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ABSTRACT 

Aqueous d i s p e r s i o n s  o f  a c r y l i c  r e s i n s  may be conver ted  t o  pow- 

de rs  by spray o r  f r e e z e  d r y i n g .  Such s o l i d s  c o n t a i n  l oose  ag- 

g lomerates o f  d i s c r e t e  l a t e x  p a r t i c l e s ,  t h a t  d i s i n t e g r a t e  e a s i l y  

i n t o  t h e  o r i g i n a l  l a t e x  p a r t i c l e s  o f  l e s s  than  2 pm i n  d iameter .  

No f i l m  f o r m a t i o n  occurs,  p rov ided  t h a t  t h e  minimum f i l m  fo rm ing  

tempera ture  o f  t h e  l a t e x  i s  n o t  exceeded d u r i n g  d r y i n g .  

Such powders can be red i spe rsed  i n  water  i n  t h e  presence o f  3-6 

mol% o f  a l k a l i  o r  o rgan ic  bases t o  o b t a i n  a s t a b l e  l a t e x  system. 

Th is  can be used f o r  e n t e r i c  f i l m  c o a t i n g  i n  t h e  same way as t h e  
o r i  g i  n a l  1 a t e x  d i  s p e r s i  ons . 

* The Manuscr ip t  was presented  p r e v i o u s l y  i n  s i m i l a r  f o rm a t  t h e  
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266  LEHMANN 

Redispersed methacry l  i c  a c i d  copolymers can be mixed w i t h  neu- 

t r a l  , permeable emulsion polymers t o  adapt t h e  re lease  p r o f i l e  

o f  drugs more s p e c i f i c a l l y  t o  match t h e i r  pharmacokinet ic prop- 

e r t i e s .  I n  t h i s  way t h e  pH-dependent s o l u b i l i t y  o f  methacry ic  

a c i d  copolymers, which c o n t r o l s  t h e  r e l e a s e  i n  t h e  gu t  by d i s -  

s o l u t i o n  o r  i n c r e a s i n g  p e r m e a b i l i t y  can be combined w i t h  t h e  pH- 

-independent p e r m e a b i l i t y  o f  n e u t r a l  a c r y l i c  e s t e r  polymers, t o  

g i v e  t i m e  c o n t r o l l e d  r e t a r d a t i o n .  S i m i l a r  fo rmula ' t ions  o f  

a c r y l i c  r e s i n s  can a l s o  be used t o  s o l v e  severa l  problems o f  

t ransdermal d e l  i very  systems. 

The descr ibed red i spe rsab le  polymer powders a re  s t a b l e  under 

normal s to rage c o n d i t i o n s ,  so t h e i r  hand l i ng  and use as 

red i spe rsed  aqueous c o a t i n g  f o r m u l a t i o n s  i s  much more e a s i e r  and 

w i l l  open an extended f i e l d  o f  a p p l i c a t i o n .  

INTRODUCTION 

1 .Experiences w i t h  Aqueous D ispe rs ions  

Since our f i r s t  p u b l i c a t i o n  i n  1971 ( 1 )  u n t i l  now, we have ob- 

t a i n e d  ex tens i ve  exper ience i n  t h e  process ing  o f  aqueous d i  sper -  

s ions,  so c a l l e d  " l a t i c e s " ,  and have conf i rmed t h e  advantages 

t h a t  we expected. The f i l m  f o rma t ion  proceeds a t  room tempera- 

t u r e ,  when t h e  po lymer ic  p a r t i c l e s  a re  s o f t  enough and i s  o p t i -  

m a l  w i t h i n  a few seconds under t h e  usual  work ing  c o n d i t i o n s  o f  

modern c o a t i n g  equipment w i t h  a temperature o f  d r y i n g  a i r  o f  30 

- 50°C ( 2 ) .  The f i r s t  l a y e r  o f  d r y  polymer a l ready  g i v e s  a water 

i n s o l u b l e  i s o l a t i n g  f i l m ,  and t h e  i n c l u s i o n  of water i s  preven- 

t e d  when t h e  cores  are  prewarmed a t  t h e  beg inn ing  of t h e  c o a t i n g  

process and t h e  spray r a t e  i s  c a r e f u l l y  adapted. I n  o n l y  a ve ry  

few cases and o n l y  w i t h  ve ry  s e n s i t i v e  drugs was an i s o l a t i n g  

l a y e r  o f  polymer a p p l i e d  i n  o rgan ic  s o l v e n t  necessary. A c r y l i c  
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ACRYLIC LATICES 2 6 7  

l a t i c e s  were a l s o  found ve ry  u s e f u l  f o r  t h e  c o a t i n g  o f  smal l  

drug p a r t i c l e s  as p e l l e t s ,  g ranu les  o r  c r y s t a l s  i n  a p a r t i c l e  

s i z e  range a t  o r  above 0.1 mm. They formed e f f e c t i v e  t h i n  f i l m  

l a y e r s  o f  appr. 10 pm t h i ckness ,  encapsu la t i ng  a l s o  i r r e g u l a r  

s t r u c t u r e s  t o  g i v e  i s o l a t i n g  o r  sus ta ined  r e l e a s e  c o a t i n g s  ( 3 - 6 )  

Owing t o  t h e  h i g h e r  con ten t  o f  s o l i d s  i n  these low v iscous  aque- 

ous d i spe rs ions ,  compared w i t h  s o l u t i o n s  o f  polymers i n  water o r  

o rgan ic  so lvents ,  i t  i s  p o s s i b l e  t o  shor ten  process t i m e  a t  

n e a r l y  t h e  same o r  sca rce l y  h ighe r  working temperatures.  There- 

f o r e  t h e  energy consumption o f  bo th  systems i s  comparable (7-8)  
so t h a t  a l l  i m p o r t a n t  advantages o f  t h e  aqueous medium a re  v a l i d  

such as e l i m i n a t i o n  o f  t h e  problems o f  i n f l a m m a b i l i t y ,  absence 

o f  t o x i c  e f f e c t s  and avoidance o f  a i r  p o l l u t i o n ,  w i t h o u t  any r e -  

markable disadvantages i n  processing. 

PROCEDURES 

2. Redispersable S o l i d  Powders o f  An ion i c  A c r y l i c  Resins 

When emulsion polymers a r e  d r i e d  below t h e i r  minimum f i l m  f o r -  

ming temperature (MFT) t h e  l a t e x  p a r t i c l e s  a re  n o t  ab le  t o  f u s e  

t o  a f i l m  due t o  t h e  low f l e x i b i l i t y  o f  t h e  polymer cha ins .  Down 

t o  t h e  so c a l l e d  " w h i t e  p o i n t "  some adhesion o f  t h e  p a r t i c l e s  i s  

observed, b u t  below t h i s  temperature a l oose  powder i s  formed. 

Thus i t  i s  ve ry  easy t o  o b t a i n  f r e e  f l o w i n g  d r y  powders when 

polymers w i t h  a MFT above about 50°C a re  spray d r i e d ;  i n  these 

p roduc ts  t h e  l a r g e r  beads a re  formed f rom d r o p l e t s  i n  t h e  spray 

j e t  ( F i g .  1 )  and t h e  o r i g i n a l  1 a tex  p a r t i c l e s  can be seen a t  

h ighe r  magni f i c a t i  on ( F i  9. 2 1. 

I f  t h e  MFT i s  lower ,  so t h a t  f i l m  f o rma t ion  o r  f u s i o n  o f  some 

l a t e x  p a r t i c l e s  occurs d u r i n g  spray d ry ing ,  then f r e e z e  d r y i n g  
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268 LEHMANN 

FIGURE 1 
Sperical  p a r t i c l e s  of Poly(MA1-MMA1) from spray dr ied  l a t e x .  
P a r t i c l e s  s i z e  i s  i n  the range o f  50 - 100 pn. 

i s  used t o  prevent these  e f f e c t s .  I n  t h i s  way loose agglomerates 
of s i  n g u l  a r  1 a tex p a r t i c l e s  can be obtained.  

We have recent ly  found t h a t  by adding small amounts of a l k a l i  t o  
such l a t e x  powders t o  a d j u s t  the pH t o  around 5 a complete re- 
d ispers ion  of anionic  a c r y l i c  r e s i n s  i .e. Poly(MA1-EA1 ) * )  i s  
poss ib le .  The addi t ion of a l k a l i  necessary f o r  red ispers ion  i s  

* )  MA = Methacrylic acid 
E A  = Ethylacry la te  
MMA = Methylmethacrylate 
The index  numbers i n d i c a t e  the molar proport ions o f  monomer 
units in  t h e  copolymer 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ACRYLIC LATICES 269 

FIGURE 2 

Higher  m a g n i f i c a t i o n  shows t h a t  t h e  powder p a r t i c l e s  o f  F i g u r e  1 
c o n t a i n  numerous l a t e x  p a r t i c l e s  o n l y  0.1 pm i n  d iameter  fo rm ing  
loose  aggregates w i t h o u t  any f i l m  f o rma t ion .  

e q u i v a l e n t  t o  a degree o f  n e u t r a l  

c a r b o x y l i c  groups i n  t h e  polymer, 

on t h e  p a r t i c l e  s i z e  o f  t h e  l a t e x  

s a t i o n  o f  3-6 mol% o f  t h e  

which depends t o  some e x t e n t  

b u t  t h i s  does n o t  lower  t h e  

g a s t r o r e s i  s t a n t  p r o p e r t i e s  o f  f i  l m  c o a t i n g s  made w i t h  such re-  
d ispe rsed  systems. Methacry l  i c  a c i d  copolymers o f  t h e  composi - 
t i o n  used here  become water  s o l u b l e  a t  a degree o f  n e u t r a l i s -  

a t i o n  o f  approx. 20-30 %. For r e d i s p e r s i o n  o n l y  a l i m i t e d  number 

o f  c a r b o x y l i c  a c i d  groups, presumably ma in l y  a t  t h e  su r face  o f  

t h e  l a t e x  p a r t i c l e s  and exposed p a r t s  o f  t h e  polymer cha ins ,  a r e  

r e q u i r e d  t o  be n e u t r a l i z e d .  So we b e l i e v e  t h a t  t h e  nega t i ve  

charges o f  t h e  a n i o n i c  groups produce a mutual r e p u l s i o n  o f  t h e  

l a t e x  p a r t i c l e s  t h a t  overcomes t h e  weak cohes ive  f o r c e s  between 
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270 LEHMANN 

them, and leads  t o  a r e f o r m a t i o n  o f  t h e  o r i g i n a l  l a t e x  d i s p e r -  

s ion .  

Severa l  bas i c  substances a re  e f f e c t i v e  f o r  r e d i  spe rs ion  and 

added as appr. mo lar  s o l u t i o n s  w h i l e  s t i r r i n g  t o  t h e  suspension 

o f  t h e  polymer powder i n  water .  Table 1 g i v e s  a s e l e c t i o n  o f  

examples. The r e p r o d u c i b l e  process o f  r e d i s p e r s i o n  can be f o l -  

lowed by obse rva t i on  o f  t h e  p a r t i c l e  s i z e  o f  t h e  suspension. 

I n i  t i a1 l y  t h e  suspended p a r t i c l e s  a re  j u s t  v i  s i  b l e  b u t  d isappear  

success i ve l y  w h i l e  t h e  suspension o b t a i n s  a m i  l k - l i k e  appearance 

Concur ren t l y  t h e  v i s c o s i t y  decrease below 50 mPa sec d u r i n g  

s t i r r i n g  w i t h i n  30-60 min. The r e s u l t i n g  l a t e x  shows no o r  v e r y  

l i t t l e  sed imenta t ion  o f  p a r t i c l e s  ( l e s s  than  1 % a f t e r  24 hours )  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  o r i g i n a l  l a t e x  i s  essen- 

t i a l l y  r e a t t a i n e d .  I n  many exper iments we found a mean va lue ,  

measured i n  a nanos izer ,  o f  o n l y  5-15 % h i g h e r  than  be fo re ,  

sometimes b o t h  de te rm ina t ions  were w i t h i n  t h e  e r r o r  o f  t h e  

measurement. More d e t a i l e d  t e s t i n g  o f  t h e  p a r t i c l e  s i z e  d i s -  

t r i b u t i o n  i n  t h e  u l t r a  c e n t r i f u g e  showed a v e r y  s i m i l a r  p o s i t i o n  

and shape o f  t h e  peak ( F i g .  3 )  and we c a l c u l a t e d  an i nc rease  o f  

p a r t i c l e  d iameter  Rw f rom 103 t o  115 pn  (t 11.6 % I .  Some i n -  

crease o f  t h e  very  smal l  peak i n  t h e  range o f  2-3 pm i s  w i t h o u t  

p r a c t i c a l  impor tance p rov ided  i t  i s  below 1 %. A l t o g e t h e r  an ex-  
c e l l e n t  r e c o n s t r u c t i o n  o f  t h e  l a t e x  system f r o m  u n f i l m e d  drug  

polymer powders was achieved i n  a ve ry  s imp le  way. 

I ns tead  o f  sodium hyd rox ide  o t h e r  b a s i c  substances a re  u s e f u l  i n  

e q u i v a l e n t  amounts as shown i n  Tab. 1 .  For  r e d i s p e r s i o n  i n  p r o -  

d u c t i o n  ba tch  s i z e  f o r  c o a t i n g  o f  appr. 250 kg o f  t a b l e t s  o r  

appr. 100 kg of p e l l e t s  t h e  s imp le  equipment o f  F i g .  4 can be 
used. The vessel  o f  about 45 cm i n  d iameter  has a volume o f  

about 80 1 so t h a t  i t  i s  p o s s i b l e  t o  suspend about 15 kg o f  po-  

lymer powder i n  a volume o f  appr. 50 l .  
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272 LEHMANN 

FIGURE 3 

P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  l a t e x  p a r t i c l e s  o f  Poly(MA -EA 1 
measured i n  a u l t r a c e n t r i f u g e .  The s c a l e  o f  t h e  o r d i n a t e  i s  t h e  
mass f r a c t i o n ,  normed t h a t  t h e  area under t h e  cu rve  i s  1 f o r  any 
peak. 
Key: - BEUDRAGIT L 30 D o r i g i n a l  l a t e x  

------ @EUDRAGIT L 100-55 f r e e z e  d r i e d  poweder, r e d i  spersed 

I n  Table '2 some exper iments f o r  t he  p r e p a r a t i o n  o f  e n t e r i c  

coated  t a b l e t s  a re  summarized. I n  a normal c o a t i n g  pan and i n  an 

acce la  c o t a  a Wal ther  a i r  gun w i t h  a 1 inm nozz le  and a i r  p ress -  

u r e  o f  1 ba r  was used. Warm a i r  o f  55-75°C was i n t r o d u c e d  ana- 

logue t o  t h e  process desc r ibed  i n  ( 9 )  t r i a l  No. 1.5. page 27 f f .  

I n  a G l a t t  f l u i d  bed g r a n u l a t o r  WSG 5 w i t h  Wurster  i n s e r t  and a 

s i m i l a r  a i r  gun w i t h  1 mm nozz le ,  a i r  p ressu re  o f  1.5 b a r  and 

a i r  i n l e t  tempera.ture o f  45-50°C, a i r  o u t l e t  45°C were used; 

o v e r a l l  spray t i m e  was 120-150 min i n  each ba tch .  
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ACRYLIC LATICES 2 7 3  

FIGURE 4 

Apparatus f o r  r e d i s p e r s i o n  o f  polymer powders t o  an aqueous 
l a t e x  i n  t h e  l a b o r a t o r y  o r  p i l o t  p l a n t .  It i s  i m p o r t a n t  t h a t  t h e  
s t i r r e r  i s  a b l e  t o  mix  even a t  low r o t a t i o n  r a t e  o f  appr. 100 
rpm t h e  suspension, which i s  r e l a t i v e l y  t h i c k  i n  t h e  beg inn ing  
o f  t h e  r e d i s p e r s i o n  process.  The a l k a l i  s o l u t i o n  i s  added drop-  
w ise  w i t h i n  appr. 5 min and s t i r r i n g  i s  con t i nued  f o r  appr .  30 
min.  

I n  Table 2 r e s u l t s  o f  t e s t i n g  f o r  r e s i s t a n c e  i n  s imu la ted  gas- 

t r i c  f l u i d  and d i s i n t e g r a t i o n  t i m e  i n  s imu la ted  i n t e s t i n a l  f l u i d  

a re  descr ibed.  Acceptable Val ues were o b t a i  ned w i t h  4-6 rng/cm2 

ve ry  s i m i l a r  t o  t h e  analogous exper iment  w i t h  t h e  o r i g i n a l  emul- 

s i o n  polymer Poly(MA1-EA1) = @EUDRAGIT L 30 13. 

F i g .  5 shows w i t h  e n t e r i c  coated  a c e t y l s a l i c y l i c  a c i d  c r y s t a l s  

t h a t  here  a l s o  t h e  same r e s u l t s  were ob ta ined  w i t h  o r i g i n a l  and 

red i spe rsed  l a t i c e s  o f  t h i s  polymer. I n  p a r t i c u l a r  no d i f f e r e n c e  

i n  t h e  p e r m e a b i l i t y  o f  b o t h  c o a t i n g s  was found i n  t h e  pH-range 
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2 7 6  LEHMANN 

of 1.2-4.5 and a l s o  the r e l e a s e  r a t e  was the same a t  and above 
pH 5.5. 

2 . 1 .  Redispersion of  Freeze Dried Powders from Acrylic Emulsion 
Po 1 ymer s 

A useful formulation i s :  
@EUDRAGIT L 100-55 
= Poly(MA1 - E A 1 )  

300.0 g 

NaOH (106 ml 1 N )  4.2 g 
Polyethylene glycol 6000 30.0 g 
Water ad 1100.0 g 

The equipment i s  shown i n  F i g .  4.  The s t i r re r  should guarantee 
an e f f e c t i v e  mixing of the suspended p a r t i c l e s  from the b e g i n -  
n i n g  without s t r e s s i n g  the material  w i t h  high sheering f o r c e s  
which may endanger good red ispers ion  by causing coagulation o f  

just  redi  spersed 1 a tex p a r t i c l e s .  A 1  so the incorporat ion of a i r  
bubbles should be prevented. 

2 .2 .  Redispersion o f  Spray Dried Powders from Acrylic Emulsion 
Polymers 

Aqueous emulsion polymers, which besides methacrylic acid con- 
t a i n  methyl methacrylate a s  comonomer show MFT values  above 
70°C. They a r e  e a s i l y  spray dr ied  t o  give f r e e  flowing powders 
t h a t  c o n s i s t  of spherical  agglomerates w i t h  a p a r t i c l e  s i z e  
around 50 pm. Such products a r e  commercially a v a i l a b l e  a s  E U D R A -  
GIT L 100 = Poly(MAl-MMA1) and E U D R A G I T  S 100 = Poly(MA1-MMA2). 
Scanning e lec t ron  micrographs of these  powders show the above 
described spherical  p a r t i c l e s  ( F i g .  1 )  and, a t  higher magnifica- 
t i o n ,  t h a t  they c o n s i s t  of loose agglomerates of the o r i g i n a l  
s i n g l e  l a t e x  p a r t i c l e s  ( F i g .  2 ) .  Aqueous suspensions of these 
agglomerates can be transformed t o  f i lms  i n  a so c a l l e d  thermo- 
g e l a t i o n  process by us ing  50-60 % of p l a s t i c i z e r  (polyethylen-  
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ACRYLIC LATICES 277 

g l y c o l  and Tween) as desc r ibed  by Bauer and Osterwald ( 1 0 )  so 

t h a t  g a s t r o r e s i s t a n t  c o a t i n g s  were ob ta ined.  

Red ispers ion  o f  t h e  same spray  d r i e d  powders t o  t h e  p a r t i c l e  

s i z e  o f  t h e  o r i g i n a l  l a t i c e s  was e a s i l y  achieved by adding 3-5  

Mol% o f  a l k a l i  o r  o t h e r  b a s i c  substances c a l c u l a t e d  on t h e  molar  

b a s i s  o f  t h e  con ta ined  c a r b o x y l i c  a c i d  groups. The r e s u l t i n g  

l a t i c e s  showed t h e  o r i g i n a l  p a r t i c l e  s i z e  b u t  a l s o  h i g h  MFT i n  

t h e  range o f  75-80°C as be fo re .  

To achieve f i l m  f o r m a t i o n  under t h e  usual  m i l d  c o n d i t i o n s  f o r  

f i l m  c o a t i n g  o f  drugs below 40°C m i x i n g  w i t h  r e l a t i v e l y  s o f t ,  

n e u t r a l  a c r y l i c  emuls ion polymers was found t o  be very  u s e f u l .  

The MFT o f  these polymers was i n  t h e  range o f  0-30°C.  Table 3 

shows a s e l e c t i o n  o f  m i x t u r e s  f rom ha rd  and s o f t  emuls ion  

polymers and t h e  r e s u l t i n g  MFT's. F i l m s  f rom these  m i x t u r e s  show 

a d ispersed phase o f  t h e  ha rd  p a r t i c l e s  i n  a homogeneous phase 

o f  t h e  s o f t  polymer which has formed t h e  f i l m  ( F i g .  6 ) .  These 

heterogeneous f i l m s  were c l e a r  i n  a c i d  b u f f e r s  and became 

t u r b i d  when t h e  d i s s o l u t i o n - p H  o f  t h e  m e t h a c r y l i c  a c i d  copolymer 

component was reached. By pH-s ta t  t i  t r a t i o n  a consumption o f  a l -  

k a l i  was measured t h a t  was e q u i v a l e n t  t o  t h e  con ten t  o f  carboxy-  

l i c  a c i d  groups i n  t h e  f i l m ,  and t h e  c a r b o x y l i c  a c i d  group con-  

t a i n i n g  polymer was leached ou t  o f  t h e  f i l m  ( F i g .  7 ) .  It c o u l d  

be p r e c i p i t a t e d  f rom the s o l u t i o n  by a c i d i f i c a t i o n  and i d e n t -  

i f i e d  by IR-spectrurn. 

RESULTS 

3 .  E n t e r i c  and Susta ined Release Coat ings 

Freeze d r - i ed  methacry l  i c  a c i d  copolymer i s  e a s i l y  r e d i  spersed i n  

water  (Tab le  1 )  and g i ves  excel  l e n t  e n t e r i c  c o a t i n g s  on t a b l e t s  
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ACRYLIC LATICES 2 7 9  

FIGURE 6 

Heterogeneous f i l m  s t r u c t u r e  formed f rom a mixed l a t e x  o f  s o f t ,  
n e u t r a l  Poly(EAZ-MMA1) and hard,  a n i o n i c  Poly(MAi-MMA1) .in a 
r a t i o  o f  6:4. Obv ious ly  t h e  hard, u n f i l m e d  l a t e x  p a r t i c l e s  o f  
t h e  a n i o n i c  po lymer a re  embedded i n  a c o n t i n i o u s  phase o f  t h e  
s o f t  po lymer.  T h i s  f i l m  was g a s t r o r e s i s t a n t .  

(Tab le  2 )  and on smal l  p a r t i c l e s  ( F i g .  5 )  w i t h  i d e n t i c a l  r e l e a s e  

p a t t e r n  compared t o  o r i g i n a l  l a t e x .  We have a l s o  used l a t e x  i n i x -  

t u r e s  and found pH-dependent r e l e a s e  p a t t e r n  ( F i g .  8)  c o n t r o l  l e d  

by t h e  c o n t e n t  o f  c a r b o x y l i c  groups i n  t h e  polymers comparable 

t o  anal ogeous o r g a n i c  c o a t i  ngs ( 11 ) . 

Latex  m i x t u r e s  desc r ibed  above a re  a l s o  u s e f u l  f o r  t h e  manufac- 

t u r e  o f  sus ta ined  r e l e a s e  drug  f o r m u l a t i o n s  n o t  o n l y  i n  t h e  fo rm 

o f  t a b l e t s  b u t  a l s o  as p e l l e t s ,  g ranu les  o r  c r y s t a l s .  If t h e  

con ten t  o f  gastroresistant-enterosoluble m e t h a c r y l i c  a c i d  co-  
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280 LEHMANN 

FIGURE 7 

S t r u c t u r e  o f  t h e  f i l m  o f  F i g u r e  6 a f t e r  a g i t a t i o n  i n  s imu la ted  
i n t e s t i n a l  f l u i d  BP 80 pH 6.8, 2 h r  a t  37°C. The d i s s o l u t i o n  
tendency o f  t h e  a n i o n i c  l a t e x  p a r t i c l e s  l e a d i n g  t o  a porous f i l r , !  
can be seen. 

polymer i n  t h e  m i x t u r e  i s  low, as shown i n  F i g .  9, w i t h  a m i x i n g  

r a t i o  o f  n e u t r a l  Poly(EA2-MMA1 1 t o  a n i o n i c  Poly(MA1-EA, o f  10 : 

1 t h e  r e l e a s e  r a t e  th rough  t h i n  f i l m  l a y e r s  ( 5  % c o a t i n g )  i s  

s i m i l a r  t o  a f i r s t  o rde r  r e a c t i o n .  

Wi th  more c o a t i n g  (7 .5  % )  a more l i n e a r  r e l e a s e  p a t t e r n ,  es-  

p e c i a l l y  above pH 6, was observed. Wi th  more c o a t i n g ,  up t o  15 

%, o n l y  t h e  r e l e a s e  r a t e  i n  t h e  f i r s t  t h r e e  hours was reduced 

b u t  a f t e r  t h i s  t i m e  when t h e  pH was inc reased  t o  pH 6.5 t h e  r e -  

l ease  r a t e  a l s o  i nc reased  owing t o  l e a c h i n g  o u t  o f  t h e  e n t e r o -  

s o l u b l e  p o r t i o n  o f  t h e  mixed f i l m ,  i n c r e a s i n g  t h e  p e r m e a b i l i t y .  
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ACRYLIC LATICES 2 8 1  
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FIGURE 8 

D i s i n t e g r a t i o n  and drug r e l e a s e  o f  g a s t r o r e s i  s t a n t - e n t e r o s o l u b l e  
coated  t a b l e t s  i n  a 3 P - d i s i n t e g r a t i o n  apparatus w i t h o u t  d i s c s .  
A f t e r  a g i t a t i o n  i n  s imu la ted  g a s t r i c  f l u i d  f o r  1 h r ,  b u f f e r  s o l -  
u t i o n s  o f  i n c r e a s i n g  pH as i n d i c a t e d  were added f o r  30 min each 
u n t i  1 d i s i n t e g r a t i o n  was observed and t h e  re leased  drug  measured 
photomet ica l  l y .  

Key: I POly(EA2-MMA1): POly(MA1-EA1) = 7 : 3  
I 1  POly(EA2-MMA1): Poly(MA1-MMA1) = 7 : 3  

I 1 1  Poly(EA2-MMA1 1 :  Poly(MA1-MMA2) = 7 : 3  

With  a m i x i n g  r a t i o  o f  1 : l  a more pH-dependent r e l e a s e  p a t t e r n  

was ob ta ined  ( F i g .  1 0 ) .  

By r e d i  s p e r s i  on o f  en te roso l  u b l  e a c r y l  i c polymer powders t o  

m i c r o f i n e  l a t i c e s  and m i x i n g  w i t h  s o f t  n e u t r a l  emuls ion polymers 

a new system o f  aqueous c o a t i n g  f o r m u l a t i o n s  was developed which 

showed adaptab le  r e l e a s e  p a t t e r n s  f o r  c o n t r o l l e d  r e l e a s e  drugs .  

4. Fo rmu la t i on  o f  Transdermal D e l i v e r v  Svstems 

Severa l  t ypes  o f  EUDRAGIT a c r y l i c  r e s i n s  can be used i n  t h e  f o r -  

mu1 a t i  on o f  t ransdermal  d e l  i very  systems s i  nce these polymers 
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2 8 2  LEHMANN 

1 2 3 4 5 6 h  
pH- 1,5+-2,1+5,5+6,5+6,7+ 68-4 

FIGURE 9 

Release o f  Theophy l l i ne  f rom granu les  coated  i n  a f l u i d  bed p r o -  
cess w i t h  a l a t e x  m i x t u r e  o f  n e u t r a l  Poly(EA2-MMA1) and a n i o n i c  
Poly(MAl-MMA1) i n  a r a t i o  o f  1O:l.  Release t e s t s  i n  a USP-Paddle 
apparatus and h a l f  change method ( 1 2 )  w i t h  s imu la ted  g a s t r i c  
j u i c e  and i n t e s t i n a l  f l u i d  BP 73. 
Wi th  i n c r e a s i n g  t h i  ckness o f  t h e  c o a t i  ng more r e t a r d a t i o n  was 
observed b u t  above pH 5.5 t h e  r e l e a s e  r a t e  was enhanced by 
d i s s o l u t i o n  o f  t h e  a n i o n i c  component o f  t h e  mixed f i l m .  

Key: A = 5 % c o a t i n g  
B = 7 .5  % c o a t i n g  
C = 1 5  % coa t i ng .  

a r e  w e l l  t o l e r a t e d  by  t h e  s k i n  and have a h i g h  b i n d i n g  c a p a c i t y  

f o r  i n c o r p o r a t i n g  drug  substances. 

The permeable types  RS 100 and RL 100 a re  used i n  o rgan ic  s o l -  

u t i o n s  o r  e x t r u s i o n  processes t o  fo rm t h e  d e s i r e d  drug  r e s e r v o i r  

l a y e r s  o r  d i f f u s i o n  c o n t r o l  l i n g  membranes. The aqueous d i  sper-  

s ions  E 30 D and L 30 D as w e l l  as red i spe rsed  L l O O / S  100 can 

be used when t h e  drug  i s  n o t  s e n s i t i v e  t o  water  d u r i n g  t h e  p r o -  

d u c t i o n  process.  
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ACRYLIC LATICES 2 8 3  

F I G U R E  10 
Release of Theophylline from granules coated i s  a f l u i d  bed 
process with a l a t e x  mixture of neutral  Poly(EA2-MMA1) and 
anionic  Poly(MAi-EA1) in  a r a t i o  of 1 : l .  Release t e s t s  as  
described in  Figure 1 1 .  W i t h  1 5  % or  more coa t ing ,  t h e  p a r t i c l e s  
a r e  r e s i s t a n t  t o  g a s t r i c  j u i c e .  Above pH 5.5 t h e  r e l e a s e  r a t e  
increases  d u e  t o  the d i s s o l u t i o n  of t h e  anionic  polymer in  the 
mixed f i lm.  
Key: A = 10 % coat ing 

B = 15 % coat ing 
C = 20 % coat ing 

If  a molecular d i spers ion  of the d r u g  in  the polymer layer  i s  
formed, good r e t a r d a t i o n  i s  normally obtained w i t h  concentra- 
t i o n s  of approx. 10-20 % w/w ca lcu la ted  as  s o l i d  d r u g  i n  s o l i d  
polymer. If t h e  drug i s  inso luble  or only p a r t l y  s o l u b l e  i n  t h e  
polymeric phase the r e l e a s e  r a t e  can be influenced or even con- 
t r o l l e d  by the p a r t i c l e  s i z e  o f  the  d r u g .  

T h e  permeabili ty of t h e  polymer f i lms  can be adapted t o  the  de- 
s i r e d  r e l e a s e  r a t e  by mixing RS 100 of  low permeabi l i ty  w i t h  t h e  
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284 LEHMANN 

FIGURE 1 1  
Release of Norephedrine ( 5  mg/cm2) from BEUDRAGIT E 30 D fi lms 
a t  pH 6.8 

more permeable type R L  100, these may be mixed in a l l  propor- 
t ions .  The E 30 D emulsion polymer can be modified in  i t s  r e t a r -  
ding e f fec t  by adding more or l e s s  hydrophilic additives such as 
Polyethylenglykol , Cell ul ose ethers  or e s t e r s  e t c .  

I n  Fig. 1 1  the release r a t e  of Norephedrine H C 1 ,  embedded in a 
monolayer of Poly(EA2-MMA1) i s  shown. The d r u g  was dissolved 
d i rec t ly  in the 30 % aqueous dispersion of the polymer and  dried 
t o  a f i lm layer of 400 pm a t  room temperature so t h a t  approx .  10 
% o f  d r u g  substance was incorporated as a solution in the poly-  
mer. No crys ta l l i sa t ion  was observed. After a f a s t  release o f  

some 10 % of the d rug  in the f i r s t  two hours a nearly l inear  
r a t e  was observed d u r i n g  a t  l ea s t  8 hours. I n  the  experiment 
shown in Fig. 1 2  the release from the reservoir was modified by 
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ACRYLIC LATICES 2 8 5  

2 3 7 d  

F i g u r e  72 

Release o f  I d o x u r i d i n e  (10  mg/cin2) f rom EUDRAGIT E 30 D f i l m s  a t  
pH 7 .2 .  

Key: A = 25 pm f i l m  t h i ckness  
B = 35 um f i l m  t h i c k n e s s  
C = 45 I.rm f i l m  t h i c k n e s s  

an a d d i t i o n a l  d i f f u s i o n  c o n t r o l l i n g  membrane on t o p  o f  t h e  drug  

r z s e r v o i r ,  which con ta ined  t h e  drug  i n  c r y s t a l l i n e  form.  Depen- 

d i n g  on t h e  t h i c k n e s s  o f  t h i s  membrane, i n  t h e  range of 25-45 

Im, t h e  r e l e a s e  c o u l d  be c o n t r o l  l ed ,  f o r  up t o  seven days. 

Apar t  f rom e x t r u s i o n  processes and f i l m  c a s t i n g  f rom o rgan ic  

s o l u t i o n s  t h e  water  based f o r m u l a t i o n s  o f  emuls ion polymers o r  

red i spe rsed  l a t e x  systems desc r ibed  a re  ve ry  u s e f u l ,  s i n c e  t h e y  

do n o t  r e q u i r e  l I i e  use o f  e x p l o s i o n  p r o o f  machinery and do n o t  

cause any t o x i c  hazards o r  a i r  p o l l u t i o n  problems d u r i n g  produc 

t i o n .  Owing t o  t h e  low f i l m  f o rm ing  temperature o f  EUDRAGIT-la- 

t i c e s  drug  f o r m u l a t i o n s  can be processed under ve ry  m i l d  cond i -  

t i o n s .  
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CONCLUSIONS 

Emuls ion copolymers o f  m e t h a c r y l i c  a c i d  can be f r e e z e  o r  spray 

d r i e d  t o  r e d i  spersab le  powders. Redi spe rs ion  proceeds spontan- 

eous ly  under m i l d  a g i t a t i o n  o f  t h e  aqueous suspension a t  a pH 

around 5 and t h e  o r i g i n a l  l a t e x  system i s  r e c o n s t i t u t e d  w i t h  a 

ve ry  s i m i l a r  p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  t h e  range o f  50 - 150 

nm. 

Redispersed l a t e x  emuls ions can be used f o r  e n t e r i c  c o a t i n g  o f  

t a b l e t s  and smal l  d rug  p a r t i c l e s  and f i l m  p r o p e r t i e s  r e g a r d i n g  

r e s i  s tance t o  g a s t r i c  j u i c e ,  permeabi 1 i t y  and d i  sso l  u t i  on r a t e  

i n  i n t e s t i n a l  f l u i d  d i d n ' t  show any d i f f e r e n c e  compared w i t h  t h e  

o r i g i n a l  1 a tex .  

Emulsion copolymers o f  h i g h  f i l m  f o rm ing  tempera ture  can be 

mixed w i t h  s o f t ,  n e u t r a l  a c r y l i c  l a t e x  f o r  sus ta ined  r e l e a s e  

drug  f o r m u l a t i o n s  w i t h  a more o r  l e s s  pH-dependent r e l e a s e  

p a t t e r n  i n  t h e  pH-range o f  6-8. S i m i l a r  f i l m s  a re  a l s o  u s e f u l  i n  

t h e  fo rmul  a t i  on o f  t ransdermal  d e l  i very  systems. 

Redi spersab le  powders o f  methacry l  i c  a c i d  copolymers f a c i  1 i t a t e  

t h e  hand l i ng  o f  aqueous l a t e x  systems f o r  e n t e r i c  c o a t i n g  o f  

drugs and open a more conven ien t  and more f l e x i b l e  techno logy  

f o r  c o n t r o l l e d  r e l e a s e  f o r m u l a t i o n s .  
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