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Description 

The  present  invention  relates  to  a  process  for  preparing  a  non-cohesive  coating  layer  useful  in  the  pro- 
duction  of  microcapsules,  a  process  for  the  production  of  the  microcapsules  comprising  said  process  for  pre- 

5  paring  a  noncohesive  coating  layer,  and  microcapsules  prepared  by  said  process  therefor.  More  particularly, 
it  relates  to  microcapsules  which  are  prepared  from  an  emulsion  and  may  regenerate  advantageously  an  emul- 
sion  in  the  living  body.  Such  microcapsules  are  useful  in  the  fields  of  pharmaceuticals,  cosmetics  and  foods. 

Microcapsules  are  very  small  particles  or  drops  of  solid,  liquid,  solution  or  suspension  encapsulated  in  a 
coating  layer  of  high  molecular  weight  coumpounds.  Recently,  microcapsules  have  attracted  considerable  at- 

10  tention  as  a  means  for  producing  solid  preparation  from  a  liquid  active  substance  and  as  a  means  for  producing 
preparations  stable  to  surroundings  from  a  substance  which  is  unstable. 

The  known  processes  for  the  production  of  microcapsules  is  classified  into  (1)  a  mechanical  or  a  physical 
process  and  (2)  a  chemical  or  a  physicochemical  process,  in  which  a  physicochemical  process  involving  coa- 
cervate  formation  is  known  as  the  coacervation  method.  The  latter  method  comprises  three  steps,  i.e.  (1  )  prep- 

15  aration  of  an  adhesive  coating  layer  by  forming  a  coacervate  phase,  (2)  stabilizing  (or  hardening)  of  the  coating 
layer  and  (3)  recovering  powders  (or  drying).  It  is  to  be  noted  that,  in  the  conventional  process,  the  coating 
layer  should  be  stabilized  before  recovering  and  the  stabilization  has  been  usually  attained  by  hardening. 

The  conventional  methods  of  hardening  include  physical  treatment  such  as  heating  or  cooling  and  treat- 
ment  with  chemicals  such  as  formalin.  Upon  such  treatment,  the  primarily  formed  sticky  coating  layer  changes 

20  to  a  nonsticky  insoluble  matter  which,  however,  is  difficult  to  be  disintegrated  under  such  mild  conditions  as  in 
a  living  body  and  difficult  to  release  quickly  its  contents.  Moreover,  since  the  above  hardening  treatment  takes 
a  considerable  time  and  results  in  undesirable  chemicals  used  in  hardening  remaining,  rich  may  cause  prob- 
lems,  the  hardening  procedure  has  been  a  bottleneck  in  the  process  for  producing  microcapsules  by  the  coa- 
cervation  methods. 

25  Japanese  Patent  Publication  (unexamined)  No.  36540/1984  disclosed  a  process  for  production  of  micro- 
capsules  which  comprises  recovering  microcapsules  in  the  form  of  powders  without  partial  or  complete  hard- 
ening  of  a  coating  layer. 

In  this  case,  while  the  stabilizing  step  (2)  may  certainly  be  omitted,  a  great  amount  of  powders  such  as 
starch  is  required  to  add  as  a  powdering  agent  to  a  slurry  of  microcapsules  following  removal  of  a  medium  in 

30  which  the  coacervation  is  occurred.  Moreover,  when  the  thus  obtained  microcapsules  are  subjected  to  steps 
of  drying  and  sieving  out  of  the  powdering  agent  to  give  powdery  microcapsules,  microcapsules  thus  prepared 
are  not  uniform  in  size  and  the  microcapsules  are  not  sufficiently  fluidic.  Thus  the  above  mentioned  method 
is  disadvantageous  in  practical  use. 

As  the  result  of  an  extensive  study  to  overcome  the  above  drawbacks  and  problems  in  the  known  coacer- 
35  vation  method,  it  has  now  been  discovered  that  when  a  certain  kind  of  inorganic  compound  is  used  as  the 

powdering  agent,  noncohesive  and  sufficiently  fluidic  microcapsules  can  be  obtained  without  the  stabilizing 
(hardening)  step  (2). 

The  present  invention  provides  a  process  for  preparing  noncohesive  coating  layer  on  microcapsules,  which 
comprises  adding  powders  of  a  pharmaceutical^  acceptable  inorganic  compound  which  is  insoluble  in  a  me- 

40  dium  selected  from  water,  one  or  more  organic  solvents  or  a  mixture  thereof,  to  a  slurry  of  microcapsules  with 
an  adhesive  coating  layer  in  said  medium,  so  that  said  inorganic  compound  adheres  to  substantially  overall 
surface  of  said  adhesive  coating  layer,  a  process  for  producing  microcapsules  with  an  adhesive  coating  layer 
which  comprises  forming  a  slurry  of  microcapsules  in  a  medium  selected  from  water,  one  or  more  organic  sol- 
vents  or  a  mixture  thereof  by  a  coacervation  method,  adding  powders  of  a  pharmaceutical^  acceptable  inor- 

45  ganic  compound  which  is  insoluble  in  said  medium  to  said  slurry,  so  that  said  inorganic  compound  adheres  to 
substantially  overall  surface  of  said  adhesive  coating  layer  of  microcapsules  and  separating  the  microcapsules 
from  said  medium,  and  microcapsules  prepared  by  said  process  for  the  production  of  microcapsules. 

Figure  1  shows  the  change  in  concentration  of  Probucol  in  blood  plasma  of  rats  with  fasting  as  a  function 
of  time  elapsed. 

50  Figure  2  shows  the  change  in  concentration  of  Probucol  in  blood  plasma  of  rats  withoutfasting  as  a  function 
of  time  elapsed. 

Figure  3  shows  the  change  in  concentration  of  S-312-d  in  blood  plasma  of  beagle  dogs  with  fasting  as  a 
function  of  time  elapsed. 

Inorganic  compounds  used  in  this  invention  are  those  insoluble  in  the  medium  in  which  microcapsules  are 
55  formed.  Such  medium  includes  water,  one  or  more  organic  solvents  and  a  mixture  thereof.  The  term  "insoluble" 

means  completely  or  substantially  (or  practically)  insoluble  and  the  latter  includes  hardly  soluble,  for  example, 
having  a  solubility  less  than  1g/1000ml  or  1g/10000ml.  These  compounds  should  be  pharmaceutical^  accept- 
able,  for  example,  non  toxic.  Specific  examples  of  the  inorganic  compounds  are  inorganic  oxides  such  as  silica 
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(silicon  dioxide),  inorganic  hydroxide  such  as  aluminium  hydroxide,  salts  such  as  aluminium,  calcium,  magne- 
sium  salts  of  inorganic  acids,  for  example,  magnesium  metasilicate  aluminate,  calcium  carbonate,  calcium 
phosphate,  and  among  them,  silicon  containing  compounds  such  as  silica  is  the  most  preferred. 

The  powders  should  have  a  mean  particle  size  of  from  about  0.01  to  about  10  ^m,  preferably  from  about 
5  0.05  to  5  urn,  and  most  preferably  from  about  0.01  to  about  1  ^m.  The  powders  may  be  used  in  such  an  amount 

as  from  about  1  to  1  00  %  by  weight,  preferably  from  about  5  to  about  50  %  by  weight  based  on  the  substance 
used  as  a  coating  material.  The  inorganic  compound  should  be  added  to  an  extent  to  form  a  noncohesive  coat- 
ing  layer. 

The  powders  of  inorganic  compounds  may  be  added  to  the  medium  at  either  stage  before  or  after  forming 
10  the  coating  layer  or  at  both  stages. 

The  process  for  preparing  noncohesive  coating  layer  on  microcapsules  according  to  the  present  invention 
may  take  the  place  of  the  processes  for  the  production  of  microcapsules  which  include  stabilizing  (hardening) 
step  of  coating  layer  such  as  the  process  which  comprises  forming  coating  layer,  hardening  the  layer  and  dry- 
ing.  In  view  of  the  characteristic  nature  of  the  process,  the  coacervation  method  herein  includes  not  only  the 

15  process  in  which  the  coacervate  phase  is  formed  in  an  aqueous  medium,  such  as  that  represented  by  the  com- 
plex  coacervation  method,  but  also  other  processes  such  as  the  process  in  which  the  coacervate  phase  is 
formed  in  an  organic  medium  such  as  acetone,  methylethylketone,  etc.,  in  a  method  using  a  combination  of 
high  molecular  substance/solubilizing  solvent/liquid  polymer  for  separating  phase,  the  (pH-control)  process  in 
which  solubility  of  polymer  in  a  aqueous  solution  is  decreased  by  controlling  pH  in  order  to  form  a  coacervate 

20  phase,  and  the  secondary  emulsion  process  (interfacial  precipitation  process)  in  which  coacervate  fomation 
is  effected  by  interfacially  precipitating  from  complex  coacervate  by  removing  the  solvent.  Further,  microcap- 
sules  with  noncohesive  coating  layer  in  this  invention  may  be  microspheres  or  microbeads  comprising  gelatin 
or  other  polymers  and  formed  from  w/o  or  w/o/w  type  emulsion  using  a  drying-in-liquid  method. 

According  to  the  present  invention,  after  adding  powders  of  an  inorganic  compound,  such  as  silica  pow- 
25  ders,  to  a  medium  containing  microcapsules  with  unhardened  coating  layer  and  allowing  to  adhere  substantially 

overall  surface  of  the  coating  layer,  noncohesive,  uniform  powders  of  microcapsules  with  good  fluidity  are  ob- 
tained  by  removal  of  the  medium  by  the  conventional  drying  procedure.  The  drying  step  is  advantageously 
carried  out  by  the  conventionally  used  procedures  avoiding  disintegration  of  microcapsules  by  a  high  temper- 
ature,  such  as  removal  of  moisture  by  filtration,  centrifugation  or  decantation,  followed  by  dehydration  using  a 

30  lower  alkanol  such  as  isopropanol,  freeze-drying  or  spray  drying. 
Any  substance  capable  of  being  liquid  can  be  used  as  a  core  substance  of  microcapsules.  When  said  sub- 

stance  is  an  oily  substance  at  room  temperature,  it  may  be  used  as  such,  and  when  it,  being  crystalline  or  non- 
crystalline,  is  insoluble  or  difficultly  soluble  in  water,  it  may  be  used  in  a  form  of  solution  or  a  suspension  in  an 
appropriate  oil.  For  use  of  pharmaceuticals,  any  substance  which  meets  all  the  above  requirements  can  be 

35  used.  This  includes,  for  example,  Vitamins  such  as  Vitamin  A,  D,  E  or  K,  Prostaglandins,  antibiotics,  antiinflam- 
matory  agents,  hypotensives,  steroids,  antitumor  agents  or  anti-arterial-sclerosis  agents,  etc.  Examples  of  the 
appropriate  oil  are  sesame  oil,  soybean  oil,  liquid  paraffin,  medium  chained  fatty  acid  triglyceride  such  as  mi- 
gliol,  ODO. 

As  the  coacervate  forming  material,  gelatin  alone  or  gelatin  and  acacia  are  preferred,  but  other  conven- 
40  tional  coacervate  forming  materials  may  also  be  used,  such  as  sodium  alginate,  propylene  glycol  alginate,  car- 

rageenan,  agar,  tragacanth,  carboxymethylcellulose,  aminoalkyl  methacrylate  copolymer,  carboxyvinyl  poly- 
mer,  polyvinyl  acetal  diethylamino  acetate,  carboxymethylethylcellulose,  stylene  maleic  acid  copolymer,  so- 
dium  polyvinyl  sulfonate,  polyvinyl  acetate,  cellulose  acetate  butyrate,  benzyl  cellulose,  ethyl  cellulose,  poly- 
ethylene,  polystyrene,  natural  rubber,  nitrocellulose,  keton  resin,  polymethyl  methacrylate,  polyamide  resin, 

45  acrylonitrile-styrene  copolymer,  epoxy  resin,  vinylidene  chloride-acrylonitrile  copolymer,  polyvinyl-folmal,  cel- 
lulose  acetate,  hydroxypropyl  cellulose,  hydroxypropylmethyl  cellulose,  hydroxymethylcellulose  acetate  suc- 
cinate,  vinyl  chloridevinyl  acetate  copolymer,  polyvinyl  chloride,  shellac,  polyester,  polycarbonate,  cellulose 
acetate  propionate,  polyvinyl  pyrrolidone,  hydroxypropylmethylcellulose  phthalate,  methacrylate  copolymer, 
cellulose  acetate  phthalate,  phenylsiloxane  ladder  polymer,  polylactic  acid,  polyglycolic  acid,  polylactic  acid 

so  glycolic  acid  copolymer,  polyglutamic  acid  and  polylysin. 
The  process  of  the  present  invention  can  eliminate  not  only  the  hardening  step  in  the  process  for  forming 

microcapsule  spheres  but  also  the  resuspending  step  in  the  drying  process. 
Further,  it  has  been  found  that  the  microcapsules  according  to  the  invention  can  more  advantageously 

regenerate  emulsion  than  the  conventional  formulations  as  shown  by  the  results  obtained  in  the  following  Test 
55  Example  with  appendant  Figures  1  to  3. 

Practical  embodiments  of  the  invention  are  illustratively  shown  in  the  following  Examples. 

3 
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Example  1 

Tocopheryl  acetate  (30g)  was  added  to  a  solution  of  gelatin  (10g  in  340ml  purified  water)  in  a  beaker  (1 
liter)  at  about  50°C  and  they  were  mixed  together  by  a  Silverson  type  homogenizer  to  make  an  emulsion  mix- 

5  ture.  To  the  emulsion  was  then  added  a  solution  of  acacia  (10g  in  340ml  in  purified  water)  previously  warmed 
at  50°C,  and  the  mixture  was  adjusted  to  pH  about  4  by  adding  5%  aqueous  acetic  acid  solution  under  sufficient 
stirring.  The  emulsion  was  stirred  and  cooled  slowly,  during  which  white  carbon  (Carplex  #80,  Shionogi  Co., 
Ltd.;  4g)  was  added.  When  the  mixture  was  cooled  to  a  temperature  below  10°C,  stirring  was  stopped.  The 
obtained  slurry  of  microcapsules  was  dehydrated  with  1  liter  of  isopropanol,  and  the  dehydrated  microcapsule 

10  was  dried  on  a  filter  paper  at  room  temperature  for  2  days. 
As  the  result,  the  powdery  microcapsules  having  a  particle  size  of  1  00  to  200um  were  obtained  which  were 

non-cohesive  and  having  excellent  fluidity. 

Example  2 
15 

In  the  same  manner  as  in  Example  1  but  using  ODO,  a  kind  of  triglyceride,  in  stead  of  tocopheryl  acetate, 
and  using  white  carbon  (Siroid  244,  Fuji  Devison  Co.,  Ltd.)  instead  of  white  carbon  #80,  there  were  produced 
unhardened  microcapsules  of  which  the  coating  layer  consisted  of  gelatin  and  acacia,  and  the  core  substance 
is  ODO. 

20 
Example  3 

In  the  same  manner  as  in  Example  1  but  using  Sudan  III  (46mg/100ml)  in  sesame  oil  (30g)  instead  of  to- 
copheryl  acetate,  there  were  produced  similar  unhardened  microcapsules. 

25 
Example  4 

In  the  same  manner  as  in  Example  1  but  using  liquid  paraffin  instead  of  tocopheryl  acetate,  there  were 
produced  unhardened  microcapsules  having  an  adhesive  coating  layer  consisting  of  gelatin  and  acacia.  After 

30  forming  the  coacervate  phase  as  above,  the  mixture  was  stirred  and  cooled  to  a  temperature  below  about  1  0°C, 
and  the  stirring  was  stopped.  The  supernatant  was  then  removed  from  the  mixture,  and  5%  tannic  acid  solution 
(500ml)  was  added  to  the  residue  containing  microcapsules.  The  mixture  was  stirred  for  20  minutes.  The  mix- 
ture  was  then  washed  with  water  two  times  by  decantation  and  white  carbon  (Carplex  #80,  4g)  was  added  to 
the  obtained  slurry  of  microcapsules.  Then  the  slurry  was  dehydrated  using  isopropanol  as  described  in  Ex- 

35  ample  1  . 

Example  5 

A  slurry  of  microcapsules  was  prepared  by  treating  the  residue  consisting  of  coacervate  with  5%  tannic 
40  acid  solution  and  washing  with  water  in  the  same  manner  as  in  Example  4.  To  the  slurry  (175ml;  content  of 

microcapsules:  about  100ml)  was  added  white  carbon  (Carplex  #80)  (1.5g),  and  the  mixture  was  subjected  to 
spray  drying  (Yamato,  Minispray  model  DL-21)  to  form  powders. 

Example  6 
45 

Probucol  (4,4'-  [1-Methylethylidene-di(thio)]bis-[2,6-bis(1,1'-dimethylethyl)phenol])  (4g)  was  dissolved  in 
ODO  (30g),  and  the  solution  was  added  to  a  solution  of  gelatin  (Miyagi  Kagaku  Kogyo;  10g  in  340ml  purified 
water)  previously  warmed  at  about  50°C  in  a  1  liter  beaker.  The  mixture  was  subjected  to  homogenization  with 
Silverson  Homogenizer.  To  the  obtained  emulsion  was  added  a  solution  of  acacia  (10g  in  340ml  purified  water) 

so  previously  warmed  at  about  50°C.  The  mixture  was  adjusted  to  about  pH  4  by  adding  5%  aqueous  acetic  acid 
solution  with  stirring.  Then  the  mixture  was  slowly  cooled  with  stirring,  during  which  white  carbon  (Carplex  #80, 
Shionogi  Co.,  Ltd.)  (4g)  was  added  thereto.  When  the  mixture  was  cooled  to  a  temperature  below  10°C,  the 
stirring  was  stopped.  The  slurry  of  microcapsules  thus  obtained  was  dehydrated  with  1  liter  of  isopropanol  and 
then  the  dehydrated  microcapsules  were  dried  on  a  filter  paper  at  room  temperature  for  2  days.  The  charac- 

55  teristics  of  the  powdery  microcapsules  trapping  Probucol  thus  obtained,  which  were  used  in  the  following  Test 
Example  1,  are  shown  in  Table  1. 

4 
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Example  7 

In  the  same  manner  as  in  Example  6,  but  using,  in  stead  of  Probucol,  300mg  of  S-312-d  ((4s)-  Methyl  4,7- 
dihydro-3-isobutyl-6-methyl-4-(3-nitrophenol)thieno-[2-,3-b]pyridine-5-carboxylate),  a  Ca  blocker  there  were 

5  produced  powdery  microcapsules  trapping  S-312-d  without  a  hardening  step.  The  characteristics  of  the  ob- 
tained  microcapsules  are  shown  in  Table  1. 

T a b l e   1 

10 
Core  Y i e l d   P a r t i c l e   b u l k /   r e p o s e  
s u b s t a n c e   s i z e   d e n s i t y   a n g l e  
mg/gMC  (%)  (pm)  ( g / c c )   ( d e g . )  

15  P r o b u c o l   71  .8  98  130  -  200  0  .53  19 
( E x a m p l e   6) 
S - 3 1 2 - d   5.1  90  100  -  250  0 .51   27 
(Example   7) 

20 
The  microcapsules  of  the  present  invention  were  disintegrated  in  order  to  show  that  they  can  regenerate 

the  emulsion. 
The  microcapsules  obtained  in  Example  1  (500mg)  were  added,  with  stirring  at  37°C,  to  the  1st  test  solution 

(900ml)  and  the  2nd  test  solution  (900ml)  defined  in  the  Japanese  pharmacopeia  XI,  respectively.  It  was  ob- 
25  served  under  a  optical  microscope  that  the  coating  layer  was  disintegrated  within  3  minutes  and  the  emulsion 

was  regenerated. 
The  1st  test  solution:  Sodium  chloride  (2.0g),  diluted  hydrochloride  (24.0ml)  and  water  were  mixed  to  give 

a  total  volume  of  100ml. 
The  2nd  test  solution:  0.2M  dipotassium  hydrogen  phosphate  (250ml)  and  0.2N  sodium  hydroxide  (1  1  8ml_) 

30  and  water  were  mixed  to  give  a  total  volume  of  1  000ml. 
From  the  above  results,  it  can  be  understood  that  the  microcapsules  of  the  present  invention  may  be  ad- 

vantageously  administered  via  oral  as  such  or  after  providing  with  other  functions,  for  example,  enteric  prop- 
erty,  after  filling  in  capsule  shells,  shaping  as  granules,  microgranules,  or  compressing  as  tablets,  and  they 
can  readily  regenerate  the  emulsion  in  the  gastrointestinal  tract. 

35  The  bioavailability  of  the  microcapsules  according  to  the  invention  was  studied  using  rats  and  beagle  dogs 
with  reference  to  other  dosage  forms. 

Test  Example  1 

40  The  microcapsules  trapping  Probucol  obtained  in  Example  6  were  orally  administered  to  male  Slc-Wistar 
rats  aged  10  weeks  which  had  been  kept  fasting  overnight  and  similar  rats  which  had  been  allowed  free  ac- 
cession  to  food  and  water  (n=  4  or  5).  The  absorption  in  the  gastrointestinal  tract  was  compared  with  that  of 
other  dosage  forms,  i.e.  an  ODO  solution  containing  Probucol  42mg/gODO,  an  O/W  emulsion  containing  Pro- 
bucol:  5.0%(w/w);  ODO:  30%(w/w)  and  purified  yolk  lecithin:  3.6%(w/w),  granules  containing  50%  (w/w)  Pro- 

45  bucol  which  were  prepared  by  adding  starch  and  lactose  as  fillers  and  polyoxyethylene  sorbitan  fatty  acid  ester 
and  processing  in  the  conventional  manner.  The  conditions  of  the  experiments  are  shown  in  Table  2.  Samples 
of  blood  were  drawn  from  candal  veins  of  rats  at  0,  1  ,  2,  4,  6,  8  and  24  hours  after  oral  admistration  under  anes- 
thesia  with  ether. 

50  Results 

The  results  are  shown  in  Figures  1  and  2.  The  microcapsules  of  the  invention  are  remarkably  more  effective 
in  availability  than  the  granules,  and  more  effective  than  the  ODO  solution  under  the  conditions  of  fasting, 
and  moreover  the  availability  of  microcapsules  is  as  equal  as  that  of  the  emulsion.  These  results  indicate  that 

55  the  microcapsules  regenerated  the  emulsion. 
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T a b l e   2 

O r a l   a d m i n i s t r a t i o n   of  m i c r o c a p s u l e s  

5  ,  .  , t r a p p i n g   P r o b u c o l   in  r a t s  

The  a d m i n i s t r a t i o n   P r o b u c o l   c o n t e n t  

10  f o r m u l a t i o n s  

(1)  m i c r o c a p s u l e s   7 2 m g / g  

(2)  e m u l s i o n   (0/W)  1 4 m g / g  

15  
(3)  ODO  s o l u t i o n   4 2 m g / g  

(4)  g r a n u l e s   5 0 0 m g / g  

20  Male  Slc-Wistar  rats  aged  10  weeks  were  used,  which  had  been  kept  fasting  or  not  fasting. 
Each  formulation  was  administered  orally  at  a  dose  of  20mg/kg  as  Probucol. 
Under  anesthesia  with  ether,  the  formulations  dissolved  in  1  .0ml  of  water  were  administered  orally  via  a 

tube  in  Tests  (1)  and  (4),  and  via  an  oral  probe  syringe  in  Tests  (2)  and  (3). 

25  Test  Example  2 

The  microcapsules  trapping  S-312-d  obtained  in  Example  7  were  administered  to  male  beagle  dogs  weigh- 
ing  10.2kg  which  had  been  kept  fasting  for  24  hours  (n=  6).  The  absorption  in  the  gastrointestinal  tract  was 
compared  with  other  dosage  forms,  i.e.  an  ODO  solution  containing  S-312-d  0.3g/30gODO,  and  powders  di- 

30  luted  in  10  times  lactose.  All  the  S-312-d  preparations  were  filled  in  capsules  and  administered  at  a  dose  of 
10mg/animal. 

Results 

35  The  results  are  shown  in  Figure  3.  The  microcapsules  of  the  invention  are  remarkably  more  effective  in 
availability  than  the  powders,  and  more  effective  than  the  ODO  solution. 

7 2 m g / g  

1 4 m g / g  

4 2 m g / g  

5 0 0 m g / g  

Claims 
40 

1.  A  process  for  preparing  microcapsules  each  having  a  noncohesive  coating  layer  at  the  surface,  which 
comprises 

(a)  forming  a  slurry  of  microcapsules  in  a  medium  selected  from  the  group  consisting  of  water,  an  or- 
ganic  solvent(s)  and  mixtures  thereof  by  coacervation,  said  microcapsules  each  comprising  a  pharma- 

45  ceutical  substance  in  a  liquid  or  solution  state  as  the  core  and  an  adhesive  coating  layer  of  a  coating 
material  at  the  surface, 
(b)  adding  powders  of  a  pharmaceutical^  acceptable  inorganic  substance  insoluble  in  said  medium  to 
the  slurry,  the  amount  of  the  inorganic  substance  being  from  1  to  100%  by  weight  based  on  the  coating 
material  in  the  adhesive  coating  layer,  to  form  a  noncohesive  layer  of  the  inorganic  substance  at  the 

so  surface  of  each  of  the  microcapsules, 
(c)  recovering  the  microcapsules  having  a  noncohesive  coating  layer  from  the  slurry  without  previous 
addition  of  any  hardening  agent  thereto,  and 
(d)  drying  the  recovered  microcapsules. 

55  2.  The  process  according  to  Claim  1  ,  in  which  said  coating  layer  comprises  gelatin  alone  or  gelatin  and  aca- 
cia. 

3.  The  process  according  to  claim  1  or  claim  2,  in  which  said  pharmaceutical^  active  compound  is  liquid  at 
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room  temperature. 

4.  The  process  according  to  any  one  of  the  preceding  claims  in  which  said  inorganic  compound  is  a  silicon- 
containg  compound. 

5.  The  process  according  to  claim  4,  in  which  the  said  inorganic  compound  is  silicon  dioxide. 

6.  The  process  according  to  any  one  of  th  preceding  claims  in  which  said  slurry  of  microcapsules  is  treated 
with  an  acid  before  addition  of  said  inorganic  compound. 

7.  The  process  according  to  claim  6,  in  which  said  acid  is  acetic  acid. 

8.  A  process  according  to  any  one  of  the  preceding  claims  wherein  the  amount  of  inorganic  substance  is 
from  5  to  50%  by  weight  based  on  the  coating  material  in  the  adhesive  coating  layer. 

9.  A  process  according  to  any  one  of  the  preceding  claims  wherein  the  mean  particle  size  of  the  inorganic 
substance  is  from  0.05  to  5p.m. 

10.  A  process  according  to  any  one  of  the  preceding  claims  wherein  the  pharmaceutical  substance  is  selected 
from  Vitamins  such  a  Vitamins  A,  D,  E  or  K,  Prostaglandins,  antibiotics,  antiinflammatory  agents,  hypo- 
tensives,  steroids,  antitumor  agents  or  anti-arterial-sclerosis  agents. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Mikrokapseln,  die  jeweils  eine  nicht  koharente  Ueberzugsschicht  an  der 
Oberflache  haben,  dadurch  gekennzeichnet,  dass  man 

(a)  durch  Koazervation  eine  Aufschlammung  von  Mikrokapseln  in  einem  Medium  bildet,  das  aus  der 
Gruppe  gewahlt  ist,  die  aus  Wasser,  einem  oder  mehreren  organischen  Losungsmitteln  und  Gemischen 
davon  besteht,  wobei  die  Mikrokapseln  jeweils  eine  pharmazeutische  Substanz  in  einem  flussigen  oder 
gelosten  Zustand  als  Kern  und  eine  adhasive  Ueberzugsschicht  eines  Ueberzugsmaterials  an  der 
Oberflache  aufweisen, 
(b)  zu  der  Aufschlammung  ein  Pulvereiner  pharmazeutisch  unbedenklichen  anorganischen  Substanz 
zusetzt,  die  in  dem  Medium  unloslich  ist,  wobei  die  Menge  der  anorganischen  Substanz  1  bis  100  Gew.- 
%,  bezogen  auf  das  Ueberzugsmaterial  in  deradhasiven  Ueberzugsschicht,  betragt,  urn  eine  nicht  ko- 
harente  Schicht  der  anorganischen  Substanz  an  der  Oberflache  jeder  der  Mikrokapseln  zu  bilden, 
(c)  die  Mikrokapseln  miteiner  nicht  koharenten  Ueberzugsschicht  aus  der  Aufschlammung  gewinnt,  oh- 
ne  dass  man  vorher  irgendein  Hartungsmittel  hinzugibt,  und 
(d)  die  gewonnenen  Mikrokapseln  trocknet. 

2.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dass  die  genannte  Ueberzugsschicht  Gelatine  al- 
lein  oder  Gelatine  und  Akaziengummi  aufweist. 

3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  dadurch  gekennzeichnet,  dass  die  genannte  pharmazeu- 
tisch  aktive  Verbindung  bei  Raumtemperaturflussig  ist. 

4.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet,  dass  die  genannte  an- 
organische  Verbindung  eine  siliciumhaltige  Verbindung  ist. 

5.  Verfahren  nach  Anspruch  4,  dadurch  gekennzeichnet,  dass  die  genannte  anorganische  Verbindung  Sili- 
ciumdioxyd  ist. 

6.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet,  dass  die  genannte  Auf- 
schlammung  von  Mikrokapseln  vor  der  Zugabe  dergenannten  anorganischen  Verbindung  miteiner  Saure 
behandelt  wird. 

7.  Verfahren  nach  Anspruch  6,  dadurch  gekenneichet,  dass  die  genannte  Saure  Essigsaure  ist. 

8.  Verfahren  nach  einem  der  vorangehenden  Anspruhe,  dadurch  gekennzeichnet,  dass  die  Menge  der 
anorgahen  Substanz  5  bis  50  Gew.-%,  bezogen  auf  das  Ueberzugsmaterial  in  deradhasiven  Ueberzugs- 
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schicht,  betragt. 

9.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet,  dass  die  mittlere  Parti- 
kelgrosse  der  anorganischen  Substanz  0,05  bis  5  ist. 

10.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet,  dass  die  pharmazeuti- 
sche  Substanz  gewahlt  ist  aus  Vitaminen,  wie  Vitamin  A,  D,  E  oder  K,  Prostaglandinen,  Antibiotika,  ent- 
zundungshemmenden  Mitteln,  blutdrucksenkenden  Mitteln,  Steroiden,  Antitumormitteln  oder  Antiarterio- 
sklerosemitteln. 

Revendications 

1.  Procede  de  preparation  de  microcapsules  comportant  chacune  une  couche  de  revetement  non  coherente 
a  sa  surface,  caracterise  en  ce  que 

(a)  on  forme  une  suspension  de  microcapsules  dans  un  milieu  choisi  dans  le  groupe  forme  par  I'eau, 
un  ou  plusieurs  solvants  organiques  et  des  melanges  de  ceux-ci  par  coacervation,  chacune  desdites 
microcapsules  comprenant  une  substance  pharmaceutique  a  I'etat  liquide  ou  a  I'etat  de  solution  a  titre 
de  noyau  et  une  couche  de  revetement  adhesive  d'une  matiere  de  revetement  a  sa  surface, 
(b)  on  ajoute  des  poudres  d'une  substance  inorganique  pharmaceutiquement  acceptable  et  insoluble 
dans  ledit  milieu  a  la  suspension,  la  proportion  de  la  substance  organique  variant  de  1  a  100%  en  poids 
sur  base  de  la  matiere  de  revetement  dans  la  couche  de  revetement  adhesive,  pour  former  une  couche 
non  coherente  de  la  substance  inorganique  a  la  surface  de  chacune  des  micro-capsules, 
(c)  on  recupere  les  microcapsules  possedant  une  couche  de  revetement  non  coherente  de  la  suspen- 
sion  sans  addition  prealable  d'un  quelconque  agent  de  durcissement  et 
(d)  on  seche  les  microcapsules  recuperees. 

2.  Procede  suivant  la  revendication  1  ,  caracterise  en  ce  que  ladite  couche  de  revetement  est  constitute  de 
gelatine  seule  ou  de  gelatine  et  de  gomme  acacia. 

3.  Procede  suivant  la  revendication  1  ou  la  revendication  2,  caracterise  en  ce  que  le  compose  pharmaceu- 
tiquement  actif  precite  est  liquide  a  la  temperature  ambiante. 

4.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  le  compose  inor- 
ganique  precite  est  un  compose  contenant  du  silicium. 

5.  Procede  suivant  la  revendication  4,  caracterise  en  ce  que  le  compose  inorganique  precite  est  le  dioxyde 
de  silicium. 

6.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  Ton  traite  ladite 
suspension  de  microcapsules  par  un  acide  avant  de  proceder  a  I'addition  du  compose  inorganique. 

7.  Procede  suivant  la  revendication  6,  caracterise  en  ce  que  I'acide  est  I'acide  acetique. 

8.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  la  proportion 
de  substance  inorganique  varie  de  5  a  50%  en  poids,  sur  base  de  la  matiere  de  revetement  dans  la  couche 
de  revetement  adhesive. 

9.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  le  calibre  moyen 
des  particules  de  la  substance  inorganique  varie  de  0,05  a  5  p.m. 

10.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  la  substance 
pharmaceutique  est  choisie  parmi  des  vitamines,  comme  les  vitamines  A,  D,  E  et  K,  des  prostaglandines, 
des  antibiotiques,  des  agents  anti-inf  lammatoires,  des  agents  antihypertension,  des  steroides,  des  agents 
antitumoraux  et  des  agents  antisclerose  arterielle. 
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