-
ers to show that cellular fibronectin is
deposited upon TCPS during adhesion and
spreading of HEC. After seeding of HEC
onto this polymer, increasing amounts
of fibronectin are deposited both with
increasing cell density and increasing

incubation time. Their results indicate
that the ability of depositing cellular
fibronectin onto a polymeric surface is a
couditior for the spreading and prolifer-
ation of HEC. :

Bacterial Adhesion to 'a Polystyrene Sur-
Studies of bacterial adhesion to a
modified polystyrene | surface were re-
ported by M.A., Khan (Department of Phar-
macy, University of Nottingham, UK) in
collaboration with A.| Brown (Department
of Chemistry, University of Manchester,
UK). Bacterial adhesion 1s considered to
te an important step in the pathogenesis
of infections associated with prosthetic
implants and medical devices. These in-
fections, according t9 Khan, are predom-
inantly associated w th cnagulase-nega-
tive S%aphylococct. notably Staphylococ-
cue epidermis, In vitro studies have in-

~dicated that both the hydrophobic inter-

actions and surface charge properties of
the bacteria and the surface chemistry of
the biomaterial markediy {nfluence bac-
terial adherence. In |this report, Khan
and coworkers 1nvoa:1gatod the adhesion
of a wide range of highly characterized
clinical isolates of Staphyloouccus epi-
dermis to oxygen-glow-discharge-treated
polystyrene uurfares! characterized by
means of wodern uurf‘ca anslysis tech-
niques. |

The surface chemital modification of
the polystyrene filna vas wmonitored by
x-ray pho-oelectron apectroncopy (XPS)
and static secondary ion mass spectrom-
etry (SSIMS). The high sensitivity and
degree of molecular specificity of SSIMS
provides, according to}Khan. a novel per-
spective on the dramatic changes in the
surface chemical astruéture, both at the
elemental and molecular levels, as in-
duced 'by plasma treatient. The bacterial
adhesion vas elucidate# by the determina-
tion of the extracted ATP of the adherent
bacteria and was found to be higiily de-
pendent on the strrin ¢f S. epidermis and
the surface hydtophobicity of the bac~-
teria as derived by hydropnhobic interac-
tion chromatography, In addition, the de-~
gree of oxidation of i?c polymer surface
also 1llicited a profound modification

i
|
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of the bacterial adhesifon 1in certain
strains. Khan thinks that these cellular
adhesion phenomena may be interpreted in
terms of the surface chemical phenomena
of both the bacterial interface and with
the application of the SSIMS technique,
of the interfacial chemical character of
the mnodified polymer surface.

Effect of Implantation Site on Cell/Poly-
mer Interactions

Studiea on the effect of implanta-~
tion site on wononuclear and wulti-
nucleated cell/polymer interactions was
presented by D. Bakker (Esr Nose and
Throat Department, University Hospital
and the Laboratory for Electron Micro-
scopy, State University, Leiden, the
Netherlands). Bakcer stated that the rate
of hydroxyapatite biodegradation appears
to vary with {wplantation technique. In
order to evaluate the effect of implanta-
tion site on phagocyte/polymer interac-
tionr, Bakker and coworkers implanted
thres alloplastic tympanic membrane ma-
terials: (1) polypropylene oxide; (2)
Estane 5714, Fl polyether urethane; and
(3) a polyethar polyester copolymer. A
total of B840 porous specimens were im-
planted in rat middle ears: in the tym-
panic membrane, submucosally, and between
middle ear bone and adjacent muscle tis-
sue, Survival times ranged from 1 to 52
veeks, and light wmicroscopy and auto-
radiography, transmission and scanning
slectron microscopy, and x-ray microanal-
ysis served as evaluation techniques. It
was found that all d{mplantations re-
sulted in the presence of mononuclear and
multinucleated phagocytes. Morphometry
showed that for all three biomaterials
the total volume of phagocytes present at
the site implancation decreased in the
following order: (1) adjacent to muscle
tissue; (2) submucosally, and (3) in the
tympanic meabians. Biofragmentation or
biodegradation, which may have resulted
from polymer/phagoctte interactions (ac-
cording to Bakker), occurred for all
tested hiomaterials,
tively and quantitatively most prominent
when the polymers were {n conntact with
muscle tissue. Transmission electron mi-
croscopy showed, at all implantation

but were qualita- -

sites, intracellular material derived
from the three polymers. Findings with
respect to polypropylene oxide also sug-
gested extracelluiar degradation.

This study shoved that phagocyte
activity was greatest when {mplants con-
tacted muscle tissue, and confirmed pre-
vious reports by Bakker and others of
stimulated phagocyte activity by cellular
irritation., Bakker thinks that the obser-
vation that the implantation site affects
phagocyte activity stresses the impor-
tance of studying the biological perfor-
mance of an implant material at the site
of the clinical implantation.

. Protein Adsorption at the Interface

Protein adsorption at the interface
between charged polymer substrata and
migrating osteoblasts is being studied by
J.E. Davies (Department of Anatomy, Uni-
versity of Birmingham Medical School,
UK). Davies and his group have recently
shown that both the migratory morphology
and synthetic activity of 'osteoblasts
(OB's) are influenced by the substrata
they colonize in vitro and that this dif-
ferential behavior is related to the sur-
face charge of the substratum. Their ex~
perimental system is based on the migra-
tion of primary rat calvarial osteoblasts
onto polystyrene ion exchange resin beads
of either poasitive or negative surface
charge. Using this system, Davies and co-
workers have speculated that the behavior
of OB's may be influenced through the in-
termediary of charged double layers or
adsorbed serum proteins origirating in
the culture medium, In fact, the sub-
strate surface is exposed to the proteins
frecm the fetal calf serum (FCS) in the
wedium for a significant time before the
OB's migrate over it, allowing the ad-
sorption of proteins and other macro-

molecules. Ir the present study, DNavies

reported on the difference 1in proteins
adsorbed to thesa polymer substrata of
either positive or negative surface
charge and linked this to OB behavior.
The methods used by Daviea and his
group in the present atudy were: (1)
alution of adsorbed protein from sub-
strata using sodium dodecyl sulfate (SDS)
and analysis using polyacrylamide gel




electrophoresis (PAGE), and (2) immuno-
labeling FCS proteins (horeseradish per-
oxidase), with subsequent observation by
Light wmicroscopy (LM) or transmission
election microscopy (TEM). PAGE analysis
revealed reproducible differences in the
protein population eluted from the
charged substrata. While these protein/
peptide bands were constant for each sub-
strate, they differed from those seen in
PCS. As the majority of proteins carry a
net negative charge at physiological pH,
Davies thinks that it would seem 1likely
that there would be preferential or in-
creased 'adsorption of serum proteins on
positively charged substrates, However,
the preliminary results do not indicate
such a clear cut situation, since dif-
ferent pro~ein/peptide populations are

dessrbed from different negatively and

positively charged substrates. There does
not, therefore, appear to be a correla~-
tion between the differences in the bands
seen and the charge of the substrate,
indicating that other factors such as
surface exchange ions may influence pro-
tein adsorption. On both strongly and
veakly negatively charged  beads these
investigators found that there was an
increased number nf bands seen in the
molecular range lower than albumin when
compared with the bands seen from native
FCS, and this number of bands was de-
creased with eluantas from positively
charged beads, Davies found that there

appeared to be a correlation between the -

number of bands seen in the high molecu-
lar weight range and the ease with which
OB's cover their surface. Davies and his
group are currently involved in identi-
fying tne different bands seen on the
gels, Immunolabeling has demonstrated a
definite layer of adsorbed protein on the
surface of the substrates, and Davies is
currently addressing the problem of la-
beling protein beneath the OB population.

3 BLOOD/SURFACE INTERACTIONS

Albumin Adsorption on Alkyl Derivatized

Grassel and S.L. Cooper (Department of
Chemical Engineering, University of Wis-
consin, Madison). The attachment of alkyl
chains to polyurethanes has been observed
to increase the affinity of gerum albumin
to alkyl polymer derivatives with alkyl
groups on the polymer surfaces. However,
the molecular mechanisms producing this
increased surface affinity have not been
fully dinvestigated. Therefore, in the
present study, Pitts and coworkers pre-
pared polyurethanes based on a 3/2/1 mole

-ratio of methylene bis (p-phenyldiiso-

cyanate) (MDI), butanediol, and 1000-
molecular-weight polytetramethylenecoxide
in which 10 percent of the urethane ni-
trogens were grafted with linear alkyl
chains of carbon lengths 18, 12, and 2,
Two monomeric fractions of human serum
albumin were adsorbed to these polymers
in a laminar flow cell. One albumin frac-
tion had no free fatty acid bound in the
alkyl fatty acid binding sites of the
protein, while the other had the alkyl
binding sites blocked with 6.5 moles of
stearic acid per mole of albumin., The
kinetics of protein adsorption was re-
corded continuously using Fourier trans-
form infrared spectroscopy and internal
reflection optics, Analysiz of the ini-

. tial adsorption rates indicated that in-

creased albumin affinity to the C-18
polymer derivative was due to both non-
specific binding to the more hydrophobic
surface and specific binding at the alkyl
binding sites. In addition to blocking
the 'alkyl binding sites, addition of
stearic acid to albumin makes the protein
less susceptible to denaturation. When
albumin was adsorbed tu the underivatized

polyurethane, the more stable albumin
containing stearic acid adsorbed more
slowly than the less conformationally

stable albimin without stearic acid. This
suggests, according to Pitt, that pro-
teins which are less atable with respect
to denaturation may adsorb more readily
to biomaterial surfaces.

Evaluation of Polyester Arterial Grafts

Polyuisiihanes
A report on albumin adscrption on
alkyl polyurethanes was presented by W,

Pitt, working under the direction of T.G.

Coated with Albumin

A study of the evaluation of poly-
egter arterial grafts coated with albumin
waa reported by R. Guidon (St. Francis of




Assise Hospital and Laval University,
Quebec City, Canada). Previous in vitro
studies indicated that the type of chemi-
cal used to cross-link albumin-coated
polyester arterial prostheses may influ-
ance the rate of biloerosion of the al-
bumin layer in vivo. In the present
study, four series of implantations in
the thoracic aorta of dogs for scheduled
periods of 4 hours to 6 months were con-
ducted using 1.6~ and 2,5-percent glut-
araldehyde and 0,2-M carbodiimide as the
alternative cross-linking agents plus a
nonalbuminated preclotted polyester pros-
thesis which served as control.

The pathology of the explanted
. grafts revealed that 1in th: short and
medium term, the rate of healing and the
extent of tissue ingrowth was dependent,
inftially, on the presence of--and latar,
on--the rate of bioerosion of the albumin
layer. After three months in gitu, the
prostheses coated with albumin cross-
linke1l with 1.6 percent glutaraldehye and
carbodiimide had healed more rapidly and
were invaded by more extensive tissue

ingrowth than the one cross-linked with

2,5-percent glutaraldehyde or the pre-
clotted control. Also, the migration of
cells over the carbodiimide-treated sur-
face was the most fully developed and
most regularly organized of all four ser-
ies. Immunoataining revealed that the
presence of glutaraldehyde induced an
inflammatory response which failed to
support the growth of normal luminal
cells with the endothelial phenotype.

Research on Functional Pnlymers and Their
Biomedical or Biotechnological Applica-

tions ‘
Studies by M. Josefowicz (Labora-
toire de Recherches sur les Macromole-
cules, C.N.R.S. UA 502, Université Paris-
Nord,
pulymers, i.e,--synthetic cr artificial
polymers--gubstituted with specific chem-
ical groups carried by the macromolecular
chain, interact specifically with iiving
systems. Josefowicz and his group have
carried out extensive research on func-
tional polymers and their biomedical or
biotechnological applications.

France) have shown that functional

Polymers containing aryl sulphonate
and carboxyl groups have been showm by
these investigators to interact sapecif-
ically wit? antithrombin III and certain
serine~proteases in the coagulation of
blood. ese biomaterials are either
cross-linked polymers (polystyrene-poly-
aaccharide—polyethylcne, etc.) or sol-
uble biodegradable polysaccharides. Thus,
these biomaterials in contact with blood
are nonthrombogenic because they are able
to catalyzd the inhibition of the coagu-
lation cascade. Some functional polymers
have been prepared by this group in order
to specifgcally interact with various
components of the immune system—-for ex-
ample, with proteins involved in the com-
plement system and with antibodies devel-
oped by hemophiliac A and Systemic Lunus
Erythcnatouus patients. Algso, it was
found that| such functional polymers may
interact vith growth factors and cells.
Thnrefore,‘according to Josefowicz, thase
biomaterials are candidates for use in
biotechnoldgy.

An  Isotopic Method to Estimate Density
and Distribution of Heparinlike Materials

Heparinlike materials, characterized
by a defined superficial density of func-
tional groups which activate antithrombin
III (AT II1), have been found to inhibit
thrombin an soon as it appears when they
are in contact with blood. An isotopic
method has been developed by J. Caix
(Laboratoires de Biophysique et d'Immuno-
logie Ccllﬁlniro. Université de BRordeaux
II, France) to estimate the density and
to visualize the distribution of the af-
finity sites concerned, directly with AT
IIT labeled -with 125icdine, and 1ndi-
rectly with an anti-AT III monoclonal
antibodv ' with Indium III, The
work re J“; oy Caix was a collaborative
project with scientists at the Mulecular
Biology Laboratory, University of Paris-
Nord, Prance.

Caix and her coworkers found that AT
III is able to adsorb specifically om
modified polyethylene tubes, Hewever,
when the polystyrene coating of their
inner surface is only sulphonated. the AT
III 48 no ionger recognized by its anti-
body. Caix thinks that thease results

|
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probably indicate differences between ad-
sorption wechanisms on both types of mod~
ified polyethylene (Type A and Type B).

Improving Biocompatibility of Vascular

Graft Materials

Improvement of biocompatibility of
vascular graft materials by 1in vivo

lining with autologous endothelial cells

wag repovted by M., Kadletz (Department of
Surgery, University of Vienna, Austria).
Since the introduction of endothelial
cell seeding in 1978, numerous studies
have demonstrated the long-term benefit
of this technique in terms of the reduc-
tion of the thrombogenicicy of artificial
grafts. However, no improvement of short-
term patency can be achieved by sgingle-
astaged seeding due to the low inoculum,
according to Kadletz. Therefore, she and
her coworkera focused on an alternative
method in the form of {omediate endo-
thelial cell 1lining by means of cell cul-
ture. For this purpose, these investiga-
tors established human saphenous vein
endothelial cell (BC) cultures. Cells
vere seceded onto artifical grafts. The
addition of EC growth factor was found to
increase the number of EC/cm? grafts.
Subsequently, the grafts were perfused in
a mock circulation unit, imitating tha
shear forces of the superficial femoral
artery. After 24 hours of pulsatile pre-
fusion, 53 percent of EC were still ad-
herent, while after 48 hours only 36 per-
cent of the preperfusion cell number
could be found. However, in spite of this
aporeciable cell loss, most of the grafts
displayed closed EC monolayera, as seen
by scanning electron microscopy. Kadletz
thinks that the results of these studies
indicare that in vitro lining offers a
promising technique to improve the throm-
bogenic surface of artificial vascular
graits and that 1t could socon develop
into clinical routine wherever a cell
laboratory is avallable.

Blood Compatibility of Cross-L'aked Poly-

" In previous work

ether Blends

A report on blood compatibility of
cross~linked polyether blends was pre-
sented by J.GC.F. Bots (Department of
Chemical Tachnology, Bicmaterialas Sec-

tion, Twente University of Technology,
Enschede, the Netherlands). Cross~linked
blends of polyethylene oxide (PEO) and
polypropylene oxide (PPOX) have been
studied by Bots ard his group for appli-
cation as biomaterials; for example, as
small-diameter blood vessel substitu’es.
on the relationship
between platelet adhesion and type and
amount of polyether segments in copoly-
ether urethanes it had been observed that
an increase of the polymer content re-

sulted in a reduced platelet achesion.

Because PEO had been found to be the most
active in suppressing platelet adhesion
compared to PPOX and polytetramethylene
oxide (PTMO), Bots and his group con-
sidered that a combination of PEO with
PPOX or PTMO might lead to materials with
& good blood compatability. PEO could be
the blood compatable, hydrophilic com-
ponent and PPOX or PTMO the mcre hydro-
phobic and mechanically stronger one. His
report is therefore concerned with stud-
les to assess this hyponthesis.

Films of blends of PEC and PPOX
wvere cross-linked by ultraviolet irradi-
ation in the presence of dicumyl perox-
ide (DCP). Water content (after equili-
bration) and mechanical properties of
the cross-linked films were varied by
changing the blend compesition or the
irradiation time. Surface characteriza-
tion showed that in the phase-separated
cross-linked PPOX/PEO films more PEO was
present on the gurface than in the bulk.
It was also found that on equilibration
with water, PEO became hydrated, thereby
losing 1its crystalline character. .

Interaction of the PPOX/PEO cross-
linked blends with blood was studied by
measuring kallikrein generation, APTT
values, and platelet adhesion. Among the
blends studied, the PPOX/PEO at 90/10 and
80/20 were the most blood compatible.
They showed a low kallikrein generation
and platelet adhesion and a high APTT
value.

According to Bots, the results with
the polyether blenda obtained so far in-
dicate the importance of an increased PFO
surface concentrstion in combination with

- a transformation of the PEQO phase into

the hydrated form, thus creating a
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hydrophilic, noncrystalline and blood-
compatible surface.

Adsorption of Thrombin to Modified Poly-

styrene Resins

Studies of the adsorption of throm—
bin to modified polyastyrene resins and
competition with other plasma proteins
was presented by C. Boisson (Centre Sci-
entifique et Polytechnique, Univeraité
Paris-Nord, Villetaneuse, PFrance)., Bois-
son works in the group of J. Josefowicz.
This was a collaboracive project with
J.L. Brash (McMaster University, Hamil-
ton, Canada). These investigators had
preeiously found that polystyrene resins
containing sulphonate and
arginylmethyl ester sulphamide groups
simulate the binding site of antithrombin
IIT (AT II1) for thrombin so that such
resins should have a high affinity for
thrombin. In the prement study, work was
undertaken to obtain detailed quantita-
tive infcrmation on the binding of ihArom-
bin to these resins, particularly in a
plasma medium so that the selectivity of
the resins for thrombin in the presence
of other proteins could be assessed.

In this study three resins were
usad: a 95 percent sulphonated polysty-
rene and two arginyl derivatives of
sulphonated polystyrenes, one having a
low (58 percent) and the other a high
(78 percent) degree of substitution of
arginyl groups. The binding of thrombin
wvas studied in two media: (91) {sotonic
trle buffer, pH 7.4, and (2) a modified
plasma from which the fibrinogen (Fg) was
removed by the snake venom, Arvin, and
the AT 111 (which otherwise would be com-
plexed to the thrombin) was removed by

treatment on a Scepharose-heparin affinity

column. To determine the quantity of
thrombin bound to the resins, thrombin
was labeled with 1251, mixed with either
the isotonic buffer or the plasma, and
incubated with the reeins at 4° C. The
specific surface areas of the resins vere
estimated from measurements of albumin

- adsorption under conditions lesding to

close~packed monolayer formation.

The adsorption isotherms of thrombin
both 1in buffer and in AT IIIl/FPg-free
plasma were found to be Langmuir-like. On

sulphonate-.

this basis, ap.arent affinity constants
were estimated. The quantities of throm-
bin adsorbed at the isotherm plateau were
in the monolayer range., Also, the values
in plasma were of the order of 70 percent
of those in buffer. According to Boisson,
these data confirm the high affinity of
these materials for thrombin even in a
complex medium containing numerous other
potentially competing species--a finding
important for eventual practical applica-
tion.

4 TINNOVATIONS: MONOCLONAL ANTIBODIES AND
BIOSENSORS

Biocatalysis in Nonaqueous Solvents

A review of biocatalysis in noun-
aqueous solvents was presented by A,
Klibanov (Department of Applied Biolog-

"{cal Seiences, Massachusetts Institute of

Technology, Cambridge). Klibanov is well
known for his work in this field, which
mey well be one of the most exciting and
promising emerging trends in biotechnol-
ogy. Enzymatic production of materials is
usually carried out in aqueous solvents
because organic solvents, {in general,
lead to denaturation of enzymes which are
proteins. However, Klibanov has found in
his atudies that water (aqueous solvents)
may not be the best medium for the cata-
lytic function of enzymes. Many organic.
synthesis reactions are insoluble in wa-
ter, stability appears to be greatar in
organic solventa, and there is no problem
of bacterial contamination which occurs
in aqueous solvents. Klibanov pointed out
that it 1is not a question of whether
vater 18 required for enzymatic activity
but rather how much water is necessary.
He stated that only a monolayer of water
is all that 1is nacessary and that the
rest of the miiieu surrounding the enzyme
‘can be organic. Another important point
is the nature of the organic solvent. If
it is very hydrophobic, the required
monolayer surrounding the enzyme would
be removed and the enzyme 1inactivated.
Therefore, the nature of the organic sol-
vent used in the reaction is very impor-
tant. An interesting point mentioned by
Klibanov is that enzymes have pH memory.
Therafore, the pH of the reaction medium
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should be about the same as the pH of the
aqueous ra2diun from which the enzyme was
isolated in order to maintain enzymatic
activity in a nonaqueous medium. He also
found that the obligatory amount of water
surrounding the enzyme in organic solvent
may be even less than a monolayer, and
this can be at a level of 300 moles of
. water/mole of enzyme. In addition, sta-
bility of enzymes in organic solvents--in

particular, thermal etability--can be
quite marked. Furthermore, it appears
that enzymes {n organic solvents can

catalyze new reactions. For example,
lipase catalyzes only ons reaction in
aqueous medium but in organic medium is
capable of catalyzing sevaral reactiomns,
according to Klibanov. Lipase in organie
solution can be used to produce biosur~
factants., Klibanov also found that en~
zymes rzcain their catalytic activity in
organic solvents because their conforma-
tion remaius essentially the same as in
aqueous solvents., The reasor, according
te Klibanov, 1s that aa enzyme cannot
change 1its conformation in organic sol-
vent because, without water, it 1is toe
rigid to change its conformation in spite
of the minimal amount of water surround-
“ing the enzyme 1in the organic solvent.
Thus the biocatalytic prcduction >f new
materials (optically active synthons and
polymers, phenolic resins, selectively
modified sugars, biodetergents, etc.) in
nonaqueous media are already in progress
by Klibanov and his group as well as
others and are assuming increasing im-
portance in the area of biotechnology.

An Enzymatic System for Removal of Hepa-~
rin

An enzymatic aystem for the removal
of heparin was presented by H. Bernstein
(Department of Applied Biological Seci-
ences, Massachusetts Institute of Tech-
nology, Cambridge). Extracorporeal medi-
cal machines (for example, puuap oxygena-
tor, artificial kidney) rely on systemic
heparinization to prevent thrombus forma-
tion 1in the exctracorporeal device., A
novel approaca that enables heparin to ba
specifically removed from blood after it
has served 1ts purpose in the circuit and
before it returns to the patient has been

developed by Bernstein and coworkers.
A reactor containing {immobilized hep-
arinase--a sgpecific heparin-specific en-
zyme~~1i8 placed at the end of the extra-
corporeal circuit. Hepariiase was im-
mobilized to spherical agarose particles
using cyanogen bromide activation. The
immobilized heparinase was placed in an
arterial blood fiiter which had been
fitted with an 1internal recirculation
line to maintain the contents of the re-
actor well mixed.

A mathematical model was developed
to describe the degradation of heparin by
the reactor ex vivo. Heparin exists 1in
blood in two forms-~-free and bound to the
protein antithrombin. The model accounts
for the binding reaction of heparin to
antithrombin. The enzyme rCeactor was
nodeled as a steady-state continuous-
stirre/ tank reactor. The model bas no
adjustable parameters and' was able to
predict the single-pass conversions with-
in 15 percent rfor three different animals
and 12 periusions, according to Bern-
stein, At a blood flow of 120 ml/min, 30
to 60 percent of the heparin was degraded
after s single pass through the device.
The conversion of heparin was determined
primarily by the immobilized heparinase

concentration, the plasma antithrombin
concentration, and the plasma heparin
concentration,

Concepts and Technology of Biosensors

A general introduction to the con-
cepts and technology of biosensors in-
cluding some discussion of the need for
sensors, the range of analytes that can
be measured, the application areas, the
construction of sensors with a biological
recognition/response system, and the
range of transducer technologies that are
potentially amenable to sensor use was
pregented by C.R. Lowe (The Biotechnology
Center, University of Cambridge, UK).
Examples of sensor technologies for the
monitoring of substrates, proteins, and
immunoanalyt2s were also given, For ex-
anple, the development of a novel ampero-
metric sensor for glucose and other sub-
strates whi:ch {incorporates oxidases {in
conducting organic pulymers and of & min-
iaturized surface conductivity device for




monitoring analytes such as urea was dis~-
cussed by Lowe. In addition, Lowe spoke
atout devices capadle of detecting pro-
tainacecus analytes based on sopnisti-
cated optical techniques including use o
an optoelectronic, sensitized semiconduc-
tor, conductimetric immunosensor. A re-
view of biosensors containing much of the
material presented by Lowe is availsble
in ESN 40-9:301-305. In addition, Lowe's
presentation will be published in full in
a special issue cf Biomaterials.

‘0ptica1 and Electrochemical Detection of

Immobilized DNA

A report on studies concernsd with
the optical and electrochemical detection
of immobilized DNA was preserted by P.J.
Warner (Biotechnology Center, Cranfield
Institute of Technology, Cranfield, UK).
Optical and ‘electrochemical methods of
DNA detection were examined by Warner and
coworkers using reveral enzyme lcbels
inclr4ing horseradish peroxidase, alka-
line phosphatase and glucose oxidase. DNA
wvas labeled with these eanzymes using
a method based on ionic binding of an
amine/enzyme complex to the negatively
charged DNA., Lambda DNA was used as a

- model system by immobilization onto ni~

trocellulose filter paper and hybridiza-
tion to its labeled complementary strand.

The optical system eavloyed two
cheniluminescence reactions using luminal
and methylacridone. Light produced by
oxidation reactions was detected using a
purpose-built inexpensive ($150) lumino~-
meter, Peroxidase~labeled DNA was de-
tected by chemiluninescence of luminol
in a diethanolamine buffer ( 100 =mM, pH
9.0) in the presence of excess hydrogen
peroxide. Detection limits were 1 nano-
gram of DNA with a response tima2 of ap-
proximately 5 ainutes.

Glucogse-oxidasc~labeled DNA produced
hydrogen peroxide in the presence of ex-
cess glucose. This was detected using the
luminometer by the chemiluminescence of
methylacridone (1 mM, pH 12,0). Accordire
to Warner, initial results indicated tuar
this apprcach had sufficient sensitivity
for singla-copy gene detection (1 pico-
gram of DNA), with a reaponse time of
10 minutes,

The eleactrode approach employed a
fluorice-ion-selective electrode. Perox-
idase cleaves fluoride fons f.om organo-
fluoro compcunds such as 4-fluoropuen-l
in the presence of hydrogen peroxidase,
Peroxidase-labeled DNA was readily de-
tected with a rapid response time (10 to
30 seconds). The detection limit was
only 10 nsnograms of DNA, but the use of
stripping voltammetry to detect chloride
ions 1s presently being investigated by
Warner and coworkars, and be thinks that
this may greatly increase che sensitivity
of the method. The expectation is that
these new approaches to DNA detection
will be applicable to the production of a
rapid and cheap DNA birsensor. However,
progress towurds a final configuration is

likely to b2 limited by the slow hybridi-

zation kinetics associated with DNA, ac-
cording to Warner.

Analysis of Immunological Reactions by

Optical Biosensora

The analysis of immunological reac-
tions on biochemically sensitized sur-
faces by ouptical biosensing techniques
was discussed by U. Strange (Department
of Geology and Physical Sciences, Oxford
Polytechnic, Oxford, UK). The research
presented was a joint project with N,
Groome (Department of Blology, Oxford
Polytechnic) and L., Tarassenko (Depart-
ment of Engineering, Oxford Folytechnic).
The intensity of 1light reflected by a
biochemically sensitized surface can be
modified when molecules in a chenmical
sclution bind to the surfaci. According
to Strange, the change in reflectance can

"be measured by an optical sensor and used

to quantify immunological reactions on
surfaces. Strange and coworkers have de-
veloped an optical instrument using laser
light which is capable of employing two
independent methods to menitor these re-
flectance changes. The intensity change
of the reflected light may be measured by
Brewster angle reflectometry cr the shift
of the angle at which a reflectance min-
imum occurs can be detected by surface
plasmon resonance.

Polished silicon~dioxide-coated sil-
icon wafers or thin silver or gold
f{lms on glass substrates are the basis




for the blochemical sensors that are un-
der investigntion by Strange and cowork-~
ers. Inatrument sensitivity enhancement
i3 achieved when green or blue argon ion
laser light 1s vsed to replace conven-
tiorally employed HeNe 1light, according
to Strange.

The instrument has been used to fol-
Irw 2utibody-antigen complex formation
by monitoring reflectance changes of sil-
icon surfaces coated with human serum
albumin before and after incubation with
sera containing antihuman gerun albumin
in' varying concentrations. Comnparisons
were aade betveen wet and dry samples.

According to Strange, high resolu-
tion has been achieved with reflectance
changes of 0,05 percent being resolved.
Read~out {8 essentially instantaneocus and
the time required to obtain results is

determined only by the incubation times

of the reactions und.r study.
S BIOCOMPATABILITY

Studies on the {nteraction baetween
cells and the surface of titanium and
Teflon implants vare presented by P,
Thomsen (Department of Anatoumy, Unfver-
‘sity of GYteborg, and the Instifute of
Physics, Chalmers University of Tachnol-
cgy, OGCBteborg, 3weden)., Thomsen stated
that in order to understsnd the biology
of the tinsue-transplant interface, a
detailed knowledge of the mode of inter-
action between cells and fmplants {s re-
quired. Theoratical considarations sup-
portsd by the experimental observations
of Thomaen and coworkers suggested chat
the early finteraction between the implant
and inflammatory cella, inevitably pres-
ent at the site of implant {nmertion, {s
- of decisive {mportance for the further
changes {n tae aurrounding tissues. Thus,
in the present study, Thomsen and his
group have examined the ultrastructure of
the ti{saue clore to titan,um and Teflon
implanta, ‘

Titanium and Teflon {mplants were
insertad in the abdominal wall of rats,
Aftar 8 hours; 1, 13, and 7 days; and 3,
6, and 9 weeks the abdominal wall tissue
wvas fizxead by glutaraldehyde perfusion.
The {mplant witl. surrounding tisaue was

post{ixed {in osmium tetroxide and em-
bedded in epoxy resin., The titanius metal
(but not the titanium dicxide on the im-
piant surface) was then removed electro-
chemically, After reembedding, sections
ware cut on an ultramicrotome. Teflon
specimens vare cut with the polymer ptill

‘attached to the embedded tissue,

The layer of titanium dioxide, .con-
stituting the surface of the 1implant,
sppesred in secticns ass a dense, 8- to
10-mm wide, continuous li{ne. Six hours
after insertion the titanium {mplants
were surrounded by damaged tissus cells
and numerous inflammsatory cells, predom-
inantly polymorphonuclear granulocytes
(PMN). Strands of fiber were attached to
the iwplant surface. PMN wvere not accumu-
lated at the {mplant surface. After I, 3,
and 7 days a 10- to 100-um-wide space
containing scattered erythrocytes, PMN,
and monocytes separated the implant sur-
face frow reorganizing connective tissue.
Some leukncytes were attached to the im-
plant su! ‘ace but most of them were not,
At later time {intervals (3, 6, and 9
wveeks) fidroblaste were found in close
apposition to the i{mplsnt surface.

When Teflon epecimens were cut, the
polyser detached from the tisaue; the
tinsue-implant {nterface was therefore
not as easily and exactly defined as for
titanium - splants, The acute inflammatory
response -uring the first week wak such
more pronounced around Teflen implants as
compared to ticanfum {eplants. The {in-
flapmatory cells were not concentrated on
the surface of the f{mplant, The pro-
nounced acute response developed {nto a
chronic inflammation with sacrophages and
wmultinucleated giant cella~-but never
fibroblasts~-in close apposition to the
{mplant surface.

Thomaen stated that these observa-
tions indicate that little direct {nter-
action between inflammatory cells and the
surface of titanium and Teflon implants,
covered by & proteinacecus material, oc-
curs during the first week after {mplant
{nsertion. At later times, fibrobiasts
are in close contact with the {mplant
surface of titanfum {mplants, wheraas
Teflon fmplants are etill surrounded by
inflesmatory cells,




Anslysis of Inflammatory Exudates in As-
segsment of Biocompatibility

A reaport on the analysis of inflam-
matory sxudates in the assessment of bio-
compatability wes presented by D.F,
Williams (Institute of Medicsl and Dental
Bioengineering, Univarsity of Liverpool,
UK)., Williame stated that previous stud-
ies have shown that the analysis of ex-
udates that accumulate within the vicin-
ity of implanted devices may provide in-
formation concerning their biocompatabil-
ity characteristics. Williams and co-
workers have carried out detailed estudies
tn which the inflammatory exudate that
forma within the lumen of fmplanted tub-
ular materiala has been analysed and
found to be very informative with reepect
to eubtle differences 1in biocompatabil-
ity., Sections of catheters measuring ap-
proximately 50 mm {n length and internal
diameter of 2 to 4 mm were implanted i(n
rats and left for between ]| ard 10 wveeks.
At the end of the test period, the im
plants were carefully harvested and the
exudate forming in the lumen was col-
lected. A blood sample was taken from the
tail vein and apun to yield a serum sam~
ple. The exudates were examined by ass~
saying marker enzymes, principally alks-
line phosphatase, and by protein assay,
using the technique of electrofocuming,
Specimert studies included a rvange of
elastomeric and rigid cathsters including
varietieas of stilicon, polyvinyl chloride,
and polyethylene,

The alkaline phosphatane activity
within the exudate was reproducibly high
at 1 week bdut decressed exponentially
with time as the inflsmmatory responee to
the trasuma decreased. The rate nf loss of
sctivity, however, appesred to de related
to the nature of the fwplanted material,
according to W'lliams, with a logarithaic
plot ytelding & linear decresse to back-
ground level--the rate correlating with
the known hiocompatability. The fsrelec-
tric focustng was carried out with an LXB
Multiphor I1 using Ampholine preformed
polyacrylamide gels operating on a pH
gradient from 3.5 to 9.5, and the protein
profile of the exudates was compared with
the merum of the asame animal, No new
peaks were mecn with silicon rubber whan

1

the exudate was compared to the serum,

However, with eilicon, albumin levols

vere increased and & nev peak at pH 6.3

was found, Other catheters of greater
irritancy than pure silicon have pro-

duced simflar differences, according to
Williams. Thus, Willisms thinks that this

method provides quantitative and qualita-

tive asethods for assessing emall dif{fer-.
ences in bfocoupatadility.

A Chamber Technique for Study of Cells
and Yluida Near Implanted Hateriale

The developwent of & chamber tech-
nique for quantitative studies of cells
and flutd close to {mplanted matertals
has Deen carried out by A.S. Erikeson
(Departwent of Anatomy, Univerwity of
Csteborg, Sweden), Eriksson etated that
nonalloyed titanium is {integrated (into
bone tisaus without aan {ntervening layer
of connective tissue, and in patients
treated for edentulousness an excellent
function csn be maintained for decades,.
In order to understand the wechaniswe
behind the healing-in of biowmaterials,
experimsntal studies on the intarsctions
between an implant and surrounding cells

‘ave essential. Recent studies by Eriksson

and coworkers, using quentitative sorpho-
logical techni{ques have provided nev in-
formation about the hesling-in of {w-
plants in soft and hatrd tissues. Their
results have suggested that the early fn-
teractions bdetween the tmplant and cells
are of great importance for the subae-
quent structure of the surrounding tie-
sue.

In the present study a chamber tech-
nique was developed to enable the «xami-
nstion of small smounts of {implant-sur-
rounding cells and extracellular flutids,
A poroue chamber consfeting of & remov-
able distal portion made of pure titanium
or Teflom connected to & proximsl plate
with an attsched cylindrical portion, was
insarted into the abdominal wall of rats,
After a skin excision and removsl of a
cover screw on top of the cylinder of
the titanium chambar, the axudate was re-
trieved 8 hours to 13 days sfter murgery

(10 rats). The exudate vas collected by
washing, wusing an sutuvsstic  pipette
(rtiving a total of 150 ut)., The celln



were counted and their types and propor-
tions detsrmined on cytocentrifuge prepa-
rations, After separation of the cells
the protein content of the fluid was
analyzed electrophoretically. Ia the ti-
tanium chambers the number of leukocytes
slowly increased bdetween 8 hours and 9
days. PMN predominated at each time point
. studied but their relative proportions
decressed with time. (97 percent at 8
hours, 70 percent at 15 days). Among the
mononucledar cells, monocytes were two ton
four times more frequent than lympho-
cytes. Teflon chambers were studied 1 to
9 days after insertion (20 rats). The
nuaber of inflammatory cells were higher
as compared to those of the titanium
chambers and already aspparent | day after
insertion. A large increase in the number
of cells (mainly PMN) wvas evident between
3 and 6 days (the amount of cells about
four times thuse  presant in the titantium
chambers). The amount of exudate was
higher in the Teflon chambers. Using the
electrophoretic techniques it wvas pos-
sible to determine the proteins in the
small amount of exudate fluid retrieved
from the titanium chambers,

Thue, using the chamber ‘toéhniquol

descridbed above, it appears that small
amounts of cells and fluid close to lm-

planted biomaterials can be analyzed in .

4 quantitative wmanner, According to
Eriksson, this techniqus {is prasently
being used to increase our knowladge
about cellular migration, asccumulation,
activation, and secretory properties as
vell as interfacial fluid composition in
relation to implanted foreign materials.
6 BIOADKESION

Interaction of Cells with Polymer Sur-
faces

‘The interaction of cells with poly-
mer surfaces was discussed by J. Feijen
(Department of Chemical Techneliogy, Uni-
versity of Twente, Enscheds, the Nether-
lands). Peiljen stated that the interac-
tion of cells with polymer surfaces de-
pends on both the character of the caell
and substrate surfaces and on the type of
wedium used. In order to obtain morc in-
sight into the adheaion phenomena, weli-
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not’ yet available.

characterized substrates are required
and the properties of the cell surfaces
have to be determined. According to
Fe{jen, adhesion of cells onto polymer
surfaces only takes place wvhen the change
in the Helmholz free energy is negative,
Long-range interactiona can be described
by the DLVO theory, whereas a proper de-
scription of short-range finteractions {s
The presence of pro-
teins 1in the cellular medfum wusually
leads to protein adsorption at the poly-
mer-liquid interface which mav strongly
influence the adhesion pheaomena, ac-
cording to Feijen,

In order to study cellular interac-

. tions with polymer surfaces, Feijen and .

covorkers synthesized a series of metha-
crylate (co) polymers with varying sur-
face hydrophodbicity, charge, and chain
mobili{ty. The surfaces were characterized
with the Wilhelmy plate technique (wet-

tability snd mobility) and streaming po~'

tential wessurements (zeta potential).
Tha adhestion of four setrsins of coeg-
ulase-negative staphylococei (CNS) with
different surface hydrophobicity and
charge onto polymers was studied using a
perfusion cell, Feijen and coworkers
found that the rate of CNS adhesion onto
positively charged surfaces was signif-

fcantly higher than onto all other sur- .

faces. Introduction of negatively charged

methacrylic acid residues into the co-'

polymer did not decrease the rate of CNS
adhesion as cowpared to that on pure poly
(methyl methacrylate). Lover rates of ad-
hesfon and low plateau values were ob-
served when CN3 were exposed to hydro-
phylic copolymers.

Numan endothelial cells (HEC) {so-
lated from umbilical cord were contacted
vith the same polymers in & modified "Nt~
onique” growth chamber. In the presence
of serum containing culture medium, the
highest adhesfon was found on moderately
vettable copolymers. Furtherwore, high
numbers of HEC were observed on positive-
ly charged copolymers. In serum-free me-
divm, REC adhered onto the charged co-
polymers but not onto hydrophilic, hydro-
xyethyl-msthacrylate-containing copoly~-
mers. Under these conditions, complete




cell spreading was only observed on the
positively charged copolymers.

Staphylococcal Adhesion to Cartilage and
Collagen in Intra-articular Sepsis

Work on this subject was discussed
by A.G. Gristina (Saction of Orthopedic
Surgery and Department of Pathology, Wake

Forast University Medical Center, Win-
ston-Salem, North Carolina). Gristina
stated that the ability of certain

strains of Staphylococous aureus to spe-

cifically bind collagen {s believed to
be & virulence-related characteristic.
Binding to collagen is a high-affinity,
strain~specific, reversible interaction,
S. aureus is an important pathogen 1in
musculoskeletal sepsis, and it has bean
suggested that binding to collagen 1s a
relevant sechanism in the adherent colon-
ization of cartilage and bone and may be
particularly {mportant in the pathogene-
afs of intra-articular infections and oa-
teomy-litin, Previous studiea by Griatina
and coworkers have demonstrated the role
of microbfal adhesion in osteomyelitis
and biomaterial-centered infections. 'In
this report Gristina presented scannirj
slectron microscopic (SEM) and rransmis-
sion electron microscopic (TYM) studies
of direct retrievals of tissue from In-
fected joints in man, demonstrating the
- suggested microbial adhesion to cartilag-
inous surfaces. In addition, their find-
ings were rsproduced in a rabdbit model,
showing direct bacterial-to-collagen fi-
ber contact. The in vivo retrievals and
animal studies carried out by Gristina
and coworkers suggest that the pathogene~-
sins of joint eepein in directly related
to microbial receptor-collagen adhenion
and that bacteria on cartileginous eur-
faces are surrounded by extracellular
polysaccharides, which form a continuum
between the bacte:zia and the cartilage
surface and adiascent aggegating orga-
nisme., According to Gristina, his group's
studies also suggest that cartilage (and
probably coullagen) rather than synovium
is the specific target for microbial ad-
hesion in joint sepsis. Collagen, as a
component of conditioning fiims about
biomaterials may also be & site for mi-
crobial adhesion,
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Interactions and Bicadhesive Behavior of

PAA-Containing Polymer Discs

The interactions and bioadhesive be-
havior of polymer discs containing poly~-
acrylic-acid (PAA) were studied with
bovine sublingual wmucus and tissue by
G. Ponchel (Lsboratoire de Pharmacie
Galénique et de Biopharsacie U.A., CNRS
1218, Univorsité de Paris-Sud, Chatenay-
Malabry, FPrance). The discs were prepared
from PAA and hydroxylpropyl methylcellu-
loss and were surfaca-preswollen for 10
minutes using water at pH 5.9. The ad-:
hesive interaction was measured at 26°C
using 8 modified tensile tester. It was
found that the biocadhesive bond strength
is a function of the PAA content up to
the lavel of approximately 50 weight per-
cent, The fracture biocsdhesion mechanism
wvas used to analyze the results, and the
work for adhesion, fracture energy, mod-
ulus of the swollen layers, and tnter-
fncial fracture depth were menasured.
Uning a diffusional analynis, the pene-
tration depth of PAA chains in the mucus
vas also calculated and found to be the
same as the fracture depth. Thus, during
bicadhesion, the rupture of these bonds
occurs beyond the mucus/polymer inter-
face. The results were verified by elec~
tron microscopic satudfes. Finally, ac-
cording to Ponchel, stress-relaxation
experiments established the dynamic bde-
havior of the bioadhesive phencuenon,

Interaction of Modif{ec HPMA Copolymars
with Rat [ntestine ' '

The interaction of wmodiffed MN-(2-
hvdroxylprapyl) methacrylate (HPMA) co-
polymers with adult rat {(nteatine wan
reported dy J,F. Bridgen (Department of
Kiological Sciences, University of Keele,
UK). Copolymers of HPMA containing cat-
fontc (trimethylammonium chloride) rest-

duse . sugars (galactosamine, man-
nosanine, glucosamine, fucosylamine, or
Ralactose) were gynthesized bdy Bridgen

and her coworlers and tested tnm Vitro as
potent{al intestinal bdicadhasives. The
cationtic 1251-1abeled TPMA copnlymer was
found to exhib{t consideradble regfon-
indepandent intestinal bioac . >vton. Al-
though {ncorporation of smino-sugar resi-
dues into !257-1sbeled HPMA copolymers




produced less tissue association than
observed with the cationic derivative,
these sugar-containing polymers showed
binding. Incorporation of galactcaamine
residues potentiated bfoadhesion in the
duodenum and the firat part of the jeju-
num, - whereas fucosylamine potentiated
bioadhesion in the third part of the je-
junum. Bioadhesion was increased if the
amino-sugar was bhound to the polymer
backbone via a ncndegradable glycylgly-
cine spacer, rather than directly con-
jugated to the polymer backbone. Studies
with copolymer-conjugated colloid gold
probes showed that the copolymers marked-
ly adhere to the acid wucopolysaccharide
portion of thé intestinal mucia.

Bridges stated that preliminary in
vivo experiments have supported in
vitro data. Yollowing oral administration
of 1251-1abeled HPMA copolymers to rats
(1 hour), unmodified polymer ehoved 60
percent of the dose adm‘nisterad in the
small intestine (all in the ileum), In-
‘corporation of galactosamine residue
slowed transit, 72 percent of the dose
present in the small intestine after
1 hour, was equally distributed f{n the
stomach, duodenum, and jejunum but not
detected in the {leum, HFMA copolymers
containing fucosoylamine had the slowest
transit time; 97 percent of the dose was
still present in the smail intestine
after 1 hour, and of this 73 percent was
located i{n the jejunum.
Adhesion of Endothelial Cell to Vascular
Prosthetic Surfaces

Studies of endothelial cell adhesion
to vascular proschetic surfaces were pre-
sented by D. Gourevitch (Department of
Surgery and Pathology, Fast Birmingham
Hospital, University of Birmingham, UK).
Improving the long-term patency of small
dismeter prosthetic grafts (less than
4 mm, internal diameter) remains an im-
portant but elusive objective in car-
diovascular surgery, according to Gou-
revitch., In pursuit of & nonthrombogenic
surface, Gourevitch and coworkers have
cultured human adult endothelial cells
(HEC), and examined their adhesive prop-
erties and their ability to colonize the
inner aurface of a Dacron grafe.

, than 3,3x10%

HEC were harvested and cultured on
plastic petri dishes. To examine cell
adhesion, endothelial cells were labeled
with Indium and innoculated onto Dacron
wvells which had been prepared with either
cold insoluble globulin (CIG), 1 percent
gelatin, alginate, or left untreated as
contrnl, At 20-minute ‘intervals, the
wells were irrigated and the radioactiv-
ity of the supernatant was measured. The
mean percentage cell adhesion to CIG and
gelatin at 100 minutes was 83.2 and 82
percent respectively, whereas alginate at
61.8 percent and the control at 53.5 per-
cent showed less adhesion.

In similarly prepared Dacron wells,
growth wes allowed to continue for 96
hours at 37°C. Cells wers released with
trypsin EDTA and counted using a hemo-
cytometer in conjunction with the trypan
blue exclusion test, Cell growth exceeded
2.5x105 cells/ml on CIG and gelatin, but
was never more than 5x10" cells/ml when
using alginate or an uncoated Dacron sur-
face.
Firally, endothelial cells were sub-
cultured at a high concentration (greater
cells/al) onto CIG pre-
treated Dacron prosthetic material, as
square pieces (lxl cm) and tubes
(3 cmx5 sm internal diameter). Scanning
electron microscopy showed cell growth on
all 17 Dacron squares and on seven of the
12 tubes. The endothelial cell monolayer
was confluent in 10 of the Dacron squares
and in five tubes, Thus, the results
shoved that cultured endothelfal cells
adhere wost effectively to Dacron vascu-
lar graftas pretreated with CIG, and can
develop as a confluent monolayer to form
a natural flow surface,

Adhegion of Calls to Silicon Substrate

Studies on cell adhesion to silicon
substrate were reported by M, Grattarola
(Biophysical and Electron Engineering De-
partment, SCGS Microelectronics, Genoca,
Italy). According to Grattarola, the
controlled growth of celluler asssmblies
on integrated circuits 1s a challenging
goal, with far-reaching implications in
both biology and electronics. He thinks
that one of the primary steps to be taken
tovardas this goal {s the characterization




of the adhesion of cells to silicon sudb-
scrata.

adhesion of human red blood cells (rbc's)
to silicon derivatives. They also started

Crattarola and his group studied thc‘

to grow, on silicon derivatives, cells of

the rat PCl2 line. In the case of rbdc's,
cell adhesion to silicon wafers (covered
with dioxide of various depths and with
various dopins) was compared with adhe-
sion to glass. The adhesion of the rdc's
was tested by allowing the cells to set-
tle for 50 minutes onto the substrata,
vhich were inserted in a revolving bar.
The bar was then revolved and the rbe's
."were allowed to detach under gravity for
8 30-minute period. The adhering cells
were viewed before and after the treat-
ment under reflection microscopy condi-
tions by means of a television camera.
The digitalized images were then analyzed
and the percentage of adhering cells
evaluated. Buffers of two different ionic
stre 1gths were used.

" Under these experimental conditions,
the adhesion of rbe's to silicon dioxide
vas found to compare favorably with that
to glass substrata., The cell bahavior at
different ionic strengths suggested the
existence of molecular contacts between
‘calls and substrats, according to Grat-
tarola., This 18 a crucial prerequisite
for a functional coupling of living cells
to integrated circuits. In the case of
PC12 cells, their growth on silicon sub-
strats was compared to the growth under
standard conditions, Grattarola stated
that the preliminary data obtained seem
to indicate a comparable growth.

7 DRUG DELIVERY SYSTEMS

Polymeric Microspheres as Drug Carrisrs

A review of polymeric microspheres
as drug carriers was presented by 8.S,
Davis (Department of Pharmacy, University
of Nottingham, UK). Davis stated that in
research on drug delivery the following
requirements must be met for nn effective
drug delivery method. These are that the
drug systems must: (1) accumulate at the
required site; (2) be released at the
appropriate site; (3) must be stahle in
vitro (adequate shelf-life); and (4) be
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nontoxic and biodegradable and so must
be nonimmunogenic. According to Davis,
solution of these requirements is a dif-
ficult problem. The levels of targeting
include the following: (1) organ, (2)
cell, and (3) {iatracellular (nucleus,
Golgi, cytoplasa, lysosomes). In the
liver, for example, ote may want to tar-
get & drug to a discrete part of the or-
gan such as the Kupfar or endothelial, or
parenchymal cells. '
Although, for sxample, & great ad-
vantage of using polymeric microsphures

‘as drug carriers is that the drug could

be delivered directly to tumor cells,
there are many problems to be resolved.

Davis cited asome axamples such as: (1)

the anatcmical location of the tumor,

(2) blood supply to the tumor, (3) the

structure and permeability of the tumor

microcirculation, and (4) the . carrier

system and sequestration (by other sites

in the body such as the reticuloendothe-

11al system). Some barriers to drug rar-

geting 1include capture by the reticulo-

endothelial system and escape from the
vascular system. Foretgn material (drug

delivery system) may also be captured by

monocytes and circulating oacrophages in

the blood.

Studies on the use of adsorbed and
grafted copolymers have shown that co-
polymers can alter processes of uptake
onto pacticle surfaces (opsonization) as
well a3 the interaction of particles with
macrophages (cell-particle adhesion). It
has been found that the seslection of the
appropriate coating material wmakes 1t
possible to direct particles within the
body to organs such as the lung, liver,
bone marrow, or to retsin materials with-
in the systemic circulation,
Biodegradable Hollow Pibers for Con-
trolled Releaase of Drugs

A report on biodegradable hollow fi-
bers for the controlled release of drugs
vas presented by J.M, Schakenraed (Labo-
ratory for Histology and Center for Medi-
cal ERlectron Microscopy, Univerafty of
Croningen, the Metherlaenda). The remearch
was carried out as a collaborative pro-
Ject with scientists from the University
of Twente, Enchede, and the Plastics and




Rubber Research Institute, Delft, the
Netherlands. These investigators receatly
developed hollow fibers of poly-L-lactic
acid (external diameter 0.7 mm, wall

thickness of 0.05 mm) for controlled re-

lease of highly active drugs over periods
of more than 9 months. The fibers are
injected subcutaneously and can easily be
removed, if necessary, by a small inci-
sion, according to Schakenraad. The prime
feature of this reservoir device is 1its
zero order drug release; using a dry-wet
cosgulation spinning process, the mem-
branc permaability can be adjusted to
schieve optimal release rates for a wide
variety of drugs such as pregnancy con-
trol drugs, cytoatatics, leutinizing re-
leasing hormone, etc, After release of
the drug, the poly-L-lactic acid fiber

should degrade completely, in situ, ac-
cording to Schakenraad.
In their pilot wmodel, Schakearaad

and coworkere filled the fibers with a
pregnancy control drug (levonorgestrel)
suspended in castor oil, and both ends
were heat-sealed. In vivo release studies
in rzats showed & sero order ralease of
2.4 ug/day/fiber. Biodegradation of the
fibers was measured by determination of
molecular weight and by stress-strain ex-
periments. A 65-percent loss of mechan-
ical strength within 4 months was ob-
served without functional loss.
radation was observed morphologically up
to 6 months,

According to Schakenraad, tissue re-
action towards the polylactic fiber can
be described as a very moderate foreign
body reponse, Thesa cells were very ac-
tive as judged by the presence of mito-
chondria, Golgi apparatus, endoplasmic
reticulum, snd many vesicles. At 2 months
after implantation, a cell-poor area
meinly containing collagen and few fibro-
blasts was obaerved around the fiber. 1In
all stages after implantation, blood ves-
sels were observed growing towards the
fiber, ensuring the uptake of hormone in
the blood.

A New Bioerodible Polyphosphazene Matrix
System for Controlled Release

Studies on controlled release using
a new bioerodible polyphosphazene matrix

system were presented by C.T. Laurencin
(Department of Applied Biological Sci-
ences, Massachusetts Inatitute of Tech-
nology). This research was carried out in
collaboration with scientists from the
Department of Chemistry, Harvard Univer-
sity, and Pennsylvania State University.
Polyphosphazenes are high-molecular-
weight polymers with backbones conaisting
of nitrogen and phosphorous atoms sepa-
rated by formally alternating single and
double .bonds. According to Laurencin,
their potential for biomedical applica-
tions stems from the fact that polymers
with a wide array of properties can be
synthesized using the same starting com-
pound, poly(dichlorophosphazene), through
changes in side chain subatituents. Many
of these polymeric materials that have

been synthesized have been found to bio-

degrade to harmless products.
’ Leurencin and coworkers designed a
novel monolithic bioerodible polyphospha-

. zene matrix system, and they carried out

No deg-
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preliminary studies essessing its poten~
t?al for use in drug delivery. The aystem
utilized poly (imidazole methylphenoxy)
phosphazene in formulations consisting of
20 percent and 45 percent substituted
imidazole side chain groups respectively,
Both polymers showed reproducible degra-
tion profiles that were dependent on
imidazole content. Using p-nitoaniline as
a nmodel wmolecule, release from poly-
phosphazene matrices appeared to follow
diffusional release kinetics. A study of
in vitro and in vivo release tock place
for approximately 1000 hours with the
in vivo profile demonstrating a lag per-
iod of approximately 80 hours. Polypep~-
tide release was demonatrated wusing
bovine serum albumin. Release from these
matrices was characterized by a burst of
almost 25 percent followed by a steady
release for over 1000 hours. This burst
of release was eliminated through the
inclusion of & coating step in fabrica-
tion.

Electron microecopy studies of 20-
percent imidazole-substituted polymers
revealed thefr surfaces to be smooth with
only minor irregularities. After 1000
hours of degradation, matrices took on a
more irregular appearance; however, no




large crevices or defects were noted.
Preliminary histological studies of the
20-percent imidezole-substituted polymers
subcutaneously implanted in rats for
1 month revealed intact polymer surround-
ed by a fibrous capsule. No gross areas
of surrounding inflammation were found,

, Laurencin thinks that through the
use of this novel monolithic polyphospha--
gene matrix system, low-molecular-weight
molecules as well as polypeptides can le
reproducibly released over prolonged per-
iods of time., He stated that the versa-
tility found in this system presents pos-
sibilities for a variety of controlled
release applications.

Imaging of Biomaterijals and Drug Delivery
Systems

A discussion of methods for the
imaging of biomaterials and drug delivery
systems vas given by M.C, Davies (Depart-
ment of Pharmacy, University of Notting-
ham, UK). According to Davies, surface
reaction and interacticns are critical
phenomena in the in-1ife performance of
many biomaterials. The study of inter-
facial chemistry requires the availabil-
ity of suitable techniques for the char-
acterization of such surfaces. Davies
presented an overview of the potential of
static secondary ion mass spectrometry
(SSIMS) and SIMS imaging for the surface
chémical analysis of polymeric surfaces
employed i1in biomaterfals and drug de-
livery technologies. SSIMS provides a
mass spectrum of the surface which may de
readily interpreted by normal mass spec-
trometry rules., According to Davic~=, the
high sensitivity and degree of molecular
specificity of the technique can provide
a unique insight on the surface chemical
structure of polymeric biomaterial sur-
faces.

SSIMS poermits the qualitative and
quantitative characterization of the sur-
face chemical morphology of polymeric
biomaterial interfaces of natural (for
example, hydroxypropyl cellulose) and
synthetic (for example, polylactide) ori-
gin, and their wusubsequent modification
by chemical treatments such as grafting,
oxidation, and glow discharge treatments
to improve biccompatability. Similarly,
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SSIMS can permit the qualitative and
semiqualitative determination of the sur-
face presence of molecules--for example,
drugs, plasticizers, contaminants, etc.
SSIMS may also be employed to gain an
insight into the nature of protein de-
position on polymeric surfaces; 1{.e.,
even or patchwise distribution of the
protein molecules.

SIMS imaging provides two-dimension-
al chemical mapping of the surface of a
biomaterial, permitting the elucidation
of the ditribution of molecules--for ex-
ample, drugs, mould lubricants, etc.--and
protein deposition un a biomaterial sur-
face,

A report on the use of a soluble
synthetic polymer for targeting and con-
trolled release of anticancer agents vas
presented by R, Duncan (Department of
Biological Sciences, University of Keele,
UK). This was a collaborative study with
researchers at the Institute of Macro-
molecular Chemistry, Crechoslovak Academy
of Sciences, Prague, Czechoslovakia. Con~
jugates of N-(2-hydroxylpropyl)methacry-
late)HPMA) copolymers and anticancer
agents daunomycin (DNM), adrymicin (ADR),
and  sarcolysin (SLE, also called
mephalan) were synthesized and tested
against a variety of in vitro tumors
(L1210, CRF, hepatoma, wmelanoma and
Walker sarcoma). Activity against tumor
cells in vitro was shown to be dependent
on the peptidyl side chain used to bind
polymer to drug as well as on the drug
used (certain cells were more sensitive
to one particular compound) and on the
incorporation of molecules into the drug-
conjugate (carbohydrates, hormones, or
proteins) shown to promote specific cell-
surface binding, i.a., targeting.

HPMA copolymer-DNM or -ADR conju-
gates administered intraperitoneally were
found to be very affective againat 10°
L1210 cells administered intraperiionzal-
ly to DBA mice {f the drug was bound via
a biodegradable peptide spacer. Nonde-
gradable conjugates were completely 1in-
active., Incorporation of carhohydrate
residues (galactosamine or fucosylamine)
potentiated tumor activity under certain
experimental conditions. It was also
found that conjugated drugs could be




administered at more than 10 times the
optimum tolerated dose of free drug with
no apparent toxicity. Drug conjugates
adminigtered intraperitoneally werxe also
shown to increase the life span of DBA

mice bearing a L1210 tumor subcutaneous-

ly. Thus, preparation of radiolabeled
polymer conjugstes has enabled a compara-

tive study of the pharmacokinetics of °

free and polymer-bound drug. Furthermore,
both the British and Czech groups have
patent apnlications for their synthetic
polymeric anticancer drugs.
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8 CONCLUSIONS

This interesting and timely confer-
ence on the study of interactions between
biotechnology and materials showed that
fundamental studies of cell surface/
activity have their application in clini-
cal envirorments and that new molecules
introduced through biotechnology can in~
fluence cell activity, Furthermore, it
was apparent that new techniques for ob-
serving and measuring such behavior are
constantly being developed.




