(12) STANDARD PATENT (11) Application No. AU 2015351547 B2
(19) AUSTRALIAN PATENT OFFICE

(54)  Title
MEDICAL DEVICE, AND METHOD FOR PRODUCING MEDICAL DEVICE

(51) International Patent Classification(s)

A61L 29/00 (2006.01) C08J 7/04 (2006.01)
A61L 31/00 (2006.01) CO8L 33/26 (2006.01)
C08J 3/24 (2006.01) CO8L 53/00 (2006.01)
(21) Application No: 2015351547 (22) Date of Filing:  2015.11.19

(87) WIPO No: WO16/084716

(30)  Priority Data

(31) Number (32) Date (33) Country
2014-238975 2014.11.26 JP
(43) Publication Date: 2016.06.02

(44) Accepted Journal Date: 2017.10.05

(71)  Applicant(s)
Terumo Kabushiki Kaisha

(72)  Inventor(s)
Kohama, Hiromasa;Tokue, Ayako

(74)  Agent/ Attorney
Pizzeys Patent and Trade Mark Attorneys Pty Ltd, PO Box 291, WODEN, ACT, 2606, AU

(56) Related Art
JP H0824327 A




© 2016/084716 A1 I 0O OO0 OO0 O

12) FEFBAENICE DV T AR S -ERERE

(19) tt FLAN T A HEHLES >
EREER g
@3) ERABE EE?

2016 4F 6 A 2 H(02.06.2016)

10) B RES
WO 2016/084716 A1

(51

eay)
(22)
(25)
26 E
(30)

1

(72

WIPOIPCT
E R4S 8
AG1L 29/00 (2006.01) C08.J 7/04 (2006.01)
AG1L 31/00 (2006.01) CO8L 33/26 (2006.01)
C08.J 3/24 (2006.01) CO8L 53/00 (2006.01)
EfHEES: PCT/JP2015/082599
ERHRER: 2015 £ 11 B 19 H(19.11.2015)
EEHEDEE: BHA:E
ER 2RO ERE: BHA:E
BRIET—4:

458 2014-238975 2014 &£ 11 A 26 H(26.11.2014) JP

HEA: TILE#HRA S (TERUMO KABUSHIKI
KAISHA) [JP/IP]; -r1510072 HRAEASRE, B
ZTB4 4% 15 Tokyo (JP).

HEBEE: NMNE FLE (KOHAMA, Hiromasa); T
2590151 MEJIE R LRI HEH/ O150
0FEMh TILEHRASHNA Kanagawa (Jp). 8T
¥ F (TOKUE, Ayako); T 2590151 fHZEJIIR 2L
EchHET3H/ 0150 0% TILERRSH
M Kanagawa (JP).

(74

(8D

(84)

REAN: /\HEBRSIFEFHEEAMHATTA & ASSO-
CIATES); T 1020084 R FHKBERXR ZFHE 1 1
Eiho HAF7/ALRAZZEHE Tokyo (JP).

BEE (RTOLEWVEY., 2 TOEFEOERNR
#E A TEEE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
FL, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

BEE (RTOLEVRY ., £ TOEEDLEER
FE M EE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 1—
S5 7 (AM, AZ, BY, KG, KZ, RU, TJ, T™M), 3 —
B w8\ (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,
MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM,
ML, MR, NE, SN, TD, TG).

[(fEH]

(54) Title: MEDICAL INSTRUMENT AND METHOD FOR MANUFACTURING SAME
G ERADEWH . ERAES LU ZTOHE

[=1]

77

/////

/ 7

////////w2

(57) Abstract: The present invention provides a medical instrument having a coating layer (lubrication layer) that exhibits excep-
tional lubricity and durability. This medical instrument is provided with a base material layer and a lubrication layer supported on at
least a portion of the base material layer. The lubrication layer contains a block copolymer (A) composed of a structural unit derived
from a reactive monomer having an epoxy group and a structural unit derived from at least one hydrophilic monomer selected from
the group consisting of acrylamides and acrylamide derivatives, and a polymer (B) composed of a structural unit derived from at
least one hydrophilic monomer selected from the group consisting of acrylamides and acrylamide derivatives. The block copolymer
(A) is present in a ratio of 20 to 80% by weight with respect to the total weight of the block copolymer (A) and the polymer (B), and
the block copolymer (A) is crosslinked or polymerized to form a network structure.
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DESCRIPTION

Title of Invention: MEDICAL DEVICE, AND METHOD FOR PRODUCING

MEDICAL DEVICE

Technical Field
[0001]
The present invention relates to a medical device and

a method for producing the medical device.

Background Art
[0002]

Medical devices to be inserted in vivo, such as catheters,
guidewires, and indwelling needles, are required to have
excellent lubricity in order to reduce tissue damage in blood
vegsels or the like and also improve the operability for the
operator. For this reason, methods for forming a coating of
a hydrophilic polymer having lubricity on a surface of a base
layer have been developed and put into practical use. In such
a medical device, the elution and separation of the hydrophilic
polymer from the base layer surface is problematic in terms
of maintaining the safety and operability. For this reason,
a coating of a hydrophilic polymer is required to have not only
excellent lubricity but also durability against loads such as

abrasion and scratching.



[C003]

From such a point of view, PTL 1 discloses a medical device,
which is obtained by dissclving a water-soluble or
water-swellable polymer in a solvent that swells a base
material of a medical device to produce a polymer solution,
immersing a base material of a medical device in the polymer
solution to cause swelling, and further crosslinking or
polymerizing the polymer on the base material surface, thereby
forming a surface lubrication layer on the base material
surface.

[0004]

According to the technique disclosed in PTL 1, a surface

lubrication layer having relatively good lubricity can be fixed

to a base material.

Citation List
Patent Literature
[0005]

PTL 1: JP-A-8-33704

Summary of Invention
Technical Problem
[0006]
PTL, 1 discloses that, as the water-soluble or

water-swellable polymer, it 1is preferable to use a block



copolymer having a hydrophilic portion that exhibits lubricity
and a portion that has an epoxy group. Further, when such a
block copolymer is usged, epoxy groups can be crosgslinked by
a heating operation, whereby a surface lubrication layer that
is relatively hard to separate can be formed. However, there
is a trade-off relationship between good lubricity and
excellent durability, and thus a technique to achieve good
lubricity and excellent durability at the same time has been
demanded.

[0007]

Inparticular, in recent years, medical devices have been
made significantly smaller and thinner, and a medical procedure
in which a medical device approaches a more bending and narrower
lesion in viveo has been spreading. Accordingly, in order to
maintain good device operability even in a complicated lesion,
there hag been a demand for a technique to provide the surface
of a device with higher lubricity and durability than before.

[0008]

Therefore, there has been a demand for a technique to
improve both lubricity and durability at the same time s0 as
tc support medical procedures that are becoming more
complicated and advanced.

[0009]

The present invention has been accomplished against the

above background, and an object thereof is to provide a medical



device including a lubrication layer (coating layer) that
exerts excellent lubricity and durability.

[0010]

Another object of the present invention is to provide

a method for producing the medical device.

Solution to Problem

[0011]

The present inventors have conducted extensive research
to solve the problems mentioned above. As a result, they have
found that the above object can be achieved through a
lubrication layer containing a block copolymer of a reactive
monomer that has an epoxy group and a hydrophilic monomer and
a polymer of a hydrophilic monomer at a specific mixing ratio,
and they have thus accomplished the present invention.

[0012]

That is, the object mentioned above can be achieved by
amedical device comprising a base layer and a lubrication layer
supported on at least a part of the base layer, wherein the
lubrication layer contains a block copolymer (A) and a polymer
(B), the block copolymer (A) being composed of a constituting
unit derived from a reactive monomer that has an epoxy group
and a constituting unit derived from at least one hydrophilic
monomer selected from the group consisting of acrylamide and

an acrylamide derivative, and the polymer (B) being composed



of a constituting unit derived from at least one hydrophilic
monomer selected from the group congisting of acrylamide and
an acrylamide derivative, wherein the block copolymer (A) is
contained in a proportion of 20 to 80% by weight relative to
the total weight of the block copolymer (A) and the polymer
(B), and wherein the block copolymer {(A) is crosslinked or
polymerized to form a mesh structure.

[0013]

The above object ig also achieved by a method for
producing the medical device, comprising dissolving the block
copclymer (A) and the polymer (B) in a solvent to prepare a
mixture liquid, coating the base layer with the mixture liquid,
and then crosgslinking or polymerizing the block copolymer (A)
in the absence of a catalyst to thereby form the mesh structure

on the base laver.

Brief Description of Drawings

[0014]

Fig. 1 is a partial sectional view schematically showing
a surface laminated structure of a typical embodiment of the
medical device according to the present invention. In Fig.
1, 10 denotes a medical device; 1 denctes a base layer; and
2 denotes a lubrication layer.

Fig. 2 is a partial sectional view schematically showing

another configuration example of the surface laminated



structure ag an application example of the embodiment of Fig.
1. In Fig. 2, 10 denotes a medical device; 1 denotes a base
layer; la denotes a base layer core portion; 1lb denotes a base
surface layer; and 2 denotegs a lubrication laver.

Fig. 3 is a schematic diagram of a tester (friction
tester) for evaluating surface lubricity and durability used
in Examples and Comparative Examples. In Fig. 3, 20 denotes
a friction tester; 12 denotes a petri dish; 13 denotes a
cylindrical terminal; 14 denotes a load; 15 denotes a moving
table; 16 denotes a lubrication coating sample (sample); and

17 denotes water.

Degcription of Embodiments

[0015]

A first mode of the present invention provides a medical
device including a base layer and a lubrication layer supported
on at least a part of the base layer, wherein the lubrication
layer
(i) contains a block copolymer (&) composged of a constituting
unit derived from a reactive monomer that has an epoxy group
and a constituting unit derived from at least cone hydrophilic
monomer selected from the group congisting of acrylamide and
an acrylamide derivative, and a polymer (B) compeosed of a
constitutingunit derived fromat least one hydrophilic monomer

selected from the group consisting of acrylamide and an



acrylamide derivative;
{ii) the block copolymer (A) isg contained in a proportion of
20 to 80% by weight relative to the total weight of the block
copolymer (A) and the polymer (B); and
{(iii) the block copolymer (A) is crosslinked or polymerized
to forma mesh structure. According to the above configuration,
a medical device including a lubrication layer (coating laver)
that exhibits excellent lubricity and durability, and a method
for producing the medical device are provided. Incidentally,
in thisg description, the constituting unit derived from a
reactive monomer that has an epoxy group is also simply referred
to as "reactive monomer-derived constituting unit®.
Similarly, the constituting unit derived from at least one
hydrophilic mcnomer selected from the group consisting of
acrylamide and an acrylamide derivative ig also simply referred
to ag "hydrophilic monomer-derived constituting unit". In
addition, the block copolymer (A) composed of a reactive
monomer -derived constituting wunit and a hydrophilic
monomer-derived constituting unit is also simply referred to
as "block copolymer (A)". Furthermore, the polymer (B)
composed of a hydrophilic monomer-derived constituting unit
is also simply referred to as "polymer (B)".

[0016]

The present invention is characterized by the above (i)

to (iii). With the above configuration, the medical device



of the present invention can exhibit excellent surface
lubricity and durability (surface lubricity maintaining
effect) . In the medical device according to the present
invention, the mechanism of providing excellent lubricity and
durability may be considered as follows. Incidentally, the
present invention is not limited to the following inference.

[0017]

The lubrication layer contains the block copolymer (A)
and the polymer (B) [the above (i)]. Among them, the block
copolymer (A) composing the lubrication layer is composged of
a constituting unit derived from a reactive monomer that has
an epoxy group and a constituting unit derived from at least
one hydrophilic monomer selected from the group consisting of
acrylamide and an acrylamide derivative. In this description,
the constituting unit derived from a reactive monomer that has
an epoxy group is also referred to ag "constitutingunit (A-1)".
Similarly, the constituting unit derived from at least one
hydrophilic monomer selected from the group consisting of
acrylamide and an acrylamide derivative composing the block
copolymer (A) ig also referred to as "constitutingunit (A-2)",
Similarly, the constituting unit derived from at least one
hydrophilic monomer selected from the group consisting of
acrylamide and an acrylamide derivative composing the polymer
(B) is also referred to as "constituting unit (A-2')". Among

them, the constituting unit (A-1) is crosslinked or polymerized



with the epoxy group serving as a crosslinking point by a
heating (including drying) operation, thereby forming a mesh
structure (network) [the above (i1i)]. On the other hand, the
other constituting unit (A-2) of the block copolymer (A) and
the constituting unit (A-2') of the polymer (B) which compose
the lubrication layer exhibit swellability with a solvent, and
thus impart lubricity (surface lubricity) under contact with
a body fluid or an agqueoug solvent to reduce friction with a
lumen wall such as a vascular wall. For this reason, a medical
device having a coating layver composed only of the block
copolymer (A) as a lubrication layer exhibits high lubricity
in an initial stage where a body fluid or an agueous solvent
ig brought into contact therewith since the constituting unit
(A-2) exists in the mesh of the network formed by the
constituting unit (A-1). However, when the medical device is
brought in contact with a lumen wall such as a vascular wall
in an operation, the constituting unit (A-2) composing the
coating laver is removed from the coating layer due to friction,
and the lubricity may be decreased over time. In addition,
depending on the composition of the block copolymer (&), a
gsufficient amount of the constituting unit (A-2) does not enter
the mesh of the network formed by the constituting unit (A-1).
Thus the constituting unit (A-2) swells little with the body
fluid or aguecus solvent in the mesh of the network and

swellability is not fully achieved in some cases.



[0018]

In contrast, according to the present invention, in the
lubricity, the block copolymer (A) is contained in a proportion
cf 20 to 80% by weight relative to the total weight of the block
copolymer (A) and the polymer (B) [the above (ii)]. With such
a specific mixing ratio, in addition to the constituting unit
(A-2) derived from the block copolymer (A), a specific amount
of the polymer (B) (the constituting unit (A-21')) which is
superior to the block copolymer (A) in swellability and
lubricity exists inside the mesh of the network formed by the
constituting unit (A-1) of the block copolymer (A). For this
reason, the lubrication layer (coating layer) according to the
present invention is superior in lubricity (surface lubricity)
and swellability as compared with a coating layer composed only
of the block copolymer (A). Even when the medical device is
brought in contact with a lumen wall such as a vascular wall
in an operation, a sufficient amount of the constituting unit
(A-2) or the polymer (B) (the constituting unit (A-2')) exist
in the network formed by the constituting unit (A-1), and
therefore high lubricity (surface lubricity) can be maintained
over a longer period of time (supericr in durability). In
addition, since the constituting unit (A-2') of the polymer
(B) and the constituting units (A-1) and (A-2) of the block
copolymer (A) are entangled with each other, strength of the

coating layer can be enhanced so that a stronger coating layer

10



can be formed. For this reason, the constituting unit (A-2)
derived from the block copolymer (A) and the constituting unit
(A-2") derived from the polymer (B) are effectively suppressed
or prevented from being removed from the network formed by the
constituting unit (A-1) of the block copolymer (A) even when
gliding (friction) is applied. Thus, in the medical device
of the present invention, the durability (surface lubricity
maintaining effect) can be enhanced.

[0019]

When a body fluid or an agueous solvent is brought into
contact therewith, the constitutingunit (A-2) or (A-2') swells
in the mesh of the network, and at the same time, the
congtituting units (A-2) and (A-2') are partially dissolved
in the body fluid or agueous solvent, and there arises a
difference in osmotic pressure between the inside and the
ocutside of the mesh (the osmotic pressure inside the mesh
becomes higher). Accordingly, a large amount of the body fluid
or agueous solvent penetrates into the mesh. For this reason,
in the lubrication layer according to the present invention,
swellability under contact with a body fluid or an agueous
golvent can be significantly enhanced.

[0020]

In additicn, the epoxy groups of the constituting unit
(A-1) can be crosslinked or polymerized to forma strong coating

layer (lubrication layer). For this reason, the medical

11



device of the presgent invention has a high strength and can
successfully maintain the shape even after sliding. In
addition, the epoxy groups of the constituting unit (A-1) can
be connected (fixed) to the base layer to suppress or prevent
gseparation from the base layer. For this reason, in the medical
device of the present invention, the durability (surface
lubricity maintaining effect) can be further enhanced.

[0021]

Therefore, in the medical device of the pregent invention,
both cf the excellent lubricity (surface lubricity) and the
excellent durability (surface lubricity maintaining effect)
can be achieved.

[0022]

An embodiment of the present invention will be described
hereinbelow. Incidentally, the present invention is not
limited only to the following embodiments. The dimensional
ratios in the drawings are sometimes magnified for the sake
of explanation and may be different from the actual ratios.

[0023]

In this description, a phrase "X to Y" representing a
range means "equal to or more than X and equal to or less than
Y". Unless otherwisge specified, operations and measurements
of physical properties and the like are perfcrmed under
conditions of a room temperature of 20 to 25°C and a relative

humidity of 40 to 50%.

12



[0024]

<Medical device>

A preferred embodiment of the medical device of the
present invention will be described hereinbelow with reference
to the appended drawings.

[0025]

Fig. 1 is a partial sectional view schematically showing
a surface laminated structure of a typical embcocdiment of the
medical device according to the present invention (hereinunder
also abbreviated as "medical device"). Fig. 2 is a partial
sectional view schematically showing another configuratiocn
example of the surface laminated structure as an application
example of the embodiment. Incidentally, the signs in Fig.
1 and Fig. 2 represent the followings. The sign 1 denotes a
base layer; the gign la denotes a base layer core portion; the
gign 1lb denctes a base surface layer; the gign 2 denotes a
lubrication layer; and the sign 10 denotes a medical device
according to the present invention.

[0026]

Ag illustrated in Fig. 1 and Fig. 2, a medical device
10 of the embodiment is provided with a base layer 1 and
lubrication layers 2 containing a block copolymer which are
provided on at least a part of the base layer 1 (in Figs. 1
and 2, an example in which the lubrication layers 2 are provided

throughout the surfaces (on the entire surfaces) of the base

13



layver 1 in the drawings) ig illustrated. Incidentally, inFig.
1 and Fig. 2, the lubrication layer 2 is formed on both the
two surfaces of the base layer 1. However, the present
invention is not limited to the embodiment, and any mode, such
as a mode where the lubrication layer 2 ig formed on one surface
alone of the base layer 1; and a mode where the lubrication
layer(s) 2 is{are) formed on a part of one surface or both the
two surfaces of the base layer 1, may be applicable.

[0027]

The medical device of the embodiment will be described
in detail for each constituting member hereinbelow.

[0028]

[Base layer (base)]

The base layer for use in the embodiment may be formed
of any material, and the material is not particularly limited.
Specific examples of the material forming the base layer 1
include a metal material, a polymer material, and a ceramic.
Here, as for the basge layer 1, the entire base layer 1 may be
formed of any one of the above materials. The base layer 1
may have a multilayer structure in which multiple layers of
different materials are laminated, or a structure in which
members formed of different materials for different parts of
the medical device are joined together. Alternatively, as
shown in Fig. 2, the base layer 1 may have a structure in which

a surface of a base layer core portion la formed of any one

14



of the above materials is coated with another one of the above
materials by an appropriate method to form a base surface layer
1b. As an example of the latter case, a structure in which
a surface of the base layer core portion la formed of a polymer
material or the like is coated with a metal material by an
appropriate method (a conventionally known method such as
plating, metal deposition, and spattering) to form the base
surface layer 1lb; a structure in which a surface of the base
layer core portion la formed of a hard reinforced material,
such as a metal material and a ceramic material, 1s coated with
a polymer material which is softer than the reinforced material
guch as a metal material by an appropriate methoed (a
conventionally known method, such as immersion (dipping),
atomization (spraying), coating, and printing), or a
reinforced material for forming the base layer core portion
la and a polymer material are combined into a composite, to
form the base surface layer 1b; or the like may be mentioned.
The base layer core portion la may also have a multilayer
structure in which multiple layers of different materials are
laminated, or a structure in which members formed of different
materials for different parts of the medical device are joined
together. Alternately another middle layer (not shown) may
be formed between the base layer core portion 1a and the base
surface layer 1lb. Furthermore, the base surface layer 1b may

also have a multilayer structure in which multiple layers of

15



different materials are laminated, or a structure in which
members formed of different materials for different parts of
the medical device are joined together.

[0029]

Among the materials for forming the base layer 1, the
metal material is not particularly limited and a metal material
that is generally used for a medical device, such as a catheter,
a guidewire, and an indwelling needle may be used. Specific
examples thereof include various stainless steels, such as
SUS304, SUS216, SUS316L, SUS420J2, and SUS630, gold, platinum,
silver, copper, nickel, cobalt, titanium, iron, aluminum, tin,
and various alloys, such as a nickel-titanium alloy, a
nickel-cobalt alloy, a cobalt-chromium alloy, and a
zinc-tungsten alloy. One of the materials may be used alcne
or two or more thereof may be used in combination. As the above
metal material, an optimal metal material for the base layer
of a catheter, a guidewire, an indwelling needle, or the like
as the use purpose may be appropriately selected.

[0030]

Among the materiale for forming the base layer 1, the
polymer material is not particularly limited, and a polymer
material that is generally used for a medical device, such as
a catheter, a guldewire, and an indwelling needle may be used.
Specific examples include a polyamide resin, a polyolefin resin,

such asg a polyethylene resin and a polypropylene resin, a

16



modified polyolefin resin, a cyclic polyolefin resin, an epoxy
resin, an urethane resin (polyurethane), a diallyl phthalate
resin (an allyl resin), a polycarbonate resin, a fluoride resin,
an amino resin (a urea resin, a melamine regin, a benzoguanamine
resin), a polyester regin, a styrol resin, an acryl resin, a
polyacetal resin, a vinyl acetate resin, a phenol resgin, a vinyl
chloride resin, a geilicone resin (a silicon regin), a polyether
resin, and a polyimide resin. One of the materials may be used
alone or two or more therecf may be used together in mixture.

Also, a copolymer of two or more monomers each composing any
one of the above resins may be used. As the polymer material,

an optimal polymer material for the base layer of a catheter,

a guidewire, an indwelling needle, or the like as the use
purpose may be appropriately selected.

[0031]

The shape of the base layer is not particularly limited,
and a shape of sheet, line (wire), tube, and the like is
appropriately selected according to the use mode.

[0032]

[Lubrication layer (surface lubrication layer, coating
layer)]

The lubrication layer is supported on at least a part
of the base layer. Here, the reason why the lubrication layer
2 is supported on at least a part of the base layer surface

is that, in a medical device as the use purpose, such ag a

17



catheter, a guidewire, and an indwelling needle, all of the
surface (the entire surface) of themedical device ig not always
required to have lubricity when being wetted, and the
lubrication layer is required to be supported on only a portion
of the surface that is required to have lubricity when being
wetted (which is a part in some cases and all in cther casesg).
For this reason, as described above, a wmode where the
lubrication layer is formed so as to cover all of the two
surfaces of the base layer as shown in Figs. 1 and 2; a mode
where the lubrication layer is formed so as to cover all of
only one surface of the base layer; a mode where the lubrication
layer is formed so as to cover parts of the two surfaces of
the base layer in the same manner or different manners; a mode
where the lubrication layer is formed so as to cover a part
of one surface of the base layer; and the like are encompassed.
Incidentally, as used herein, the term "support" means a state
where the lubrication layer is fixed in a state where the
lubrication layer is not easily released from the base layer
surface.

[0033]

The lubrication layer contains the block copolymer (A)
and the polymer (B). Here, in the lubrication layer, the
composition of the block copolymer (A) and the polymer (B) is
such that the block copolymer (A) is present in a proportion

of 20 to 80% by weight relative to the total weight of the block

18



copolymer (A) and the polymer (B), that is, the polymer (B)
is present in a proportion of 80 to 20% by weight relative to
the total weight of the block copolymer (A) and the polymer
(B) . Here, when the mixing ratio of the block copolymer (A)
is less than 20% by weight (the mixing ratio of the polymer
(B) is more than 80% by weight), the constituting unit (A-1)
derived from the block copolymer (A) can not form a sufficient
mesh structure (network), the strength of the lubrication layer
is insufficient, and the lubrication layer is separated from
the base layer (see Comparative Example 2 described later).
In contrast, when the mixing ratio of the block copolymer (&)
is more than 80% by weight (the mixing ratioc cf the polymer
(B) ig less than 20% by weight), the amount of the polymer (B)
is too small and the effects of enhancing the lubricity and
swellability of the constituting unit (A-2') derived from the
polymer (B) are not sufficiently achieved (see Comparative
Example 1 described later). Inviewof the effects of enhancing
the lubricity, swellability, and durability, the block
copolymer (A) is preferably contained in 20% by weight or more
and less than 50% by weight, and more preferably in 20 to 40%
by weight, relative to the total weight of the block copolymer
(A) and the polymer (B).

[0034]

Incidentally, the content of the block copolymer (A) and

the polymer (B) in the lubrication layer can be measured by
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a known method. In this description, the content of the block
copolymer (A) and the polymer (B) in the lubrication lavyer is
a value measured by a method described below.

[0035]

(Measurement of content of block copolymer (A) and
polymer (B) in lubrication laver)

For each medical device (hereinunder also simply
abbreviated as "sample"), in accordance with the following
method, the weights of the block copolymer (A) and the polymer
(B) per unit area of the lubrication laver {the
lubrication-coated part) are calculated.

[0036]

Specifically, the medical device whose weight (W0 (g))
is previcusly measured is heated and refluxed in distilled
water at 100°C for 3 hours to extract the polymer (B). After
being heated and refluxed for a prescribed time pericd, the
medical device is taken out and dried at 100°C for 1 hour, then
the weight (Wi(g)) is measured, the loss in the weight between
before and after the extraction (WB(g)) [=(W0(g))-(Wl{(g))] is
calculated, and the weight loss (WB(g)) is taken as the weight
of the polymer (B) contained in the lubrication lavyer.
Incidentally, the concentrated residue of the extracted liguid
after the heating and refluxing is subjected to an NMR analysis
and confirmed to be the polymer (B).

[0037]
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Next, the thus-dried medical device is further heated
and refluxed in 2N hydrochloric acid (2N HC1l) at 100°C for 1
hour to extract the block copolymer (A) from the lubrication
layer. Thereafter, the medical device is taken out and dried
at 100°C for 1 hour, and then the weight (W2(g)) is measured.
The weight loss between before and after the 2N HCL treatment
of the medical device (WA({g)) [=(Wl(g))-(W2(g))] is calculated,
and the weight losg (WA(g)) is taken as the weight of the block
copolymer (A) contained in the lubrication lavyer.
Incidentally, the concentrated residue of the treated liquid
after the heating and refluxing is subjected to IR analysis
and confirmed to be the block copolymer (A).

[0038]

Based on the weight loss ((WA(g)and WB(g)) measured in
this manner, the content of the block copolymer (% by weight)

is calculated according to the following formula.

[0039]
[Math. 1]
Content of block copolymer (A) (% by weight) = Wale) x1 00
W, (g)+Wo(g)

(00401

The lubrication laver contains the block copolymer (A)
and the polymer (B) as essential components. The lubrication
layer may contain another component in addition to the block

copolymer (A) and the polymer (B). Here, the other component
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is not particularly limited. In cases where the medical device
is one intended to be inserted into a body cavity or a lumen,
guch as a catheter, examples thereof include drugs (bicactive
substanceg), such as an anticancer agent, an immunosuppressive
agent, an antibiotic, an antirheumatic drug, an antithrombotic
drug, an HMG-CoA reductasge inhibitor, an ACE inhibitor, a
calcium antagonist, an antilipemic drug, an integrin
inhibiting drug, an antiallergic agent, an antioxidant, a
GPIIbITIIa antagonistic drug, retinoid, flavonoid, carotenoid,
a lipid improving drug, a DNA synthesise inhibitor, a tyrosine
kinase inhibitor, an antiplatelet drug, a vascular smooth
muscle growth inhibiting drug, an anti-inflammatory drug, a
living body-derived material, interferon, and an NO production
promotor. Here, the addition amount cof the other component
is not particularly limited, and a commonly-used amount is
similarly applied. Finally, the addition amount of the other
component is appropriately selected in consideration of the
severity of the disease to which the invention is applied, body
weight of the patient, and the like.

[0041]

The reactive monomer composing the block copolymer (A)
has an epoxy group as a reactive group. By introducing the
constituting unit (A-1) derived from such a reactive monomer
into the block copolymer ({(A), the block copolymer (A) is

crogsglinked or polymerized via the epoxy groups to form a mesh
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structure. For this reason, the strength of the lubrication
laver can be enhanced. Thus, the shape of the medical device
of the present invention can be maintained succesgfully even
after sliding. In addition, the lubrication layer can be
strongly connected (fixed) to the base layer via the epoxy
groups, and separation from the base layer can be suppressed
or prevented. Thus, the medical device of the present
invention ig excellent in durability. The block copolymer (A)
having the constituting unit (A-1) derived from a monomer
having an epoxy group shows amild reaction rate {(an appropriate
rate) when being reacted by a heating and drying operation
(heating and drying treatment) and the like. For this reason,
when the epoxy groups are subijected to a crosslinking reaction
through a heating, drying, or other operation, the reaction
rate is mild to the extent that immediate reaction resulting
in gelation and solidification resgulting in increase of
crosslinking density of the coating layer (lubrication layer)
which leads to deterioration of lubricity, lubricity
maintaining effect, and blood compatibility are suppressed or
controlled (an appropriate rate), and therefore the handling
is easy.

[0042]

Incidentally, formation of the mesh structure (network)
by the constituting unit (A-1) composing the block copolymer

(A) can be confirmed by a known method. The formation of the
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mesh structure (network) is confirmed in this description by
disappearance of the epoxy group and formation of ether bond
in ATR-IR.

[0043]

In addition, the hydrophilic monomer (constituting unit
(A-2)) composing the block copolymer (A) imparts the
swellability with solvent, and in turn, the lubricity (surface
lubricity) under contact with a body £luid or an aqueous solvent.
For thig reason, with the medical device of the presgsent
invention, friction under contact with a lumen wall such as
a vascular wall can be reduced.

[0044]

The hydrophilic monomer (constituting unit (A-2'))
composing the polymer (B), 1like the hydrophilic monomer
composing the block copolymer (A), alsco imparts the
swellability with solvent, and in turn, the lubricity (surface
lubricity) under contact with a body £luid or an agqueous solvent.
For thig reason, the medical device of the present invention
can reduce friction under contact with a lumen wall such as
vagscularwall. Inaddition, at least apart of the constituting
unit (A-2') composing the polymer (B) enters the inside (void)
of the mesh structure (network) formed by the constituting unit
(A-1) composing the block copolymer (A), or entangles (is
integrated) with each of the constitutingunits (A-1) and (A-2)

of the block copolymer (A). For this reason, even under
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friction in contact with a lumen wall such as a vascular wall,
the medical device of the present invention is excellent in
durability since elimination of the polymer (B) from the
lubrication laver is effectively suppressed or prevented.
Incidentally, entanglement {(integraticn) of the polymer (B)
with the block copolymer (A) is difficult to confirm by an
analysis and the like, but can be inferred from durability
{(sliding durability). Specifically, when a difference
between the dinitial gliding resistance and the sliding
resistance after test [= (the initial sliding resistance (gf))
- (the sliding resistance after test (gf))] measured in
Examples described later is 10 gf or less, it is determined
that the polymer (B) sufficiently enters the inside (void) of
the mesh structure (network) formed by the constituting unit
(A-1) composing the block copolymer (A), and/or is sufficiently
entangled with each constituting unit of the block copolymer
(A). 1In view of the effect of further enhancing the lubricity

and swellability, the difference between the initial sliding

registance and the gliding resistance after test [= (the
initial sliding registance (gf)) - (the sliding resistance
after test (gf))] is preferably 0 to 6 gf, and more preferably
0 to 4 gt.

[0045]

Here, the reactive monomer composing the block copolymer

(A) is not particularly limited as long as it has an epoxy group.
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Specific examples include glycidyl acrylate, glycidyl
methacrylate {GMA) , 3,4-epoxycyclohexylmethyl acrylate,
3,4-epoxycyclohexylmethyl methacrylate, B-methylglycidyl
methacrylate, and allyl glycidyl ether. Among them, in view
of enhancing easiness of formation of the mesh structure and
easinese of production, glycidyl (meth)acrylate is preferred.
One of the reactive monomers may be used alone, or two or more
thereof may be used in combination.

[0046]

In addition, the hydrophilic monomers composing the
block copolymer (A) and the polymer (B) are selected from the
group consisting of acrylamide and an acrylamide derivative.
The acrylamide derivative is not particularly limited as long
as it can impart lubricity by coming into contact with a bedy
filuid or an agueous solvent. Specific examples include
N-methylacrylamide, N,N-dimethylacrylamide, and acrylamide.
Among them, N,N-dimethylacrylamide is preferred in view of
enhancement of lubricity and safety of the monomer. In the
block copolymer (A), one of the hydrophilic monomers may be
used alone or two or more thereof may be used in combination.
Similarly, in the polymer (B}, one of the hydrophilic monomers
may be used alone or two or more thereof may be used in
combination. In addition, the hydrophilic monomer composing
the block copolymer (A) and the hydrophilic moncomer composing

the polymer (B) may be the same as or different from each other.
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In view of affinity between the block copolymer (A) and the
polymer (B), and the like, the hydrophilic monomer composing
the block copolymer (A) and the hydrophilic monomer composing
the polymer (B) are preferably the same.

[0047]

The block copolymer (A) according to the present
invention contains the constituting unit (A-1) and the
constituting unit (A-2). Here, the ratio of the constituting
unit (A-1) and the constitutingunit (A-2) is not particularily
limited as long as the above effects are achieved. In view
of the good lubricity, lubricity maintaining effect, strength
of the coating layer, and connectivity with the base layer,
the ratio of the constituting unit (A-1) and the congtituting
unit (A-2) (the molar ratio of the constituting unit (A-1)
the constituting unit (A-2)) is preferably 1 : 2 to 100, and
more preferably 1l : 2to 50. Inthe above range, the lubrication
layer can sufficiently exhibit the lubricity and lubricity
maintaining effect owing to the constituting unit (A-2), and
the sufficient strength of the coating layer, connectivity with
the base layer, and durability can be exhibited owing to the
constituting unit (A-1).

[0048]

The method of producing the block copolymer (A) according
to the present invention is not particularly limited, and, for

example, a conventionally known polymerization method, such
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ag a living radical polymerization method, a polymerization
method using a macro initiator, and a polycondensation method,
can be applied to produce the block copolymer (A). Among them,
in terms of easiness of contreolling the molecular weightgs and
the molecular weight distribution of the constituting unit
(moiety) derived from the hydrophilic monomer and the
constituting unit (moiety) derived from the reactive monomer,
a living radical polymerization method or a polymerization
method using a macro initiator is preferably used. The living
radical polymerization method is not particularly limited, and,
for example, methods described in JP-A-H-11-263819,
JP-A-2002-145971, JP-A-2006-316169, etc., and an atom
transfer radical polymerization (ATRP) method, etc. can be
applied as it is or with appropriate modification. In the
polymerization method using a macro initiator, for example,
a macro initiator including a hydrophobic moiety having a
reactive functional group and a radical polymerizable group
such as a peroxide group are produced, and then the macro
initiator is polymerized with a monomer for forming a
hydrophilic moiety, whereby the block copolymer (A) having a
hydrophilic moiety and a hydrophobic moiety can be produced.

[0049]

In polymerization of the block copolymer (A) or the
polymer (B), a known method, such as bulk polymerization,

suspension polymerization, emulsion polymerization, and
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solution polymerization, may be used. Specifically, in
production of the block copolymer (A), a method in which the
reactive monomer and the hydrophilic monomer are heated with
a polymerization initiator while stirring in a polymerization
golvent to copolymerize the monomers may be used. In
production of the polymer (B), amethod in which the hydrophilic
monomers are heated with a polymerization initiator while
stirring in a polymerization solvent to copolymerize the
monomers may be used. Here, the polymerization initiator is
not particularly limited, and a known one may be used.
Preferably, in point of excellent polymerization stability,
a radical polymerization initiator is preferred. Specific
examples include a persulfate salt, such as potassium
persulfate (KPS), sodium persulfate, and ammonium persulfate;
a peroxide, such as hydrogen peroxide, t-butyl peroxide, and
methyl ethyl ketone peroxide; and an azo compound, such as
azobisisobutyronitrile (AIBN) ,
2,2'-azobis(2-methylbutyronitrile), and azobiscyvanovaleric
acid. 1In addition, for example, the radical polymerization
initiator may be combined with a reductant, such as sodium
sulfite, sodium hydrogen sulfite, and ascorbic acid, and used
as a redox type initiator. The amount of the polymerization
initiator incorporated is preferably 0.0001 to 1% by mole
relative to the total amount of the monomers.

[0050]
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The polymerization solvent is not particularly limited,
but, for example, an aliphatic-type organic sclvent, such as
n-hexane, n-heptane, n-octane, n-decane, cyclohexane,
methylcyclohexane, and a liquid paraffin; an ether-type
gsolvent, such as tetrahydrofuran and dioxane; an aromatic-type
organic scolvent, such as toluene and xylene; a halogen-type
organic solvent, such as 1,2-dichloroethane and
chlorcobenzene; and a polar aprotic corganic solvent, such as
N,N-dimethylformamide and dimethylsulfoxide, may be used.
Incidentally, the solvents may be used alone or in mixture of
two or more therecf. In the concentration of the monomers in
the polymerization solvent {(for the block copolymer (A), the
total concentration of the hydrophilic monomer and the reactive
monomer, and for the polymer (B), the total concentration of
the hydrophilic monomer) is preferably 5 to 90% by weight, more
preferably 8 to 80% by weight, and particularly preferably 10
to 50% by weight.

[0051]

In the polymerization described above, the conditions
for polymerization are also not particularly limited as long
as the (co)polymerization proceeds. For example, it is
preferred that the temperature for polymerization 1is
preferably 30 to 150°C, and more preferably 40 to 100°C. 1In
addition, the time for polymerization is preferably 30 minutes

to 30 hours, and more preferably 3 to 24 hours.
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[0052]

Furthermore, in the (co)polymerization, as needed, a
chain transfer agent, a polymerization rate regulator, a
surfactant, a water-soluble polymer, a water-soluble
inorganic compound f{(an alkali metal salt, an alkali metal
hydroxide, a polyvalent metal salt, a non-reducible alkali
metal salt pH buffer, etc.), an inorganic acid, an inorganic
acid salt, an organic acid, an organic acid galt, and other
additives may be appropriately used.

[0053]

The block copolymer (A) and the polymer (B) after the
(co)polymerization are preferably purified by a common
purification method, such as a reprecipitation method, a
dialysis method, an ultrafiltration method, and an extraction
method.

[0054]

The lubrication layer is formed on the base layer by using
the block copolymer {(A) and the polymer (B) produced in the
foregoing manner.

[0055]

(Method for forming lubrication layer)

In the present invention, the method for forming the
lubricaticn layer on the base layer is not particularly limited
as long as the block copolymer (A) and the polymer (B) are used

in the specific mixing ratio, and a known method can be applied
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as it is or with an appropriate modificaticon. For example,
it is preferred that the block copolymer (A) and the polymer
(B) are dissolved in a solvent to prepare a mixture liquid,
the base layer is coated with the mixture liquid, and then the
block copolymer (A) 1is crosslinked or polymerized in the
absence of a catalyst, thereby forming a mesh structure on the
base layer. That is, a second aspect of the present invention
provides a method for producing the medical device of the
present invention, including dissolving the block copolymer
(A) and the polymer (B) in a solvent to prepare amixture liquid,
coating the base layer with the mixture liquid, and then
crosslinking or polymerizing the block copolymer (A) in the
absence of a catalyst, thereby forming the mesh structure on
the base layer. Through the method, lubricity and durability
can be imparted to a medical device surface. In addition,
according to the method, since the block copolymer (A) is
crosslinked or polymerized in the absence of a catalyst, the
crosslinking/polymerization can be appropriately controlled.
For this reason, since the mesh structure (network) by the block
copolymer (A) can be appropriately formed, it is possible to
gsufficiently ensure the void that the polymer (B) enters while
ensuring the strength of the lubrication layer.

[0056]

A preferred method for producing the medical device of

the present invention will be described hereinbelow.
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Incidentally, the present invention is not to be limited to
the following method.

[0057]

In the method described above, the solvent used for
dissgolving the block copolymer (A) and the polymer (B)
according to the present invention is not particularly limited
as long as it can dissolve the block copolymer (A) and the
polymer (B) according to the present invention. S8pecific
examples include, but are not limited to: water; an alcohol,
such as methanol, ethancl, isopropancol, and ethylene glycol;
a ketone, such as acetone, methyl ethyl ketone, and
cyclohexanone; an ester, such as ethyl acetate; a halide, such
as chloroform; an olefin, such as hexane; an ether, such as
tetrahydrofuran and butyl ether; an aromatic compound, such
as benzene and toluene; an amide, suchas N,N-dimethylformamide
(DMF) ; and a sulfoxide, such as dimethylsulfoxide. One of the
solvents may be used alone or two or more thereof may be used
in combination.

[0058]

The concentrations of the block copolymer (A) and the
polymer (B) in the mixture liquid are not particularly limited
as long as the block copolymer (A) and the polymer (B) are
contained at the wmixing ratio according to the present
invention. From the viewpoint that the applicability and the

desired effects (lubricity and durability) can be achieved,

33



the total concentration of the block copolymer (A) and the
polymer (B) in the mixture liguid is 0.01 to 20% by weight,
more preferably 0.05 to 15% by weight, and further preferably
0.1 to 10% by weight. When the concentration is in the above
range, the lubricity and durability of the resulting
lubrication layer can be sufficiently exhibited. S8Since a
uniform lubrication layer having a desired thickness can be
easily obtained by one time coating, such a concentration is
preferred also in terms of operability (for example, easiness
of coating) and production efficiency. However, a
concentration out of the range is sufficiently applicable
unless the concentration affects the functions and effects of
the present invention.

[0059]

The method for forming a cocating of ({(applying) the
mixture ligquid on the base layer surface is not particularly
limited, and a conventionally known method, such as a coating
and printing method, an immersion method (dipping method,
dip-coating method), an atomization method (gpraying method),
a spin-coating method, and a mixture liquid impregnation
sponge-coating method, can be applied. Among them, an
immersion method {(dipping method, dip-coating method) is
preferably used.

[0060]

Incidentally, in cases where the lubrication layer is
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formed on a thin and narrow inner surface of a catheter, a
guidewire, an injection needle, and the like, the base layer
may be immersed in the mixture ligquid and the pressure in the
system may be reduced to effect defoaming. By effecting
defoaming under a reduced pressure, it is possible to allow
the solution toquickly penetrate into the thin and narrow inner
surface to promote the formation of the lubrication layer.

[0061]

In addition, in cases where the lubrication layer is to
be formed on only a part of the base lavyer, only the part of
the base layer is immersed in the mixture liguid to coat the
part of the base layer with the mixture liquid, whereby the
lubrication layer can be formed on the desired surface portion
of the base layer.

[0062]

When it ig difficult to immerse only a part of the base
layer in the mixture liquid, after the surface portion of the
base layer on which the lubrication layer is not to be formed
igs previously protected (coated, or the 1like) with an
appropriate removable (detachable) member or material, the
base layer is immersed in the mixture liquid to coat the base
layer with the mixture liguid, thereafter, the protection
member (material) on the surface portion of the base layer on
which the lubrication layer is not to be formed is removed,

and then a reaction is effected by a heating treatment or the
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like, whereby the lubrication layer can be formed on the degired
surface portion of the base laver. However, the present
invention is by no means limited to the formation methods
mentioned above, and the lubrication layer may be formed by
appropriately using a conventionally known method. For
example, when it is difficult to immerse only a part of the
base layer in the mixture solution, instead of the immersion
method, another coating technique (for example, a method in
which a mixture liquid is applied on a prescribed surface
portion of a medical device using an application apparatus,
such as a spraying apparatus, a bar coater, a die coater, a
reverse coater, a comma coater, a gravure coater, a spray coater,
and a doctor knife) may be applied. Incidentally, in cases
where both the outer surface and the inner surface of a
cylindrical device are required to have a lubrication layer
for the reason of the structure of a medical device, the
immersion method (dipping method) is preferably used since both
the outer surface and the inner surface are simultaneously
coated.

[0063]

After immersing the base layer in a mixture liquid
containing the block copolymer (A) and the polymer (B) in the
specific mixing ratio in this manner, the base layer is taken
out of the mixture liquid and subjected to a drying treatment.

Here, the conditions for dryving the mixture liquid (temperature,
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time, and the like) are not particularly limited as long as
the lubrication layer containing the block copolymer (A) and
the polymer (B) can be formed on the base layer. Specifically,
the temperature for drying is preferably 20 to 200°C, and more
preferably 50 to 150°C. In addition, the time for drying is
preferably 30 minutes to 30 hours, and more preferably 1 to
20 hours. Under the conditions, the lubrication layer
{coating layer) containing the block copolymer (A) and the
polymer (B) according to the present invention is formed on
the base layer surface, and a crosslinking reaction occurs via
the epoxy groups in the block copolymer (A) in the lubrication
layer, whereby the lubrication layer having high strength that
ig not easgily separated from the base layer can be formed. In
addition, by the drying step as mentioned above, connection
(fixing) with the base laver occurs, and separation from the
base layer is effectively suppressed or prevented.

[0064]

In addition, the pressure condition in dryving is by no
means limited, and drying may be performed under normal
pressure {(atmospheric pressure) or may be performed under an
increased or reduced pressure.

[0065]

As a drying means (apparatus), for example, an oven, a
vacuum dryer, and the like may be used. In cases of natural

drying, no particular drying means (apparatus) is required.
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[C066]

According to the foregoing method, the lubrication layer
{(coating layer) containing the block copolymer (A) and the
polymer (B) according to the present invention is formed on
the base layer surface, and then the epoxy groups are
crosslinked, whereby a strong lubrication coating lavyer that
is not easily separated from the base layer can be formed. 1In
addition, in the medical device according to the present
invention, a coating layer formed by the block copolymer (A)
according to the present invention ig formed on a surface
thereof. For this reason, the medical device according to the
present invention can exhibit excellent lubricity and
lubricity maintaining effect.

[0067]

(Application of medical device of the present invention)

The medical device of the present invention is a device
used in contact with a body fluid or blood, and a surface thereof
has lubricity in an agqueous ligquid, such as a body fluid and
a physiological saline, making it possible to enhance
operability and reduce damage in tissue and mucosa. Specific
examples include a catheter, a guidewire, and an indwelling
needle that are used in a blood vessel, but besides them, the
following medical devices may be exemplified.

[0068]

(a) A catheter that 1s inserted or allowed to indwell
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orally or nasally in a digestive organ, such as a stomach tube
catheter, a nutritional catheter, and a tubal feeding tube.

[0069]

(b} A catheter that is inserted or allowed to indwell
crally or nasally in a respiratory tract or a trachea, such
as an oxygen catheter, an oxygen cannula, a tube and cuff of
an endotracheal tube, a tube and cuff of a tracheostomy tube,
and an tracheal aspiration catheter.

[0070]

(c) A catheter that is inserted or allowed to indwell
in a urethra or a ureter, such as a urethral catheter, a urine
guide catheter, and a catheter and a balloon of a urethral
balloon catheter.

[0071]

(d) A catheter that is inserted or allowed to indwell
in a body cavity, an organ, and a tissue of various kindg, such
as a suction catheter, a drainage catheter, and a rectum
catheter.

[0072]

(e) A catheter that is inserted or allowed to indwell
in a blood vessel, such as an indwelling needle, an IVH catheter,
a thermodilution catheter, an angiographic catheter, a
vasodilating catheter, a dilator and an introducer, or a
guidewire and a stylet for such a catheter.

[0073]
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(f) An artificial trachea, an artificial bronchusg, and
the like.

[0074]

(g) a medical device for extracorporeal circulation
treatment (an artificial lung, an artificial heart, an

artificial kidney, and the like) or a circuit therefor.

[Examples]

[0075]

Advantageous effects of the present invention will be
described through the following Examples and Comparative
Examples. However, the technical scope of the present
invention is not limited only to the following Examples.
Incidentally, in the following Examples, unless otherwise
specified, the operation was conducted at a room temperature
(25°C) . In addition, unless otherwise specified, "$%$" and
"parts" mean "% by weight" and "parts by weight", respectively.

[0076]

Synthetic Example 1: Synthesis of block copoclymer (A1)

After 29.7 g of triethylene glycol was added dropwise
into 72.3 g of adipic acid dichloride at 50°C, hydrochloric
acid was removed under reduced pressure at 50°C for 3 hour to

give an ocligoester. Next, 4.5 g of methyl ethyl ketone was
added to 22.5 g of the resulting oligeoester, and the mixture

was added dropwise into a solution of 5 g of sodium hydroxide,
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6.93 g of 31% hydrogen peroxide, 0.44 g of dioctyl phosphate
as a surfactant, and 120 g of water to effect a reaction at
-5°C for 20 minutes. The resulting product was repeatedly
washed with water and methanol, and then dried to give a
polyperoxide (PPO) having plural peroxide groups in amolecule.

[0077]

Next, 0.5 g of the PPO and 9.5 g of glycidyl methacrylate
{(GMA)were polymerized in 30 g of benzene as a soclvent while
stirring at 80°C for 2 hours under reduce pressure. The
resulting reaction product after the polymerization was
reprecipitated from diethyl ether to give a poly(glycidyl
methacrylate) (PPO-GMA) having plural peroxide groups in a
molecule.

[0078]

Subsequently, 1.0 g of the resulting PPO-GMA
(corresponding to 7 mmol of GMA) wasg mixed with 9.0 g of
dimethylacrylamide (DMAA) and 90 g of dimethyl sulfoxide as
a solvent, and the mixture was reacted at 80°C for 18 hours.
The resulting reaction product after the reaction was
reprecipitated from hexane and collected to give a block
copolymer (Al) (DMAA : GMA = 14 : 1 (molar ratio)) that has
an epoxy group in the molecule and exhibits lubricity when being
wetted. The thus-cobtained block copolymer (Al) was analyzed
by NMR and IR, and thus it was confirmed that an epoxy group

existed in the molecule.
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[0079]

Synthetic Example 2: Synthesis of polymer (B1)

In a reaction container that can be sealed, 10 g of
dimethylacrylamide (DMAA) was dissolved in 90 g of dimethyl
sulfoxide as a solvent, and 0.05 g of azobisisobutyronitrile
was added as an initiator to the solution to effect a reaction
at 80°C for 18 hours under reduced pressure. The reaction
product was purified through reprecipitation from hexane to
give a polymer (B1l). The thus-obtained polymer (Bl) was
analyzed by NMR and IR, and thus the polymer was confirmed to
be a homopolymer of dimethylacrylamide.

[0080]

Synthetic Example 3: synthesis of polymer (C1)

In a reaction container that can be sealed, 10 g of
glycidyl methacrylate (GMA) was dissolved in 90 g of dimethyl
sulfoxide as a solvent, and 0.05 g of azobisiscoburyronitrile
was added as an initiator to the solution to effect a reaction
at 80°C for 18 hours under reduce pressure. The reaction
product wag purified by reprecipitation from hexane to give
a polymer (Cl). The thus-obtained polymer (Cl) was analyzed
by NMR and IR, and thus the polymer was confirmed to be a
homopolymer of glycidyl methacrylate.

[0081]

Example 1

The block copolymer (Al) cobtained in Synthetic Example
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1 and the polymer (Bl) obtained in Synthetic Example 2 were
mixed in 40 : 60 (by weight), and the mixture was dissolved
in tetrahydrofuran (THF) so as to give a concentration (total
concentration) of 3% by weight to prepare a mixture solution
(1). A tube made of a polyurethane having an outer diameter
of 5Fr (1.65 mmdiameter) was immersed in this mixture sclution
(1), and dried to effect a reaction in an oven of 60°C for 18
hours teo produce a coated tube (1) having formed on a surface
thereof a coating layer (lubrication layer) that contains the
block copolymer (Al) and the polymer (Bl). When the coated
tube (1) was immersed in a physioclogical saline and rubbed with
a finger, it was confirmed that the surface was more slippery
and had lower friction as compared with an untreated tube.

[0082]

Furthermore, when the coated tube (1) was subjected to
a surface analysis by ATR-IR, no peak of an epoxy group was
recognized and a peak of an ether bond was recognized, whereby
crosslinking of epoxy groups was confirmed.

[0083]

The coated tube (1) was also evaluated for surface
lubricity and durability (sliding durability), and
swellability according to test methods described hereinbelow.
The results are shown in Table 1.

[0084]

Example 2
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A coated tube (2) was produced according to the same
method as in Example 1, except that the mixing ratio of the
block copolymer (Al) and the polymer (Bl) in Example 1 was
changed to 80 : 20 (by weight). When the coated tube (2) was
immersed in a physiological saline and rubbed with a finger,
it wag confirmed that the surface was more slippery
and had lower friction as compared with an untreated tube.

[0085]

Furthermore, when the coated tube (2) was subjected to
a surface analysis by ATR-IR, no peak of an epoxy group was
recognized and a peak of an ether bond was recognized, whereby
crosslinking of epoxy groups was confirmed.

[0086]

The coated tube (2) was also evaluated for surface
lubricity and durability (sliding durability), and
swellability according to test methods described hereinbelow.
The results are shown in Table 1.

[0087]

Example 3

A coated tube (3) was produced according to the same
method as in Example 1, except that the mixing ratio of the
block copolymer (Al) and the polymer (Bl) in Example 1 was
changed to 20 : 80 (by weight). When the coated tubke (3) was
immersed in a physiological saline and rubbed with a finger,

it was confirmed that the surface was more slippery and had
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lower friction than an untreated tube.

[0088]

Furthermcre, when the coated tube (3) was subjected to
a surface analysis by ATR-IR, no peak of an epoxy group was
recognized and a peak of an ether bond was recognized, whereby
croselinking of epoxy groups was confirmed.

[0089]

The coated tube (3) was also evaluated for surface
lubricity and durability (sliding durability), and
swellability according to test methods described hereinbelow.
The results are shown in Table 1.

[0090]

Comparative Example 1

A coated tube (4) was produced according to the same
method as in Example 1, except that the mixing ratio of the
block copolymer (Al) and the polymer (Bl) in Example 1 was
changed to 90 : 10 (by weight). When the coated tube (4) was
immersed in a physiclogical saline and rubbed with a finger,
the surface was more gslippery as compared with an untreated
tube, but had lower lubricity than the surfaces of the coated
tubes (1) to (3).

[0091]

The coated tube (4) was also evaluated for surface
lubricity and durability (sliding durability), and

swellability according to test methods described hereinbelow.
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The results are shown in Table 1.

[0092]

Comparative Example 2

A coated tube (5) was produced accerding to the same
method as in Example 1, except that the mixing ratio c¢f the
block copolymer {(Al) and the polymer (Bl) in Example 1 was
changed to 10 : 90 (by weight). When the coated tube (5) was
immersed in a physiological saline and rubbed with a finger,
separation easily occurs and the surface had lower durability.

[0093]

The coated tube (5) was also evaluated for swellability
according to test method described hereinbelow. The result
ig shown in Table 1. Incidentally, in the coated tube (5),
the coating layer wag easily separated, and the surface
lubricity and the durability (sliding durability) were not able
to be measured.

[0094]

Comparative Example 3

the polymer (Bl) obtained in Synthetic Example 2
described above and the polymer (Cl) obtained in Synthetic
Example 3 described above were mixed in a mixing ratio of 50
50 (by weight), and the mixture was dissolved in
tetrahydreofuran (THF) so as to give a concentration (total
concentration) of 3% by weight, whereby a mixture solution (2)

was prepared.

46



[0095]

In Example 1, a coated tube (6) was produced according
to the same method as in Example 1 except that the mixture
gsolution (2) prepared above was used in place of the mixture
golution (1). When the coated tube (6) was immersed in a
physiological saline and rubbed with a finger, the surface was
more slippery as compared with an untreated tube, but had lower
lubricity than the surfaces of the coated tubes (1) to (3).

[0096]

The coated tube (6) was alsoc evaluated for surface
lubricity and durability (sliding durability), and
gswellability according to test methods described hereinbelow.
The results are shown in Table 1.

[0097]

Experiment: evaluation of performance

The coated tubes (1) to (6) produced in Examples 1 to
3 and Comparative Examplesg 1 to 3 described above were evaluated
for surface lubricity and durability {(sliding durability), and
swellability by the test methods described below. The results
are shown in Table 1.

[0098]

[Evaluation of surface lubricity and durability (gliding
durability)]

For each medical device (hereinunder also simply

abbreviated as "sample"), a sliding resistance (gf) of the
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coating layer (lubrication laver) was measured according to
a method described below using a friction tester (manufactured
by Trinity-Lab, Inc., Handy Tribo Master TL201) 20 as shown
in Fig. 3 to evaluate the lubricity.

[0099]

Specifically, each sample 16 was fixed in a petri dish
12, and immersed in water 17 having such a depth that the entire
sample 16 can be immersed. The petri dish 12 was placed on
a moving table 15 of the friction tester 20 shown in Fig. 3.
A cylindrical SEBS terminal (@ = 7 mm) 13 was brought into
contact with the sample 16, and a load 14 cf 200 g was exerted
on the terminal. At settings of a speed of 16.7 mm/sec and
a moving distance of 20 mm, the moving table 15 was subjected
to two horizontal reciprocating movements to measure the
sliding resistance (the initial sliding resistance in Table
1) (gf). The measured value was taken as an initial surface
lubricity value. In addition, under the same conditions as
above, the sliding resistance (the gliding resistance after
test in Table 1) (gf) after 50 horizontal reciprocating
movements was taken as a gliding durability (surface lubricity
maintaining effect) wvalue. Incidentally, the lower the
gliding resistance (gf) is, the more the surface lubricity is
superior. In particular, an initial sliding resistance and
a sliding resistance after test of less than 35 gf were

congidered as acceptable values.
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[0100]

[Evaluation of swellability]

For each medical device (hereinunder also simply
abbreviated as "sample"), the swelling degree (times) was
measured according to a method described below to evaluate the
swellability.

[0101]

Specifically, the coating layer (lubrication layer) of
each sample was immersed in water for 30 minutes to allow the
sample to swell, and then the swelled coating layer was rubbed
and separated with a metallic spatula and the weight (X1 (g))
was measured. The separated coating layer was dried at 100°C
for 1 hour, and the weight (X0 (g)) of the dried coating layer
was measured. A value ((X1)/(X0)) obtained by dividing the
weight (X1 (g)) in the swelled state by the weight (X0 (g))

in the dried state was taken as the swelling degree (timesg).

[0102]
[Table 1]
Block Initial Sliding
Polymer Swelling
copolymer sliding registance
(B1) degree
(A1) resistance |after test
(wt%) (times)
(wt%) (gf) (gtf)
Example 1 40 60 11 11 35
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Example 2 80 20 28 28 19
Example 3 20 80 10 10 38
Comparative
90 10 35 35 10
Example 1
Not Not
Comparative measurable | measurable
10 90 40
Example 2 due to | due to
separation | separaticn
Initial Sliding
Polymer Polymer Swelling
sliding resistance
(C1) (B1) degree
resistance | after test
(wt%) (wt%) {times)
(gf) (gf)
Comparative
50 50 40 80 5
Example 3

Block copolymer (Al): block copolymer of glycidyl

methacrylate and dimethylacrylamide

Polymer (Bl): homopolymer of dimethylacrylamide
Polymer (C1): homopolymer of glycidyl
methacrylate

[0103]
It can be geen from the results of Table 1 above that

the coated tubes (1) to (3) of the present invention, as

compared with the coated tubes (4) and (5) {(Comparative

Examples 1 and 2) in which the mixing ratio of the block

copolymer (Al) and the polymer (Bl) was out of the range
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according to the present invention, show gignificantly lower
values of both the initial gliding resistance and the sliding
resistance after test, and thusg can exhibit superior surface
lubricity and surface lubricity maintaining effect. It can
also be seen that the coated tubes (1) and (3) of the present
invention show the swellability of an equal level to the tube
{5) (Comparative Example 2) which contains a large amount of
the polymer (B1l) which is a homopolymer of dimethylacrylamide.

[0104]

In addition to the foregoing, it is demonstrated that
the coated tubes (1) to (3) of the present invention, as
compared with the coated tube (6) (Comparative Example 3) which
was coated with a mixture of equal amounts of the polymer (B1l)
which was a homopolymer of dimethylacrylamide and the polymer
(C1) which was a homopolymer of glycidyl methacrylate, do not
show a large difference in the initial surface lubricity, but
can be significantly enhanced in the durability (surface
lubricity maintaining effect). It can also be seen that the
coated tubes (1) to (3) of the present invention show higher
swellability as compared with the coated tube (6) (Comparative
Example 3). Incidentally, the reason why a large difference
is not recognized in the initial surface lubricity between the
coated tubes (1) to (3) of the present invention and the coated
tube (6) is considered as follows: in the coated tube (6), the

homopolymer of dimethylacrylamide (polymer (B1l)) successfully
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enters the inside cf the network formed by the homopolymer of
glycidyl methacrylate (polymer (Cl)). However, as the coating
layer surface is rubbed, the homopolymer of dimethylacrylamide
igs easily removed from the network by the homopolymer of
glycidyl methacrylate due to the friction. It is considered
that the sliding resistance after test of the coated tube (6)
is rapidly increased for this reason.

[0105]

It is considered from the above results that the medical
device of the present invention which includes a coating layer
containing the block copolymer (A) and the polymer (B) in the
gpecific proportions is highly excellent in the surface
lubricity and the sliding durability (surface lubricity
maintaining effect).

[0106]

This application is basged on Japanese Patent Application
No. 2014-238975 filed on November 26, 2014, the contents of
which are entirely incorporated herein by reference.

[0107]

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise", and
variations such as "comprises" and "comprising", will be
understcood to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any other

integer or gtep or group of integers or steps.
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[0108]

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgement or any form
cf suggestion that the prior art forme part of the common

general knowledge in Australia.
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CLAIMS

[Claim 1]

A medical device comprising:

a base layer; and

a lubrication layer supported on at least a part of the
base layer, wherein

the lubrication layer contains a block copolymer (A) and
a polymer (B), the block copolymer (A) being composed of a
congtituting unit derived from a reactive monomer that has an
epoxy group and a constituting unit derived from at least one
hydrophilic monomer selected from the group consisting of
acrylamide and an acrylamide derivative, and the polymer (B)
being composed of a constituting unit derived from at least
one hydrophilic monomer selected from the group consisting of
acrylamide and an acrylamide derivative,

the block copolymer (A) is contained in a proportion of
20 to 80% by weight relative to the total weight of the block
copolymer (A) and the polymer (B), and

the block copolymer (A) is crosslinked or polymerized
to form a mesh structure.
[Claim 2]

The medical device according to claim 1, wherein the
reactive monomer 1is at least one selected from the group

conegisting of glycidyl acrylate, glycidyl methacrylate (GMA),
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3,4-epoxycyclohexylmethyl acrylate,
3,4-epoxycyclohexylmethyl methacrylate, B-methylglycidyl
methacrylate, and allyl glycidyl ether.

[Claim 3]

The medical device according to claim 1 or 2, wherein
the hydrophilic monomer composing the block copolymer (A) is
at least one selected from the group consisting of
N-methylacrylamide, N,N-dimethylacrylamide, and acrylamide.
[Claim 4]

The medical device according to any one of claims 1 to
3, wherein the constituting unit derived from a reactive
monomer and the constituting unit derived from a hydrophilic
monomer that compose the block copolymer (A) are present in
1 : 2 to 100 (molar ratio).

[Claim 5]

The medical device according to any one cof claims 1 to
4, wherein the hydrophilic monomer that composes the polymer
(B) is at least one selected from the group consisting of
N-methylacrylamide, N,N-dimethylacrylamide, and acrylamide.
[Claim 6]

The medical device according to any one of claims 1 to
5, wherein the block copolymer (A} is contained in a proportion
of 20% by weight or more and less than 50% by weight relative
to the total weight of the block copolymer (A) and the polymer

(B) .
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[Claim 7]

A method for producing the medical device ag set forth
in any one of claims 1 to 6, comprising:

digsclving the block copolymer (A) and the polymer (B)
in a solvent to prepare a mixture liquid;

coating the base layer with the mixture liguid; and

then crosslinking or polymerizing the block copolymer
(A) in the absence of a catalyst to thereby form a mesh structure
on the base laver.

[Claim 8]

The method according to claim 7, wherein the total
concentration of the block copolymer (A) and the polymer (B)
in the mixture liquid is 0.01 to 20% by weight.

[Claim 9]

The method according to claim 7 or 8, wherein the
crosslinking or polymerizing are achieved by drying the coating
film of the mixture liquid applied on the base layer at a

temperature of 20 to 200°C for 30 minutes to 30 hours.

55



10

[1/2]

FIG. 1

72//)7/2”/////////:2

FIG. 2



[2/2]

14

N e ————
ANSAALILEALAL AL AR LR R G SR

& & / ,/ ) y

FIG. 3

.2



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

