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Description 

Background  of  the  Invention 

5  This  invention  relates  to  devices  useful  for  the  delivery  of  a  beneficial  agent  to  an  environment  of  use. 
There  are  a  variety  of  delivery  devices  that  incorporate  osmagents  in  the  device  core.  The  osmagents  cause  an 

osmotic  pressure  gradient  across  the  device  wall  and  imbibe  fluid  into  the  device.  Such  delivery  devices  release  their 
active  agents  either  by  osmotic  pumping  or  by  diffusion  or  by  a  combination  of  the  two  mechanisms.  Since  the  active 
agent  is  released  from  the  device  as  an  aqueous  solution,  the  release  rate  is  dependent  on  the  solubility  of  the  active 

10  agent  in  water.  This  release  rate  dependence  on  the  solubility  of  the  active  agent  can  inhibit  the  attainment  of  a  pre- 
ferred  release  rate  profile.  In  order  to  obtain  a  useful  release  profile  for  poorly  water  soluble  beneficial  agents,  a  solubil- 
ity  enhancing  agent  may  be  added  to  the  device  core.  Alternatively,  to  obtain  a  useful  release  profile  for  highly  water 
soluble  active  agents,  an  excipient  which  decreases  the  active  agent  solubility  may  be  added  to  the  device  core. 

U.S.  Patent  No.  4,755,180  ('180)  describes  such  solubility  modifying  excipients  and  discloses  coating  of  the  excip- 
15  ients  with  a  polymer  coating  in  order  to  control  the  release  of  the  excipient.  The  '180  patent  discloses  "osmagents"  (ben- 

eficial  agent  solubility  modifying  agents)  having  various  forms  such  as  particles,  powders  and  the  like.  Generally,  the 
release  rate  controlling  film  has  a  thickness  of  0.0025  to  0.05cm  (1  to  20  mils),  and  in  a  preferred  embodiment,  has  a 
thickness  of  0.005  to  0.025  cm  (2  to  10  mils).  In  addition,  McClelland,  Gregory  A.,  Sutton,  Steven  C,  Engle,  Karen,  and 
Zentner,  Gaylen,  M.  "The  Solubility-Modulated  Osmotic  Pump;  In  Vitro/in  Vivo  Release  of  Diltiazem  Hydrochloride", 

20  Pharmaceutical  Research,  Vol.  8,  No.  1.  (1991)  disclosed  the  design  and  evaluation  of  a  solubility-modulated  control- 
led-porosity  osmotic  pump  for  delivery  of  the  highly  water-soluble  drug  diltiazem  hydrochioride.  Specifically,  the  study 
incorporated  coated  sodium  chloride  crystals  (i.e.,  microosmotic  pumps)  into  the  core  tablet  formulation  of  a  diltiazem 
hydrochloride  controlled  porosity  osmotic  pump.  This  pump-in-a-pump  design  prevented  the  rapid  depletion,  and  large 
attendant  concentration  variation,  of  the  solubility  modulating  agent  (sodium  chloride)  within  the  diltiazem  hydrochloride 

25  core  tablet  environment.  Thus,  the  release  of  the  solubility  modulator  was  controllable  and,  was  designed  to  provide 
modulation  of  the  drug  solubility  for  a  prolonged  period. 

In  another  aspect  of  delivery  devices,  the  use  of  an  asymmetric  membrane  to  coat  the  device  core  has  been  dis- 
closed  (E.P.O.  Publication  No.  0357369).  That  publication  discloses  an  asymmetric  membrane  having  two  regions  or 
membrane  layers.  The  substructure  is  relatively  thick  and  very  porous  in  nature.  This  substructure  supports  the  other 

30  portion  of  the  membrane,  a  dense,  thin  skin. 
Although  there  has  been  a  significant  advance  in  the  field  of  controlled  delivery  devices,  there  is  a  continuing 

search  for  other  delivery  devices,  particularly  those  which  deliver  poorly  water  soluble  or  highly  water  soluble  beneficial 
agents. 

35  Summary  of  the  Invention 

This  invention  is  directed  to  an  asymmetric  membrane  delivery  device  having  coated,  macroparticulate,  beneficial 
agent-  solubility  modifiers  for  use  in  dispensing  a  beneficial  agent  to  an  aqueous  environment  of  use.  The  device  com- 
prises  a  beneficial  agent,  an  osmagent,  a  macroparticulate  solubility  modifier  and  an  asymmetric  membrane  that  sur- 

40  rounds  the  device  components.  The  solubility  modifier  is  coated.  The  solubility  modifier  or  beneficial  agent  may  be  the 
osmagent  or  there  may  be  a  separate  osmagent. 

Another  aspect  of  this  invention  is  a  method  for  the  delivery  of  a  beneficial  agent  to  an  environment  of  use  which 
comprises  placing  the  above  device  into  the  environment  of  use. 

These  devices  enable  the  control  of  the  beneficial  agent  release  profile.  In  particular,  the  large  sized  coated  excip- 
45  ients  provide  significant  advantages  over  smaller  sized  coated  excipients  such  as  facilitating  the  use  of  a  greater  variety 

of  coating  materials.  Thus,  they  make  a  significant  advance  in  the  field  of  delivery  devices.  Other  objects,  features,  and 
advantages  of  the  invention  will  be  more  apparent  to  those  skilled  in  the  art  from  the  following  detailed  specification, 
taken  in  conjunction  with  the  figures  and  the  accompanying  claims. 

so  Brief  Description  of  Drawings 

Figure  1  discloses  a  schematic  cross-sectional  view  of  an  exemplary  device  of  the  invention. 
Figure  2  is  a  graph  of  beneficial  agent  released  from  an  asymmetric  membrane  coated  capsule  having  uncoated 

excipients. 
55  Figure  3  is  a  graph  of  beneficial  agent  release  from  an  asymmetric  membrane  coated  capsule  having  coated  excip- 

ients. 
Figure  4  is  a  graph  of  beneficial  agent  release  from  an  asymmetric  membrane  coated  capsule  having  uncoated 

excipients  illustrating  different  release  profiles. 
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Figure  5  is  a  graph  of  beneficial  agent  release  from  an  asymmetric  membrane  coated  capsule  having  a  combina- 
tion  of  coated  and  uncoated  excipients. 

Figure  6  is  a  graph  of  beneficial  agent  release  from  an  asymmetric  membrane  coated  capsule  having  coated  excip- 
ients  with  different  time  lags. 

5 
Detailed  Description  of  the  Invention 

The  macroparticulate  solubility  modifier  is  capable  of  modifying  the  solubility  of  the  beneficial  agent,  and  is  selected 
from  sugars  such  as  sucrose,  lactose,  mannitol,  maltose,  sorbitol  and  fructose;  neutral  salts  such  as  sodium  chloride, 

10  magnesium  sulfate,  magnesium  chloride,  Potassium  sulfate,  sodium  carbonate,  sodium  sulfite,  potassium  acid  phos- 
phate,  sodium  acetate;  acidic  components  such  as  fumaric  acid,  maleic  acid,  adipic  acid,  citric  acid  and  ascorbic  acid; 
alkaline  components  such  as  tris(hydroxymethyl])  aminomethane  (TRIS),  meglumine,  tribasic  and  dibasic  phosphates 
of  sodium  and  potassium;  amino  acids  such  as  glycine  and  arginine;  and  urea.  This  material  may  also  function  as  the 
osmagent  or  a  separate  osmagent  may  be  used.  The  solubility  change  can  be  due  to  pH,  i.e.,  when  the  excipient  is  an 

15  acid  or  alkaline  agent  or  a  buffer,  or  it  can  be  due  to  a  common-ion  effect,  or  by  any  other  mechanism.  Preferably  the 
solubility  modifier  increases  the  solubility  (in  the  aqueous  environment)  of  a  beneficial  agent  exhibiting  low  solubility 
(i.e.,  less  than  about  5mg/ml)  or  decreases  the  solubility  (in  the  aqueous  environment)  of  a  beneficial  agent  exhibiting 
high  solubility  (i.e.,  greater  than  about  300  mg/ml).  It  is  especially  preferred  that  a  solubility  modifier  is  used  that  pro- 
vides  a  predetermined  beneficial  agent  solubility  and  consequently  a  predetermined  beneficial  agent  release  profile 

20  (i.e.  controlled  release). 
Any  osmagent  may  be  used  that  is  appropriate  for  the  desired  application.  As  stated  above,  the  solubility  modifier 

may  also  act  as  the  osmagent  or  there  may  be  a  separate  osmagent.  In  fact  the  beneficial  agent  (described  below)  may 
also  act  as  the  osmagent,  by  itself,  or  in  combination  with  the  solubility  modifier.  For  example,  the  solubility  modifier  may 
alter  the  solubility  of  the  beneficial  agent  causing  it  to  act  as  the  osmagent.  It  is  intended  that  the  above  embodiments 

25  are  within  the  scope  of  the  invention.  The  osmagent  is  a  substance  which,  in  solution,  exhibits  a  certain  osmotic  pres- 
sure  that  is  the  driving  force  for  water  ingress  into  the  device  (this  increases  the  internal  hydrostatic  pressure  resulting 
in  release  of  a  substance  through  a  barrier  membrane).  Preferably  the  osmagent  increases  the  osmotic  pressure  to 
above  about  seven  atmospheres  which  is  the  normal  pressure  in  mammalian  body  fluids.  As  stated  before,  one  com- 
ponent  may  function  as  both  the  osmagent  and  the  solubility  modifier  or  there  can  be  a  combination  of  components.  For 

30  example,  certain  substances  such  as  magnesium  carbonate  hydroxide,  affect  the  pH,  and,  thus  the  solubility  of  the  ben- 
eficial  agent  but  are  not  substantially  soluble  themselves  in  the  aqueous  solution,  and  thus,  do  not  appreciably  affect 
the  osmotic  pressure.  Exemplary  osmotic  agent/solubility  modifiers  include:  sugars  such  as  sucrose,  lactose,  mannitol, 
maltose,  sorbitol  and  fructose;  neutral  salts  such  as  sodium  chloride,  magnesium  sulfate,  magnesium  chloride,  potas- 
sium  sulfate,  sodium  carbonate,  sodium  sulfite,  potassium  acid  phosphate,  sodium  acetate  and  ethyl  acetate;  acidic 

35  components  such  as  fumaric  acid,  maleic  acid,  adipic  acid,  citric  acid  and  ascorbic  acid;  alkaline  components  such  as 
tris(hydroxylmethyl)  aminomethane  (TRIS),  meglumine,  tribasic  and  dibasic  phosphates  of  sodium  and  potassium; 
amino  acids  such  as  glycine  and  arginine;  and  urea.  The  colligative  properties  of  these  substances  such  as  osmotic 
pressures,  ad  other  physicochemical  properties  such  as  solubility,  pKa,  etc.  are  given  in  several  handbooks  and  refer- 
ence  books  (e.g.,  Handbook  of  Chemistry  and  Physics,  The  Merck  Index,  etc.). 

40  Preferred  osmagent/solubility  modifiers  include  acidic  and  alkaline  agents  such  as  fumaric  acid,  citric  acid,  TRIS 
and  meglumine. 

By  macroparticulates  is  meant  the  coated  excipients  are  0.16  cm  to  1.27  cm  in  diameter.  It  is  especially  preferred 
that  the  coated  excipients  are  about  0.48  cm  to  0.64  cm  in  diameter.  These  sizes  differentiate  the  coated  excipients 
from  the  fine  powders  or  crystals  that  have  been  used  previously  as  described  in  the  Background  Art.  It  is  also  preferred 

45  that  the  macroparticulates  comprise  from  about  1  0%  to  about  90%  by  weigh  of  the  core  of  the  device.  Preferably  two  to 
four  macroparticulates  are  used.  These  sizes  provide  various  advantages  such  as  facilitating  the  choice  of  a  wide  vari- 
ety  of  polymer  coatings.  For  example,  only  a  few  types  of  coatings  can  be  used  to  provide  prolonged  (e.g.twelve  hour 
duration)  release  coating  from  very  small  core  particles  because  the  coatings  would  have  to  possess  a  very  low  perme- 
ability.  Further-more,  if  a  very  thick  coating  is  used  to  achieve  the  low  permeability,  it  is  possible  that  some  of  the  excip- 

50  ient  in  the  solubility  modifier  core  would  be  adsorbed  to  the  coating  and  not  released.  Alternatively  stated,  because  of 
the  inherent  geometry,  a  larger  macroparticulate  can  use  a  thinner  coating  relative  to  a  smaller  particulate  to  achieve 
prolonged  release,  with  a  less  probability  that  the  excipient  is  trapped  in  the  heavy  coating.  Another  advantage  of  the 
macroparticulates  is  that  they  are  significantly  easier  to  coat  than  the  smaller  granules  used  by  the  prior  art.  Yet  another 
advantage  is  that  because  of  surface  area/volume  considerations,  the  use  of  macroparticulates  allows  the  use  of  a 

55  lower  coating  weight,  thereby  conserving  materials,  allowing  the  coating  operation  to  be  finished  in  a  reasonable  period 
of  time  (i.e.,  manufacturability),  and  providing  more  flexibility  with  respect  to  the  dose  and  amount  of  excipients  that  can 
be  incorporated  into  a  reasonable  sized  device.  Another  advantage  resulting  from  the  macroparticulates  is  that  the  solid 
undissolved  solubility  modifier  persists  for  a  longer  period  of  time  in  the  macroparticulate  core  which  provides  a  con- 
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stant  gradient  for  water  intake  or  water  ingress  into  the  core  of  the  macroparticulate  as  well  as  drug  release  for  a  longer 
period  of  time.  Thus,  this  results  in  more  effective  utilization  of  the  excipient. 

Any  coating  (e.g.  film,  membrane)  may  be  used  to  surround  the  solubility  modif  ier/osmagent  that  is  appropriate  for 
the  desired  application.  Preferably,  the  coating  provides  a  predetermined  release  profile  for  the  solubility  modifier.  It  is 

5  preferred  that  the  excipient  coating  provides  a  release  profile  having  a  predetermined  time  lag.  Particularly  preferred 
time  lags  are  from  1  to  10  hours.  This  is  particularly  beneficial  for  those  devices  where  the  formulation,  by  itself,  would 
have  released  incompletely,  but  with  the  solubility  modifier  present  during  the  final  release  period,  completely  releases 
the  beneficial  agent  is  achieved.  This  is  also  beneficial  when  a  time  lag  before  drug  release  is  desired.  For  example,  a 
time  lag  before  the  onset  of  drug  release  may  be  beneficial  because  it  would  protect  a  drug  which  was  susceptible  to 

10  degradation  in  the  acidic  environment  of  the  stomach.  Such  a  device  would  also  be  useful  in  providing  repeat-action  or 
pulsatile  delivery,  i.e.,  periods  of  no  drug  release  in  between  periods  of  drug  release  at  a  predetermined  rate  and  over 
a  predetermined  duration.  Two  or  more  solubility  modifier  coated  macroparticulates  having  different  time  lags  may  be 
combined  to  achieve  the  desired  beneficial  agent  release  profile.  This,  of  course,  could  include  the  use  of  two  different 
solubility  modifier  compounds  coated  to  give  the  desired  time  lags.  Time  lag  release  coatings  are  known  in  the  art  and 

15  may  be  achieved  by  a  number  of  mechanisms.  For  example  the  time  lag  may  be  caused  by  the  use  of  traditional  enteric 
coatings  or  slowly  dissolving  polymers.  They  may  also,  at  least  partially,  be  caused  by  the  delay  in  water  penetration 
into  the  device  through  the  device  coat  and  then  into  the  coated  macroparticulate  excipient  formulation  through  the 
excipient  coating.  Thus,  this  coating  does  not  necessarily  have  to  dissolve  at  high  pH  as  is  the  case  with  the  "traditional" 
enteric  polymers.  Time  lag  release  coatings  may  also  be  achieved  by  the  use  of  other  mechanisms  such  as  osmotic 

20  bursting  and  chemical  degradation  of  the  coating  (e.g.,  hydrolysis).  Time  lag  release  coatings  may  be  achieved  by  var- 
ying  the  coating  thickness,  coating  composition,  surface  area  and  size,  coating  permeability  and/or  weight  proportion 
of  macroparticulate  to  the  device  core.  For  example,  by  increasing  the  ratio  of  polymer  to  hydrophilic  plasticizer  (pore 
former),  the  time  lag  is  increased  (e.g.,  the  higher  the  proportion  of  cellulose  acetate  to  polyethylene  glycol  the  longer 
the  time  lag  will  be). 

25  It  is  also  preferred  that  the  excipient  coating  provides  a  release  profile  that  yields  a  predetermined  excipient  release 
duration.  Particularly  preferred  excipient  release  durations  are  from  4  to  24  hours.  This  is  particularly  beneficial  for  those 
devices  where  the  formulation,  by  itself,  would  have  released  incompletely  but  with  the  solubility  modifier  present  during 
the  final  release  period,  completely  releases  the  beneficial  agent.  This  duration  modification  may  be  achieved  in  anal- 
ogous  manners  to  that  used  to  achieve  the  time  lag. 

30  It  is  also  preferred  that  the  excipient  coating  provides  a  release  profile  that  yields  a  predetermined  excipient  release 
rate  profile  (e.g.  constant,  increasing,  decreasing).  This,  in  turn,  would  provide  the  corresponding  predetermined 
release  rate  profile  for  the  active  agent  (e.g.,  constant,  increasing,  or  decreasing).  In  most  cases,  a  constant  release 
rate  profile  of  the  beneficial  agent  is  desired  to  maximize  the  duration  of  therapeutic  concentrations.  However,  in  some 
cases,  for  example,  in  order  to  take  advantage  of  chronopharmacokinetics  or,  depending  on  the  natural  progression  of 

35  the  disease  for  which  treatment  is  sought  or,  in  devices  that  have  a  biofeedback  loop  incorporated  in  them,  decreasing 
or  increasing  release  profiles  may  be  preferred. 

It  is  also  preferred  that  a  combination  of  coated  excipients  such  as  those  described  above  and  uncoated  excipients 
be  used  as  this  enables  the  further  tailoring  of  the  beneficial  agent  release  profile.  Thus,  in  this  case,  the  uncoated 
excipient  will  be  available  to  perform  its  function  at  early  times  without  any  time-lag  while  the  excipient  that  is  coated  will 

40  be  available  at  later  times,  or  over  a  prolonged  period  of  time. 
A  predetermined  release  profile  (e.g.,  release  kinetics,  time-lag,  and  extent  of  release)  for  the  solubility  modifier  can 

also  be  achieved  by  means  other  than  coated  macroparticulates.  Thus,  the  solubility  modifer  can  be  formulated  as  a 
matrix  tablet  with  hydrophilic  polymers  (e.g.,  hydroxypropylcellulose,  hydroxypropylmethyl  cellulose,  etc.)  which  oper- 
ates  by  a  diffusion-dissolution  and/or  an  erosion  mechanism.  Other  release  mechanisms  such  as  diffusion  through  bar- 

45  riers  in  series,  osmotic  bursting,  etc.,  can  also  be  utilized  to  affect  the  release  profile  of  the  solubility  modifier.  Polymers 
which  have  a  pH  dependent  solubility  (e.g,  cellulose  acetate  phthalate,  hydroxypropylmethylcellulose  phthalate  etc.,) 
and  those  (e.g.,  poly(ortho  esters),  polyanhydrides  etc.)  that  degrade  chemically  (e.g.,  by  hydrolysis  and  oxidation)  can 
also  be  used  to  achieve  a  predetermined  release  profile  for  the  solubility  modifier  by  means  that  are  well  known  in  the 
art  of  controlled  release. 

so  The  rate  of  release  of  solubility  modifier  may  be  determined  by  techniques  known  in  the  art  such  as  are  described 
in  U.S.  Pat.  No.  4,755,180. 

Preferably  the  macroparticulate  coating  is  made  from  a  film-forming  polymer  with  appropriate  permeability  charac- 
teristics  (e.g.,  water-insoluble  film-forming  polymers  such  as  cellulose  derivatives).  The  molecular  weight  or  molecular 
weight  distribution  of  the  polymers  is  such  that  coatings  made  from  these  polymers  have  adequate  mechanical  proper- 

55  ties  for  the  desired  application.  Typical  polymer  types  include  olefin  and  vinyl-type  polymers,  condensation-type  poly- 
mers,  addition  type  polymers,  organo-silicon  polymers,  etc.  Particularly  preferred  polymers  include  polyacrylics, 
polyethylenes,  polysulfones,  polyamides,  polyurethanes,  polypropylene  ethylene-vinyl  acetate,  polyvinyl  chloride,  poly- 
vinyl  alcohol,  ethylenevinyl  alcohol,  polyvinylidene  fluoride,  glycols,  polyethylene  glycol  and  polymethyl  methacrylate. 

4 



EP  0  668  755  B1 

Copolymers  of  the  above  polymers  such  as  copolymers  of  acrylic  and  methacrylic  acid  (Eudragit  polymer  line,  Rohm 
Pharma,  Germany)  may  also  be  used.  The  polymers  can  also  include  fats,  waxes  and  silicone  elastomers.  It  is  espe- 
cially  preferred  that  the  cellulose  esters  and  cellulose  ethers  are  used.  Examples  include  cellulose  acetates  (acetyl  con- 
tent  varying  from  31%  to  43.9%  corresponding  to  a  degree  of  substitution  from  2.1  to  2.9)  and  cellulose  acetate 

5  butyrates  (butyl  content  from  1  7%  to  50%)  and  blends  of  cellulose  acetates  and  cellulose  acetate  butyrates.  These  are 
generally  commercially  available  from  Eastman  Chemicals,  Kingsport,  TN.,  FMC  Corporation,  Philadelphia,  PA.,  and 
Dow  Chemicals,  Midland,  Ml.  In  addition,  cellulose  ethers  such  as  ethylcellulose  and  blends  of  cellulose  ethers  and  cel- 
lulose  esters  such  as  methylcellulose,  ethylcellulose-cellulose  acetate  and  ethylcellulose-acetate  butyrate  are  pre- 
ferred.  Other  soluble  polymers  such  as  hydroxypropyl  methylcellulose  (HPMC),  hydroxypropyl  cellulose  (HPC), 

10  hydroxyethyl  cellulose,  sodium  carboxymethylcellulose  and  polyvinylpyrrolidone  can  also  be  used.  The  molecular 
weight  (typically  measured  by  viscosity)  of  the  polymer  is  preferably  sufficient  to  provide  the  mechanical  properties 
appropriate  for  the  particular  application. 

In  addition,  to  the  film  forming  polymer,  the  macroparticulate  coating  can  also  contain  other  materials  such  as  plas- 
ticizers,  pore-formers,  dyes,  etc.  Plasticizers  reduce  the  brittleness  of  polymer  films,  and  increase  their  flexibility  and 

15  mechanical  strength,  and  alter  their  permeability.  Plasticizers  can  be  chosen  from  the  following  hydrophilic  and  hydro- 
phobic  materials:  glycerine,  polyethylene  glycols  (available  as  Carbowax  from  Union  Carbide,  Danbury,  CT  with  nomi- 
nal  molecular  weights  ranging  from  200  to  8000),  polypropylene  glycols,  polyvinylpyrrolidone,  methylcellulose, 
hydroxypropylmethylcellulose,  glyceryl  stearate,  triethylcitrate,  tributylcitrate,  dibutyl  sebacate,  diethyl  phthalate,  acetyl 
tributyl  acetate,  triacetin  acetylated  monoglycerides,  castor  oil  and  soybean  oil. 

20  Although  the  solubility  modifier  coating  can  have  any  structure  or  be  made  of  any  material  that  controls  the  release 
profile  of  the  solubility  modifier,  it  is  preferred  that  the  coating  be  a  polymeric  coating  that  becomes  permeable  to  the 
excipient  upon  exposure  to  the  aqueous  environment.  For  example,  in  one  embodiment,  the  water  soluble  component 
that  is  added  to  the  film  forming  polymer  may  be  out  leaving  a  porous  membrane.  Alternatively,  the  macroparticulate 
coating  can  be  asymmetric  (as  described  below)  or  dense.  Generally,  depending  on  the  process  used  to  make  the  coat- 

25  ing,  it  can  have  a  layered  (stratified)  structure  as  in  layers  of  asymmetric  membrane  or  layers  of  dense  membranes.  The 
coating  can  also  be  semipermeable,  i.e.,  permeable  to  water  but  not  the  solubility  modifier.  This  results  in  primarily  an 
osmotic  delivery  mode.  The  coating  can  also  have  one  or  more  holes  (between  100  urn  and  2  mm)  or  many  macro  (1 
to  100  microns)  and  micro  (less  than  1  micron)  pores.  Coatings  having  a  combination  of  micro-  and  macro-pores  can 
also  function  by  osmotic  pumping  since  water  ingress  into  the  device  can  be  via  the  micro-pores  and  through  the  poly- 

30  mer  while  the  excipient  is  pumped  out  rom  the  macro-pores.  Further,  the  coating  can  consist  of  a  network  of  intercon- 
nected  water-filled  pores  through  which  the  excipient  is  released  by  diffusion.  In  general,  the  greater  the  number  of 
larger  pores,  the  more  the  contribution  by  diffusive  delivery  versus  osmotic  delivery.  The  pores  can  be  formed  as  part 
of  the  manufacturing  process.  They  can  also  be  formed  after  exposure  of  the  coated  excipient  to  water  due  to  leaching 
of  a  phase-separated  water  soluble  component  (solid  or  liquid)  in  the  excipient  coating  or  by  sublimation  of  a  component 

35  from  the  film,  typically  during  the  drying  operation.  The  pores  can  also  be  formed  by  "osmotic  bursting"  by  incorporation 
of  a  swellable  component  (e.g.  hydrogel)  in  the  device  or  through  bursting  of  a  weak  portion  of  the  coating.  The  weak 
portion  can  be  intentionally  built-in  into  the  coating  as  part  of  the  manufacturing  process. 

Preferably,  5-45%  of  the  macroparticulate  core  weight  is  coating.  Typically  the  macroparticulate  coating  is  about  1 
urn  to  1  mm  in  thickness.  Preferably  the  macroparticulate  coating  is  about  1  0  urn  to  300  urn  in  thickness.  Preferably  the 

40  pore  size  is  1  urn  to  100  urn  in  diameter  and  the  porosity  void  volume  may  vary  from  20%  to  95%.  The  hole  size  is  pref- 
erably  between  1  00  microns  and  1  .5  mm. 

The  asymmetric  membrane  that  surrounds  the  device  core  components  may  be  any  asymmetric  membrane  that 
provides  the  desired  release  profile  for  the  particular  application  chosen.  Asymmetric  membranes  are  described  in  "The 
Use  of  Asymmetric  Membranes  in  Delivery  Devices"  E.P.O.  Pub.  No.  0357369  the  U.S.  equivalent  of  which  is  U.S.  App. 

45  Ser.  No.  391,741,  the  disclosure  of  which  is  hereby  incorporated  by  reference.  Briefly,  an  asymmetric  membrane  is 
comprised  of  two  regions  of  membrane  layers.  The  substructure  is  relatively  thick  and  very  porous  in  nature.  This  sub- 
structure  supports  the  other  portion  of  the  membrane,  a  very  dense,  thin  skin.  Generally,  the  asymmetric  membrane 
dense  skin  is  3  urn  to  6  urn  and  the  substructure  is  4  urn  to  300  urn.  Generally  the  overall  thickness  is  from  10  pm  to 
300  urn.  Typically  this  corresponds  to  5%  to  30%  by  weight  based  on  the  core  weight.  Typical  polymers  used  in  fabri- 

50  eating  asymmetric  membranes  are  cellulose  derivatives,  polysulfones,  polyamides,  polyurethanes,  polypropylene  eth- 
ylene-vinyl  acetate  polyvinylchloride,  polyvinyl  alcohol,  ethylene  vinyl  alcohol,  polyvinylidene  fluoride  and  polymethyl 
methacrylate. 

The  beneficial  agents  used  in  the  devices  of  this  invention  include,  for  example,  any  physiologically  or  pharmaco- 
logically  active  substance  that  produces  a  ocalized  or  systemic  effect  in  animals  including  mammals  (e.g.,  human 

55  beings).  The  beneficial  agents,  their  therapeutic  properties  and  their  solubilities  are  known  to  the  drug  dispensing  art  in 
Pharmaceutical  Sciences,  by  Remington,  15th.  Ed.,  1975  published  by  the  Mack  Publishing  Co.,  Easton,  Penn;  and  in 
USAN  and  the  USP  Dictionary  of  Drug  Names,  Mary  G.  Griffiths  Ed.,  1985,  published  by  USP  Convention  Inc.,  Rock- 
ville,  Md. 
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Examples  of  active  agents  include  inorganic  and  organic  compounds  such  as  drugs  that  act  on  the  peripheral 
nerves,  adrenergic  receptors,  cholinergic  receptors,  nervous  system,  skeletal  muscles,  cardiovascular  smooth  mus- 
cles,  blood  circulatory  system,  synaptic  sites,  neuroeffector  junctional  sites,  endocrine  and  hormone  systems,  immuno- 
logical  system,  reproductive  system,  autoacoid  systems,  alimentary  and  excretory  systems,  inhibitors  of  autocoids  and 

5  histamine  systems.  The  pharmaceutical  agent  that  can  be  delivered  for  acting  on  these  systems  includes  antidepres- 
sants,  hypnotics,  sedatives,  psychic  energizers,  tranquilizers,  anti-convulsants,  muscle  relaxants,  antisecretories,  anti- 
parkinson  agents,  analgesics,  anti-inflammatory  agents,  local  anesthetics,  muscle  contractants,  antibiotics,  anti-micro- 
bials,  anthelmintics,  anti-malarials,  hormonal  agents,  contraceptives,  histamines,  antihistamines,  adrenergic  agents, 
diuretics,  antiscabiosis,  anti-pediculars,  anti-parasitics,  anti-neoplastic  agents,  hypoglycemics,  electrolytes,  vitamins, 

10  diagnostic  agents  and  cardiovascular  pharmaceuticals. 
Also  included  in  such  active  substances  are  prodrugs  of  the  above-described  drugs.  Such  drugs  or  prodrugs  can 

be  in  a  variety  of  forms  such  as  the  pharmaceutical^  acceptable  salts  thereof. 
The  term  beneficial  agent  is  also  meant  to  include  other  substances  for  which  it  is  desirable  and/or  advantageous 

to  control  delivery  into  an  environment  of  use.  Examples  of  such  substances  include  fertilizers,  algacides,  reaction  cat- 
15  alysts  and  enzymes. 

In  addition  to  the  above-mentioned  possible  ingredients  of  the  devices  of  this  invention,  other  common  pharmaceu- 
tical  excipients  maybe  present.  Examples  include  viscosity  modifiers,  antioxidants,  stabilizers,  flavoring  agents,  binding 
agents,  tablet  disintegrants,  lubricants,  glidants,  adsorbents,  inert  diluents,  surfactants  etc.  Typical  examples  are:  bind- 
ing  agents  such  as  carboxymethyl  cellulose,  hydroxyethyl  cellulose,  acacia  gum,  guar  gum,  microcrystalline  cellulose, 

20  starch  sodium  polyethylene  glycols,  corn  syrup,  sucrose,  lactose,  mannitol,  calcium  phosphate  and  ethyl  cellulose;  tab- 
let  disintegrants  such  as  starch,  microcrystalline  cellulose,  clays  and  sodium  alginate;  lubricants  such  as  talc,  polyeth- 
ylene  glycol,  com  starch,  sodium  benzoate  and  sodium  acetate;  glidants  such  as  microfine  silicas,  corn  starch, 
microcrystalline  cellulose  and  talc;  adsorbents  such  as  silicas  and  starches;  and  inert  diluents  such  as  lactose,  dex- 
trose,  starch,  microcrystalline  cellulose,  calcium  phosphate,  calcium  sulfate,  sucrose,  mannitol,  kaolin  and  magnesium 

25  aluminum  sulfate. 
The  devices  of  this  invention  can  also  be  administered  within  a  capsule  comprising  a  water  soluble  wall.  For  exam- 

ple,  the  devices  can  be  manufactured  to  be  of  suitable  size  for  inclusion  either  singularly  or  multiply  within  a  gelatin  cap- 
sule  such  that  when  the  capsule  dissolves  the  device(s)  are  released  into  the  environment  of  use.  While  the  devices  to 
be  included  within  a  capsule  can  be  of  a  variety  of  shapes,  a  preferred  shape  for  such  devices  is  spherical  or  substan- 

30  tially  spherical.  The  exact  number  and  size  of  such  devices  can  and  will  be  determined  according  to  a  variety  of  well 
know  factors.  For  example,  the  environment  of  use,  the  beneficial  agent  or  agents,  the  amount  of  beneficial  agent  and 
the  rate  of  release  are  all  factors  to  be  considered  in  determining  the  size,  shape,  and  number  of  devices  to  be  included 
in  such  capsules  as  well  as  the  composition  of  the  capsule. 

The  dispensing  device  shape  and  dimensions  can  vary  based  on  the  particular  application  (e.g.,  tablet).  Common 
35  exemplary  shapes  are  spherical  cylindrical,  tablet-shaped  and  capsular-shaped.  The  dispensing  device  dimensions 

may  vary  with  the  desired  application  (e.g.,  cattle  tablets,  human  tablets).  The  shape  and  size  may  also  vary  depending 
on  the  application  so  that,  for  example,  the  tablet  is  suitable  depending  on  the  quantity  and  rate  of  beneficial  agent  deliv- 
ery  which  vary  based  on  the  application.  Preferably  the  tablet  is  0.16  cm  to  1  .27  cm  in  size  and  the  beads  are  0.2  mm 
to  2.5  mm  in  size.  Typical  capsule  dimensions  range  from  about  1  cm  to  about  2.54  cm  in  length  and  about  0.25  cm  to 

40  about  1.1  cm  in  diameter  for  human  health  applications.  For  animal  applications  such  as  ruminal  delivery  to  cattle,  typ- 
ical  dimensions  range  from  about  5.1  cm  to  about  10.2  cm  in  length  and  about  1  .3  cm  to  about  3.1  cm  in  diameter. 

Typically,  the  beneficial  agent  comprises  up  to  50%  of  the  weight  of  the  device,  the  solubility  modifier  macropartic- 
ulate  comprises  up  to  90%  of  the  weight  of  the  device,  the  osmagent  comprises  up  to  90%  of  the  weight  of  the  device 
and  the  other  excipients  comprise  up  to  50%  of  the  weight  of  the  device.  Typically,  the  macroparticulate  coating  com- 

45  prises  5%  to  45%  of  the  weight  of  the  beneficial  agent  and  solubility  modifier  macroparticulate.  Typically,  the  asymmet- 
ric  membrane  comprises  5%  to  30%  of  the  weight  of  all  the  device  components. 

A  clearer  understanding  of  the  devices  of  this  invention  may  be  had  by  reference  to  Figure  1  .  In  Figure  1  the  ben- 
eficial  agent  and  other  excipients  3  are  surrounded  by  asymmetric  membrane  capsule  halves  6.  External  to  the  device 
1  is  the  environment  of  use  15  including  the  aqueous  solution.  Inside  the  capsule  halves  6  is  one  compressed  mac- 

50  roparticulate  9  having  a  coating  12  thereon  and  another  compressed  macroparticulate  18  which  is  uncoated. 
Preferred  devices  include  those  with  an  asymmetric  membrane  coating  comprising  cellulose  acetate/glycerine  and 

optionally  triethyl  citrate  surrounding  the  beneficial  agent,  cellulose  acetate/polyethylene  glycol  coated  macroparticu- 
lates  and  other  excipients.  It  is  especially  preferred  that  the  macroparticulates  comprise  meglumine  (N-methyl  glu- 
camine).  It  is  also  preferred  that  the  weight  proportion  of  cellulose  acetate  to  polyethylene  glycol  is  about  1/1  to  10/1 

55  and  that  the  weight  proportion  of  the  coating  to  the  macroparticulate  core  is  about  5%  to  about  30%.  It  is  especially  pre- 
ferred  that  there  are  1  to  4  macroparticulates  having  a  size  of  about  0.48  cm  to  0.64  cm. 

The  devices  of  this  invention  having  the  above  described  desired  characteristics  may  be  made  using  the  above 
described  materials  using  the  following  processes  and  other  conventional  methods. 
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The  coated  macroparticulate  particles  of  this  invention  are  made  by  standard  procedures  such  as  wet  or  dry  gran- 
ulation  of  the  desired  formulation  followed  by  compression  into  a  tablet.  Alternatively,  compressed  tablets  of  the  desired 
formulation  can  be  made  by  direct  compression,  i.e.,  without  a  granulation  step  prior  to  compression.  Macroparticulates 
(in  the  form  of  beads,  spheres,  or  rounded  shapes)  may  also  be  prepared  by  an  extrusion-spheronization  process  in 

5  which  the  desired  blend  is  wet-massed,  extruded  in  an  extruder  (e.g.,  Luwa  EXKS-1  extruder,  LCI,  Charlotte,  NC  or  the 
Caleva  Model  40  extruder  G.B.  Caleva  Ltd.,  Dorset,  England),  spheronized  in  a  spheronizer  (e.g.,  Luwa  QJ-  230 
marumerizer,  LCI,  Charlotte,  NC  or  the  Caleva  Model  15  spheronizer,  G.B.  Caleva  Ltd.,  Dorset,  England),  and  the 
resulting  macroparticulates  dried  by  tray  drying  in  a  forced-air  convection  oven,  fluid  bed  dryer,  or  vacuum  dryer.  Other 
drying  methods  such  as  microwave  drying  can  also  be  used. 

10  The  macroparticulates  are  then  optionally  film-coated  according  to  standard  procedures  with  the  desired  coating 
by  repeatedly  dipping  them  into  a  coating  solution  and  drying  in-between  dippings  or,  on  a  larger  scale,  by  using  con- 
ventional  or  side-vented  coating  pans  (e.g.,  the  Accela-Cota,  Thomas  Engineering,  Hoffman  Estates,  IL,  the  Vector-Fre- 
und  Hi-Coater,  Marion,  IA,  and  the  Driacoater,  Driam  USA,  Spartanburg,  SC).  Alternatively,  fluid-bed  coating  equipment 
with  top-spray  (granulator),  bottom  spray  (Wurster),  and  tangential  spray  (rotor-processor)  can  also  be  used  to  apply 

15  the  film-coat  onto  the  macroparticulates.  Such  fluid-bed  coating  equipment  is  available  from  vendors  such  as  Glatt  Air 
Techniques,  Ramsey,  NJ  and  from  Aeromatic  Inc.,  Columbia,  NJ,  and  Vector  Corporation,  Marion,  IA. 

The  active  agent  formulation  in  the  present  invention  can  simply  be  a  homogeneous  blend  of  the  active  agent  and 
other  excipients  achieved  by  mixing  or  it  can  be  a  granulation  prepared  by  standard  dry  or  wet  granulation  techniques. 
In  a  wet-granulation  technique,  a  blend  of  the  dry  components  is  wet-massed  with  water  or  with  nonaqueous  solvents. 

20  The  wet  mass  is  then  dried  and  milled  to  achieve  the  desired  particle  size  distribution. 
Capsule  formulations  may  be  prepared  by  forming  a  cap  and  body  of  the  above-described  polymers.  In  a  conven- 

tional  fashion  polymers  may  be  molded  into  the  desired  shapes  and  sintered  followed  by  dip-coating  with  an  asymmetric 
membrane.  Alternatively  hard  gelatin  capsules  may  be  coated  with  the  asymmetric  membrane.  These  semipermeable 
capsule  bodies  and  caps  are  then  filled  with  the  beneficial  agent,  macroparticulates  and  other  excipients  using  standard 

25  capsule  filling  techniques.  Then,  the  capsule  is  sealed  and  assembled  according  to  standard  techniques.  This  may  be 
performed  using  conventional  capsule-sealing  equipment.  Tablets  may  be  prepared  using  conventional  processes  and 
conventional  tabletting  and  tablet-coating  equipment.  The  tablet  cores  can  be  made  by  direct  compression  of  the  ben- 
eficial  agent,  macroparticulates  and  other  desired  excipients  or  other  common  tabletting  methods. 

Several  different  phase-inversion  methods  may  be  used  to  apply  an  asymmetric  coating  to  the  capsules  or  tablets 
30  (e.g.,  E.P.O.  0357369).  These  phase-inversion  methods  include  the  vapor  quench  process,  the  dry  process,  the  liquid 

quench  process,  and  the  thermal  process.  Asymmetric  membrane  coatings  can  also  be  made  by  interfacial  polymeri- 
zation  (e.g.,  E.P.O.  Pub.  No.  0357369). 

In  the  vapor  quench  process,  membrane  formation  is  accomplished  by  penetration  of  a  precipitant  for  the  polymer 
into  the  solution  film  from  the  vapor  phase,  which  may  be  saturated  with  the  solvent  used.  A  porous  membrane  is  pro- 

35  duced  without  a  skin  and  with  an  even  distribution  of  pores  over  the  membrane  thickness. 
In  the  dry  process,  the  polymer  is  dissolved  in  a  mixture  of  a  solvent  and  a  poor  solvent,  of  which  the  former  solvent 

is  more  volatile.  The  polymer  precipitates  when  the  mixture  shifts  in  composition  during  evaporation  to  a  higher  nonsol- 
vent  content.  A  skinned  or  nonskinned  microporous  membrane  can  be  the  result. 

In  the  liquid  quench  process,  film  formation  is  caused  by  the  immersion  of  the  cast  polymer  film  in  a  nonsolvent 
40  bath.  The  polymer  precipitates  as  a  result  of  solvent  loss  and  nonsolvent  penetration  (exchange  of  the  solvent  with  non- 

solvent).  A  skinned  or  nonskinned  membrane  can  be  the  result. 
In  the  thermal  process,  a  solution  of  polymer  in  a  mixed  solvent,  which  is  on  the  verge  of  precipitation,  is  brought 

to  phase  separation  by  a  cooling  step.  When  evaporation  of  the  solvent  has  not  been  prevented,  the  membrane  can 
have  a  skin. 

45  Microporous  asymmetric  coatings  can  also  be  made  by  inclusion  of  a  leachable  component  in  the  coating  formula- 
tion.  For  example,  a  small  molecular  weight  sugar,  salt,  or  water  soluble  polymer  particles  can  be  suspended  or  dis- 
solved  in  the  coating  solution.  Once  the  coating  is  applied,  then  the  water-soluble  materials  can  be  leached  out  by 
immersion  in  water,  forming  a  microporous  asymmetric  coating. 

so  Example  1 

Control  of  initial  release  rate  and  maximal  extent  of  drug  release 

Asymmetric  membrane  capsules  were  made  by  a  phase  inversion  process  in  which  the  membrane  was  precipi- 
55  tated  on  a  mold  pin  by  dipping  the  mold  pin  in  a  coating  solution  followed  by  quenching  in  an  aqueous  solution.  Thus, 

cylindrical  stainless  steel  mold  pins  about  5.1  cm  long  with  diameters  that  allowed  the  cast  halves  to  snugly  fit  each 
other  were  used.  They  were  first  lubricated  with  a  silicone  fluid  (Dow  MDX4  Medical  Grade  Fluid,  Dow  Chemicals,  Mid- 
land,  Ml)  diluted  in  methylene  chloride.  The  silicone  fluid  served  as  a  release  agent,  i.e.,  it  aided  the  stripping  of  thecap- 
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sule  half  alter  drying.  The  mold  pins  were  then  dipped  into  a  solution  consisting  of  cellulose  acetate/acetone/ethyl 
alcohol/glycerine  citrate  (1  5/49/28/8).  This  was  followed  by  slowly  withdrawing  the  mold  pins  from  the  solution  and  rotat- 
ing  them  twice,  to  evenly  distribute  the  polymer  around  the  pins.  As  the  polymer  solution  became  increasingly  viscous 
because  of  phase  separation,  it  formed  a  capsular  shape  over  the  mold-pins.  Then,  the  mold-pins  were  lowered  into  a 
90/10  mixture  of  water/glycerine  to  quench.  After  about  15  minutes  in  the  quench  bath,  the  pins  were  withdrawn  and 
allowed  to  dry  at  room  temperature.  After  drying,  the  capsule  shells  were  stripped  off  the  pins  by  a  stripping  collar, 
trimmed  to  size  with  a  razor  blade,  and  the  two  halves  joined.  The  cycle  time  from  dipping  to  stripping  was  about  45  to 
55  minutes. 

The  body  of  the  asymmetric  membrane  capsules  was  filled  with  20  mg  glipizide  (approximately  12%),  mixtures  of 
TRIS  (tromethamine,  tris(hydroxy-methyl)aminomethane,  or  THAM)  and  fructose  in  the  proportions  given  in  Table  1  , 
and  0.5%  magnesium  stearate.  The  release  profile  of  glipizide  into  0.004  M  TRIS  obtained  with  these  formulations, 
labeled  I  through  VI,  is  shown  in  Figure  2.  Figure  2  graphs  percent  %  glipizide  released  (Y)  against  time  in  hours  (X)  for 
the  various  formulations  keyed  to  Table  1  . 

Table  1 

Asymmetric  membrane  capsule  formulations  of  Example  1 

Components  I  II  III  IV  V  VI 

Glipizide  12  12  12  12  12  12 

TRIS  87.5  70  50  35  25  15 

Fructose  0  17.5  37.5  52.5  62.5  72.5 

Magnesium  stearate  0.5  0.5  0.5  0.5  0.5  0.5 

100%  100%  100%  100%  100%  100% 

Glipizide  was  completely  released  from  Formulation  I  containing  TRIS  as  the  major  component  (no  fructose)  over 
a  2  to  3  hour  period.  As  the  proportion  of  TRIS  in  the  asymmetric  membrane  capsule  formulation  was  reduced  (and  that 
of  fructose  was  increased),  the  initial  release  rate  of  glipizide  was  reduced.  Also  the  extent  of  release  was  progressively 
lower.  Thus,  the  maximal  extent  of  glipizide  released  decreased  with  a  decrease  in  the  TRIS  content  of  the  formulation. 

Table  2  lists  the  initial  release  rate  (calculated  from  the  initial  slope  of  the  release  profile),  the  maximal  extent  of  gli- 
pizide  released,  and  the  time  to  release  90%  of  the  maximal  extent. 

Table  2 

Calculated  release  characteristics  of  glipizide  formulations  of  Example  1 

Formulation  %  TRIS  Initial  Release  Rate  Extent  of  Release  (%  of  Time  for  90%  drug  to  be 
(%/hr)  initial)  released  (hr) 

I  87.5  44.8  100  2.6 

II  70  32.2  97.5  4.0 

III  50  29.4  82.5  4.5 

IV  35  21.7  57.3  5.7 

V  25  18.7  52.5  5.0 

VI  15  13.9  39.2  4.0 

This  example  demonstrates  control  of  the  initial  release  rate  and  the  maximal  extent  of  glipizide  released  from 
asymmetric  membrane  capsules  by  selecting  the  proper  fill  formulation. 

8 
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Example  2 

Control  of  time-lag  before  onset  of  drug  release 

5  Asymmetric  membrane  capsules  were  fabricated  as  described  in  Example  1  and  were  filled  with  a  #60-100  mesh 
granulation  consisting  of  glipizide/lactose/-Klucel  EF  15/80/5  (Klucel  EF  Hydroxypropylcellulose,  Aqualon,  Wilmington, 
DE).  The  granulation  was  made  by  a  standard  aqueous  wet  granulation  process.  In  addition  to  this  granulation,  the  cap- 
sules  were  filled  with  0.48  cm  meglumine  (sometimes  referred  to  as  N-methyl  glucamine)  tablets  that  were,  in  some 
cases,  film-coated  with  a  cellulose  acetate/polyethylene  glycol  1000  (M.W.)  (CA/PEG)  membrane.  The  coated  meglu- 

10  mine  tablets  were  made  by  wet  granulating  a  95/5  mixture  of  meglumine/Klucel-EF.  A  9/1  mixture  of  magnesium  stear- 
ate/sodium  lauryl  sulfate  and  colloidal  silicon  dioxide  were  added  to  the  meglumine  granulation  and  this  blend  was 
compressed  into  0.48  cm  tablets  using  the  Type  F  (Manesty,  Liverpool,  England)  tabletting  machine.  The  meglumine 
tablets  were  spray  film-coated  at  the  1  0%  w/w  core  or  20%  w/w  core  level  with  a  9/1  CA/PEG  1  000. 

Glipizide  release  from  these  capsules  showed  a  reproducible  time-lag  before  the  onset  of  release.  The  magnitude 
15  of  this  time-lag  was  dependent  on  the  coating  level  relative  to  the  core  and  on  the  ratio  of  CA/PEG  in  the  filmcoat 

applied  to  the  meglumine  tablets  (Figure  3).  Figure  3  graphs  percent  %  glipizide  released  (Y)  against  time  in  hours  (X) 
for  the  various  formulations  keyed  to  Table  3.  After  the  reproducible  time-lag,  drug  release  occurred  at  a  relatively  rapid 
rate  that  was  characteristic  of  a  capsule  formulations  containing  glipizide  and  meglumine.  The  time-lag  data  are  sum- 
marized  in  Table  3. 

20 

Table  3 

Summary  of  time-lag  observed  before  glipizide  release  from  asymmetric  membrane  capsules  containing  a  glipizide 
granulation  and  coated  meglumine  tablets 

Encapsulated  Meglumine  Formulation  Time-lag  (hr) 
I  Uncoated  meglumine  tablets  1  hour 

II  2  meglumine  tablets  coated  with  a  6/4  CA/PEG  membrane  at  a  1  0%  (w/w  2  hours 
core)  level 

III  2  meglumine  tablets  coated  with  a  9/1  CA/PEG  membrane  at  a  10%  (w/w  4  hours 
core)  level 

IV  2  meglumine  tablets  coated  with  a  9/1  CA/PEG  membrane  at  a  20%  (w/w  6  hours 
core)  level 

This  example  demonstrates  that  time-lag  can  be  controlled  before  the  onset  of  drug  release  from  asymmetric  mem- 
brane  capsules  by  filling  the  capsules  with  a  drug  granulation  as  well  as  an  encapsulated  excipient  formulation.  The 
magnitude  of  the  time-lag  can  be  controlled  by  selecting  the  coating  level  and  the  film  coat  surrounding  the  excipient 

40  tablet. 

Example  3 

Control  of  the  shape  of  the  release  profile 

Asymmetric  membrane  capsules  consisting  of  cellulose  acetate/acetone/ethyl  alcohol/glycerine/triethylcitrate 
15/49/28/3/5  were  made  by  the  process  described  in  Example  1  .  They  were  then  filled  with  formulations  designated  I 
through  III  shown  in  Table  4.  Formulation  I  was  made  by  a  conventional  aqueous  wet-granulation  method  and  sized  to 
#60-100  mesh  while  Formulations  II  and  III  were  made  by  blending,  screening,  and  reblending. 

Table  4 

Asymmetric  membrane  capsule  formulations  of  Example  3 

Components  I  II  III 

Glipizide  8.5  6.0  4.7 

Meglumine  86.9  56.1 

9 
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Table  4  (continued) 

Asymmetric  membrane  capsule  formulations  of  Example  3 

Components  I  II  III 

Klucel  4.6 

Sodium  bicarbonate  37.4 

Tribasic  sodium  phosphate  32.6 

Sodium  chloride  62.7 

Magnesium  stearate  0.5 

Total  100.0  100.0  100.0 

Process  description  Wet  granulated  and  sized  to  #60-100  mesh  Blend-mill-blend  Blend-mill-blend 
15 

The  plot  of  the  glipizide  release  profile  observed  with  these  formulations  during  most  of  the  delivery  period  was 
respectively  concave  downwards,  linear,  and  concave  upwards  for  the  formulations  I  through  III  (Figure  4).  Figure  4 
graphs  percent  (%)  glipizide  released  (Y)  against  time  in  hours  (X)  for  the  formulations  keyed  to  Table  4.  The  glipizide 

20  release  rates  were  calculated  as  a  function  of  time  from  the  release  profiles.  These  indicate  a  decreasing,  constant,  and 
increasing  rate  of  glipizide  release  depending  on  the  formulation  used. 

This  example  demonstrates  that  the  shape  of  the  drug  release  profile  is  dependent  on  the  fill  formulation  used  in 
asymmetric  membrane  capsules.  Thus,  decreasing,  relatively  constant,  and  increasing  release  rates  are  possible. 

25  Example  4 

Combination  of  incomplete  release  and  time-lag  before  onset  of  release 

Asymmetric  membrane  capsules  were  made  as  in  Example  3  and  filled  with  the  following: 
30 

(1)  a  glipizide  granulation  containing  9.5%  glipizide,  20%  TRIS,  70%  lactose  and  0.5%  magnesium  stearate,  and 
(2)  one  0.48  cm  meglumine  tablet  coated  with  a  9/1  cellulose  acetate/-polyethylene  glycol-1000  (CA/PEG)  coat  at 
10%  (w/w  core)  level.  The  meglumine  tablet  itself  was  made  by  combining  and  compressing  a  meglumine  granula- 
tion  (93%),  9/1  magnesium  stearate/sodium  lauryl  sulfate  (5%),  and  colloidal  silicon  dioxide  (Cabosil)  (2%).  The 

35  meglumine  granulation  was  prepared  by  a  wet-granulation  of  meglumine  (95%)  and  hydroxypropylcellulose  (Klu- 
cel)  (5%). 

Based  on  the  results  discussed  in  previous  examples,  the  glipizide  granulation,  by  itself,  was  expected  to  give  the 
following  release  characteristics:  initial  release  rate,  16.3%/hr;  maximal  extent  of  glipizide  release,  46%;  time  for  releas- 

40  ing  90%  of  the  glipizide  in  this  formulation,  4.5  hours.  The  encapsulated  excipient  formulation,  by  itself,  was  expected 
to  give  a  time-lag  of  4  hours  before  the  onset  of  drug  release.  By  combining  these  formulations,  a  sustained  and  com- 
plete  release  of  glipizide  over  a  prolonged  period  was  achieved.  The  actual  glipizide  release  profile  obtained  with  this 
formulation  is  shown  in  Figure  5.  Figure  5  graphs  percent  (%)  glipizide  released  (Y)  against  time  in  hours.  This  example 
demonstrates  that  the  different  elements  of  programmed  delivery  can  be  combined  in  a  dosage  form  to  obtain  release 

45  characteristics  that  were  not  otherwise  possible.  Thus,  by  combining,  in  an  asymmetric  membrane  capsule,  a  formula- 
tion  which,  by  itself,  would  have  released  incompletely  but  without  a  time-lag  and  another  formulation  which,  by  itself, 
would  have  given  a  time-lag  but  would  have  released  all  the  drug  load,  it  is  possible  to  obtain  a  prolonged  release  of  the 
drug. 

so  Example  5 

Combination  of  two  different  time-lags 

Asymmetric  membrane  capsules  were  made  as  in  Example  3  and  filled  with  the  following: 
55 

(1)  a  glipizide  granulation  containing  15%  glipizide,  80%  lactose,  and  5%  hydroxypropylcellulose  (Klucel), 

(2)  one  0.48  cm  meglumine  tablet  coated  with  a  6/4  cellulose  acetate/polyethylene  glycol-1000  (CA/PEG)  coat  at 

10 
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10%  (w/w  core)  level.  The  meglumine  tablet  itself  was  made  by  combining  and  compressing  a  meglumine  granula- 
tion  (93%),  9/1  magnesium  stearate/sodium  lauryl  sulfate  (5%)  and  colloidal  silicon  dioxide  (Cabosil)  (2%).  The 
meglumine  granulation  was  prepared  by  a  wet-granulation  of  meglumine  (95%)  and  hydroxypropylcellulose  (Klu- 
cel)  (5%),  and 

5 
(3)  one  0.48  cm  meglumine  tablet  coated  with  a  9/1  cellulose  acetate/polyethylene  glycol-1000  (CA/PEG)  coat  at 
20%  (w/w  core)  level.  The  meglumine  tablet  itself  was  made  by  combining  and  compressing  a  meglumine  granula- 
tion  (93%),  9/1  magnesium  stearate/sodium  lauryl  sulfate  (5%)  and  colloidal  silicon  dioxide  (Cabosil)  (2%).  The 
meglumine  granulation  was  prepared  by  a  wet-granulation  of  meglumine  (95%)  and  hydroxypropylcellulose  (Klu- 

w  eel)  (5%). 

The  actual  glipizide  release  profile  obtained  with  this  formulation  is  shown  in  Figure  6.  Figure  6  graphs  percent  (%) 
glipizide  released  (Y)  against  time  in  hours  (X).  This  example  demonstrates  that  different  elements  of  programmed 
delivery  can  be  combined  in  a  dosage  form  to  obtain  release  characteristics  in  a  more  efficient  manner. 

15 
Claims 

1  .  A  device  for  delivery  of  a  beneficial  agent  to  an  aqueous  environment  comprising: 

20  a.  a  beneficial  agent; 
b.  an  osmagent; 
c.  a  macroparticulate  solubility  modifier  capable  of  modifying  the  solubility  of  the  beneficial  agent,  wherein  the 
solubility  modifier  is  selected  from  sugars  such  as  sucrose,  lactose,  mannitol,  maltose,  sorbitol  and  fructose; 
neutral  salts  such  as  sodium  chloride,  magnesium  sulfate,  magnesium  chloride,  potassium  sulfate,  sodium  car- 

25  bonate,  sodium  sulfite,  potassium  acid  phosphate,  sodium  acetate;  acidic  components  such  as  fumaric 
acid,  maleic  acid,  adipic  acid,  citric  acid  and  ascorbic  acid;  alkaline  components  such  as  tris(hydroxymethyl) 
aminomethane  (TRIS),  meglumine,  tribasic  and  dibasic  phosphates  of  sodium  and  potassium;  amino  acids 
such  as  glycine  and  arginine;  and  urea; 
d.  said  macroparticulate  having  a  diameter  of  0.16cm  to  1.27  cm  and  having  a  coating  thereon;  and 

30  e.  an  asymmetric  membrane  surrounding  said  beneficial  agent,  osmagent  and  macroparticulate. 

2.  The  device  as  recited  in  claim  1  wherein  said  solubility  modifier  is  an  osmagent. 

3.  The  device  as  recited  in  claim  1  wherein  said  solubility  modifier  is  the  osmagent. 
35 

4.  The  device  as  recited  in  claim  1  wherein  said  beneficial  agent  is  the  osmagent. 

5.  The  device  as  recited  in  claim  1  including  a  separate  solubility  modifier  and  osmagent. 

40  6.  The  device  as  recited  in  any  preceding  claim  wherein  said  macroparticles  are  compressed  macroparticles  and 
wherein  said  device  includes  uncoated  solubility  modifier. 

7.  The  device  as  recited  in  claim  6  wherein  said  macroparticulate  coating  is  a  polymeric  coating  that  is  permeable  to 
the  aqueous  environment. 

45 
8.  The  device  as  recited  in  claim  7  wherein  said  beneficial  agent  is  poorly  soluble  or  highly  soluble  in  the  aqueous 

environment. 

9.  The  device  as  recited  in  claim  8  wherein  said  beneficial  agent  is  a  pharmaceutical  or  veterinary  agent. 
50 

10.  The  device  as  recited  in  claim  9  wherein  said  device  is  a  capsule. 

11.  The  device  as  recited  in  any  preceding  claim  wherein  said  macroparticulate  coating  has  a  duration  sufficient  to 
achieve  release  of  substantially  all  the  beneficial  agent. 

55 
12.  The  device  as  recited  in  any  preceding  claim  wherein  said  device  includes  two  macroparticulates,  said  macropar- 

ticulates  having  substantially  different  release  time  lags. 

11 
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13.  The  device  as  recited  in  claim  10  wherein  said  macroparticulate  coating  has  a  mixture  of  a  polymer  and  pore 
former. 

14.  The  device  as  recited  in  claim  13  wherein  said  macroparticulate  coating  is  a  mixture  of  cellulose  acetate  and  poly- 
ethyleneglycol. 

1  5.  The  device  as  recited  in  claim  1  4  wherein  said  macroparticulates  contain  a  mixture  of  N-methyl  glucamine  and 
hydroxypropylcellulose. 

1  6.  A  method  for  the  delivery  of  a  beneficial  agent  to  an  aqueous  environment  of  use  which  comprises  placing  the 
device  of  any  preceding  claim  into  the  aqueous  environment  of  use.with  the  proviso  that  the  beneficial  agent  is  not 
for  the  therapeutic  or  diagnostic  treatment  of  a  human  or  animal  body. 

1  7.  A  device  as  recited  in  any  of  claims  1  to  1  5,  where  the  beneficial  agent  is  a  pharmaceutical  or  veterinary  agent,  for 
use  as  a  medicament. 

Patentanspruche 

1  .  Vorrichtung  zur  Abgabe  eines  Wirkstoffes  an  eine  wasserige  Umgebung,  umfassend: 

a.  einen  Wirkstoff; 
b.  ein  osmotisch  wirkendes  Mittel; 
c.  ein  grobkorniges,  die  Loslichkeit  modifizierendes  Mittel,  das  in  der  Lage  ist,  die  Loslichkeit  des  Wirkstoffes 
zu  modifizieren,  wobei  das  die  Loslichkeit  modifizierende  Mittel  ausgewahlt  ist  aus  Zuckern,  wie  Saccharose, 
Lactose,  Mannit,  Maltose,  Sorbit  und  Fructose;  neutralen  Salzen,  wie  Natriumchlorid,  Magnesiumsulfat, 
Magnesiumchlorid,  Kaliumsulfat,  Natriumcarbonat,  Natriumsulfit,  saures  Kaliumphosphat,  Natriumacetat;  sau- 
ren  Komponenten,  wie  Fumarsaure,  Maleinsaure,  Adipinsaure,  Zitronensaure  und  Ascorbinsaure,  alkalischen 
Komponenten,  wie  Tris  (hydroxmethyl)  aminomethan  (TRIS),  Meglumin,  dreibasige  und  zweibasige  Phosphate 
von  Natrium  und  Kalium;  Aminosauren,  wie  Glycin  und  Arginin,  und  Harnstoff; 
d.  wobei  der  grobkornige  Stoff  einen  Durchmesser  von  0,16  cm  bis  1,27  cm  und  eine  Beschichtung  darauf  auf- 
weist;  und 
e.  eine  asymmetrische  Membran,  die  den  Wirkstoff,  das  osmotisch  wirkende  Mittel  und  den  grobkornigen  Stoff 
umgibt. 

2.  Vorrichtung  nach  Anspruch  1  ,  wobei  das  die  Loslichkeit  modifizierende  Mittel  ein  osmotisch  wirkendes  Mittel  ist. 

3.  Vorrichtung  nach  Anspruch  1  ,  wobei  das  die  Loslichkeit  modifizierende  Mittel  das  osmotisch  wirkende  Mittel  ist. 

4.  Vorrichtung  nach  Anspruch  1  ,  wobei  der  Wirkstoff  das  osmotisch  wirkende  Mittel  ist. 

5.  Vorrichtung  nach  Anspruch  1  ,  einschlieBlich  eines  getrennten,  die  Loslichkeit  modif  izierenden  Mittels  und  osmo- 
tisch  wirkenden  Mittels. 

6.  Vorrichtung  nach  einem  vorangehenden  Anspruch,  wobei  die  grobkornigen  Stoffe  verpreBte  grobkornige  Stoffe 
darstellen  und  wobei  die  Vorrichtung  ein  unbeschichtetes  die  Loslichkeit  modifizierendes  Mittel  einschlieBt. 

7.  Vorrichtung  nach  Anspruch  6,  wobei  die  Beschichtung  des  grobkornigen  Stoffes  eine  Polymerbeschichtung  dar- 
stellt,  die  fur  die  wasserige  Umgebung  durchlassig  ist. 

8.  Vorrichtung  nach  Anspruch  7,  wobei  der  Wirkstoff  in  der  wasserigen  Umgebung  wenig  loslich  oder  stark  loslich  ist. 

9.  Vorrichtung  nach  Anspruch  8,  wobei  der  Wirkstoff  ein  Arzneimittel  oder  veterinares  Mittel  ist. 

10.  Vorrichtung  nach  Anspruch  9,  wobei  die  Vorrichtung  eine  Kapsel  ist. 

11.  Vorrichtung  nach  einem  vorangehenden  Anspruch,  wobei  die  Beschichtung  des  grobkornigen  Stoffes  einen  Zeit- 
raum  vorgibt,  der  zum  Erreichen  einer  Freisetzung  von  im  wesentlichen  des  gesamten  Wirkstoffes  ausreichend  ist. 
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12.  Vorrichtung  nach  einem  vorangehenden  Anspruch,  worin  die  Vorrichtung  zwei  grobkornige  Stoffe  einschlieBt, 
wobei  die  grobkornigen  Stoffe  im  wesentlichen  unterschiedlich  verzogerte  Freigabezeiten  aufweisen. 

13.  Vorrichtung  nach  Anspruch  10,  worin  die  Beschichtung  des  grobkornigen  Stoffes  ein  Gemisch  aus  einem  Polymer 
und  einem  Porenbildungsmittel  aufweist. 

14.  Vorrichtung  nach  Anspruch  13,  wobei  die  Beschichtung  des  grobkornigen  Stoffes  ein  Gemisch  von  Celluloseacetat 
und  Polyethylenglycol  ist. 

15.  Vorrichtung  nach  Anspruch  14,  wobei  die  grobkornigen  Stoffe  ein  Gemisch  von  N-Methylglucamin  und  Hydroxypro- 
pylcellulose  enthalten. 

16.  Verfahren  zur  Abgabe  eines  Wirkstoffes  an  eine  wasserige  Anwendungsumgebung,  das  Anordnen  der  Vorrichtung 
nach  einem  vorangehenden  Anspruch  in  eine  wasserige  Anwendungsumgebung  umfaBt,  mit  der  MaBgabe,  daB 
der  Wirkstoff  nicht  zur  therapeutischen  oder  diagnostischen  Behandlung  eines  menschlichen  oder  tierischen  Kor- 
pers  vorgesehen  ist. 

17.  Vorrichtung  nach  einem  der  Anspriiche  1  bis  15,  wobei  der  Wirkstoff  ein  pharmazeutisches  oder  veterinares  Mittel 
darstellt,  zur  Verwendung  als  Arzneimittel. 

Revendications 

1  .  Dispositif  pour  liberer  un  agent  benefique  dans  un  environnement  aqueux,  comprenant: 

a.  un  agent  benef  ique, 
b.  un  agent  osmotique, 
c.  un  modificateur  de  solubilite  macroparticulaire  capable  de  modifier  la  solubilite  de  I'agent  benefique,  dans 
lequel  le  modificateur  de  solubilite  est  choisi  parmi  les  sucres  tels  que  saccharose,  lactose,  mannitol,  maltose, 
sorbitol  et  fructose;  des  sels  neutres  tels  que  chlorure  de  sodium,  sulfate  de  magnesium,  chlorure  de  magne- 
sium,  sulfate  de  potassium,  carbonate  de  sodium,  sulfite  de  sodium,  phosphate  acide  de  potassium,  acetate 
de  sodium;  des  constituants  acides  tels  que  acide  fumarique,  acide  maleique,  acide  adipique,  acide  citrique  et 
acide  ascorbique;  des  constituants  alcalins  tels  que  tris(hydroxymethyl)aminomethane  (TRIS),  meglumine, 
phosphates  tribasique  et  dibasique  de  sodium  et  de  potassium,  acides  amines  tels  que  glycine  et  arginine;  et 
uree. 
d.  lesdites  macroparticules  ayant  un  diametre  de  0,16  cm  a  1  ,27  cm  et  portant  un  enrobage,  et 
e.  une  membrane  asymetrique  entourant  ledit  agent  benefique,  agent  osmogene  et  les  macroparticules. 

2.  Le  dispositif  selon  la  revendication  1  ,  dans  lequel  ledit  modificateur  de  solubilite  est  un  agent  osmotique. 

3.  Le  dispositif  selon  la  revendication  1  ,  dans  lequel  ledit  modificateur  de  solubilite  est  I'agent  osmotique. 

4.  Le  dispositif  selon  la  revendication  1  ,  dans  lequel  ledit  agent  benefique  est  I'agent  osmotique. 

5.  Le  dispositif  selon  la  revendication  1  ,  renfermant  un  modificateur  de  solubilite  et  un  agent  osmotique  distincts. 

6.  Le  dispositif  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  lesdites  macroparticules  sont 
des  macroparticules  comprimees  et  dans  lequel  ledit  dispositif  comprend  un  modificateur  de  solubilite  non  enrobe. 

7.  Le  dispositif  selon  la  revendication  6,  dans  lequel  ledit  enrobage  des  macroparticules  est  un  enrobage  polymere 
qui  est  permeable  a  I'environnement  aqueux. 

8.  Le  dispositif  selon  la  revendication  7,  dans  lequel  ledit  agent  benefique  est  peu  soluble  ou  hautement  soluble  dans 
I'environnement  aqueux. 

9.  Le  dispositif  selon  la  revendication  8,  dans  lequel  ledit  agent  benefique  est  un  agent  pharmaceutique  ou  veteri- 
naire. 

10.  Le  dispositif  selon  la  revendication  9,  dans  lequel  ledit  dispositif  est  une  capsule. 
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1  1  .  Le  dispositif  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ledit  enrobage  de  macroparticule 
a  une  duree  de  vie  suffisante  pour  permettre  la  liberation  de  la  quasi-totalite  de  I'agent  benefique. 

12.  Le  dispositif  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ledit  dispositif  comprend  deux 
5  macroparticules,  lesdites  macroparticules  ayant  notablement  des  retards  temporels  de  liberation  differents. 

13.  Le  dispositif  selon  la  revendication  10,  dans  lequel  ledit  enrobage  de  macroparticule  comprend  un  melange  de 
polymere  et  de  generateur  de  pores. 

10  14.  Le  dispositif  selon  la  revendication  13,  dans  lequel  ledit  enrobage  de  macroparticule  est  un  melange  d'acetate  de 
cellulose  et  de  polyethyleneglycol. 

15.  Le  dispositif  selon  la  revendication  14,  dans  lequel  lesdites  macroparticules  renferment  un  melange  de  N-methyl 
glucamine  et  d'hydroxypropylcellulose. 

15 
1  6.  Une  methode  de  liberation  d'un  agent  benefique  dans  un  environnement  aqueux  dont  I'utilisation  comprend  le  posi- 

tionnement  du  dispositif  selon  I'une  quelconque  des  revendications  precedentes  dans  I'environnement  aqueux  ou 
il  sert,  avec  cette  condition  que  I'agent  benefique  n'est  pas  destine  au  traitement  therapeutique  ni  au  diagnostic 
d'un  etre  humain  ou  d'un  animal. 

20 
17.  Un  dispositif  selon  I'une  quelconque  des  revendications  1  a  15,  dans  lequel  I'agent  benefique  est  un  agent  phar- 

maceutique  ou  veterinaire  destine  a  servir  de  medicament. 

14 
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