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(S)  Thermoplastic  polymer  composition  and  medical  devices  made  of  the  same. 

(57)  A  thermoplastic  polymer  composition  containing  a  protease  inhibiting  substance  and  medical 
devices  entirely  or  partly  made  of  the  thermoplastic  polymer  composition. 

Various  medical  devices  having  a  good  compatibility  with  blood  can  be  made  easily  by  melt-molding 
the  thermoplastic  polymer  composition.  The  anti-thrombotic  property  of  the  medical  devices  lasts  for  a 
longer  time  because  the  protease  inhibiting  substance  exudes  out  to  the  surface  if  rubbed  off. 
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BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  thermoplastic  polymer  composition  having  a  good  compatibility  with  blood  and 
to  medical  devices  made  of  the  thermoplastic  polymer  composition. 

5  Research  and  development  to  equip  medical  devices  with  an  anti-thrombotic  property  have  become  active 
recently.  The  method  used  for  equipping  medical  devices  with  an  anti-thrombotic  property  consists  in  coating 
the  surface  (particularly  the  parts  of  them  which  contact  with  blood)  of  medical  devices  made  of  synthetic  res- 
ins  with  anti-thrombotic  substances.  The  anti-thrombotic  substances  used  are  fibrinolytic  substances  (uroki- 
nase,  streptokinase,  etc.),  anti-thrombogenic  substances  (polysaccharides,  prostaglandin,  etc.),  and  neointi- 

10  ma-formation  accelerating  substances.  The  coating  of  a  protease-inhibiting  substance  is  formed  by  application 
or  chemical  bonding  (ionic  or  covalent  bond). 

The  conventional  method  for  equipping  medical  devices  with  an  anti-thrombotic  property  thus  needs  a 
separate  process  for  applying  or  chemically  binding  a  protease-inhibiting  substance  to  the  surfaces  of  the  med- 
ical  devices  formed  in  the  prior  process,  which  requires  a  high  level  of  technology  according  to  the  medical 

15  devices  manufactured,  the  substances  used,  and  other  conditions. 
In  addition,  the  formation  by  application  has  the  problems  of  an  unsatisfactory  durability  of  the  coating 

and  changes  in  the  dimensions  of  medical  devices  (increase  of  the  external  diameter  and  decrease  of  the  in- 
ternal  diameter)  caused  by  the  coating.  It  often  needs  an  appropriate  binder  and  also  needs  a  solvent  for  dis- 
solving  or  dispersing  the  protease-  inhibiting  substance  and  binder  to  be  applied.  The  residual  binder  and  sol- 

20  vent  must  be  removed  from  the  coating  formed. 
The  formation  by  chemical  bonding,  on  the  other  hand,  needs  a  complicated  process  to  introduce  ionic 

groups  or  groups  with  a  covalent  bond  forming  ability  into  both  the  surface  of  the  medical  device  and  the  pro- 
tease-inhibiting  substance.  Further,  the  group-introduction  process  can  restrict  the  kind  of  material  and  pro- 
tease  -inhibiting  substance  usable  for  the  medical  device  to  be  manufactured.  It  can  deteriorate  partly  or  com- 

25  pletely  the  anti-thrombotic  property  of  the  protease  -  inhibiting  substance  because  of  the  denaturation  caused 
by  ionic  or  covalent  bonding.  It  also  increase  the  cost  of  the  medical  device  manufactured. 

Moreover,  it  is  difficult  to  form  a  coating  of  a  protease-inhibiting  substance  over  the  portions  of  the  surface 
put  in  contact  with  blood  ,  of  medical  devices  formed  beforehand  evenly  with  no  areas  left  uncovered,  partic- 
ularly  when  the  shapes  of  the  medical  devices  are  very  complicated. 

30  The  object  of  this  invention  is  to  provide  a  novel  thermoplastic  polymer  composition  which  can  provide 
the  entire  body  of  medical  devices  with  a  compatibility  with  blood,  especially  an  anti-thrombotic  property,  and 
medical  devices  made  of  the  thermoplastic  polymer  composition. 

SUMMARY  OF  THE  COMPOSITION 
35 

A  thermoplastic  polymer  composition  of  this  invention  comprises  a  thermoplastic  polymer  and  a  protease 
inhibiting  substance. 

A  medical  device  of  this  invention  are  entirely  or  partly  made  of  the  thermoplastic  polymer  composition  of 
this  invention. 

40 
DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Athermoplastic  polymer  composition  of  this  invention  comprises  a  thermoplastic  polymer  as  the  main  con- 
stituent  and  a  protease  -  inhibiting  substance  added  to  the  thermoplastic  polymer. 

45  The  protease  -  inhibiting  substance  used  for  the  thermoplastic  polymer  composition  of  this  invention  acts 
on  at  least  one  of  the  13  blood  coagulation  factor  precursors  (fibrinogen,  prothrombin,  tissue  thromboplastin, 
plasma  thromboplastin,  prekallikrein,  for  example)  and  activated  coagulation  factors  formed  from  those  pre- 
cursors  (thrombin,  plasmin,  kallikrein,etc.)and  inhibits  its  activity  to  prevent  or  repressthe  coagulation  of  blood. 
In  short,  the  protease-inhibiting  substance  inhibits  the  activity  of  the  humoral  factors  of  the  coagulation  system 

so  in  blood. 
The  protease  -  inhibiting  substance  is  preferably  a  synthetic  substance.  The  molecular  weight  is  preferably 

about  200  to  about  3000.  Its  melting  point  is  preferably  80  to  300  °  C.  The  substance  stable  while  melted  is 
preferable.  A  decomposition  point  of  the  protease  inhibiting  substance  is  preferably  higher  than  a  melting  point 
of  the  thermoplastic  polymer  and  preferably  about  90°C  or  higher. 

55  Specifically,  synthetic  protease  -  inhibiting  substances  usable  for  this  invention  include  : 
gabexate  mesylate  (mesyl  is  abbreviated  name  of  methane-sulfonic  acid)  [ethyl-4-(6-guanidino- 

hexanoyloxy)  benzoate  methanesulfonate], 
naphamostat  mesylate  [6-amidino-2-naphthyl-p-guanidinobenzoate  dimethanesulfonate], 
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benzamidine-hydrochloride, 
dipyridamole  [2,6-bis(diethanolamino)-4,8-dipiperidinylpyrimido(5,4-d)pyrimidine], 
and  trapidil  [7-diethylamino-5-methyl-s-triazolo(1,5-a)pyrimidine],  for  example. 

The  above  protease  inhibiting  substances,  unlike  conventional  mucopolysaccharide  such  as  heparin,  have 
a  high  heat  resistance  as  well  as  a  high  protease  inhibiting  activity. 

Preferable  synthetic  protease  inhibiting  substances  have  an  amidino  group  shown  by  formula  [I]  below  or 
that  ionized  positively  shown  by  formula  [III],  or  a  guanidino  group  shown  by  formula  [II]  below  or  that  ionized 
positively  shown  by  formula  [IV]  as  their  functional  group. 

C i ]   Cm] 

H 2 N ^   H 2 N ^  

[ n ]   [ i v ]  
H N   H 2 N +  

„   „ ) C - N H -   > - N H -  
H 2 N K   H 2 N  

Gabexate  mesylate  has  the  structure  shown  by  formula  [V]  and  has  one  guanidino  group.  Naphamostat 
mesylate  has  the  structure  shown  by  formula  [VI]  and  has  one  amidino  group  and  one  guanidino  group.  Ben- 
zamidine-hydrochloride  has  a  structure  shown  by  formula  [VII]  and  has  one  amidino  group. 

Among  these  protease  inhibiting  substances,  naphamostat  mesylate  has  a  very  high  heat  resistance  (de- 
composition  point  of  about  260  °  c)  and  therefore  can  be  added  to  various  thermoplastic  polymers.  In  addition, 
naphamostat  mesylate  has  also  a  preferable  high  protease-  inhibiting  activity. 

[V]  gabexate   m e s y l a t e  

C 2 H 5 - \ O V ° C - ( C H 2 ) 5 - N H - c ( N H   - C H  
W   6  N H 2  

3 S O 3 H  

[VI]  na famos ta t   m e s y l a t e  

HN  v  >  . 
C - N H ^ ^ C O O H ^ V ^ x   , N H  

H2N  V ^ 7   \  - 2 C H « S O o  
N H 2  

[YH]  benzamidine  h y d r o c h l o r i d e  

C H N H  
\  /  N H  

•HC  1 
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The  protease-inhibiting  substance  for  this  invention  has  preferably  a  higher  heat  resistance  (decomposition 
temperature)  than  the  thermoplastic  polymer  used  and  a  good  solubility  in  the  thermoplastic  polymer.  It  is  also 
preferable  that  the  protease-inhibiting  substance  added  to  the  thermoplastic  polymer  dissolves  from  the  sur- 

5  face  of  medical  devices  into  blood  gradually  by  an  amount  effective  to  prevent  or  repress  the  coagulation  of 
blood. 

The  protease  -inhibiting  substance  for  this  invention  must  not  lose  the  protease  -inhibiting  activity  by  the 
molding  temperature  of  the  thermoplastic  polymer  used  in  the  manufacturing  process  of  medical  devices. 

The  protease-  inhibiting  substance  used  may  be  a  simple  substance  or  a  mixture  of  two  or  more  substances 
10  if  they  do  not  exert  a  bad  influence  upon  each  other. 

As  thermoplastic  polymer,  the  main  constituent  of  the  thermoplastic  polymer  composition  of  this  invention, 
any  melt-moldable  polymer  can  be  used.  Specifically,  polymers  usable  for  this  invention  include  polyesters, 
polyamides,  thermoplastic  polyurethanes,  homopolymers  and  copolymers  of  olefins  (polyethylene,  polypro- 
pylene,  ethylene-propylene  copolymers,  ethylene-propylene-diene  trimer,  ethylene-vinyl  acetate  copolymers, 

15  ethylene-vinyl  alcohol  copolymers,  ethylene-vinyl  chloride  copolymers,etc),  homopolymersand  copolymers  of 
met  hacrylic  acid  esters,  homopolymersand  copolymers  of  vinyl  chloride,  polyvinyl  acetate),  styrene-butadiene 
copolymers,  acrylonitrile-butadiene  copolymers,  natural  rubber,  synthetic  rubbers  (isoprene  rubber,  butadiene 
rubber,  chloroprene  rubber,  isobutylene-isoprene  rubber),  and  silicone  rubber. 

The  thermoplastic  polymer  for  this  invention  may  be  a  simple  polymerora  mixture  of  two  or  more  polymers. 
20  One  or  more  polymers  most  suited  for  the  use  and  structure  of  the  medical  device  manufactured  can  be  se- 

lected  from  the  usable  thermoplastic  polymers  described  above. 
Thermoplastic  polymers  having  a  melt-molding  temperature  lower  than  the  resisting  temperature  (decom- 

position  temperature)  of  the  protease  -  inhibiting  substance  used  and  a  large  dissolving  capacity  for  the  pro- 
tease  -inhibiting  substance  (a  strong  affinity  for  the  protease  -  inhibiting  substance)  are  preferable  for  the  ther- 

25  moplastic  polymer  of  this  invention. 
Further,  thermoplastic  polymers  with  a  microdomain  structure  (  micro  phases  separation  structure  )  are 

preferable  for  the  thermoplastic  polymer  of  this  invention.  The  microdomain  configuration  may  be  lamellar,  in- 
sular  or  cylindrical.  The  microdomain  structure  may  be  formed  by  crystal  and  non-crystal  phases  or  hydrophilic 
and  hydrophobic  phases.  A  microdomain  structure  formed  by  crystal  and  non-crystal  phases  is  preferable  for 

30  this  invention. 
Thermoplastic  polymers  with  a  microdomain  structure  have  a  good  antiplatelet  property  and  consequently 

some  extent  of  anti-thrombotic  property  themselves.  However,  their  inhibiting  activity  on  the  humoral  factors 
of  the  coagulation  system  in  blood  is  considered  to  be  unsatisfactory.  Therefore,  this  invention  adds  an  ap- 
propriate  protease  -  inhibiting  substance  to  a  thermoplastic  polymer  with  a  microdomain  structure  to  provide 

35  the  thermoplastic  polymer  with  an  increased  inhibiting  action  on  the  humoral  factors  of  the  coagulation  system 
in  blood  in  addition  to  their  good  antiplatelet  property. 

There  are  various  thermoplastic  polymers  with  a  microdomain  structure,  but  those  having  polyet  her  chains 
such  as  polypropylene  oxide  chains,  polyethylene  oxide  chains,  and  polytetramethylene  oxide  chains  in  their 
molecules  are  preferable.  Specifically,  preferable  thermoplastic  polymers  include  polyether-  polyurethane, 

40  polyether-polyamide,  and  polyether-polyester.  The  type  of  polymerization  may  be  graft  copolymerization  or 
block  copolymerization,  but  the  block  copolymerization  is  preferable.  The  block  copolymerization  has  an  An- 
Bn  type,  an  An-Bn-An  type  and  a  (A-B)n  type.  The  (A-B)n  type  is  preferable. 

By  using  these  thermoplastic  polymers  having  polyether  chains  in  their  molecules,  the  thermoplastic  poly- 
mer  composition  of  this  invention  has  a  slower  releasing  capability  for  the  protease  inhibiting  substance  caught 

45  in  it.  The  medical  devices  made  of  the  thermoplastic  polymer  composition  then  retain  the  anti-thrombotic  prop- 
erty  for  a  longer  time.  The  protease-inhibiting  substance  added  to  thermoplastic  polymers  with  polyether 
chains  in  their  molecules  is  considered  to  be  dissolved  and  caught  by  the  polyether  chain  portions  of  the  poly- 
mer  and  gradually  released  outside  along  the  polyether  chain  portions. 

The  amount  of  the  protease-inhibiting  substance  added  to  the  thermoplastic  polymer  is  determined  by 
so  many  conditions  such  as  the  shape  and  use  of  the  medical  device  manufactured,  the  size  of  the  surface  of 

the  medical  device  which  comes  into  contact  with  blood,  the  type  of  thermoplastic  polymer  used  for  the  medical 
device,  the  protease  -  inhibiting  activity  of  the  protease  -  inhibiting  substance  used,  and  the  exudation  rate  of 
the  protease-inhibiting  substance  from  the  thermoplastic  polymer.  The  amount  of  the  protease-inhibiting  sub- 
stance  is  generally  about  100  ppm  to  about  25  wt%  of  that  of  the  thermoplastic  polymer  and  preferably  500 

55  ppm  to  20  wt%. 
The  thermoplastic  polymer  composition  of  this  invention  may  be  unshaped  mixture  or  shaped  into  pellets, 

sheets  or  rods  by  melt-kneading  or  extrusion  of  the  mixture. 
Further,  the  thermoplastic  polymer  composition  of  this  invention  may  also  contain  various  additives  used 

for  thermoplastic  polymers  unless  they  deteriorates  the  compatibility  with  blood  of  the  medical  devices  made 
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of  the  composition. 
The  medical  devices  of  this  invention  are  entirely  or  partly  made  of  the  thermoplastic  polymer  composition 

of  this  invention  described  above.  In  other  words,  at  least  the  portions  forming  the  surfaces  which  contact  with 
5  blood  are  made  of  the  composition  of  this  invention.  When  only  the  portions  forming  the  surfaces  which  contact 

with  blood  are  made  of  the  composition  of  this  invention,  the  other  portions  are  made  by  a  thermoplastic  poly- 
mer  with  no  protease  -  inhibiting  substance  and  those  portions  are  connected  to  complete  a  medical  device. 

The  medical  devices  of  this  invention  can  be  made  using  the  forming  methods  for  conventional  thermo- 
plastic  polymers,  such  as  extrusion  molding,  blow  molding,  extrusion  and  blow  molding,  injection  molding,  in- 

10  jection  and  blow  molding,  compression  molding,  powder  molding  and  casting.  Preferable  forming  methods  can 
be  selected  according  to  the  thermoplastic  polymer  composition  used  and  the  shape  of  the  medical  device. 

The  thermoplastic  polymer  composition  of  this  invention  can  also  be  formed  into  various  shapes  such  as 
tube,  film,  sheet,  plate,  fiber,  thread,  woven  cloth,  unwoven  cloth,  rod,  syringe,  bag,  box  and  tray  which  can 
be  used  as  parts  of  medical  devices  or  medical  articles. 

15  The  medical  devices  of  this  invention  include  all  things  used  for  medical  care  which  have  the  surfaces  put 
in  contact  with  blood  and  therefore  need  the  compatibility  with  blood,  particularly  anti-thrombotic  property, 
such  as  artificial  organs  (artificial  kidney,  artificial  heart,  artificial  lung,  etc.)  and  their  circuit  tubes,  artificial 
blood  vessel,  blood  bag,  catheter,  injection  syringe,  blood  transfusion  set  and  blood  filter. 

When  an  excessive  amount  of  the  protease-  inhibiting  substance  is  present  at  the  surface  of  a  medical 
20  device  manufactured  as  described  above,  it  is  desired  to  wash  the  device  and  remove  the  protease-inhibiting 

substance  before  using  the  device.  This  wash  may  be  conducted  using  water,  alcohol  or  other  solvents. 

Example  1 

25  Naphamostat  mesylate  (FUTHAN,  Torii  &  Co.,  Ltd.  decomposition  point  260  °C)  was  added  (10  wt%)  to 
polyether  nylon  610  (Terumo  Co.)  having  polypropylene  oxide  chains  and  the  crystal  and  non-crystal  micro- 
domain  structure.  This  mixture  was  melted-kneaded  by  a  double-shaft  kneader  (LABOPLASTMILL,  Toyoseiki 
Co.)  at  240  °C  to  prepare  the  thermoplastic  polymer  composition  of  this  invention  (Example  1). 

Tubes,  1.10  mm  in  outer  diameter  and  0.78  mm  in  inner  diameter,  were  formed  of  the  above  thermoplastic 
30  polymer  composition  by  an  extrusion  molding  machine.  One  end  of  the  tubes  was  worked  to  make  catheters 

for  an  example  of  the  medical  device  of  this  invention  (Example  7). 
Catheters  of  the  same  size  were  formed  of  ethylene/tetrafluoroethylene  copolymer  (ETFE)  for  comparison 

(comparative  example  1). 

35  Example  2 

Naphamostat  mesylate  (FUTHAN,  Torii  &  Co.,  Ltd.)  was  added  (1  2.5  wt%)  to  polyether  polyester  (HYTREL 
4057,  Du  Pont-Toray  Co.,  Ltd.)  having  a  lamellar  microdomain  structure.  This  mixture  was  melted-kneaded  by 
a  double-shaft  kneader  (LABOPLASTMILL,  Toyoseiki  Co.)  at  185  °C  to  prepare  the  thermoplastic  polymer 

40  composition  of  this  invention  (Example  2). 
Catheters  for  another  example  of  the  medical  device  of  this  invention  (example  8)  were  made  of  the  above 

thermoplastic  polymer  composition  in  the  same  manner  as  in  example  1. 

Example  3 
45 

Naphamostat  mesylate  (FUTHAN,  Torii  &  Co.,  Ltd.)  was  added  (  20  wt%  )  to  polyether  polyamide  (PAE 
1200,  Ube  Industries  Ltd.)  having  the  crystal  and  non-crystal  microdomain  structure.  This  mixture  was  melted- 
kneaded  by  a  double-shaft  kneader  (LABOPLASTMILL,  Toyoseiki  Co.)  at  1  75  °C  to  prepare  the  thermoplastic 
polymer  composition  of  this  invention  (Example  3). 

so  Catheters  for  another  example  of  the  medical  device  of  this  invention  (example  9)  were  made  of  the  above 
thermoplastic  polymer  composition  in  the  same  manner  as  in  example  1. 

Example  4 

55  Gabexate  mesylate  (FOY,  Ono  Pharmaceutical  Co.,  Ltd.)  was  added  1  5  wt%  to  ethylene-acrylic  acid  ester- 
maleic  anhydride-trimer  (BONDINE,  Sumitomo  Chemical  Co.  Ltd.)  having  no  microdomain  structure.  This  mix- 
ture  was  melted-kneaded  by  a  double-shaft  kneader  (LABOPLASTMILL,  Toyoseiki  Co.)  at  90  °C  to  prepare 
the  thermoplastic  polymer  composition  of  this  invention  (Example  4). 

Catheters  for  another  example  of  the  medical  device  of  this  invention  (example  1  0)  were  made  of  the  above 

5 
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thermoplastic  polymer  composition  in  the  same  manner  as  in  example  1. 

Example  5 
5 

Gabexate  mesylate  (FOY,  Ono  Pharmaceutical  Co.,  Ltd.)  was  added  (1  0  wt%)  to  polyether  polyamide  (PE- 
BAX  5562,  Atochem  Co.)  having  the  lamellar  microdomain  structure.  This  mixture  was  melted-kneaded  by  a 
double-shaft  kneader  (LABOPLASTMILL,  Toyoseiki  Co.)  at  130  °C  to  prepare  the  thermoplastic  polymer  com- 
position  of  this  invention  (Example  5). 

10  Catheters  foranotherexample  of  the  medical  device  of  this  invention  (example  11)  were  made  of  the  above 
thermoplastic  polymer  composition  in  the  same  manner  as  in  example  1. 

Example  6 

15  Benzamidine  hydrochloride  (Aldrich  Inc.)  was  added(15  wt%  )to  polyether  polyamide  (PEBAX  5562,  Ato- 
chem  Co.)  having  the  crystal  and  non-crystal  microdomain  structure.  This  mixture  was  melted-kneaded  by  a 
double-shaft  kneader  (LABOPLASTMILL,  Toyoseiki  Co.)  at  130  °C  to  prepare  the  thermoplastic  polymer  com- 
position  of  this  invention  (Example  6). 

Catheters  foranotherexample  of  the  medical  device  of  this  invention  (example  12)  were  made  of  the  above 
20  thermoplastic  polymer  composition  in  the  same  manner  as  in  example  1. 

Test  1 

The  catheters  of  examples  7  to  12  and  comparative  example  1  were  subjected  to  the  following  test. 
25  The  catheter  of  example  7  and  that  of  the  comparative  example  1  were  inserted  into  the  right  and  left  com- 

mon  carotic  arteries  of  a  Japanese  white  house  rabbit  respectively  by  cutting  the  arteries,  inserting  the  common 
catheters  from  the  slits,  then  closing  the  slits.  After  24  hours,  the  rabbit  was  dosed  with  heparin  of  1000  units 
x  the  body  weight  (kg),  and  the  blood  was  let  out  injecting  physiological  salt  solution.  Then  the  portions  of  the 
common  carotic  arteries  where  the  catheters  had  been  put  in  for  24  hours  were  cut  open  and  inspected.  No 

30  thrombus  was  formed  on  the  inside  and  outside  surfaces  of  the  catheter  of  example  7,  but  thrombi  were  formed 
at  the  upstream  portion  of  the  catheter  of  comparative  example  1. 

Catheters  of  examples  8  to  12  were  also  tested  in  the  same  manner,  and  the  results  were  almost  the  same 
as  that  of  the  above  test. 

Thus  it  was  confirmed  that  the  catheters  of  examples  7  to  12,  and  hence  the  thermoplastic  polymer  com- 
35  positions  of  examples  1  to  6,  have  an  anti-thrombotic  property. 

Test  2 

Sheets  were  formed  of  the  thermoplastic  polymer  compositions  of  examples  1  to  4  and  polypropylene  for 
40  comparison  (comparative  example  2).  These  sheets  were  cut  into  8x8  mm  squares  to  prepare  test  samples 

1  to  5. 
200  p\  of  human  platelet-rich  plasma  so  diluted  that  the  number  of  platelets  is  1  05  lp\  was  dripped  on  each 

of  the  test  samples  1  to  5.  The  test  samples  1  to  5  with  the  human  platelet-rich  plasma  put  on  were  left  alone 
at  room  temperature  for  30  minutes,  washed  with  phosphoric  acid  buffer  solution,  then  fixed  with  glutaralde- 

45  hyde  and  dry-frozen.  The  surfaces  of  the  thus  prepared  test  samples  1  to  5  were  photographed  using  a  scan- 
ning  electron  microscope  at  1000  magnifications.  The  morphologies  of  the  platelets  adhering  to  the  surface 
of  each  test  sample  were  classified,  and  the  number  of  the  platelets  of  each  class  was  counted.  The  results 
were  as  shown  in  Table  I  below. 

50 
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Table  I 

Test  Sample  No.  Morphologies  of  Adhering  Platelets 

Type  la  Type  lb  Type  II 

1  (Example  1)  0  2  1 

2  (Example  2)  1  0  1 

3  (Example  3)  0  0  3 

4  (Example  4)  5  23  461 

5(Co.Ex.  2)  3  9  552 
15 

Classification  of  Platelet  Morphologies 
Type  I:  Nonactivated  Adhesion 
Type  la:  Normal  discoid 
Type  lb:  Changed  into  a  spherical  form  but  not  yet  protruded  pseudopodia 

20  Type  II:  Activated  Adhesion  Adhering  with  protruded  pseudopodia 
The  thermoplastic  polymer  composition  of  this  invention  contains  a  protease  -inhibiting  substance  and 

hence  has  an  anti-thrombotic  property  imparted  by  the  protease  -  inhibiting  substance.  Therefore,  it  has  the 
following  advantages. 

Various  medical  devices  having  a  good  compatibility  with  blood  can  be  made  very  easily  by  melt-molding 
25  the  thermoplastic  polymer  composition. 

The  medical  devices  thus  made  using  the  thermoplastic  polymer  composition  of  this  invention  have  an 
anti-thrombotic  property  all  over  their  surfaces,  eliminating  the  need  to  coat  their  surfaces  with  a  protease- 
inhibiting  substance  and  thereby  solving  the  problems  with  the  coating  process. 

The  medical  devices  of  this  invention  retain  the  anti-thrombotic  property  for  a  much  longer  time  than  con- 
30  ventional  medical  devices,  whose  anti-thrombotic  property  is  given  by  the  protease-inhibiting  substance  on 

the  surface  which  can  be  rubbed  off  and  lost. 
The  medical  devices  of  this  invention  can  be  made  accurately  according  to  the  designed  dimensions,  be- 

cause  coating  of  a  protease-inhibiting  substance  after  molding,  which  causes  changes  in  the  dimensions,  is 
not  required. 

35  The  medical  devices  of  this  invention  do  not  need  a  binder  for  retaining  a  protease  -inhibiting  substance 
to  their  surface  nor  a  solvent  for  dissolving  or  dispersing  the  binder  and  the  protease  -inhibiting  substance  for 
their  manufacturing  process  and  hence  the  process  of  removing  the  residual  binder  and  solvent.  Therefore, 
the  medical  devices  of  this  invention  are  safer  than  conventional  ones. 

The  medical  devices  of  this  invention  do  not  need  the  process  to  introduce  ionic  groups  or  groups  with  a 
40  covalent  bond  forming  ability  into  the  surface  of  the  medical  device  and  the  protease-  inhibiting  substance, 

eliminating  a  possible  deterioration  of  the  physical  and  chemical  properties  of  medical  devices. 

Claims 
45 

1.  A  thermoplastic  polymer  composition  containing  a  thermoplastic  polymer  and  a  protease-inhibiting  sub- 
stance. 

2.  The  thermoplastic  polymer  composition  of  claim  1,  wherein  said  protease  inhibiting  substance  is  a  syn- 
50  thetic  protease  inhibiting  substance. 

3.  The  thermoplastic  polymer  composition  of  claim  1  ,  wherein  said  protease  inhibiting  substance  has  a  de- 
composition  temperature  higher  than  the  melting  point  of  the  thermoplastic  polymer. 

4.  The  thermoplastic  polymer  composition  of  claim  1,  wherein  said  protease  inhibiting  substance  is  a  pro- 55  tease  inhibiting  substance  which  has  at  least  one  amidino  group,  positively  ionized  amidino  group,  gua- 
nidino  group,  or  positively  ionized  guanidino  group. 

5.  The  thermoplastic  polymer  composition  of  claim  1,  wherein  said  protease  inhibiting  substance  is  a  pro- 
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tease  inhibiting  substance  selected  from  the  group  consisting  of  gabexate  mesylate,  naphamostat  mesy- 
late,  benzamidine-hydrochloride,  dipyridamole,  and  trapidil. 

The  thermoplastic  polymer  composition  of  claim  1  ,  wherein  said  thermoplastic  polymer  is  a  thermoplastic 
polymer  which  has  a  microdomain  structure. 

The  thermoplastic  polymer  composition  of  claim  1  ,  wherein  said  thermoplastic  polymer  is  a  thermoplastic 
polymer  which  contains  at  least  a  polyether  chain  in  the  molecule. 

The  thermoplastic  polymer  composition  of  claim  1  ,  wherein  said  thermoplastic  polymer  is  a  polyether  poly- 
urethane  block  copolymer,  polyether-polyamide  block  copolymer,  or  polyether-polyester  block  copolymer. 

A  Medical  device  entirely  or  partly  made  of  a  thermoplastic  polymer  composition  as  defined  in  any  one 
of  claims  1  to  8. 

The  medical  device  of  claim  9,  wherein  said  medical  device  is  a  catheter  or  an  artificial  blood  vessel. 

8 



EP  0  568  451  A1 

European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 

EP  93  40  1103 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category  Citation  of  document  with  indication,  where  appropriate,  Relevant  CLASSIFICATION  OF  THE of  relevant  passages  to  claim  APPLICATION  (Int.  CI.S  ) 
X  DE-A-2  812  174  (SNAMPROGETTI)  1-10  A61L33/00 

*  the  whole  document  *  A61L27/00 
A61L29/00 

X  FR-A-2  399  836  (SNAMPROGETTI)  1-7 
*  page  2,  line  13  -  line  33;  claims  * 

X  MAKR0M0L.  CHEM.  1-7 
vol.  5,  April  1981, 
pages  15  -  29 
MARCONI  W. 
*  the  whole  document  * 

X  S.  AFR.  MED.  J.  1-7 
vol.  63,  no.  26,  25  June  1983, 
pages  997  -  1006 
P.  JACOBS  ET  AL. 
*  page  1001  * 

P,X  EP-A-0  523  555  (KANEGAFUCHI  KAGAKU  K0GY0  1-7 
KK) 
*  page  4,  line  41  -  line  58;  claims  *  technical  fields 

SEARCHED  (lot.  CI.S  ) 
A  FR-A-2  142  277  (GENERAL  ELECTRONIC  1-7 

COMPANY)  A61L 
*  claims  * 

A  DATABASE  WPIL  1-7 
Week  9038, 
Derwent  Publ icat ions   Ltd.,  London,  GB; 
AN  90-286019 
&  JP-A-2  200  641  (MOCHIDA  PHARM  KK) 
*  abs t rac t   * 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  March 

THE  HAGUE 
Me  of  cowpleHo»  of  the  uarck 

28  JUNE  1993 M.  ESPIN0SA 

category  of  cued  documents 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
A  :  member  of  the  same  patent  family,  corresponding document 

9 


	bibliography
	description
	claims
	search report

