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(54)  Sulfonated  compounds  of  beta-cyclodextrin  polymer  and  inhibitory  drug  for  vascular  wall 
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which  inhibit  propagation  of  smooth  muscle  cells. 

LU 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



EP  0  589  578  A2 

The  present  invention  relates  to  sulfonates  of  p-cyclodextrin  polymer  and  their  uses. 
It  is  known  that  a  significant  cause  of  presentation  of  the  symptoms  of  angina  pectoris,  myocardial  infarc- 

tion  and  the  like  diseases  is  coronary  arteriosclerosis,  which  precedes  such  diseases.  Lumen  stenosis  and 
loss  of  elasticity  of  blood  vessels  caused  by  arteriosclerosis  result  in  insufficiency  of  nutrients  and  oxygen  in 

5  myocardial  tissues,  leading  to  the  symptoms  of  the  above-mentioned  diseases.  It  is  said  that  vascular  lumen 
stenosis  is  essentially  caused  by  accumulation  of  foamy  macrophage  and  cholesterol  on  the  inner  walls  of  blood 
vessels  and  additionally  by  cellular  fibrous  intimal  thickening  caused  by  migration  of  vascular  medial  smooth 
muscle  cells  to  intima;  also  by  propagation  of  the  cells  in  intima.  For  medical  treatment  of  angina  pectoris  and 
myocardial  infarction,  antithrombotic  drugs,  vasodilator  drugs  and  the  like  are  used  essentially  for  the  purpose 

10  of  relieving  the  symptoms  of  the  diseases,  which  drugs,  however,  could  not  cure  the  vascular  lumen  stenosis 
and  loss  of  elasticity  of  blood  vessels  caused  by  arteriosclerosis.  Apart  from  those,  no  medicines  capable  of 
curing  the  symptoms  of  the  above-mentioned  diseases  have  heretofore  been  known.  In  this  situation,  medi- 
cines  capable  of  inhibiting  or  curing  vascular  wall  hyperplasia,  which  causes  vascular  stenosis,  are  badly  need- 
ed.  Recently,  as  a  means  of  surgically  curing  vascular  stenosis,  percutaneous  transliminal  coronary  angioplas- 

15  ty  (PTCA)  has  become  popular.  In  PTCA,  a  balloon  catheter  is  inserted  into  the  vascular  tract  through  the  crural 
artery  by  remote  control  and  the  balloon  is  expanded  in  the  narrowed  area  of  the  vein  so  that  the  blood  vessel 
is  physically  expanded.  However,  the  most  troublesome  problem  is  thatfrom  30  to  50%  of  the  patients  so  treat- 
ed  have  vascular  stenosis  again  in  3  to  6  months  after  the  operation.  The  recurrence  of  the  stenosis  is  not 
accompanied  by  deposition  of  cholesterol  on  the  blood  vessel  but  is  a  cellular  fibrous  intimal  thickening  almost 

20  completely  of  smooth  muscle  cells  and  intercellular  matrix  produced  by  the  cells.  Therefore,  for  inhibition  of 
the  recurrence  of  stenosis  after  PTCA  and  also  for  non-surgical  treatment  of  arteriosclerosis,  it  is  effective  to 
inhibit  migration  and  propagation  of  the  smooth  muscle  cells  produced  in  the  vascular  lumen.  In  the  prior  art, 
P-cyclodextrin  tetradeca  sulfate  (US-A-5,01  9,562),  heparin  fragments  (US-A-5,032,679)  and  catechol  deriva- 
tives  (JP-A-4-1  54720)  have  been  reported  as  useful  for  such  treatment,  but  an  active  substance  capable  of 

25  more  strongly  inhibiting  propagation  of  smooth  muscle  cells  is  still  very  much  to  be  desired. 
We  synthesized  various  p-cyclodextrin  derivatives  and  investigated  their  pharmaceutical  activities  and,  as 

a  result,  have  found  that  sulfonate  compounds  of  p-cyclodextrin  polymer  having  a  sulfur  content  of  1  0%  or  more 
specifically  inhibit  the  propagating  action  of  cultivated  smooth  muscle  cells  which  is  augmented  by  a  platelet 
derived  growth  factor  or  serum.  From  this  finding,  we  further  have  found  that  such  sulfonate  compounds  of 

30  p-cyclodextrin  polymer  are  effective  for  inhibition  of  cellular  fibrous  intimal  thickening,  and  thus  achieved  the 
present  invention. 

An  object  of  the  present  invention  is  to  provide  an  inhibitory  drug  for  vascular  wall  hyperplasia  capable  of 
inhibiting  propagation  of  smooth  muscle  cells.  Afurtherobject  of  the  present  invention  is  to  provide  an  inhibitory 
drug  against  restenosis  after  PTCA.  Another  object  of  the  present  invention  is  to  provide  a  drug  for  curing  ar- 

35  teriosclerosis. 
The  compounds  having  the  above-mentioned  activities  are  sulfonates  of  p-cyclodextrin  polymerand  having 

a  sulfur  content  of  10%  or  more,  and  their  pharmaceutical^  acceptable  salts. 
The  present  invention  relates  to  novel  sulfonates  of  p-cyclodextrin  polymers  and  their  salts  having  the  ac- 

tion  of  inhibiting  vascular  wall  hyperplastia.  The  p-cyclodextrin  polymer  of  the  present  invention  is  preferably 
40  one  produced  by  polymerization  of  from  2  to  40,  especially  from  2  to  1  0  p-cyclodextrins.  p-cyclodextrin  polymer 

is  a  compound  produced  by  heating  a  commercial  p-cyclodextrin  in  an  alkaline  solution  having  an  alkali  con- 
centration  of  about  40%  in  the  presence  of  a  crosslinking  agent  such  as  epichlorohydrin  or  the  like  at  50°C  or 
so,  and  the  degree  of  the  polymerization  may  be  controlled  by  selecting  the  concentration  of  the  crosslinking 
agent  to  be  used,  for  example  in  the  range  of  from  5  to  50%.  Especially  preferably,  the  concentration  is  selected 

45  from  the  range  of  approximately  from  1  0  to  30%. 
If  desired,  p-cyclodextrin  may  be  reacted  with  a  condensing  agent  such  as  dicyclohexylcarbodiimide  or 

hydroxybenzotriazole  to  form  a  dimer. 
By  further  reacting  the  polymer  with  a  sulfonating  agent,  sulfonates  of  p-cyclodextrin  polymer  of  the  pres- 

ent  invention  are  obtained.  The  sulfur  content  in  the  sulfonates  may  be  controlled  in  dependence  upon  the 
so  amount  of  the  sulfonating  agent  used,  the  reaction  temperature  and  the  reaction  time.  In  order  to  attain  the 

effect  of  the  present  invention,  the  sulfonates  need  to  have  a  sulfur  content  of  10%  or  more,  preferably  12% 
or  more.  The  sulfur  content  as  referred  to  herein  means  percentage  by  weight  of  the  sulfur  in  the  p-cyclodextrin 
polymer  sulfonate,  i.e.  grams  of  S  per  gram  of  the  polymer  sulfonate. 

Therefore,  where  all  the  available  hydroxyl  groups  in  the  p-cyclodextrin  polymer  have  been  substituted  by 
55  sulfonate  groups  (-O.S03),  the  sulfur  content  of  the  polymer  sulfonate  is  of  the  order  of  20%. 

The  sulfur  content  was  measured  by  ICP-AES  (induced  coupled  plasma-atomic  emission  spectroscopy). 
As  preferred  sulfonating  agents  to  be  used  in  the  present  invention,  mentioned  are,  for  example,  a  sulfur 

trioxide  complex  (such  as  sulfur  trioxide/pyridine  complex,  sulfur  trioxide/trialkylamine  complex,  sulfur  triox- 
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ide/dimethylformamide  complex,  sulfur  trioxide/dioxane  complex,  etc.),  sulfuric  acid  anhydride,  concentrated 
sulfuric  acid,  and  chlorosulfuric  acid.  like.  The  amount  of  sulfonating  agent  to  be  used  is  preferably  an  excess 
to  the  hydroxyl  equivalent  of  the  p-cyclodextrin  polymer  to  be  sulfonated  therewith,  and  it  is  especially  prefer- 
ably  from  2  to  6  equivalents  to  the  latter.  The  reaction  solvent  to  be  used  in  the  reaction  preferably  includes, 

5  for  example,  tertiary  amines  (e.g.,  pyridine,  picoline,  lutidine,  N,N-dimethylaniline),  N,N-dimethylformamide, 
formamide,  and  dimethylsulfoxide.  The  reaction  may  be  carried  out  at  a  temperature  falling  within  the  range 
of  -20°C  to  80°C,  especially  preferably  within  the  range  of  50°C  to  80°C.  The  reaction  time  is  generally  ap- 
proximately  from  1  hour  to  20  hours,  which  may  suitably  be  selected  in  accordance  with  the  reaction  temper- 
ature  and  the  amount  of  the  sulfonating  agent  used.  By  the  reaction  mentioned  above,  compounds  of  the  pres- 

10  ent  invention  having  the  necessary  sulfur  content  may  be  obtained.  After  the  reaction,  the  product  may  be  iso- 
lated  and  purified  by  ordinary  methods.  For  instance,  the  mixture  after  the  reaction  may  be  isolated  as  pre- 
cipitates  by  alcoholic  precipitation,  for  example,  with  ethanol  or  the  like  with  removing  the  reaction  solvent 
therefrom;  the  precipitates  are  again  dissolved  in  a  pure  water  or  in  an  aqueous  6%  sodium  acetate  solution 
for  additional  alcoholic  precipitation;  and  the  precipitates  are  subjected  to  column  chromatography  with  a 

15  strongly  acidic  cation-exchange  resin  column  (Dowex  50  W,  H+  Type,  produced  by  Dow  Chemical  Co.)  while 
neutralizing  the  resulting  eluate  with  an  alkaline  earth  metal  to  isolate  the  product  as  its  salt  of  an  alkaline  earth 
metal,  The  sulfonate  compounds  of  the  present  invention  are  suitably  used  as  their  free  form  or  their  pharma- 
ceutical^  acceptable  salts.  The  salts  are,  for  example,  alkali  metal  salts  such  as  sodium  salt,  potassium  salt 
and  lithium  salt;  alkaline  earth  metal  salts  such  as  calcium  salt  and  barium  salt;  and  organic  amine  salts  such 

20  as  trimethylamine  salt  and  tetrabutylammonium  salt.  The  sulfonate  compounds  of  p-cyclodextrin  polymer  and 
their  salts  of  the  present  invention  may  be  administered  either  perorally  or  parenterally  (for  example,  intrave- 
nously,  intramuscularly,  subcutaneously)  as  an  inhibitory  drug  for  vascular  wall  hyperplasia;  and  they  may 
be  used  as  suitable  medicinal  preparations  such  as  tablets,  granules,  capsules,  powder  or  injection  by  ordinary 
methods.  The  amount  of  the  active  ingredient  compound  of  the  present  invention  to  be  administered  to  patients 

25  varies,  depending  upon  their  age  and  body  weight  and  also  upon  the  condition  of  their  disease.  In  general,  it 
is  suitably  from  0.1  to  1000  mg/kg/day,  preferably  from  1  .0  to  500  mg/kg/day,  which  may  administered  all  at  a 
time  or  may  be  divided  into  two  or  three  parts  for  plural  administrations  per  day. 

EXAMPLES 
30 

EXAMPLE  1: 

2  g  of  p-cyclodextrin  was  dissolved  in  1.5  ml  of  pure  water,  2.5  ml  of  40%  sodium  hydroxide  and  20  mg  of 
sodium  borohydride  were  added  thereto,  and  1  ml  of  epichlorohydrin  was  added  thereto  over  a  period  of  about 

35  10  minutes  with  stirring  at  50°C.  After  2  hours,  2  ml  of  pure  water  was  added  to  the  reaction  system,  which 
was  neutralized  with  6  M  hydrochloric  acid  and  then  subjected  to  precipitation  with  ethanol  in  an  amount  five 
times  as  large  as  the  amount  of  the  reaction  mixture.  The  resulting  precipitates  were  washed  with  ethanol  and 
ether  and  dried  to  obtain  1.8  g  of  a  white  powder.  0.5  g  of  the  thus  obtained  p-cyclodextrin  polymer  was  dis- 
solved  in  10  ml  of  dry  dimethylformamide  (DMF),  and  a  solution  of  4.3  g  of  sulfur  trioxide/trimethylamine  com- 

40  plex  as  dissolved  in  10  ml  of  DMF  was  added  thereto.  The  reaction  mixture  was  heated  up  to  70°Cwith  stirring. 
After  reacting  for  1  8  hours,  DMF  was  removed  by  decantation  whereby  only  a  viscous  precipitate  was  left.  The 
thus  precipitated  residue  was  dissolved  in  10  ml  of  6%  sodium  acetate,  and  subsequently  30  ml  of  ethanol 
was  added  thereto  to  give  white  precipitates.  The  precipitates  were  again  dissolved  in  10  ml  of  pure  water,  ba- 
rium  hydroxide  was  added  thereto  to  make  pH  6,  then  barium  carbonate  was  added  thereto  to  make  pH  7,  and 

45  the  solution  was  subjected  to  centrifugation  to  isolate  the  supernatant.  The  supernatant  was  passed  through 
a  strongly  acidic  cation-exchange  resin  (Dowex  50  W,  Type,  produced  by  Dow  Chemical  Co.)  with  eluting  it 
with  pure  water  to  collect  the  eluate.  The  eluate  was  neutralized  with  1  M  sodium  hydroxide  and  freeze-dried 
to  obtain  1.1  g  of  a  white  powder.  The  sodium  salt  of  p-cyclodextrin  polymer  sulfonate  thus  obtained  was  ana- 
lyzed  to  give  the  following  data. 

so  (1)  Sulfur  Content:  13.8%  (by  SPS  1200VR,  manufactured  by  Seiko  Electronic  Industry  Co.) 
(2)  Liquid  Chromatography 
Column:  TSK2000PW  (two  columns  connected) 
Eluent:  0.2  M  KH2P04 
Flow  Rate:  1.0ml/min 

55  Detector:  differential  refractometric  detector 
Retention  Time:  about  15.5  min. 
(3)  Infrared  Absorption  Spectrum  (KBr) 
3500,  1650,  1240,  1140,  1050,  1008  crrr1 
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(4)  13C-NMR  (400  Mz) 
102.9,  84.5,  81.6,  80.3,  74.0,  71.2  ppm 
(5)  Mean  Molecular  Weight:  about  10,000 

5  EXAMPLE  2: 

2  g  of  p-cyclodextrin  was  dissolved  in  1.5  ml  of  pure  water,  2.5  ml  of  40%  sodium  hydroxide  and  20  mg  of 
sodium  borohydride  were  added  thereto,  and  3  ml  of  epichlorohydrin  was  added  thereto  over  a  period  of  about 
10  minutes  with  stirring  at  50°C.  After  2  hours,  2  ml  of  pure  water  was  added  to  the  reaction  system,  which 

10  was  neutralized  with  6  M  hydrochloric  acid  and  then  subjected  to  precipitation  with  ethanol  in  an  amount  five 
times  as  large  as  the  amount  of  the  reaction  mixture.  The  resulting  precipitates  were  washed  with  ethanol  and 
ether  and  dried  to  obtain  1.8  g  of  a  white  powder.  0.5  g  of  the  thus  obtained  p-cyclodextrin  polymer  was  dis- 
solved  in  10  ml  of  dry  dimethylformainide  (DMF),  and  a  solution  of  4.3  g  of  sulfur  trioxide/trimethylamine  com- 
plex  as  dissolved  in  10  ml  of  DMF  was  added  thereto.  The  reaction  mixture  was  heated  up  to  70°Cwith  stirring. 

15  After  reacted  for  1  8  hours,  the  reaction  mixture  was  treated  in  the  same  manner  as  in  Example  1  to  give  1  .2 
g  of  a  white  powder.  The  product  was  analyzed  to  give  the  following  data. 

(1)  Sulfur  Content;  14.2% 
(2)  Liquid  Chromatography 
Column:  TSK2000PW  (two  columns  connected) 

20  Eluent:  0.2  M  KH2P04 
Flow  Rate:  1.0ml/min 
Detector:  differential  refractometric  detector 
Retention  Time:  about  10.3  min. 
(3)  Infrared  Absorption  Spectrum  (KBr) 

25  3500,  1650,  1240,  1140,  1050,  1008  crrr1 
(4)  13C-NMR  (400  Mz) 
102.9,  84.5,  81.6,  80.3,  74.0,  71.2  ppm 
(5)  Mean  Molecular  Weight;  about  30,000 

30  EXAMPLE  3  : 

1.1  g  of  a  white  powder  was  obtained  in  the  same  manner  as  in  Example  1,  except  that  the  amount  of  the 
trimethylamine/sulfuric  acid  complex  was  changed  to  3.5  g.  The  product  was  analyzed  to  give  the  following 
data. 

35  (1)  Sulfur  Content:  1  0.3% 
(2)  Liquid  Chromatography 
Column:  TSK2000PW  (two  columns  connected) 
Eluent:  0.2  M  KH2P04 
Flow  Rate:  1.0ml/min 

40  Detector:  differential  refractometric  detector 
Retention  Time:  about  15.8  min. 
(3)  Infrared  Absorption  Spectrum  (KBr) 
3500,  1650,  1240,  1140,  1050,  1008  crrr1 
(4)  13C-NMR  (400  Mz) 

45  1  02.9,  84.5,  81  .6,  80.3,  74.0,  71  .2  ppm 
(5)  Mean  Molecular  Weight:  about  10,000 

COMPARATIVE  EXAMPLE  1  : 

so  2  g  of  p-cyclodextrin  was  dissolved  in  1  .5  ml  of  pure  water,  2.5  ml  of  40%  sodium  hydroxide  and  20  mg  of 
sodium  borohydride  were  added  thereto,  and  1  ml  of  epichlorohydrin  was  added  thereto  over  a  period  of  about 
10  minutes  with  stirring  at  50°C.  After  2  hours,  2  ml  of  pure  water  was  added  to  the  reaction  system,  which 
was  neutralized  with  6  M  hydrochloric  acid  and  then  subjected  to  precipitation  with  ethanol  in  an  amount  five 
times  as  large  as  the  amount  of  the  reaction  mixture.  The  resulting  precipitates  were  washed  with  ethanol  and 

55  ether  and  dried  to  obtain  1  .7  g  of  a  white  powder.  0.5  g  of  the  thus  obtained  p-cyclodextrin  polymer  was  dis- 
solved  in  10  ml  of  dry  dimethylformamide  (DMF),  and  a  solution  of  1.5  g  of  sulfur  trioxide/trimethylamine  com- 
plex  as  dissolved  in  10  ml  of  DMF  was  added  thereto.  The  reaction  mixture  was  heated  up  to  70°Cwith  stirring. 
After  reacted  for  18  hours,  DMF  was  removed  by  decantation  whereby  only  a  viscous  precipitate  was  left  as 

4 
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it  was.  The  thus  precipitated  residue  was  dissolved  in  10  ml  of  6%  sodium  acetate,  and  subsequently  30  ml  of 
ethanol  was  added  thereto  to  give  white  precipitates.  The  precipitates  were  again  dissolved  in  10  ml  of  pure 
water,  barium  hydroxide  was  added  thereto  to  pH  6,  then  barium  carbonate  was  added  thereto  to  pH  7,  and 
the  solution  was  subjected  to  centrifugation  to  isolate  the  supernatant.  The  supernatant  was  passed  through 

5  a  strongly  acidic  cation-exchange  resin  (Dowex  50  W,  H+  Type,  produced  by  Dow  Chemical  Co.)  with  eluting 
it  with  pure  water  to  collect  the  eluate.  The  eluate  was  neutralized  with  1  M  sodium  hydroxide  and  freeze-dried 
to  obtain  1.1  g  of  a  white  powder.  The  sodium  salt  of  p-cyclodextrin  polymer  sulfonate  thus  obtained  was  ana- 
lyzed  to  give  the  following  data. 

(1)  Sulfur  Content:  6.50% 
10  (2)  Liquid  Chromatography 

Column:  TSK2000PW  (two  columns  connected) 
Eluent:  0.2  M  KH2P04 
Flow  Rate:  1.0ml/min 
Detector:  differential  refractometric  detector 

15  Retention  Time:  about  16.0  min. 
(3)  Infrared  Absorption  Spectrum  (KBr) 
3500,  1650,  1240,  1140,  1050,  1008  crrr1 
(4)  13C-NMR  (400  Mz) 
102.9,  84.5,  81.6,  80.3,  74.0,  71.2  ppm 

20  (5)  Mean  Molecular  Weight;  about  10,000 

COMPARATIVE  EXAMPLE  2: 

2  g  of  p-cyclodextrin  was  dissolved  in  1.5  ml  of  pure  water,  2.5  ml  of  40%  sodium  hydroxide  and  20  mg  of 
25  sodium  borohydride  were  added  thereto,  and  3  ml  of  epichlorohydrin  was  added  thereto  over  a  period  of  about 

10  minutes  with  stirring  at  50°C.  After  2  hours,  2  ml  of  pure  water  was  added  to  the  reaction  system,  which 
was  neutralized  with  6  M  hydrochloric  acid  and  then  subjected  to  precipitation  with  ethanol  in  an  amount  five 
times  as  large  as  the  amount  of  the  reaction  mixture.  The  resulting  precipitates  were  washed  with  ethanol  and 
ether  and  dried  to  obtain  1.8  g  of  a  white  powder.  0.5  g  of  the  thus  obtained  p-cyclodextrin  polymer  was  dis- 

30  solved  in  10  ml  of  dry  dimethylformamide  (DMF),  and  a  solution  of  1.5  g  of  sulfur  trioxide/trimethylamine  com- 
plex  as  dissolved  in  10  ml  of  DMF  was  added  thereto.  The  reaction  mixture  was  heated  up  to  70°Cwith  stirring. 
After  reacted  for  1  8  hours,  the  reaction  mixture  was  treated  in  the  same  manner  as  in  Example  1  to  give  1  .2 
g  of  a  white  powder.  The  product  was  analyzed  to  give  the  following  data. 

(1)  Sulfur  Content:  6.80% 
35  (2)  Liquid  Chromatography 

Column:  TSK2000PW  (two  columns  connected) 
Eluent:  0.2  M  KH2P04 
Flow  Rate:  1.0ml/min 
Detector:  differential  refractometric  detector 

40  Retention  Time:  about  10.5  min. 
(3)  Infrared  Absorption  Spectrum  (KBr) 
3500,  1650,  1240,  1140,  1050,  1008  crrr1 
(4)  13C-NMR  (400  Mz) 
102.9,  84.5,  81.6,  80.3,  74.0,  71.2  ppm 

45  (5)  Mean  Molecular  Weight:  about  30,000 

COMPARATIVE  EXAMPLE  3: 

1.1  g  of  a  white  powder  was  obtained  in  the  same  manner  as  in  Comparative  Example  1  ,  except  that  the 
so  amount  of  the  sulfur  trioxide/trimethylamine  complex  was  changed  to  2.8  g.  The  product  was  analyzed  to  give 

the  following  data. 
(1)  Sulfur  Content:  9.1% 
(2)  Liquid  Chromatography 
Column:  TSK2000PW  (two  columns  connected) 

55  Eluent:  0.2  M  KH2P04 
Flow  Rate:  1.0ml/min 
Detector:  differential  refractometric  detector 
Retention  Time:  about  15.8  min. 
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(3)  Infrared  Absorption  Spectrum  (KBr) 
3500,  1650,  1240,  1140,  1050,  1008  crrr1 
(4)  13C-NMR  (400  Mz) 
102.9,  84.5,  81.6,  80.3,  74.0,  71.2  ppm 

5  (5)  Mean  Molecular  Weight:  about  10,000 

COMPARATIVE  EXAMPLE  4: 

0.5  g  of  p-cyclodextrin  was  dissolved  in  10  ml  of  dry  dimethylformamide  (DMF),  and  a  solution  of  4.3  g  of 
10  sulfur  trioxide/trimethylamine  complex  as  dissolved  in  10  ml  of  DMF  was  added  thereto.  The  reaction  mixture 

was  heated  up  to  70°C  with  stirring.  After  reacted  for  18  hours,  only  a  viscous  precipitate  was  separated  by 
decantation  of  DMF.  The  thus  separated  residue  was  dissolved  in  10  ml  of  6%  sodium  acetate,  and  30  ml  of 
ethanol  was  added  thereto  to  form  a  white  precipitate.  The  precipitate  was  again  dissolved  in  10  ml  of  pure 
water.  The  solution  was  adjusted  to  have  pH  of  6  with  barium  hydroxide  and  then  to  have  pH  of  7  with  barium 

15  carbonate.  This  was  centrifuged  to  separate  the  supernatant.  The  supernatant  was  passed  through  a  strongly 
acidic  cation-exchange  resin  (Dowex  50  W,  H+  Type,  produced  by  Dow  Chemical  Co.)  with  eluting  it  with  pure 
water  to  collect  the  eluate.  The  eluate  was  neutralized  with  1  M  sodium  hydroxide  and  freeze-dried  to  obtain 
sodium  salt  of  p-cyclodextrin  sulfate  as  a  white  powder.  This  had  a  sulfur  content  of  14.5%. 

20  COMPARATIVE  EXAMPLE  5: 

2  g  of  p-cyclodextrin  was  dissolved  in  1.5  ml  of  pure  water,  2.5  ml  of  40%  sodium  hydroxide  and  20  mg  of 
sodium  borohydride  were  added  thereto,  and  1  ml  of  epichlorohydrin  was  added  thereto  over  a  period  of  about 
10  minutes  with  stirring  at  50°C.  After  2  hours,  2  ml  of  pure  water  was  added  to  the  reaction  system,  which 

25  was  neutralized  with  6  M  hydrochloric  acid  and  then  subjected  to  precipitation  with  ethanol  of  an  amount  of 
five  times  as  large  as  the  amount  of  the  reaction  mixture.  The  resulting  precipitates  were  washed  with  ethanol 
and  ether  and  dried  to  obtain  1  .8  g  of  a  white  powder  of  p-cyclodextrin  polymer. 

TEST  EXAMPLE  1: 
30 

Action  of  Inhibiting  Propagation  of  Cultivated  Smooth  Muscle  Cells: 
A  medial  smooth  muscle  lamina  was  taken  out  from  the  thoracic  aorta  of  a  6-week  male  Wistar  rat  (from 

Nippon  Charles  River  Co.),  and  this  was  cut  into  one-mm2  pieces.  The  pieces  were  stuck  to  25-cm2  cultivation 
flask  (manufactured  by  Coning  Co.)  and  incubated  in  a  Dulbecco  Modified  Eagle  Medium  (hereinafter  referred 

35  to  as  DMEM)  containing  10%  serum  as  put  in  the  flask,  for  2  to  3  weeks  at  37°C  under  95%  02  +  5%  C02,  in 
an  incubator.  The  cells  as  extended  and  divided  from  the  pieces  were  collected  as  primary-cultivated  smooth 
muscle  cells.  The  primary-cultivated  smooth  muscle  cells  were  incubated  in  a  laboratory  dish  with  a  diameter 
of  9  cm  (manufactured  by  Coning  Co.)  having  therein  DMEM  containing  10%  serum  (produced  by  Gibuco  Co.), 
and  were  subjected  to  subcultivation  to  an  amount  of  three  times  as  large  as  that  of  the  cells  in  3  to  4  days  at 

40  their  confluence.  The  operation  was  repeated  4  to  8  times,  while  the  the  5th  to  9th  subcultivated  cells  were 
collected  and  used  in  the  following  test.  The  thus  cultivated  smooth  muscle  cells  were  dispersed  in  a  24-well 
plate  (manufactured  by  Coning  Co.)  in  a  proportion  of  2  x  104  smooth  muscle  cells/well/0.75  ml  10%  serum- 
containing  DMEM.  After  being  left  as  they  were  overnight,  the  medium  was  exchanged  for  a  serum-free  DMEM 
and  the  cells  were  incubated  for  further  3  days  in  the  incubator.  Under  the  condition,  the  cultivated  smooth 

45  muscle  cells  were  in  their  G0  stage  (resting  phase)  as  the  cell  cycle  and  did  not  divide  further. 
The  sulfonate  compound  of  p-cyclodextrin  polymer  as  produced  in  each  of  the  examples  and  also  the  com- 

pounds  produced  in  the  comparative  examples  were  dissolved  in  10%  serum  +  DMEM  to  form  a  test  solution. 
This  was  added  to  the  cells  under  the  above-mentioned  condition  and  the  cells  were  incubated  for  3  days, 
whereupon  the  number  of  the  cells  was  counted  with  a  coulter  counter  (manufactured  by  Nikkaki  Co.).  As  is 

so  shown  in  Table  1  below,  the  sulfonate  compounds  of  p-cyclodextrin  polymer  of  the  present  invention  signifi- 
cantly  inhibited  the  propagating  effect  of  the  cultivated  smooth  muscle  cells.  In  the  table,  the  50%  inhibiting 
concentration  indicates  the  concentration  of  the  solution  of  the  sulfonate  compound  of  p-cyclodextrin  polymer 
needed  for  inhibiting  the  propagating  ability  of  the  cultivated  smooth  muscle  cells  to  50%  by  addition  of  the 
ester  compound  to  the  cells,  when  the  propagating  ability  of  the  smooth  muscle  cells  is  100%  in  the  absence 

55  of  the  ester  compound. 
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TEST  EXAMPLE  2: 

The  following  experiment  was  carried  out  in  order  to  identify  the  effectiveness  of  p-cyclodextrin  polymer 
sulfonates,  depending  upon  difference  in  their  molecular  weights. 

1  00  mg  of  the  sodium  salt  of  p-cyclodextrin  polymer  sulfonate  as  obtained  in  Example  1  was  dissolved  in 
2  ml  of  0.2  M  ammonium  hydrogencarbonate  solution.  The  resulting  solution  was  charged  in  Sephadex  G-100 
column  (2.6  x  84  cm)  as  previously  equilibrated  with  the  same  solvent.  The  column  was  eluted  at  a  flow  rate 
of  20  ml/h,  whereupon  the  eluates  were  successively  collected  each  in  an  amount  of  2.0  ml  and  were  deter- 
mined  by  an  anthrone-sulfuric  acid  method.  The  area  of  the  elution  curve  was  divided  into  five  equal  parts, 
which  were  separately  collected.  They  were  freeze-dried  to  be  fractions  Nos.  1  to  5  in  the  order  of  elution.  The 
fractions  were  tested  with  respect  to  the  action  of  inhibiting  propagation  of  cultivated  smooth  muscle  cells  in 
accordance  with  the  same  test  method  as  mentioned  in  Test  Example  1.  The  results  obtained  are  shown  in 
Table  2  below. 

Table  2 

Test  Compound  Mean  Molecular  Weight  50%  Inhibiting  Concentration  (ng/ml) 

Fraction  No.  1  3,500  0.2 

Fraction  No.  2  5,000  <0.1 

Fraction  No.  3  7,500  <0.1 

Fraction  No.  4  11,000  <0.1 

Fraction  No.  5  18,000  <0.1 

Claims 

1.  A  p-cyclodextrin  polymer  sulfonate  having  a  sulfur  content  of  10%  or  more,  or  a  salt  thereof. 

2.  A  composition  for  the  treatment  or  prophylaxis  of  arteriosclerosis  or  vascular  stenosis  including  a  p-cy- 
clodextrin  polymer  sulfonate  having  a  sulfur  content  of  1  0%  or  more  or  a  pharmaceutical^  acceptable  salt 
thereof. 

3.  A  p-cyclodextrin  polymer  sulfonate  having  a  sulfur  content  of  1  0%  or  more  or  a  pharmaceutical^  accept- 
able  salt  thereof  for  use  as  a  medicament. 

4.  Use  of  the  composition  p-cyclodextrin  polymer  sulfonate  having  a  sulfur  content  of  1  0%  or  more  or  a  phar- 
maceutically  acceptable  salt  thereof  in  a  method  of  manufacturing  a  pharmaceutical  composition  for  the 
treatment  or  prophylaxis  of  arteriosclerosis  or  vascular  stenosis. 
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