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ABSTRACT 

An i n  v i t r o  tec lmique  was used t o  de te rmine  t h e  r e l e a s e  
r a t e s  of drugs from d i f f e r e n t  a c r y l i c  copolymers as car- 
r i e r  s y s t e m .  The drugs  used i n  t h i s  i n v e s t i g a t i o n  were 
p i l o c a r p i n e ,  s t r ep tomyc ine ,  i soao rb ide  sal ts  and n i t r o -  
g l y c e r o l .  B y  apply ing  t h e  I i iguchi  equa t ions  t h e  d i f -  
f u s i o n  c o e f f i c i e n t s  o f  t h e  drugs  were c a l c u l a t e d .  A t en-  
s i l e  s t r e s s  t e s t  was used t o  examine c e r t a i n  mechanical  
p r o p e r t i e s  of t h e  films, 
It was found t h a t  t h e  i n c o r p o r a t i o n  of  d r u g s  i n t o  acry-  
l i c  films by d i f f e r e n t  t echn iques  allowed t h e  f a c i l e  
p r e p a r a t i o n  of  v a r i o u s  composi t ions w i t h  d i f f u s i o n  coef- 
f i c i e n t s  i n  a r e l a t  i v l y  l a r g e  range  ( I o - ~ .  . I 0-15cm2s-1 , 
The cho ice  of t h e  physico-chemical s t a t e  of  t h e  drug  
and t h e  f i lm composi t ion cm s i g n i f i c a n t l y  a f f e c t  d rug  
r e l e a s e .  The s t r a i n  o f  t h e  f i l m  depended on t h e  t e n s i -  
l e  stress, t h e  wa te r  and a d d i t i v e s  c o n t e n t .  
It was examined t h a t  t h e  drug  r e l e a s e  depended on t h e  
mechanical p r o p e r t i e s  of  t h e  f i l m s .  I n  g e n e r a l  t h e  drug 
r e l e a s e  was f a s t e r  from t h e  lower v i s c o s i t y  grades and 
h i g h e r  humidity c o n t e n t s  o f  t h e  f i l m s .  This can be done 
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2 70 DITTGEN 

by modifying t h e  chemical s t r u c t u r e  of t h e  used polymer 
system or by making use a d d i t i v e s  with a l c o h o l i c  
groups . 

INTRODUCT 10M 

Dif fe ren t  techniques and polymers have been used f o r  
prepar ing  drug loaded f i l m s  (5,8,10,14,16,17,19) .  One 
way t o  ge t  such films is  t o  use a c r y l i c  polymers and t o  
prepare t h e  f i l m s  by a so lvent  c a s t  technique ( 1 0 , l g ) .  
However, an use of s o l v e n t s  has i t s  own p a r t i c u l a r  prob- 
lems and can be r e s t r i c t i v e  t o  manufacture. 
The mechanism of t h e  drug r e l e a s e  has been i n v e s t i g a t e d  
by i n  v i t r o  methods and t h e  d i f f u s i o n  c o e f f i c i e n t  can 
be c a l c u l a t e d  by Higuchi equat ion (9,10,19).  On t h e  
o t h e r  hand it is  c l e a r  that  b r i t t l e n e s s  and e l a s t i c i t y  
a r e  major mechanical p r o p e r t i e s  connected wi th  drug 
loaded films i n  therapy.  Two methods have been used t o  
eva lua te  these  p r o p e r t i e s  of  f i l m s  served  f o r  f i l m  
coa t ing  (3,13,15): i d e n t a t i o n  and t e n s i l e  s t r e s s  
t es  t ing  . 
The a i m  of t h i s  work is t o  examine t h e  e f f e c t s  tha t  cer-  
t a in  a d d i t i v e s  and drugs have on t h e  mechanical proper- 
t i e s  of aqueous based a c r y l i c  films and t o  i n v e s t i g a t e  
wheter o r  not t h e  modi f ica t ion  o f  t hdse  p r o p e r t i e s  af- 
f o r d  i n  f a c t  c e r t a i n  d i f f u s i o n  c o e f f i c i e n t s  o f  drugs.  I n  
add i t ion  t o  r e p o r t i n g  t h e  f a b r i c a t i o n  technique t o  pre- 
pare t h e  drug loaded films t h i s  paper also d e a l s  w i th  
t h e  r e l e a s e  p r o f i l e  of f o u r  drugs from t h e  films. The 
na tu re  of t h e  used polymer, t h e  physico-chemical s t a t e  
of t h e  drug and t h e  inf luence  of a d d i t i v e s  a f f e c t i n g  t h e  
d r u g  r e l e a s e  from f i l m  are d iscussed  a8 well .  

MATERIALS AND IVIETHODS 

Chemicals 

The drugs used i n  th i s  i n v e s t i g a t i o n  were P i locarp ine  
hydrochlor ide and Streptomyoine su lpha te  (VEB Jenapharm, 
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RELEASE RATES FROM ACRYLIC FILMS 2 7 1  

J ena ,  GDR) , N i t r o g l y c e r o l  (VEB Sprengs tof fwerk ,  Schijne- 
beck, GDR) and I s o s o r b i d e  d i n i t r a t e  (LEK, L j u b l j a n a ,  
J u g o s l a v i a ) .  Pollowing pharmakopoe ( 1 )  g rades  addi t ives  
w i t h  a l c o h o l i c  groups were used: Ethylene  g l y c o l ,  pro- 
pylene g l y c o l ,  g l y c e r o l  and i n  producer  q u a l i t y :  gly-  
c o l  monoethylether  (VEB Laborchemie, Apolda, GDR). 
Two d i f f e r e n t  a c r y l i c  copolymers se rved  as f i l m  f o r m i n g  
m a t e r i a l s  : Eudragi t  E 30 D (Rijhm Pharma GmbH, Darmstadt , 
PRG) and Scopac ry l  D 340 (VEB Chemische Werke Buna, 
Schkopau, GDR). 

P r e p a r a t i o n  of Films 

The drugs  were d i s s o l v e d  i n  wa te r  o r  i n  a water -e thanol  
mixture .  Whi ls t  s t i r r i n g  t h e  drug s o l u t i o n ,  t h e  d e s i r e d  
amount o f  t h e  a c r y l i c  copolymer ( suspens ion  i n  w a t e r )  
was added. The mixture was s t i r r e d  u n t i l  complete homo- 
g e n e i t y  was e f f e c t e d .  Any d e s i r e d  a d d i t i v e s  were added 
at t h i s  s t a g e  and b e s t  r e s u l t s  were achieved i f  t h e  
m i x t u r e  was immediately c a s t  on an aluminium f o i l .  A f -  
t e r  t h e  d r y i n g  process  (30 h a t  25.. .30 OC) a homoge- 
nous f i l m  r e s u l t e d ,  with a t h i c k n e s s  o f  about 0 ,4  mm. 
The films were s t o r e d  at room t empera ture  &nd d e f i n e d  
humidi ty  (58  f: 2 % R.H.). 

T e n s i l e  S t r e s s  Test 

The f i l m  were c u t  u s i n g  a s t a i n l e s s  s t e e l  t empla t e  
( t e s t  s e c t i o n  10.65 mn) and s c a l p e l .  Each sample was 
s t o r e d  for 48 h a t  20 OC 2 2 K and 58 2 2 % R.H. b e f o r e  
t e s t i n g .  The samples were l a b e l l e d  and t h e i r  t h i c k n e s s  
measured us ing  a micrometer i n  t h r e e  p l a c e s  a long  t h e  
midd le  of t h e  65 mm s e c t i o n .  The mean o f  t h e s e  r ead ings  
was used i n  t h e  c a l c u l a t i o n  of co and t e n s i l e  s t r e n g t h .  
Three samples o f  each  fo rmula t ion  were t e s t e d  us ing  an 
appa ra tus  desc r ibed  by Eichhorn and D i t t g e n  ( 6 ) .  The 
t i m e - s t r a i n  curve was recorded  d i r e c t l y  and from t h i s  
t h e  u l t i m a t e  t ime a t  10 % e longa t ion  t ,O was es t ima ted .  
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2 72 DITTGEN 

Humid i t  y 

The films were cond i t ioned  a t  c e r t a i n  humidi ty  (% R.H.) 
u s ing  chambers f i l l e d  w i t h  s a t u r a t e d  s o l u t i o n s  o f  sa l ts  
as shown i n  Table  1. 

Drug Release  

To fol low t h e  r e l e a s e  o f  t h e  drugs t h e  S a r t o r i u s  l i b e r a -  
t i o n  chamber ( S a r t o r i u s ,  Giit t ingen, F R G ) ,  a mod i f i ca t ed  
S t r i c l ce r s  Resorp t ion  model was used. 40 m l  Aqua d e s t i l -  
l a t a  (32 OC 5 1 K )  was employed a s  a c c e p t o r  medium. Ac- 
c e p t o r  medium pours  ove r  one s i d e  of t h e  f i l m  ( 5 , 3  m l  
min"). 20 m l  samples u e r e  removed at 30 ( f i r s t )  and 60 
min I n t e r v a l s ,  f r e s h  Aqua added and t h e  r e l e a s e d  drug  
amount assayed as f o l l o w s  : p i l o c a r p i n e  accord ing  t o  
Beyr ich  ( 4 )  c a t a l y m e t r i c a l l y  a t  366 nm,  s t rep tomycine  
acc.  t o  Ashton, F o r s t e r  and F a t h e r l e y  ( 2 )  at 525 n m  and 
n i t r o g l y c e r o l  acc. t o  Ermer (7 )  at 530 nm b o t h  colo-  
r i m e t r i c a l l y  and isosorb5.de acc.  t o  Mc N i f f ,  Yap and 
Ho-Leung Fung ( 1 2 )  at 290 nm s p e c t r o p h o t o m e t r i c a l l y .  
The amount o f  d rug  r e l e a s e d  from t h e  f i l m  was c a l c u l a -  
t e d  and p l o t t e d  as a f u n c t i o n  o f  s q u a r e  root of  t ime ( s )  

TABLE 1 
S a l t s  u s ing  f o r  humidi ty  c o n d i t i o n i n g  

acco rd ing  t o  N i k o l s k i  ( 1 1 )  
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RELEASE RATES FROM ACRYLIC F I L M S  273 

on a personal  computer (HI? 85, Hewlett Packard, 
Corva l l i s  , Oregon 97339, U S A )  . 
U t i l i z i n g  t h e  s lope  o f  t he  s t r a i g h t  l i n e  o f  t h i s  p l o t  
t h e  apparent d i f f u s i o n  c o e f f i c i e n t  D was determined by a 
modif i c a t  ed Higuchi equation (9 )  : 

= i n i t i a l  drug concentrat ion cO 
(0,00025 m01/cm3) 

A = f i l m  a r ea  (38,5 cm ) 2 

RESULTS AND DISKUSSION 

Knowing t h a t  t h e  r e s u l t s  o f  t e n s i l e  s t r a i n  s tudy  could 
be dependent upon t h e  water content chosen, i t  was f i rs t  
necessary t o  inves t iga t e  t h e  e f f e c t  of t h e  humidity on 
t h e  water content of t h e  f i lms.  The condi t ioning o f  t h e  
polymeric films at c e r t a i n  humidity r e s u l t e d  i n  s i g n i f i -  
cant changes i n  water content ,  The water content o f  f i l m  
w i t h o u t  add i t ives  decreases by l e s s  than 40 % R.H. 
s l i g h t  and increases  by more than  60 % R.H. s t rongly .  
Figure 1 shows t h a t  changes i n  water content seems t o  be 
dependent o f  t h e  drugs and addi t ives ,  It is obvious as 
t h e  concentrat ion of  g lyce ro l  is increased t h e r e  a re  
s i g n i f i c a n t  changes i n  water content measured. Compared 
t o  the  unloaded f i l m s  t h e  absolute  a l t i t u d e  of t h e  ma- 
t e r  content of  t h e  streptomycine loaded films mas chan- 
ged dramat ica l ly  when g lyce ro l  added. 
These r e s u l t s  are i n  genera l  agreement with t h e  work o f  
Turner (18) .  It m a s  concluded t h a t  t h e  remainder of t h e  
s t u d i e s  should be conducted wi th  films s to red  a t  about 

A follown-up t o  t h i s  pa r t  of t he  experiment t h e  mechani- 
cal  prope r t i e s  o f  t h e  f i lms  was determined by means o f  
a t e n s i l e  s t r e s s  t e a t .  Figure 2 shows t h e  e f f e c t  o f  

58 % R.H. 
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274  DITTGEN 

P r n t  water 

1 5  42 513 01 

humidity ( % R.H. ) 

FIGURE 1 
n ten t  o f  scopacry l  films vs. h midithy 

as a func t ion  o f  drug loading and g lyce ro l  content  
+. s c opacryl  
A pi locarp ine  ( 0,12 5 g/om3 
Ostreptomycine(0,125 g/cm 3 ) 
tistreptomycine(O,125 g/cm 3 )and 

o glycerol(0,Ol  g/cm 3 ) 

o glycero l (0 ,03  g/cm 1 
ag lyce ro l (0 ,09  g/cm3) 

glycerol(0,Ol  g/cm 3 ) 

3 

10 2 0  30 
time ( s J 

FIGURE 2 
Strain-time curves of  scopacry l  f i lms  conta in ing  

d i f f e r e n t  add i t ives  

1 g lyco l  monoethylether 4 ethylene g lyco l  
2 propylene g lyco l  5 unloaded 
3 g l y c e r o l  scopacry l  f i l m  
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RELEASE RATES FROM ACRYLIC FILMS 275  

d i f f e r e n t  g l y c o l s  on t h e  e l o n g a t i o n  of t h e  s c o p a c r y l  
film. 
Genera l ly  t h e  lower molecular  weight ,  t h e  g r e a t e r  
t h e  p l a s t i c i s i n g  a c t i o n .  These r e s u l t s  a r e  i n  agree-  
ment wi th  t h e  i n v e s t i g a t i o n s  o f  Aulton and Abdul- 
Razzak (3 ) .  The a t h o r s  have looked at t h e  i n f l u e c e  
o f  PEG on t h e  r e l e v a n t  p r o p e r t i e s  o f  HPl’dC f i l m s .  It 
is obvious t h a t  t h e  d i f f e r e n c e s  noted i n  t h e  s t r a i n -  
t ime cu rves  a r e  dependent on t h e  chemical  s t r u c t u r e  
o f  a d d i t i v e s .  A t  f i r s t  t h e  number of hydroxyl  groups 
and t h e i r  p o s i t i o n  p lays  a c e r t a i n  r o l e .  A t  secoad  
t h e  degree  of e t h e r i z i n g  can  be modified t h e  p l a s t i -  
c i s i n g  a c t i o n .  The monoethylether  of g l y c o l  was most 
e f f e c t i v e  as p l a s t i c i s e r .  This can  be expla ined  t h a t  
i t  w i l l  be more reduce  t h e  number of a c t i v e  c e n t r e s  
a v a i l a b l e  and c o n t a c t s  between polymer molecules  ( 3 ) .  
Furthermore i t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  pre- 
s ence  of d r u g s  ( F i g u r e  3 )  i n  t h e  a c r y l i c  f i l m s  had 
d i f f e r e n t  e f f e c t .  Three drugs  d i d  a c t  as p l a s t i c i s e r .  
This  e f f e c t  is independent o f  the  f i l m  forming mate- 
r i a l .  I n  g e n e r a l  t h e  e u d r a g i t  films a r e  more p l a s t i c .  
S t rep tomycine  has a n e g e t i v e  e f f e c t  o n  t h e s e  f i l m  
p r o p e r t i e s .  The s t r ep tomyc ine  f i l m s  are b r i t t l e  and 
can  be e a s i l y  broken i n  t h e  f i n g e r s  and  t he  e u d r a g i t  
f i l m  a r e  a b s o l u t e  i n s t a b i l e .  The d rug  r e l e a s e  were 
eva lua ted  f o r  t h e  p i l o c a r p i n e ,  i s o s o r b i d e  and n i t r o -  
g l y c e r o l  f i l m s  formed with s c o p a c r y l  and e u d r a g i t  as 
w e l l  as f o r  t h e  s t rep tomycine  films formed w i t h  scop- 
acry l  ( F i g u r e  4 and 5 ) .  
It can  be s e e n  tha t  i n  t h e  t ime pe r iod  from 30 t o  330 
minutes ,  t h e r e  is i n  a l l  caaes  a l i n e a r  r e k t i o n s h i p  
between t h e  amount of drug r e l e a s e d  (mol) and Jt’ as 
i n  t h e  model proposed by Higuchi ( 9 ) .  Genera l ly  
speak ing ,  it was found t h a t  t h e  drug r e l e a s e  was 
f a s t e r  from t h e  s c o p a c r y l  films. It can be s e e n  from 
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20 40 06 3 
t ime(s )  t ime(s )  

FIGURE 3 

St ra in - t ime  curves of s copac ry l (A)  and e u d r a g i t ( B )  
f i l m s  c o n t a i n i n g  0,25 10-3mol/cm 3 o f  d i f f e r e n t  drugs  

1 p i l o c a r p i n e  3 i s o s o r b i d e  
2 s t rep tomycine  4 n i t r o g l y c e r o l  

5 unloaded f i l m  

FIGURE 4 
Drug r e l e a s e  from s c o p a c r y l ( 0 )  and e u d r a g i t ( + )  f i l m  
1 p i l o c a r p i n e ,  2 s t rep tomycine ,  3 i s o s o r b i d e  
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RELEASE RATES FROM ACRYLIC FILMS 277  

FIGURE 5 
Nitroglycerol(A) and streptomycine(B) r e l e a s e  from 

scopacry l (  0) and eudragi t  (+) films 

Figure  9 t h a t  t h e  r e l e a s e  r a t e  of n i t r o g l y c e r o l  from 
scopac ry l  f i l m  is n e a r l y  equal t o  t h i s  from eudrag i t  
f i l m  and v e r r y  small. 
The apparent  d i f f u s i o n  c o e f f i c i e n t s  a r e  v a r i a b l e  Fn a 
r e l a t i v l y  large range from 1,07.10'*(pilocarpine) t o  
1 ,4*10°1 5cm2~'1 ( n i t r o g l y c e r o l ) .  
A change of physico-chemical s t a t e  of  s t h e  drug i n  t h e  
a c r y l a t e  f i lm can be done by modifying the pH i n s i d e  
t h e  f i lm  (Figure  5). In t h i s  way t h e  apparent d i f f u s i o n  
c o e f f i c i e n t  of s t reptomycine from scopac ry l  f i lm  was 
modulated from about 4.10°8(pH 10) t o  9010-9(pH 7,7) 
and 0,2.10-10(pH 7,4). 
The primary purpose o f  t h i s  s tud ies  was apparent d i f -  
f u s i o n  c o e f f i c i e n t s  c a l c u l a t e d  t o  compare wi th  t h e  me- 
c h a n i c a l  p r o p e r t i e s  of t h e  films (Table 2 ) .  
A comparative eva lua t ion  of t h e  apparent d i f f u s i o n  
c o e f f i c i e n t s  and t h e  t lO-values  shows in  a l l  cases  
t h e  same e f f e c t .  The fi lm with t h e  lowest d i f f u s i o n  
c o e f f i c i e n t  ( e u d r a g i t )  is t h e  same wi th  t h e  lowest 
mechanical s t a b i l i t y .  B u t  t h e  change from one drug 
t o  an o t h e r  d i d  not a change i n  mechanical proper- 
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TABLE 2 
App. d i f f .  c o e f f i c i e n t s  D ( 10-’2cm2s-1 ) and t I 0  ( s  at 
2 , 5  N/mm ) of scopacry l (A)  and e u d r a g i t ( B )  films 2 

drug  B 
D 5 0  D 5 0  

A 

unloaded - 51 - 2 
p i l o c a r p i n e  10650 15,5 1730 193 
s t rep tomycine  21 - - - 
is o s orb  i d  e 1050 0,8 309 095 
n i t r o g l y c e r o l  0,0015 1,3 0,0014 1 ,O 

t i e s  i n  c o r r e l a t i o n  with t h e  d i f f u s i o n  c o e f f i c i e n t s .  
I n  t h i s  ca se  t h e  i n f l u e n c e  o f  drug  p r o p e r t i e s  (e.g. 
p a r t  it i o n  c o e f f i c i e n t ,  cor responding  s o l u b i l i t y )  
was dominated i n  r e l a t i o n  t o  drug  r e l e a s e .  

CONCLUSION 

The use of s t r a i n - t i m e  t e s t  a l lowed t h e  c l a s s i f i c a -  
t i o n  of drug  loaded f i lm.  But the s t u d y  showed tha t  
t h e  change i n  drug  l o a d i n g  can a f f e c t  s t r o n g l y  t h e  
d r u g  r e l e a s e  from a c r y l i c  films. Follow-up s t u d i e s  
are be ing  designed t o  f u r t h e r  c h a r a c t e r i z e  and quan- 
t i t a t e  t h e  i n f l u e n c e  of drugs as w e l l  as a d d i t i v e s  
on t h e  mechanical  p r o p e r t i e s  o f  d rug  loaded films 
s u c h  as s c o p a c r y l  and e u d r a g i t .  
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