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COMMONWEALTH OF AUSTRALIA

Patents Act 1952
CONVENTION APPLICATION FOR A STANDARD PATENT

WE, TERUMO KABUSHIKI KAISHA, of 44-1, Hatagaya 2-chome, Shibuya-ku, Tokyo,
Japan hereby apply for the grant of a standard patent for an invention
entitled MEDICAL MATERIAL, PROCESS FOR ITS PRODUCTION, AND MEDICAL DEVICE
USING THE MEDICAL MATERIAL which is described in the accompanying complete
specification.

The actual inventors of the said invention are: Nobuyoshi KASHIWAG and
Masatomi SASAKI

Details of Basic Application:-

Number of Basic Application: 1-159323
Convention Country in which

Basic Application was filed: Japan
Date of Basic Application: 21st June, 1989
ISO Code: JP

OUR address for service is SMITH SHELJOTON BEADLE, 207 Riversdale Road, (P O
Box 410), Hawthorn, 3122, Victoria, Australia (Attorney Code SA).

DATED THIS 21st vAY OF June, 1990

SMITA SHELSTON BEADLE
Patent Attorneys for the Applicant

TO: The Commissiorier of Patents
Our Ref: #5650 JC:MW:WB 3ter
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PATENT ATTORNEYS

PATEN” DECLARATION FORM
{CONVEN” ION OR NON-CONVENTION)

DECLARATION IN SUPPORT OF APPLICATION FOR A PATENT

In sﬁpport of the application made by _ TERUMO KABUSHIKI KAISHA

for a patent for an invention entitled: _Medical Material, Process for its
Production, and Medical Device Using the Medical Material
Ime Masatoshi IWADE, Director & General Manager of Patent
Department of TERUMO KABUSHIKI KAISHA of 44-1, Hatagava
2-chome, Shibuya-ku, Tokyo, Japan

do solemnly and sincerely declare as follows;

* 1. -Ae—tamie-are-the-applicantis-for-the-patent—

* OR (b) | am authorized by the abovementioned applicant to make this declaration on its
behalf. ‘

¢ 2, tar—tamWe-ere-thé—actualinventorlsl-af-the-invention.

* OR (b) Nobuyoshi KASHIWAGI of 3-7, Sensui, Asaka-shi,

Saitama-ken, Japan and Masatomi SASAKI of c/o TERUMO

KABUSHIKI KATISHA, 1500, Inokuchi, Nakai-cho, Ashigarakami-

9un, Kanagawa-ken, Japan

Hsfare the actual inventor(s) of the invention and the facts upon which the applican?(s) isfare entitled
to make the application are as follows:—

The applicant is the assignee of the inventors

- 8. The basic application{s} as defined by Section 141 of the Act wasAwere made in the follow-
ing country or countries on the following datefs} by the following applicantfs}

in _Japan on__21 June 1989 _
by ~Terumo Kabushiki Kaisha

in ' on 19

by ‘ : .

in : ‘ on 19

by :

in ‘ on 19

by _

4. The basic application{s} referred to in paragraph 3 of this Declaration wasfwere the first
application s} made in a Convention country in respect of the invention the subject of the
application.

Declaredat_TOKYO, Japan  thiz_Sth  dayof _June 1990

TERUMO KABUSHIKI KAISHA

NO ATTESTATION Wfﬂﬂmr‘J Wt e

OR SEAL . Masatoshi IWADE, Director & General
Manaqer of Patent Department

Sngnature(s) of declarant(s).

To: The Commissioner of Patents,
Australia
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(74) Attorney ar Agent
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(567)  Claim

1. A medical material comprising a substrate and a fatty acid

and/or its derivative immobilized thereon through a polymer.

2. The medical material according to claim 1 wherein said
covalenk)
polymer 1s}\bonded to said substrate and said fatty acid and/or

its derivative is bonded to said polymer.

13. A process for producing a medical material comptising the
steps_of

bonding a functional group of a fatty acid and/or its
derivative with a functional group of a polymeryzable
component, and

bonding a functional group of said polymeryzable

component with a functional group of a substrate.
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This invention relates to a material for medical use, a
process for it; production and a medical device using the
medical material. More particularly, it relates to a medical
material which can be used under contact with blood and a
medical device using the medical material. The medical
material of this invention is adapted for use in, for example,
artificial organs, dialyzers, blood filters, plasma separaters
and indwelling catheters.

A variety of medical devices having blood-contacting
members, such as artificial organs, have been developed and
put into practical use. Biocompatibility is an important
subject to be considered when a material for use in these
medical devices is selected, and nature of the surface of a
medical devige to be used is an important factor with regard
to the biocompatibility. On the contrary, it is needless to
say that physical properties of such device are also of great
importance. In consequence, it is an advantage in that a
material which exhibits appropriate physical properties when

applied to a medical device is fi: tly selected and then
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surface properties of the material are modified tc improve its
biocompatibility.

In fact, various methods for the improvement of surface
properties have been proposed from such a point of view. For
example, Japanese Patent Application Kokai No. 130069/1988
(EPA Publication Number 0335972, applicant, Terumo Corp.)
discloses a method in which reactive terminal group of a fat-
soluble vitamin or a fatty acid macromer having said reactive
terminal group is bonded to a base material. This method was
a landmark invention a® that time in respect that
biocompatibility was provided on the surface of a base
material without spoiling excellent physical properties of the
base a- a material for medical use. The biocompatibility
itself provided on the surface, however, is still insuff._cient
for the purpose of applying the medical material to practical
use, thus leaving a margin for further modification to iriprove
the biocompatibility.

- . S{IMMARY OF THE INVENTION

In view of the above, it therefore be¢comes an object of
the present invention to overccme the abova problems and to
provide a new medical material naving superior
biocompatibility which can be maintained over an extended
period of time and a process for manufacturing such material

as well as a medical device making use or the same.

.
N




Particularly, in accordance with the present invention,
there 1s provided a medical material comprising a substrate, a
polymer having first and second classes orf functional groups
and a fatty acid and/or its derivative, wherein the polymer is
covalenk)
5 (bonded to the substrate and the fatty acid and/or its
derivative is bonded to the polymer.

Also provided is a process for producing a medical

material comprising the steps of

o

:, bonding a functional group of the fatty acid and/or its
o0 10 derivative with the first class of the functional group of the
o 0d0

2 oo polymer, and

o
oo
°

bonding the second class of the functional group of the
polymer with a functional group of the substrate.
Preferably, the first class of the functional group of
o S the polymer comprises carboxylic group and the second class of
o oo the functional group of the polymer comprises epoxy group.

In addition, in accordance with the present invention,
there is provided a medical device used under contact with
blood whereig_part of the device in contact with the blood

20  comprises a medi~cal material which comprises a substrate, a
polymer and a fatty acid and/or its derivative wherein the
polymer is bonded t¢ the substrate and the fatty acid and/or
its derivative is bonded to the polymer. Other objects and
advantages of the present invention will be made apparent as

the description progresses.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially cutaway perspective view of a
module of a dialyzer used in Example 8 and Comparative Example
3 for extracorporeal circulation experiments.

Fig. 2 is a flow sheet of experiments performed in
Example 8 and Comparative Example 3.

Fig. 3 is a graph showing periodical changes in the
number of leukocytes obtained in Example 8 and Comparative

Example 3.

The following describes the présent invention in detai‘l.

The material for medical use in accordance with the
present invention comprises a substrate ahd a h‘igh‘po‘lymer
derivative immobilized thereon, wherein the high polymer
derivative comprises bonding a fatty acid and/or its
derivative Qith a polymer. In other words, in the material
for medi‘cal‘use according to the present inventicn, a fatty

acid and/or its derivative is bonded to a substrate but

indirectly ‘through a polymer. 1In consequence, a great number

of fatty acids are abl: to be fixed per one bonding point of
the substrate, thus creating superior biocompatibility which,
because release of fatty acids may not occur, is stable over

an extended period of ‘time.

—— e e e At
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Fatty acids having superior biocompatibility, especially
blood-compatibility, are used in the present invention as
ligands. 1Illustrative examples of fatty acids as eligible
ligands for purposes of the present invention include
unsaturated fatty acids such as elaidic acid, oleic acid,
linoleic acid, linolenic acid, arachidonic acid and
eicosapentaenoic acid and saturated fatty acids such as lauric
acid, myristic acid, pentadecylic acid, palmitic acid, stearic
acid and the like, most preferable fatty acid being linoleic
acid because of its excellent compatibility with the blood.
In the practice of the present invention, these fatty acids
may be used alone or as a mixture of two or more.

These ligands may preferably be in the form of a fatty
acid derivative having a spacer, preferably a hydrophilic
spacer, for the purpose of improving the blood-compatibility.
When a fatty acid derivative is applied to the material for
medical use, an effect to prevent platelet adhesion can be
expected due to the presence of a molecular chain (a spacer)
between a fag_ty aéid moiety and a copolymer. Such an effect
may provide further improved biocompatibility, and easy
control of the length of such a molecular chain may provide a
stable flexibility of the material.

Illustrative examples of the spacer are alkylene glycol
derivatives having highly reactive functional groups on both

terminal ends, preferably those having amino groups, such as
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polyethylene glycol diamine, polypropylene glycol diamine and
polytetramethylene glycol diamine. For example, when a spacer
has alkylene glycol units, the degree of polymerization
depends on the kind of alkylenes to be used, but is preferably
about 1 to 100. As the alkylene glycol unit, polyethylene
glycol and polypropylene glycol are preferable, more
preferably a polyethylene glycol with its degree of
polymerization being 20 to 90 and a polypropylene glycol with
its polymerization degree being 10 to 50.

The polymer for use in the present inventic- has a
molecular weight of 500 to 500,000, preferably 5,000 to
300,000 more preferably 10,000 to 100,000, and —=v he a
polymer having the first class functional grow.: ich have
the bonding ability to the above-described fatty acid and/or
its derivative and the second class functional groups which
have the bonding ability to the substrate that will be
described later in detail. Effects of the polymer can be
exhibited sufficiently within this range of the molecular
weight, even_ if the number of its binding points to the
substrate is small because of the large surface area of the
polymer to be bonded with the substrate. Molecular weights of
less than 500 will result in insufficient covering of the
surface of the substrate, and those of more than 500,000 will
not be practicable because of ow solubility of the polymer

and its low reactivity with the surface of the substrate.
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The first and the second classes of functional groups of
the polymer eligible for purposes of the present invention are
epoxy group, carboxylic group, aldehyde group, amino group and
the like. These first and second classes of functional groups
may be the same or different, respectively. A glycidyl ester
of (meth)acrylic acid and a glycidyl ester of wvinyl compound
are preferable as material monomers having epoxy group for use
in the polymer, and (meth)acrylic acid and vinyl acetate are
preferable monomers having carboxylic group for use in the
polymer. For the purpose of synthesizing a polymer having a
given composition of epoxy and carboxylic groups, esters such
as an ester of (meth)acrylic acid, vinyl acetate and methyl
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate,
isopropyl (meth)acrylate, butyl (meth)acrylate, isobutyl
(meth)acrylate, hydroxymethyl (meth)acrylate, hydroxyethyl
(meth)acrylate, propylene, butylene, pentene, vinyl alcohol,
vinyl glycidyl ether and the like or mixture thereof may be
used as the material monomer.

The po%ymer'of the present invention may have either one
or two or more classes of furctional groups. If the polymer
has at least two classes of functional groups, its bonding
capacities with the fatty acid and/or its derivative and with
the substrate can be controlled easily by changing the number
of the functional groups of each class. Most preferred are a

glycidyl (meth)acrylate copulymer having epoxy groups and a

S —
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glycidyl (meth)acrylate- (meth)acrylic acid copolymer having
both carboxylic and epoxy groups.

In the case of the polymer having'epdxy.groups, the ratio
of epoxy group-ccntaining monomers in the polymér, as the
amount of glycidyl (meth)acrylate ih the (meth)acrylate
copolymer, may preferably be within the range from 0.01 to 60%

by weight. Weight ratios of epoxy group-containing monomers

" exceeding 60% by weight are not preferable because gélation is

apt to cccur at such high ratios during polymerization. The
copolymer may suffice its minimum function when it contains at
least one molecule of an epoxy group-containing monomer, but
0.01% by weight or higher in terms of the weight ratio is
preferable for fhe purpose of improving surface properties.
The substrate of the present invention is used as the
base méteria; of the medical material. Cellulose and its
derivatives may most preferabiy be used. Also usable are
polyvinyl alcohol, partially saponified polyvinyl acetate,
copolymer of ethylenevinyl alcohol, partially saponified
copolymer of:ethyienevinyl acetate, polyacrylic acid or
polymethacrylic acid and c¢polymer thereof,
polyhydroxyethylmethacrylate, chitin, chitosan, collagen,
polyacryl amide and the like. The substrate may be used in
various forms of molded materiéls such as membrane, hollow

fiber, fiber and the like.

-
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Process for the production of the medical material cf the
present invention is not specifically limited but may
preferably be performed by the following manner.

The process, in accordance of the present invention,
comprises the steps of bonding a functional group of a fatty
acid and/or its derivative with a functional group of a
polymerizable material, and bonding a functional group of said
polymeryzable material with a functional group of a substrate.

These steps may be performed either simultaneously or in
a given order. For example, in the case of the use of an
epoxy group-containing polymer and a fatty acid and/or its
derivative having amino group on the terminal end, the polymer
and the fatty acid (or its derivative) are made into the form
of a high polymer derivative by means of graft-
copolymerization through the epoxy group of the polymer. In
the same manner, the polymer containing both epoxy and
carboxylic groups and a fatty acid derivative having amino
gr_up on the terminal ends are made into a high polymer
derivative by graft-copolymerizaticn through the carboxyl
group of the polymer. ' These reactions may be performed by
commonly used means.

Especially, when a polymer has epoxy groups ac the
functional group, a fatty acid and/or its derivative having
functional groups which can react with epcxy group, such as

carboxyilic group and amino group, may firstly be subjected to
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reaction, bonding or graft-copolymerization with a portion of

epoxy groups of the polymer and then the remaining epoxy group
of the polymer may be allowed to react with functional groups

of a subskrate.

Int.roduction of epoxy group into a polymer may be
achieved by reacting glycidyl (meth)acrylate with a
polymerizable material in the presence of an initiator such as
ammonium cerium nitrate, hydrogen peroxide-ferous salt complex
or the like.

Introduction of epoxy and carboxylic groups into a
polymer may be achieved by reacting glycidyl (meth)acrylate
and methacrylic acid with a polymerizable material in the same
manner.

The polymer for use in the present invention can be
obtained by commonly used industrial methods such as water
suspension polymerization, emulsion polymerization, mass
polymerization, solution polymerization and the like.

Bonding reaction of a high polymer derivative with a
substrate wh}ch is a high polymer compound may be pérformed by
firstly dissolving the high polymer derivative in an
appropriate organic solvent, such as acetone, methyl ethyl
ketone, dioxane or tetrahydrofuran, and then adding to the
resultant solution a Lewis acid catalyst, a basic ca:zalyst and

the high molecular weight compound.

e Vg
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Lewis acid catalysts eligible for purposes of the present
invention include boron trifluoride, stannic tetrachloride,
zinc chloride and the like. Boron trifluoride is most
preferable in view of its high reactivity.

Basic catalysts eligible for purposes of the present
invention are hydroxides of some of the alkaline earth metals
such as calcium, strontium, barium and radium, and alkali
metal hydroxides including lithium hydroxide, sodium
hydroxide, potassium hydroxide, rubidium hydroxide, cesium
hydroxide and francium hydroxide. Sodium hydroxide is most
preferable in view of its high solubility and reactivity.

Various formed products such as membrane, hollow fiber,
fiber and the like may also be used as the substrate of the
present invention. In such a case, the reaction is performed
by soaking the molded material into a solution of a high
polymer derivative and the above-described catalysts.

The thus obtained reaction product is possessed of
biocompatibility. When a formed product is used as the
substrate of the high polymer. derivative, biocompatibility can
be provided to the product by changing only its surface
properties without spoiling physical properties inherent of
the product. 1In other words, undesirable physiological
properties inherent of the substrate, which cause blood
clotting, activation of immune system, platelet metamorphosis

and thz like, can be reduced or =zliminated. In consequence,
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the medical material in accordance with the present invention
is preferably used under contact with blood, and can be
applied as blood-contacting members to various medical devices
such as, for example, artificial organs, dialyzers, blood

filters, plasma separaters and indwelling catheters.

EXAMPLES
Examples of the present invention are given below by way

of illustration but not by way of limitation.

Example 1 Preparation of linoleic acid derivative

A flask was charged with 20.0 g of linoleic acid which
has been dissclved in advance in 70 ml of water-free benzene,
and the air in the flask was purged with nitrogen gas. To
this was added 14.8 g of phosphorus pentachloride gradualiy in
five steps. The mixture was stirred for 12 hours at room
temperature and then refluxed for an additional 2 hours.
Thereafter, benzene and phosphoryl trichloride and hydrogen
chloride as She by—products were distilled off and the
remaining portion was subjected to distillation under reduced
pressure to obtain 14.0 g of linoleic acid chloride (boiling
point, 155°C/1.5 mmHg; yield, 76%).

A 3.66 g portion of the linoleic acid chloride thus
obtained was dissolved in 70 ml of dichloromethane and the

solution was added dropwise into a flask which has been
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éharged in advance with 50.4 g of polyethylene glycol diamine
(mafketed by Toray Industries, Inc. under the trade mark of
PGD-40; molecular weight, 4,114), 1.48 g of triethylamine and
120 ml of dichioromethape. After completion of the dropwise
addition of the so.ution spending 30 minutes under nitrogen
atmosphefe at 0°C, the resultant mixture was stirred for an
additional.Z hours gradually increasing the temperature to
room temperature to complete the reaction. Thereafter,
triethylamine hydro;hlbride as a by-product of the reaction
was removed by filtration, triethylamine and dichloromethane
were distilled 6ff and the remained portion was dissolved in
100 ml of chloroform and the resultant solution was mixed
gently with 100 ml of water to wash the product. Organic
solvent layer was separated from the mixtgre and concentrated
after removing water in the layer with the aid of sodium
sulfate anhydride. The concentrated product w.s purified by
meéns.of High Performance Low Pressure Liquid Chrdmatography
System (FMI-C) using Wako gel C-300 and an eluent systeh of
chlorofcrm/mEthanol (9/1 by volume ratio) to obtain 13.7 g of
purified product with a yield of 26%.

Structure of the purified product was determined by means
of infrared épectrophotometry (IR method) and proton nuclear
magnetic resonance method (1H—NMR method), and the absence of
linbleic acid and PGD-40 in the product waz confirmed by means

of liquid chromatography (GPC mode; eluent, THF). Results of
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characteristic values obtained by these methods are listed
below. |
IR method:
- Stretchiny vibration of amide carbonyl 1650 cm™1
Deformaﬁion vibration of amide NH 1540 cm™1
Stretching vibration of ether CO 1100 cm~1

1y_NMR method:

-CH3 in linoleic acid 8 =0.9 ppm
-CHp in linoleic acid 3 = 1.3 ppm
-(Hp-CH»0- in pOIYetﬁylene‘glycol 5 = 3.7 ppm
-CH=CH~ in linoleic acid olefine bond d = 5.3 ppm

GPC method:
Retention volume of purified product 11.4 ml
Retention volume of PGD-40 12.6 ml

Retention volume of linoleic acid ‘ 15,1 ml

Example 2 Preparation of copolymer

A glass tube was charged with azobisisobutyrohitrile as a
polymerizatigm initiater, methyl methacrylate, glycidyl
methacrrlate, 3-met:lacryloxypropyl-tris(methoxyethoxy)silane
(produced by Chisso Corp.) and methacrylic acid, with the
weight ratio of 0.15/7.5/15/6/1.5. After the contents in the
tube were cooled and solidified with the aid of liquid |
nitrogen, the tube was subjected to degasification using a

vacuum pump, charged with nitrogen gas, subjeécted again to
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degasification and then sealed up. The thus sealed tube was
heated in a constant temperature path at a predetermined
temperature for a predetermined time as exemplified in Table
1. Thereatfer, the tube was cooled off and unsealed, the
contents were dissolved in tetrahydrofurén and the resultant
solution was subjected to methanol precipitation to obtain a
white polymer product.

The same process was repeated except that methacrylic
acid was not used and, instead, the weight ratio of 3-
methacryloxypropyl—tris(methoxyethoxy)silane was changed from
6 to 7.5.

.These copolymers thus obtained were dissolved in methyl
ethyl ketone and titfated with 0.01 N perchloric acid/acetic
acid solution using_ethyltrimethylammoniumbromide as a
catalyst ahd érystal Violet as an indicator in order to
determine their epoxy equivalents from which glycidyl

methacrylate contents were calculated. The results are shown

in Table 1.
Table 1
Charged Copolymer Polymerization Glycidy.
moncmers No. temp. (°C) time (min)| methacrylate
| content (wt%)
A 1 60 50 52.9
B_ 2 60 5Q 527
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A: MMA/GMA/MPTMS/MA = 7.5/15/6/1.5 (weight ratio)

B: MMA/GMA/MPTMS = 7.5/15/7.5 (weight ratio)

MMA: methyl methacrylate

GMA: glycidyl methacrylate

MPTMS: 3-methacryloxypropyl-tris (methoxyethoxy)silane

MA: methacrylic acid

Example 3 Reaction of linoleic ac!d derivative with copolymer
No. 1 (Preparation of high polymer derivative I)

A flask was charged witi. 4.00 g of the copolymer No. 1
obtained in Example 2, 0.718 g of dicyclohexyl carbodiimide
and 100 ml of a solvent system of tetrachloromethane and
acetonitrile (1:1 in volume ratio); the air in the flask was
purged with nitrogen gas and the mixture was stirred at room
temperature for 60 minutes. Then a 12.0 g portion of the
linoleic acid derivative obtained in Example 1, which has been
dissolved in advance in 20 ml of a solvent system of
tetrachloromethane and acetonitrile (1:1 in volume ratio), was
added dropwise gradually to the above mixture and the stirring
was continued for 60 minutes ac room temperature and for an
additional 60 minutes at 60°C. Thereafter, the contents in
the flask were cooled to room temperature and filtered through
a glass filter. When solvents in the filtered solution were
distilled off to a slight degree, a yellow and highly viscous

¢crude product was obtained.
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The thus obtained crude product was mixed with 200 ml of
methanol and stirred at room temperature for about 30 minutes
to make the product into suspension. Then the suspension was
centrifuged and resulting supernatant fluid was removed by
decantation. This suspension/centrifugation process was
repeated twice more and then subjected to vacuum drying to

obtain 9.63 g of a high polymer derivative I.

Example 4 Reaction of linoleic acid derivative with copolymer
No. 2 (Preparation of high polymer derivative II)

A flask was charged with 3.00 g of the copolymer No. 2
obtained in Example 2, 10.0 g of the linoleic acid derivative
obtained in Example 1 and 80 ml of a solvent system of benzene
and THF (4:3 in volume ratio), the air in the flask was purged
with nitrogen gas and the mixture was subjected to reflux for
3 hours. Thereafter, the reacted contents in the flask were
cooled to room temperature. When the solvent in the mixture
was distilled off to a slight degree, a yellow and highly
viscous cru@g product was obtained.

The thus obtained crude product was mixed with 100 ml of
methanol and stirred at room tem_.erature for about 30 minutes
to make the product into suspension. Then the suspension was
centrifuged and resulting supernatant fluid was removed by

decantation. This suspension/centrifugation process was
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repeated twice more and then subjected to¢ vacuum drying to

obtain 8.71 g of a high polymer derivative 1I.

Example 5 Reaction of linoleic acid with copolymer No. 2
(Preparation of high polymer derivative III)

A flask was charged with 0.90 g of linoleic acid together
with a mixture of 0.04 g of pyridine and 30 ml of water-free
Jdioxane, the air in the flask was purged with nitrogea gas and
the mixture was stirred at 80°C for 30 minutes. The flask was
then charged with 3.00 g of the copolymer No. 2 obtained .in
Example 2 after dissolving the copolymer in 70 ml of water-
free dioxane and the mixture was stirred for an additional 6
hours at 80°C. Thereafter, the reacted contents in the flask
were cocled to room temperature. When the solvent in the
mixture was distilled off to a slight degree, a pale brown and
highly viscous crude product was obtained.

The thus obtained crude product was mixed with 100 ml of
methanol and stirred at room temperature for about 30 minutes
to make the R;oduét into suspension.. Then the suspension was
centrifuged and resulting supernatant fluid was removed by
decantation. This suspension/centrifujation process was
repeated twice more and then subjected to vacuum drying to

obtain 3.05 g of a high polymer derivative III.

!(\I"“‘
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Example 6 Bonding or graft-copolymerization of high polymer
derivatives to regenerated cellulose film
Each of the high polymer derivatives I, II and III
obtained in Examples 3, 4 and 5, respectively, was immobilized
5 on the surface of a regenerated cellulose film by means of
gr ft-copolymerization as follows.
A 0.3 g portion of a regenerated cellulose film (0.2 mm

in thickness) was immersed for 30 minutes in a 100 ml aqueous

“
e

solution of 0.5% (weight per volume) sodium hydroxide. The

-~ o~
-
o o &

-
-

cellulose film was then removed from the solution and immersed

.9
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again in an acetone solution containing 0.5% (weight per

900

©9C 68O 00D wa«
<

®
e

3
°
® &

-

volume) of one of the high polymer derivativgs I, II and I1II
for 24 hours at room temperature to complete the
polymerization reaction. Thereafter, the cellulose film was
®e0oe’ 15 removed from the aceton solution and rinsed thoroughly with
o o acetone, ethanol and distilled water in that order.

R In this manner, medical materials I, II and III were

obtained and used as samples in the following Example 7.

Comparative Example 1
0 As for Comparative Lxample 1, a sample of untreated
regenerated cellulose film was prepared.
Comparative Example 2
As for Comparative Example 2, linoleic acid derivative-

treated regenerated cellulose film was obtained as follows.
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A four neck flask was charged with 7.5 ml of water-free
dioxane and 0.611 g of pyridine, the air in the flask was
purged wit!. nitrogen gas and then 2.1024 g (0.0075 mol) of
linoleic acid wes added in the flask. The mixture was stirred
at 100°C for 30 minutes. Thereaffter, the flask was charged
with 16.65 g (0.014 mol) of polyethylene glycol glycidyl ether
after dissolving the ether in 30 ml of water-free dioxane and

the mixture was stirred at 100°C. Progress of the reaction

was traced by dissolving 50 Ml portion of the reaction mixture

in 2 ml of tetrahydrofuran and subjecting 10 Ml portion of the

dissolved sample to HPLC analysis. The reaction was stopped
when the reaction ratio reached 94.4% (5 hours after
commencement of the reaction).
Conditions applied to the HPLC analysis were:
Column; Combination of Shodex GPC KF=-801 and Shcdex
GPC KF-802 (both from Showa Denko K.K.)
Solvent; tetrahydrofuran
Flow rate; 1 ml/min
Detqptors} UV analyzer (detection wave, 210 nm) and
differential refractometer
After completion of the reaction, dioxane was removed
from the reaction system under vacuum, the resultant contents
were mixed with 200 ml of hexane and stirred thoroughly, and
then the mixture was centrifuged at 3000 rpm for 10 minutes to

remove supernatant fluid. This process was repeated again and

A=
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the rssultant pellet was mixed with 120 ml of ether and
stirred thoroughly. The mixture was then centrifuged at 3000
rpm for 10 minutes and the supernatant fluid (first ether
extract) was transferred into a new centrifugation tube. The
remaining pellet was again subjected to the same ether
extraction process and the second ether extract was added to
the first extract. The totalled extract was cooled with tap
water to form precipitates, centrifuged at 3000 rpm and at
0°C, and the resultant pellet was vacuum-dried. Formation of
expected product was confirmed by subjecting the dried product
to epoxy equivalent measurement and IR, NMR anc HPLC analyses.
The yield was found to be 35.4%.

The linoleic acid derivative thus obtained was
immobilized on the surface of a regenerated cellulose film as
follows.

A 0.3 g portion of a regenerated cellulose film (0.2 mm
in thicknass) was immersed for 30 minutes in 2 100 ml aqueous
solution of 0.5% (weight per volume) sodium hydroxide. The
cellulose fi}m waé then remove from the solution and immersed
again in a dioxane solution containing 0.5% {weight per
volume} of the linoleic acid derivative for 24 hours at room
temperature. Thereafter, the cellulose film was removed from
the dioxane solution, rinsed thoroughly with distilled water

and used as a sample for comparative experiments.
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Example 7 and Comparative Examples

Evaluation tests 1 and 2 were performed as follows using
the medical materials I, II arid III obtained in Example 6,
Comparative Examples 1 and 2. Results of the evaluation tests

1 and 2 are showr in Tables 2 and 3, respectively.

A predetermined amount of v2nous blood was collected from
a healthy'persoh using a polypropylene syringe containing 3.8%
sodium citrate solution (1:9 volume ratio to the blood to be
collected), the collected blood sample was transferred into a
polypropylene tube by letting the blood flow down gently on
the inner surface of the tube and then the blood-containing
tube was centrifuged at 800 fpm for S minutes. The resulting
supernatant fluid as platelet rich plasma (PRP) was diluted
with a diluted solution of the 3.8% sodium citrate solution
(diluted one-tenth by volume with lactate Ringer solution ) to
obtain a platelet suspension. The number of platelets in the
thus prepared suspension was estimated to be 66,000 /mm3.

A 0.2 ml portion of the platelet suspension was dropped

on each sample of the high polymer derivative-treated

‘regenerated cellulose films (1 cm? in size for each film)

obtained z2s the medical material I, II and III in Example 6,

as well as on a sample of untreated regenerated cellulose film

(1 cm? in size) for use in Comparative Example 1 and a sample
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of linoleic acid derivative-treated regenerated cellulose film
(1 cm? in size) for use in Comparative Example 2. Such a
volume of the platelet suspension was uced in ordef to make
its thickness intw 2 mm on the film sample. After contacting
the platelet suspension with film samples for 30 minutes at
room temperature, each film sample was washed lightly with the
diluted sodium citrate solution and then immersed in a Lactate
Ringer solution containing 2.5% glutaraldehyde for a'whble.day
and night at a cool place in order to fix the platelets on the
film. Thereafter, the film was washed lightly with.the
diluted sodium citrate solution, dehydrated with ethanél, air-
dried and then subjected to the observation of platelet
metamorphosis using a scanning electron microscope (JSM-840,
manufactured by JEQL Ltd.). The dehydration process was
performed.in stepwise manner by treating the film with 50%,.
60%, 70%, 80%, 90%, 95%, 100% and additional 100% solution of
ethanol in that order, each step being performed for 10
minutes. Results of the électron microscopic observation were
evaluated on_the basis of the number of platelets adhered to
the film within the area of 0.07 mm? as well as their
morphological changes by classifying the changes into the
following.three types.

Typ:: I: Metamorphosis of a'plételet from its normal
discus form into a spherical form with the formation of 3 to 4

pseudopodia. This type of platelet is considered to have
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relatively weak adhesion ability to the surface of the film
material,

Type II: Formation of several pseudopodia, with up to
half the length of each pseundopodium from its base being
expanded. ' This vype of platelet is considered to have a
strong adhesion akility to the surface of the film material.

Type III: More than half the length of each pseudopodium
expands into thin cellular form started at its base and thus
expanded basal parts of pseudopodia cover the platelet body
almost completely, making the whole body into a pseudo-
circular form in appearance. This type of platelet is
considered to have complete adhesion ability to the surface of
the film material.

Results of the evaluation are shown in Table 2.
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Tahle 2

Platelet morphology (% ratio) | Adhered platelets
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Samples Type I Type II Type III (Numbers/0.07 mm?2)
Inventive

Example 1 *1 67.7 29. 3.2 62
Inventive

Example 2 *2 68.3 28. 3.7 82
Inventive

Example 3 *3 74.2 18. 7.6 105
Comparative

Example 1 *4| 48.9  37. 13.7 352
Comparative

Example 2 *5| 110 88. 3.6 112

*1, Medical material I; *2,

material III; *4, untreated regenerated cellulose; and *5,

Medical material II; *3,

linoleic acid derivative-treated regenerated cellulose.

Medical
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Changes in the complement activity in blood serum
originated from the medical materiels I, II and III obtained
in Example 6, Comparative Examples 1 and‘2 were measured in
accordance with the Mayer's original method as follows.

Each sample of the medical méterials‘was immersed in
physiological saline solution to make it into a state of
sorption equilibrium. The equilibrated sample was cut into a
piece of 20 cm? after removing moisture on its surface
lightly, and the piece was transferred into a plastic tube.
The tube was charged with 1 ml of blood serum obtained from an
adult dog and then incubated at 37°C for 3 hours to activate
the reaction system. Thereafter, changes in the complement

activity CHs50 (50% hemolytic unit of complement) were measured

“and decreasing rate of the activity was calculated. Results

afe shown in Table 3.
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Table 3

Samples Decrease in CHs(Q (%)

Inventive Example 1 13.7

(medical material I)

5 Inventive Example 2 12.4

| ( ~dical material II) ' . —
Inventive Example 3 ; 16.0

(redical material IIT)

Comparative Example 1 38.0

10 |_(regeperated ce”lulose)

Compardtive Example 2 25.0
(linoleic acid

derivative-treated

regenerated cellulose)

As is evident from Table 3, decrease in the complement
activity (CHsQ) in blood serum is remarkably small in the case
of the medical material (cellulose sheet) of the present

invention compared to the untireated cellulose sheet.

Example 8 and Comparative FExample 3
A dial'zer was prepared in the following manner.
A bundle of hollow fibers made of cellulo:¢e regenerated

by means of cuprammonium process were put in a glass tube.
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One end of the tube way immersed in 0.5% (w/v) aqueous
solution of NaOH and the insidé of hollow fibers were filled
with the NaOH solution with the aid of an aspirator equipped
on the other end of the tube. After standing still for 30

minutes at room temperature, the NaOH solution filled in the

‘hollow fibers was removed and replaced by a 0.5% (w/v)

solution of the medical material I dissolved in dioxane with

the aid of the aspirator in the same manner described above,

“and the tube was kept at room temperature for 24 hours to

immobilize the medical material to the cellulose hollow
fibers. After removing the solution, inside of the tube was

washed with dioxane followed by thorough washing with acid and

* distilled water and then dried by blowing air at 25°C through

the tube with the aid of the aspirator. The tube was further
kept overnight'in.an oven at 60°C to complete the drying.

The following describes the dialyzer of the present
invention in detail using a partially cutaway perspective view
of a module for extracorporeal Ciréulétion experiment use
which is shown in Fig. 1.

A total of 341 hollow fibers made of cellulose which has

been regenerated by means of cuprammonium process, each fiber

having its inside diameter of about 200 {m, outside diameter
of about 224 um and effective length of 14 cm, were made into
a bundle as indicated by the numeral 2 in Fig. 1. The bundle

2 was inserted into a cylindrical main body 3. Both ends of

»
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the cylindrical main body 3 were then fixed with polyurethane
pottings 4 and 5, equipped with headers 6_and 7 and sealed
with caps 8 and 9 in that order. 1Inlet and outlet tubes 10
and 11, respectively, were established at sites close to both
S ends of the cylindrical main body 3 for use in the circulation
of dialysis solution The dialyzer 1 (artificial kidney} was
prepared in this way. Total inner area of the cellulose film

was estimated to be 300 cm?2.

eer L)
s el The dialyzer thus prepared was then filled with distilled
o Ol .
e o :
: V] water and sterilized for 30 minutes at a temperature of 115°C
:g,p. using an autoclave, for use in the following evaluation test.
6 :
° ‘107 . .
a8 - '

A rabbit was fixed at a supine position on a Kitajima's
coo fixing plate. Its hair within the operation area was cut

<538, 1§ using a pair of electromotive hair clippers and the naked area
was cleaned up with ethanol-soaked cotton. Median incision
from just below the mandible to the clavicle was performed
using a pairhpf scissors, followed by the incision of
epimysium in order to separate fight (left) part of common

20 carotid artery taking care not to damage nerves, branched
blood vessels and peripheral tissues. Next, left (right) part
of facial vein was deeply separated taking the séme care.
Into this was inserted an indwelling catheter_(SURFLO,

trademark for an indwelling catheter manufactured by Terumo
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Corporation) which was equipped with a rubber cap for
admixture use of physiological saline solution containing 1
IU/ml of heparin, and the catheter was then fi#ed by ligation.
The above-described «ommon carotid artery was also fixed with
the indwelling catheter in the same manner.

An experimental. system was established as shown in Fig.
2, by using thus prepared rabbit as indicated by the numeral
20 in Fig. 2 and the akove-described dialyzer. Also, a
dialyzer comprising a bundle of hollow fibers made of
cellulose regenerated by means of cuprammonium process, having
almost the same total inner area of the cellulose film as that
of the inventive dialyzer hut excluding the treatment process
with the medical material of the invention, was used as a
control (Comparative Example 3). As shown in Fig. 2, a
catheter 21 connected with an artery of the rabbit 20 was
further connected with a pump 22, and a chamber 23 and a vein
of the rabbit 20 were communicated each other through a
catheter 25. The pump 22 and the dialyzer 1 were communicated
each other q&;ougﬁ a tube 26 which was further connected with
an inlet 27 of a manometer.. The dialyzer 1 and the chamber 23
which was connected with an outlet 24 of the manometer were
communicated each other through a tube 28. On the other hand,
the inlet and outlet of the dialyzer 1 for use in the
circulation of dialysis solution were connected with a tube 29

and the tube 29 was equipped with a pump 30 and immersed in a
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water bath 31 controlled at a temperature of 37°C. The thus
éstablished passages for the qirculation of blood and dialysis
solution were washed'with 100 ml of physiological saline
solution containing 1 IU/ml of heparin for priming.
Extracorporeal circulation was performed at a blood
circulation rate of iO ml/min. Anticoagulaﬁion agents were
excluded completely from the circulation conditions. A 1 ml
potion of blood sample was cblléctéd immediately after the
commencement of the extracorporeal circulation as well as at
predetermined intervals of 5, 10, 15, 20, 30, 45, 60 and 120
minutes during the circulation experiment. Blooc <ell
counting in each of the blood samples thus collected was
performed using a blood cell counter (ELT-8, manufactured by

Ortho Instrument) after subjecting the samples to

anticoagulation treatment with physiological saline solution

containing 1.5% of Na2-EDTA.

Results thus obtained, including white blood cell count

'(WBC), platelet count (PLT) and hematocrit wvalue (HCT), are

shown in Tables 4 and 5. Table 4 shows data obtained from an
experiment'using'the inventive dialyzer comprising a bundle of
hollow fibers made of cellulose regenerated by means of
cuprammonium process which have been treated with the medical
material I obtained in Example 6, and Table 5 shows data
obtained from a comparative experiment (Comparative Example 3)

using the same dialyzer but without introducing the medical
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material. White blood cell count and platelet count were
expressed as corrected counts based on the Ht value just
before the commencement of the extracorporeal circulation
using the following formula.

Htx

Cx = Co Hto

where Cx is corrected count, Co is measured count, Htx is

standard Ht value for the correction (initial Ht value) and

Hto is Ht value at the time of Co measurement.

Changes in the. number of white blood cells are also shown

graphically in Fig. 3.

Taple 4
Time WBC PLT HCT
(min) cells ratio cells ratio ratio
/mm3 (%) x104/mm3 (%) (%) (%)
0 4200 100 39.0 100 43.0 100
& 3900 93.3 36.8 94.8 42.8 99.5
10 3200 76.4 35.7 91.8 42.9 99.8
15 3000 71.4 35.2 90.3 43.0 100.0
20 3300 77.7 34.3 86.9 43.5 101.2
30 3500 83.5 32.8 84.2 42.9 99.8
45 3800 91.5 30.8 79.9 42.5 98.8
60 4500 107.6 29.2 75.2 42.8 99.5
120 5800 139.1 | 29.8 76.9 42.7 99.3
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WBC, white blood cell count; PLT, platelet count; and HCT,

hematocrit value.

Table 5
Time WBC PLT HCT

(min) cells ratio cells ratio ratio

/mm3 (%) x104/mm3 (%) (%) (%)

0 4200 100 45.2 100 35.2 100
5 3300 79.5 39.8 89.1 34.8 38.9
10 2200  52.7 | 36.5 81.2 35.0  99.4
15 1900 45.4 36.1 80.1 35.1 99.7
20 2100 49.9 30.2 66.6 35.3  100.3
30 2600 62.4 28.3 63.1 34.9 99.1
45 3200 77.3 24.3 54.5 34.7 98.6
60 5100 122.5 22.3 49.8 34.9 99.1
120 6700 160.4 21.8 48,5 35.0 99,4

WBC, white blood cell count; PLT, platelet count; and HCT,

hematocrit value.

Thus ’

it is apparent that there has been provided, in

accordance with the present invention, a medical material in

which biocompatibility is provided to a substrate stably for

over an extended period of time because of the ability of the

material to reduce or prevent undesirable physiological
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properties inherent 6f the substrate, such as blood clotting,
activation of complement system, platelet adhesion and the
like. 1In adcdition, the medical material described above can
be produced with remarkably high efficiency by the process of
the present invention for producing the medical material.

The claims form part of the disclosure of this specification.
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Weoodeckaxx The claims defining the invention are as follows:
1. A medical material comprising a substrate and a fatty acid

and/or its derivative immobilized thereon through a polymer.

2. The medical material according to claim 1 wherein said
covalenk)

polymer istonded to said substrate and said fatty acid and/or

its derivative is bonded to said polymer.

°

. 3. The medical material according to claim 1 wherein said

"soo polymer has a molecular weight of 500 to 500,000.

000 006 000 0o
o

4. The medical material according to claim 1 wherein said

fatty acid derivative comprises a reaction product of a fatty

®amao’ acid and a hydrophilic polymer.
‘o0 s
30::= 5. The medical material according to claim 1 wherein said

substrate is a high polymer having at least one member
° selected from the class consisting of hydroxyl group, amino

AL group and carboxylic group.

6. The medical material according to claim 1 wherein said

polymer comprises (meth)acrylic acid.

7. The wmadical material according to claim 1 wherein said

polymer comprises glycidyl (meth)acryiate.
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8. The medical material according to claim 1 wherein said
poiyimer comprises glycidyl (meth)acrylate and (meth)acrylic

acid.

9. The wedical material according to claim 1 wherein said

polymer comprises alkyl (meth)acrylate.

10. The medical material according to claim 1 wherein said
fatty acid derivative comprises a reaction product of a fatty

acid and alkylene glycol diamine.

11. The medical material according to claim 1 wherein said

fatty acid is linoleic acid.

12. The medical material according to claim 1 wherein said

substrate is cellulose or its derivative.

13. A process for producing a medical material comprising the
steps of .

bonding a functional group of a fatty acid and/or its
derivative with a functional group of a polymeryzable
component, and

bonding a functional group of said polymeryzable

component with a functional group of a substrate.
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14. The process according to claim 13 wherein said functional

group of the polymerizable component is epoxy group.

15. The process according to claim 13 wherein said functional

group of the polymerizable component includes epoxy group and

carboxylic group.

16. The process according to claim 13 wherein said functional

group of the fatty acid derivative is amino group.

17. A medical device used under contact with blood wherein
part of the device in contact with the blood comprises the
medical material of claim 1.

18. A medical wmaterial substantially as hereinbefore described

with reference to the accompanying drawings.

19. A process for producing a medical material substantially as

hereinbefore described with reference to the accompanying drawings.

DATED THIS 21st DAY OF June, 1990
SMITH SHELSTON BEADLE
Fellows Institute of Patent Attorneys of Australia
Patent Attorneys for the Applicant:

TERUMO KABUSHIKI KAISHA
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