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Abstract— To improve the biofunctional properties of silk fibroin membranes, 2-(methacrylo-
yloxy)ethyl-2-(trimethylammonium)ethyl phosphate(MTP), which is a methacrylate with phos-
pholipid polar groups grafted and poly(MTP-co-BMA) was coated on the surface of silk fibroin
membranes. The permeability and biocompatibility of silk fibroin membranes with phosphoryl
choline group were investigated. The permeability of a salt(NaCl) was increased with grafting
by MTP. Futhermore, the poly(MTP-co-BMA)-coated silk fibroin membranes displayed less
blood cell adhesion than the silk fibroin membranes.

Introduction

The design of biomedical materials must
be based on normal contributions to the main-
tenance of a desirable interaction between
the materials and living organisms, since the
biomedical materials are used in contact with
blood and tissues. The simplest and common
feature of biomembranes which constitutes
cell wells is the high content of electrically
neutral phospholipids which contain the phos-
phoryl choline head group. Therefore, it could
be an interesting approach to prepare biome-
dical materials having phosphoryl choline

250 / BERREMTEERE #7468 §357(1995. 9)

groups.

We previously found that the copolymers
from a monomer having a phospholipid polar
groups, the 2-(methacryloyloxy)ethyl-2-(tri-
methyl ammonium) ethyl phosphate could be
prepared at high yields and that copolymers
obtained exhibited excellent antithrombogenic
properties' ™.

Silk is a natural protein fiber widely used
as biostable suture in surgery. A number of
properties of silk have been improved by graf-
ting or by simple coating with monomers™
. Several workers have grafted hydrophilic

monomers onto the surface since greater hyd-
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rophilicity generally leads to better compatibi-
lity™.

In this study, to improve the bio functional
properties of silk fibroin membranes, 2-(me-
thacryloyloxy)ethyl-2-(trimethylammonium)
ethy} phosphate(MTP) with phospholipid po-
lar groups was grafted, OK poly(MTP-co-
BMA) was coated on the silk fibroin membra-
nes. and The permeability and antithromboge-
nicity of the membranes were investigated.

Experimental

Materials

Vinyl monomer containing phospholipid,
MTP was synthesized according to the proce~
dures previously reported”. Poly(MTP-co-
BMA) (MTP 50%) was prepared conventio-
naily using the radical polymerization method.
The chemical formula of the poly(MTP-co-
BMA) is shown in Figure 1.

CH3 CHa
-+€2—CH2%a— {%,—-CHz‘)—E-
C=0 - C=0
éCHzCHzO%OCHzCHz&(CHs)a (I)(CH2)4H
o}

Fig. 1. The chemical formula of poly
(MTP-co-BMA).

The degummed silk fibers were dissoived
in the 9.3M LiBr aqueous solution at 40 €
for 1 hr. After removing a small amount of
undissolved, the solution was dialyzed against
water for 3 days at atmosphere temperature
using cylinderical cellulose dialysis tube. The
sitk fibroin aqueous solution obtained was
casted on the acrylic plate and dried at the
atmosphere temperature for 3 days. By the
treatments in saturated water vapor at 30T,

the insoluble membrane was obtained and
the thickness was 25um.

Coating and grafting on the silk
fibroin membranes with phosphoryl
choline groups

The coating of the poly(MTP-co-BMA) on
the silk fibroin membranes was carried out
using a 5 wt% ethanol solution of the poly
(MTP-co-BMA). The silk fibroin membrane
was immersed in the solution for 3 min and
the membrane was removed and dried under
atmospheric conditions for 3 days. The struc-
ture of the coated poly(MTP-co-BMA) on the
sitk fibroin membrane was coafirmed using
IR spectroscopy and SEM observation.

The desired amounts of MTP against silk
fibroin membrane were placed into a polyme-
rization tube and ammonium persulfate(APS)
as initiator and water were added to the tube,
respectively, After nitrogen gas was bubbled
through the mixture for 10 min to eliminate
any oxygen in the solution, the mixture was
heated at 60C for lhr under nitrogen atmos-
phere. The reaction mixture was then poured
into distilled water and the resulting memb-
rane was dried and identified by IR spectros-
copy and the graft ratio.

Equilibrium sorption and permeation

Equilibrium sorptions were measured in
glass stoppered pyrex tubes at 25C. The tem-
perature was kept constant in a thermostated
bath. After equilibration at a certain concent-
ration, the membrane was taken out of the
solution and carefully blotted with a filter
paper. The membrane was desorbed in distil-
led water. The concentration of the desorbing
solution was determined conductometrically
using conductometer.

39

J. of Kor. Soc. of Dyers and Finishers, Vol.7, No.3(1995. 9) /251



40

oju]7 - o198 - &S - v

The partition coefficient, K defined as the
ratio of the salt concentration in the memb-
rane, C,(mol/l in membrane) to the outer
solution, C.(mol/D) at equilibrium was deter-
mined using equation (1).

K=Ci/Cex (v

The permeability was measured by a conve-
ntional cell consisting of two chambers sepa-
rated by a membrane. The cell was placed
in a thermostated water bath(25C) throu-
ghout the experiments. The solutions of each-
side were stirred powerfully during the mea-
surements. The concentration change in the
downstream cell was monitored by measuring

the conductivity of the solution.

Evaluation of thrombogenicity of the
polymer surface

Scanning electron microscopic(SEM) obse-
rvation of the adhered blood cell and PRP
was used for the evaluation of thrombogenicity
of the coated polymer surface. After the mem-
brane was treated in whole blood cell and
PRP containing 3.8wt% phosphate buffer(pH
74) solution of sodium citrate, they were
placed in a phosphate buffer solution contai-
ning 2.0wt% glutaraldehyde to fix the adhered
cells.

The membrane was rinsed with phosphate
buffer(pH 7.4), freezed and dried in vacuo
for 5hr~10hr, and coated with gold. The mor-
phology of cells adhered on the membrane
surface was observed with SEM.

Results and Discussion

Characterization of silk fibroin memb-

rane with phosphoryl choline groups.

The cross-section of poly(MTP-co-BMA)-
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coated silk fibroin membrane was observed
by SEM pictures. The coated layer with the
thickness of 5um was observed onto the silk
fibroin membrane which average diameter was
25um.

The chemical structure of the silk fibroin
membrane with phosphoryl choline groups
was identi fied by IR spectra which are shown
in Figure 2. When the IR spectrum of the
membrane was compared with that of the
original silk fibroin membrane, adsorption at
1720, 970, and 800 c¢cm™' appeared after coa-
ting. These IR adsorptions were assigned to
C=0, N (CHy)s and C-O-P in phosphoryl

choline moiety, respectively.
(a) .'
(b}
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Fig. 2. IR spectra of silk fibroin memb-
rane(a) and silk fibroin memb-
rane with phosphoryl choline gr-

oup(b).

Adsorption and permeability of the
salt

The salt concentration on the membrane
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C..(mol/l in membrane) to the outer solution
concentration C.{mol/l) at equilibrium was
plotted in Figure 3. It is indicated that the
grafted membrane absorbs much more salts
than the silk fibroin membrane and the shapes
of the plots were partition types. The partition
coefficients of the silk fibroin membrane and
MTP-g-silk fibroin membrane, which were ca-
lculated using eqn (1) from Figure 3, were
101 and 1.10, respectively.
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Fig. 3. Binding Isotherm of sodium chlo-
ride into fibrion and MTP-g-fibroin
membrane at 25C and pH 7.0
A Fibroin membrane
B MTP-g-fibroin membrane

We obtained the straight lines from the
permeation experiments from the slopes agai-
nst the concentrations of the salt solutions
which were given in table 1 and Figure 4.
They were shown that the permeability coeffi-
cients are small due to Donnan exclusion
in the lower concentration and the permeabi-
lity of the salt through MTP-g-silk fibroin
membranes was higher than that of the silk
fibroin membranes. This result suggests that

the phosphoryl choline moieties on the silk

A= $-&am

fibroin surfaces play an important role in inc-
reasing the permeability of the salts.

Table 1. Permeation coefficient of sodium
chlorides through fibroin and MTP-g-fib-
roin membrane at 25C and pH 7.0

P(cm?/sec)
o MTP-g-Fibroin
C(mol/1)  Fibroin membrane
membrane
1.0Xx1073 1.87X107¢ 1.96X107°
40X107® 3.86X107°° 4.12X10°°
1.0X1072 4.93X107¢ 5.30X107°
2.0X107? 554X 107° 580X10°°
4.0X107? 559X10°¢ 6.29X107°
8.0X107? 5.65X107° 6.40X10°°
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Fig. 4. Relation between concentration
and permeation coefficient at 25C
and pH 7.0
A Fibroin membrane

B MTP-g-fibroin membrane

Nonthrombogenicity

SEM pictures of poly(MTP-co-BMA)-coated
silk fibroin membranes and silk fibroin memb-
rane after contacting with whole blood cell

for 60 min and 120 min were shown in Figure
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5. It was confirmed that the poly(MTP-co- sion was observed on the surface of the mem-
BMA)-coated silk fibroin membrane displayed brane, platelet adhesion was effectively redu-
less blood cell adhesion than the silk fibroin ced by coating with poly(MTP-co-BMA). This
membrane. Futhermore, Figure 6 shows SEM may be due to the formation of biomembrane-
pictures of the poly(MTP-co-BMA)-coated silk like surface by the adsorption and arrange-
fibroin membrane and the silk fibroin memb- ment of phospholipid molecules from serum
rane after contacting with PRP for 60 and onto the poly(MTP-co-BMA)-coated silk fib-
120 min, respectively. When PRP came in roin membranes.

contact with the original silk "fibroin memb-
rane for 60 min, numerous platelets were Conclusions
adherent and deformed on the surface. On

the other hand, although some platelet adhe- The biofunctional properties of the silk fib-

Fig. 5. SEM pictures of membranes after contacting citrated whole blood cell
(a) Silk fibroin membrane(60min)
(b) Poly(MTP-co-BMA)-coated silk fibroin membrane(60min)
(¢) Poly(MTP-co-BMA)-coated silk fibroin membrane(120min)

(a) (b) (c)
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Fig. 6. SEM pictures of membranes after contacting citrated PRP
(a) Silk fibroin membrane(60min)
(b) Poly(MTP-co-BMA)-coated silk fibroin membrane(60min)
(¢) Poly(MTP-co-BMA)-coated silk fibroin membrane(120min)
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