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enzyme,  the  cross-link  is  broken  and  water-solu- 
ble  aterocollagen  is  formed.  In  this  connection, 
atercollagen  is  also  obtained  by  treating  a  water- 
insoluble  collagen  with  pepsin  after  extracting  by 
a  dilute  acid  solution  or  an  aqueous  solution 
containing  neutral  salts. 

Protamine  employed  in  this  invention  includes 
a  group  of  basic  nuclear  proteins,  collectively 
called  protamine,  such  as  clupeine,  salmine,  iri- 
din,  tinin,  mugiline,  sterin,  scombrine,  siprinine, 
lacustrine,  which  are  isolated  from  fish  sperm 
nucleus  and  gallin,  which  is  isolated  from  fowl 
sperm  nucleus.  Likewise,  this  invention  can 
employ  proteins  containing  a  histone-type  pro- 
tein  which  is  a  homologue  of  protamine. 

Protamine  forms  a  salt-like  complex  in  conjunc- 
tion  with  inorganic  acids  or  organic  acids;  that  is, 
it  gives  hydrochloride,  sulfate,  carbonate,  nitrate, 
acetate  and  phosphate;  therefore,  these  salt-like 
complexes  dissolve  in  water.  This  invention  pre- 
fers  to  use  such  sait-like  complexes,  among  which 
protamine  sulfate  and  protamine  hydrochloride 
are  more  desirable  than  others. 

According  to  this  invention,  0.001  —  2  g  of  pro- 
tamine  is  mixed  into  1  g  of  collagen;  more 
preferably,  0.01  —  1  g  of  protamine  is  mixed  into  1 
g  of  collagen. 

Also,  glutaraldehyde  and  hexamethylene 
diisocyanate  are  used  as  a  bi-functional  cross- 
linking  agent  to  cause  collagen  and  protamine  to 
have  a  covalent  bond.  More  particularly,  in  order 
to  form  a  covalent  bond  between  them,  they  are 
immersed  in  and  made  to  react  with  a  solution 
containing  0.001—5%,  more  preferably  0.1  —  2% 
of  the  bi-functional  cross-linking  agent  for  10 
minutes  —  24  hours  at  pH  of  neutrality  and  over. 

As  seen  from  the  above,  according  to  this 
invention,  in  order  to  produce  a  hemostatic  agent, 
it  is  possible  to  get  collagen  and  protamine  have  a 
covalent  bond  or  merely  mix  them  together,  by 
which  physical  properties  of  the  produced 
hemostatic  agent,  such  as  strength,  specific 
gravity  and  viscosity,  can  be  controlled  at  the 
manufacturer's  disposal;  besides,  a  variety  of 
treatments  can  be  applied  to  the  product. 

The  hemostatic  agent  of  this  invention,  once 
produced,  can  be  put  to  practical  use  in  various 
forms,  not  only  crushed  into  powder  but  also 
molded  into  sponge,  cast  into  film,  spun  into 
filament,  prepared  into  solution  or  solution  in 
which  hemotatic  agent  is  dispersed  in  the  fibrillar 
form. 

As  mentioned  earlier,  collagen  is  deeply 
involved  in  the  activation  of  thrombocyte 
accounting  for  the  primary  hemostatic  action, 
which  then  causes  adhesion  and  coagulation 
reaction  in  thromocyte  and  finally  forms  throm- 
bus  to  stop  bleeding.  The  adhesion  reaction  in 
thrombocyte  is  regarded  as  being  caused  by 
guanidino  radicals  on  strongly  basic  arginine 
residues  of  collagen.  On  the  other  hand,  pro- 
tamine,  because  of  being  a  nuclear  protein  that 
contains  plenty  of  arginine  residues,  is  strongly 
basic  and  has  a  positive  charge  when  made 
neutral;  therefore,  thrombocyte,  having  a  nega- 

Description 

This  invention  relates  to  a  hemostatic  agent 
intended  to  stop  bleeding  by  surgical  operations 
or  injuries,  which,  therefore,  has  a  wide  applica-  5 
tion  in  the  surgical  field. 

In  surgical  operations,  to  stop  bleeding  from 
capillaries,  it  is  crucially  important  to  stop  bleed- 
ing  by  ligation  in  order  to  conduct  operations 
skilfully  shortening  the  time  as  much  as  possible.  w 
From  this  point  of  view,  the  development  of  a 
hemostatic  agent  that  can  quickly  and  simply  stop 
bleeding  to  which  ligation  cannot  apply  has  long 
been  awaited. 

To  put  it  ideally,  an  administered  hemostatic  15 
agent  should  have  a  good  affinity  with  living 
tissues  and  can  be  assimilated  thereto  in  the  long 
run.  It  is  well  known  that  collagen,  an  essential 
component  of  connective  tissues,  is  concerned 
with  coagulation  of  blood.  Particularly,  collagen  is  20 
known  to  have  a  function  of  first  activating  throm- 
bocyte  so  as  to  stop  bleeding  and  then  inducing  it 
to  form  thrombus  finally.  Collagen  works  such 
that  hemostatic  agents  have  so  far  been  produced 
from  collagen  only  by  making  use  of  that  advan-  25 
tageous  function.  For  all  that,  actually  it  takes  so 
much  time  to  stop  bleeding  in  operations  that  a 
hemostatic  agent  capable  of  stopping  bleeding  in 
less  time  is  desired  strongly. 

Accordingly,  it  is  an  object  of  this  invention  to  30 
provide  a  hemostatic  agent  in  which  the  excellent 
action  of  collagen  is  utilized  much  more  so  as  to 
stop  bleeding  in  a  very  short  period  of  time.  That 
is,  the  object  of  this  invention  is  accomplished  by 
a  hemostatic  agent  produced  by  blending  1  g  35 
collagen  or  gelatin  with  0.001  to  2  g  protamine  or 
such  a  hemostatic  agent  produced  by  blending 
collagen  or  gelatin  with  protamine  and  a  bi- 
functional  cross-linking  agent  so  as  to  make  said 
collagen/gelatin  have  a  covalent  bond  with  said  40 
protamine.  In  more  detail,  the  former  is  a  hemos- 
tatic  mixture  composed  of  collagen  or  gelatin  and 
protamine,  whereas  the  latter  is  a  hemostatic 
agent  in  which  collagen  or  gelatin  has  a  covalent 
bond  with  protamine  by  means  of  a  cross-linking  45 
agent. 

Referring  now  to  collagen  employed  in  this 
invention,  it  includes  aterocollagen  extracted 
from  the  dermis  of  a  calf  by  the  use  of  a  proteoly- 
tic  enzyme  (e.g.,  pepsin)  except  for  collagenase,  50 
water-insoluble  collagen  purified  from  tendon  or 
placenta,  gelatine  and  a  denatured  product  of 
collagen  for  example. 

Recently,  collagen  from  which  the  teropeptide 
is  removed  is  called  aterocollagen.  The  antigenic-  55 
ity  of  collagen  is  attributed  largely  to  the  presence 
of  teropeptide  in  its  molecule;  therefore, 
aterocollagen,  having  lost  teropeptide,  has 
almost  no  such  antigenicity  that  it  is  most  suitable 
for  a  material  to  produce  hemostatic  agents.  so 
Moreover,  the  reason  that  a  water-insoluble  colla- 
gen  is  "insoluble"  comes  from  the  fact  that  an 
inter-molecular  teropeptide  cross-link  is  present 
at  the  end  of  each  molecule;  accordingly,  when 
terepeptide  is  attacked  by  pepsin,  a  proteolytic  65 
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was  cooled  to  room  temperatures,  0.1  g  of  pro- 
tamine  sulfate  was  dissolved  in  it  per  1  g  of 
gelatin.  The  mixture  was  freeze-dried  and  molded 
into  a  piece  of  sponge  which  was  then  soaked  in  a 

5  methanol  solution  containing  2%  hexamethylene 
diisocyanate  in  order  to  introduce  a  covalent 
bond  between  protamine  and  gelatin.  After  that, 
the  same  treatment  as  in  Example  1  was  carried 
out  to  give  a  spongy  hemostatic  agent  in  which 

10  gelatin  has  a  covalent  bond  with  protamine. 

[Example  3] 
Some  fresh  tendon  of  a  cow  was  rinsed  well  in 

water  and  then  broken  into  fibrils  by  a  mixer. 
is  They  were  rinsed  in  water  many  times  and  lightly 

dehydrated.  One  liter  of  a  phosphate  buffer  sol- 
ution  (pH=7.0)  was  added  to  100  g  of  the  mois- 
tened  fibrils  and  then  0.13  g  of  pancreatin  was 
added.  The  mixture  was  kept  standing  at  room 

20  temperatures  overnight. 
After  that,  it  was  rinsed  in  water  many  times 

and  dehydrated  in  order  to  remove  alien  proteins 
barring  collagen.  The  collagen  was  soaked  in  a 
1%  NaHCO3  solution,  rinsed  in  water  and  dehy- 

25  drated.  Remaining  water  was  removed  stepwise 
by  using  70%,  80%,  90%  and  100%  ethanol. 
Finally,  the  water-insoluble  collagen,  obtained 
from  a  cow's  tendon,  was  dried  in  the  air. 

An  amount  of  the  insoluble  collagen  was  dis- 
30  persed  in  water  so  as  to  make  its  consistency  2% 

and  the  pH  of  the  disperse  solution  was  adjusted 
to  3  by  a  1  N  hydrochloric  acid  solution.  Added  to 
1  g  of  the  collagen  was  0.1  g  of  protamine  sulfate. 
After  that,  the  same  treatment  as  in  Example  1 

35  was  conducted  in  order  to  obtain  a  piece  of 
sponge  in  which  protamine  and  the  insoluble 
collagen  have  a  covalent  bond. 

[Example  4] 
40  An  acid  10%  aterocollagen  solution  was 

extruded  from  a  fine  nozzle  into  a  NaCI  saturated 
solution  so  as  to  give  a  filament,  which  was  then 
rolled,  dried  in  a  dryer  and  taken  up.  Thus,  a  wet- 
spun  filament  which  contained  collagen  molecule 

45  oriented  to  the  fiber  axis  was  obtained.  The 
filament,  1  —  5  denier  in  thickness,  was  soaked  in  a 
1%  protamine  sulfate  solution  in  order  to  absorb 
protamine  and  then  soaked  in  a  1%  glutaral- 
dehyde  solution  in  order  to  get  the  absorbed 

so  protamine  form  a  covalent  bond  with  collagen 
molecule.  After  being  rinsed  well  in  water  to 
remove  free  protamine,  the  filament  was  dried  in 
the  air.  A  filamentary  hemostatic  agent  of  this 
invention  was  thus  produced. 

55 
[Example  5] 

An  HCI-acidified  3%  aterocollagen  solution  was 
prepared;  0.1  g  of  protamine  sulfate  was  added 
per  1  g  of  the  collagen.  The  pH  of  the  solution  was 

60  adjusted  to  10—11  by  the  addition  of  a  1  N  NaOH 
solution  in  order  to  cause  collagen  and  protamine 
to  form  precipitate.  The  solution  was  centrifuged 
to  collect  the  precipitate  and  methanol  was  used 
to  remove  water  from  it.  A  methanol  solution 

55  containing  2%  hexamethylene  diisocyanate  was 

tive  charge  is  activated  by  such  protamine  upon 
adhering  thereto. 

For  the  above  reasons,  the  combined  use  of 
collagen  and  protamine  increases  guanidino  radi- 
cals  because  guanidino  radicals  on  arginine  radi- 
cals  of  collagen,  which  are  thought  to  bring  about 
the  adhesion  reaction,  and  guanidino  radicals  on 
arginine  radicals  of  protamine  are  added 
together;  what  is  more,  it  prompts  the  adhesion 
reaction  in  thrombocyte  and  enhances  the 
hemostatic  effect  very  much. 

Since  protamine  is  widely  used  therapeutically 
as  a  neutralizing  agent  for  an  acid  mucopolysac- 
charide  called  heparin,  which  is  an  inhibitor  of 
endogenous  blood  coagulation,  the  hemostatic 
agent  of  this  invention  particularly  brings  forth  a 
remarkable  hemostatic  effect  in  operations  where 
heparin  is  used  as  an  anti-thrombotic  agent.  After 
all,  compared  with  a  conventional  hemostatic 
agent  composed  pure  collagen,  the  hemostatic 
agent  of  this  invention  can  reduce  the  time  until 
bleeding  stops  to  a  maximum  extent. 

[Example  1] 
Some  fresh  dermis  of  a  calf  was  crushed  into 

very  small  pieces;  they  were  rinsed  in  a  0.1  mole 
sodium  acetate  solution  repeatedly  and  finally 
rinsed  in  water.  After  that,  they  were  subjected  to 
an  extraction  treatment  by  the  use  of  a  0.5  mole 
acetic  acid  solution.  Residual  water-insoluble  col- 
lagen  was  filtered  out  by  means  of  a  glass  filter. 
One  hundred  grams  of  the  insoluble  collagen 
were  taken  in  a  moistened  condition,  to  which  1  I 
of  a  0.5  mole  acetic  acid  solution  and  0.1  g  of 
pepsin  were  added;  stirring  was  kept  for  3  days  at 
20°C.  The  water-insoluble  collagen  dissolved  and 
left  a  viscous,  pepsin-solubilized  collagen  (i.e., 
aterocollagen). 

After  the  aterocollagen  was  filtered  by  means  of 
a  glass  filter,  a  sodium  hydroxide  solution  was 
added  to  the  filtrate  so  as  to  adjust  its  pH  to  7.5. 
As  a  result,  a  fibrous  precipitate  appeared,  which 
was  then  centrifuged  and  rinsed  with  distilled 
water  three  times.  Aterocollagen  was  thus  pro- 
duced. 

Mixed  into  a  2%  aterocollagen  solution  acidifed 
(to  pH  3)  by  hydrochloric  acid  was  0.1  g  of 
protamine  sulfate  per  1  g  of  the  aterocollagen. 
While  the  mixture  was  being  stirred  by  means  of  a 
homogenizer,  its  pH  was  adjusted  to  8.0  by  a  0.1  N 
sodium  hydroxide  solution.  A  lump  of  sponge 
was  produced  by  freeze-drying  the  mixture. 

The  sponge  was  next  immersed  in  a  methanol 
solution  containing  2%  hexamethylene  diisocy- 
anate  in  order  to  introduce  a  cross-link.  After 
rinsed  well  in  water  to  remove  free  protamine,  the 
sponge  was  freeze-dried  again.  At  this  moment, 
the  protamine  has  a  covalent  bond  with  the 
aterocollagen,  so  that  free  protamine  is  not  con- 
tained  in  the  sponge,  a  hemostatic  agent  of  this 
invention. 

[Example  2] 
Some  gelatin  was  dissolved  in  water  at  60°C  so 

as  to  give  a  2%  gelatin  solution.  After  the  solution 
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added  to  it  to  form  a  covalent  bond  between  the 
aterocollagen  and  the  protamine. 

The  resulting  product  was  rinsed  well  in 
methanol  and  dried  in  the  air.  It  was  rinsed  well  in 
water  again  to  remove  free  protamine  and  water 
was  removed  by  methanol.  The  product  was 
dried  in  the  air  and  crushed  into  pieces.  A  pow- 
dery  hemostatic  agent  of  this  invention  was  thus 
obtained. 

[Example  6] 
One  hundred  milli-liters  of  a  solution  containing 

0.03  mole  acetic  acid  were  added  to  1  g  of  the 
powdery  product  obtained  in  Example  5  in  order 
to  swell  it.  A  homogenizer  was  employed  to 
disperse  the  product  in  the  solution  in  the  fibrillar 
form.  A  hemostatic  agent  in  the  form  of  a  disperse 
solution  was  thus  obtained. 

[Example  7] 
One  hundred  milli-liters  of  a  solution  containing 

0.03  mole  acetic  acid  were  added  to  0.5  g  of 
aterocollagen  in  order  to  dissolve  it.  The  solution 
thus  prepared  was  put  under  reduced  pressure  to 
remove  bubbles,  spread  over  a  flat  acrylate  plate 
at  a  thickness  of  5  mm  and  dried  in  the  air  by 
sending  a  faint  air  stream.  After  drying,  a  film 
produced  on  the  acrylate  plate  was  peeled  off 
therefrom.  Thus,  a  filmy  hemostatic  agent  of  this 
invention  composed  of  collagen  and  protamine 
was  obtained. 

A  variety  of  hemostatic  agents  of  this  invention, 
obtained  in  the  above  examples,  were  subjected 
to  an  animal  experiment  to  ascertain  their  hemos- 
tatic  effect.  For  the  purpose  of  comparison,  the 
surface  of  a  dog's  spleen  was  sliced  off  by  a  knife 
and  the  time  until  bleeding  stopped  by  applied 
hemoastatic  agents  was  measured.  A  spongy 
hemostatic  agent  that  does  not  contain  protamine 
but  only  collagen  took  158±68  seconds  to  stop 
bleeding,  while  the  spongy  hemostatic  agent  of 
Example  1  took66±26  seconds,  reducing  the  time 
to  stop  bleeding  more  than  a  half. 

Similarly,  the  gelatin  hemostatic  agent  of 
Example  2,  having  a  covalent  bond  with  pro- 
tamine,  reduced  the  time  to  stop  bleeding  more 
than  a  half,  compared  with  a  hemostatic  agent  of 
pure  gelatin. 

Other  than  the  two  examples,  the  collagen 

sponge  of  Example  3,  the  collagen  filament  of 
Example  4,  the  collagen  powder  of  Example  5,  the 
collagen  fibril-dispersed  solution  of  Example  6 
and  the  collagen  film  of  Example  7  all  reduced  the 
time  to  stop  bleeding  more  than  a  half,  compared 
with  corresponding  100%  collagen  hemostatic 
agents. 

Accordingly,  it  was  ascertained  that  the  hemos- 
tatic  agent  of  this  invention  is  extremely  effective 
to  staunch  bleeding. 

Claims 

1.  A  hemostatic  agent,  which  is  produced  by 
blending  1  g  collagen  or  gelatin  with  0.001  to  2  g 
protamine. 

2.  A  hemostatic  agent  according  to  Claim  1, 
which  is  produced.by  blending  collagen  or  gelatin 
with  protamine  and  a  bifunctional  cross-linking 
agent  so  as  to  make  said  collagen  or  gelatin  have 
a  covalent  bond  with  protamine. 

Patentanspruche 

1.  Haemostatisches  Mittel,  dadurch  gekenn- 
zeichnet,  dalS  es  durch  Vermischen  von  1  g 
Collagen  Oder  Gelatine  mit  0,001  bis  2  g  Protamin 
erhalten  worden  ist. 

2.  Haemostatisches  Mittel  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dalS  es  durch  Vermi- 
schen  von  Collagen  oder  Gelatine  mit  Protamin 
und  einem  bifunktionellen  Vernetzungsmittel 
erhalten  worden  ist,  so  dalS  das  Collagen  oder  die 
Gelatine  eine  kovalente  Binding  mit  dem  Prota- 
min  aufweisen. 

Revendications 

1.  Agent  hemostatique,  caracterise  en  ce  qu'on 
le  produit  en  melangeant  1  gramme  de  collagene 
ou  de  gelatine  avec  0,001  a  2  grammes  de 
protamine. 

2.  Agent  hemostatique  suivant  la  revendication 
1,  caracterise  en  ce  qu'on  le  produit  en  melan- 
geant  du  collagene  ou  de  la  gelatine  avec  une 
protamine  et  un  agent  de  reticulation  bi-fonction- 
nel  de  fagon  en  ce  que  ce  collagene  ou  cette 
gelatine  ait  une  liaison  covalente  avec  la  prota- 
mine. 
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