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K n t e r i c  F i l m  C o a t i n g  Using C o m p l e t e -  Aqueuu:; Dissolvcd 

Hydroxypropy l  Methyl C e l l u l o s e  Phth<L l d t  ti Sprc2y S o l u -  

t i o n s  

, J . W .  S t a f f o r d ,  Sandoz  AG,  P o s t f a c h ,  C l i .  40C1.2, m s l e ,  

S w i t z e r l a n d  

A c o m p l e t e l y  a q u e o u s  f i l m  cGat.j~r1.j s p r a y  :system lAds  

b e e n  d e v e l o p e d  f o r  t h e  e n t e r i c  f i l m  c:oaI i r ig  O K  t a b l e t s .  

The method u s e s  c o n v e n t i o n a l  alqueou:; i-i lm c o a t i n g  

e q u i p m e n t  a n d  t e c h n i q u e s .  The ' c o a t i i i q s  produc:'zd compare 

i n  e n t e r i c  q u a l i t y  w i t h  t h e  b e s t  th ' i t  c a n  b e  a c h i e v c u  

w i t h  e n t e r i c  f i l m  c o a t i n g s  a p p l - i e d  f i  oin o rganic  solu- 

t i o n s .  D i s s o l u t i o n  r a t e  data w e r e  n i a r n l y  u s e d  t o  j u d ~ j e  

t h e  e n t e r . i c  q u a l i t y ,  a n d  s u c h  d a t a  tor a nur r~ l~er  of 

e n t e r i c  f . i h  c o a t i n g  t r i a l s  a r e  presc tn ted .  

E x n a u s t  air f rom e n t e r i c  f i l m  coat i n q  p l 3 n t - s  is 

g e n e r a l l y  eventually r e l e a s e d  to the at.mo~;pIiere, t ; ~  the 

u s e  of  c o m p l e t e l y  a q u e o u s  s p r a y  s y s t c , m s  h'is obvious 

e c o l o q i c a  1, a d v a n t a g e s  - I n  addition, I.iany of t h e  orgcinic 
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514 STAFFORD 

solvent systems which could be used for enteric film 

coating constitute a fire, explosion and/or health 

hazard. Aqueous systems eliminate these hazards or the 

cost of making the working area safe for the use of 

such solvents. Water, even when highly purified, is so 
cheap that recovery from exhaust air can be ignored. 

Also, the very high sensitivity of present day analyti- 

cal techniques makes water a very desirable solvent 

with respect to residues in the product since water 

presents no toxicity problems. 

Mixed organic-aqueous solvent systems have been 

proposed €or enteric coatings’), but these do not have 

all the advantages listed above. Completely aqueous 

enteric coating dispersions based on methacrylic acid 

copolymers2) have been commercially available for 

years, but have only very recently achieved world wide 

acceptance by registration authorities. Still more re- 

cently, a powder dispersion system in water based on 
hydroxypropyl methyl cellulose phthalate, HPMCP, has 

been offered for sale - 3) 

Some technical difficulties may be encountered in 
using dispersions for spray coatings. These mainly 
concern pistol blockage during spraying. Additionally, 

some stability problems concerning post-hardening of 

the coatings, or discolouration and sticking together 

may be encountered. 

The present process described here has been the 
basis of a patent application4) and uses a completely 

dissolved enteric film former, so the pistol blockage 
problems typical of dispersions are not encountered. 
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ENTERIC FILM COATING 515 

The p r o c e s s  u s e s  n e u t r a l i s e d ,  c o m p l e t < > l y  w a t e r  s o l u b l e  

HPMCP t o  p r o v i d e  t h e  e n t e r i c  p r o p e r t i e s .  

5) The S h i n e t s u  C h e m i c a l  Company di:;closes a p a t e n t  

whereby  HPMCP i s  d i s s o l v e d  i.n water by  n e u t . r a l i s i n y  

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

t e c h n i q u e ,  b u t  t h e  c o a t i n y s  a r e  n o t  e n t e r i c :  u n t i l  t h e y  

u n d e r g o  a s u b s e q u e n t  a c i d  t r e a t . m e n t  s t e p .  

MATERIALS AND NETHODS -- 

F i l m  c o a t i n g s  w e r e  c a r r i e d  o u t  i n  a 2 4  i n c h  Accela 

C o t a ,  M a n f s t y  M a c h i n e s ,  L t d .  The s p r a y  p i s t o l  u s e d  w a s  

a B i n k s  Model 2 6 1 0  f r o m  B i n k s  ( I n t e r n a t i o n a l )  I Water- 

loo, B e l g i  urn. 

The h y d r o x y p r o p y l  m e t h y l  c e l l u l c ~ s e  p h t h a l a t e  w a s  

HP 5 0  f rom S h i n e t s u  Chemica l  Company, Tokyo ,  J a p a n .  P r o  

a n a l y s i  sod ium h y d r o x i d e  p e l l e t - s ,  Merck;  p r o  a n a l y s i  

2 5  % ammonia s o l u t i o n  ( d e n s i t y  0 . 9 1  y/cm ) ,  Merck;  and  

t r i e t h a n o l a m i n e ,  p u r e ,  Ph. H e l v .  V I ,  S i e y f I r i e d ,  

S w i t z e r l a n d ,  w e r e  u s e d  t o  n e u t r a l i s e  t h e  HPMCP. 

3 

O t h e r  e x c i p i e n t s  u s e d  i n  t h e  co;lting:; w e r e  T a l c  

Pharm. f rom P r e c h e l  Herbert ,  Mannheirn 

um d i o x i d e  USP X I X  f rom I C I ,  G r e a t  BI- 

s o l u b l e  e r y t h r o s i n e  f r o m  D . F .  Ansteacl 

The t e s t s  i n c l u d e d  t h e  USP X I X  (3 

a p p a r a t u s ,  t h e  USP XX r o t a t i n g  b a s k e t  

Germany, t i t a n i -  

t a i n  a n d  w a t e r  

G r e a t .  B r i t a i n .  

s i n  t egr a t i o n  t i m e  

d i s s t o 1  u t i o n  r a t e  

a p p a r a t u s  a n d  t h e  f l o w  t h r o u g h  c e l l  d i s s o l . u t i o n  r a t e  
a p p a r a t u s 6 )  . The USP X I X  dis i n t e g r a t i o n  t i m e  a p p a r a t u s  

w a s  u s e d  b u t  t h e  e n t e r i c  r e q u i - r e m e n t s  o f  E u r .  Ph .  I 
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516 

TABLE 1 

Spraying Conditions 

STAFFORD 

Cores: Propyphenazone containing cores, weight 240 mg, 

diameter 10 mm, curved faces (18 mm radius of 

curvature) and bevelled edges. 

Charge: 10 kg in the 24 inch Accela Cota 

Drum rotation speed 

Inlet air: quantity 

temperature 

Exhaust air: quantity 

temperature 

Spray pistol 

Nozzle 

Needle 

Spray cap 
Distance, spray nozzle to 

rolling core bed 

Compressed air 

Spray programme: Spray 
Spray interval 

Spray speed, finger pump* 
Total coating time 

* Finger pump arm diameter ca. 
internal diameter 5 mm. 

16 rpm 
3 3000 m /hour 

5 7  O C  

3 3200 m /hour 

34.5OC 

Binks Model 2610 

No. 63 
N o .  636 
N o .  63 P B  

20 cm 

3 atmospheres 

60 seconds 

2 seconds 

45 UpM 
4 hours 25 minutes 

5 cm, finger pump tubing D
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E N l E R I C  FILM C'OATING 517 

w e r e  a l s o  f o l l o w e d ,  t h a t  i s  r e s i d e n c e  f o r  two hour s  i n  

s i m u l a t e d  g a s t r i c  j u i c e  at 3 7 ° C  b e f o r e  chang ing  t o  

pH 6 . 8 .  

About 1 2 . 5  B by we igh t  o f  HPMCP i s  d i s p e r s e d  i n  

w a t e r  and n e u t r a l i s e d  w i t h  b a s e  t o  make t h e  s p r a y  s o l u -  

t i o n .  The amount o f  b a s e  r e q u i r e d  p e r  1.00 g HPMCP was 

found t o  be  11 .8  g of 25 % aqueous ammonia, 6 . 1 4  g of 

NaOH (added  d i s s o l v e d  i n  a little w a t e r  for r a p i d  d i s -  

p e r s i o n )  o r  25.3 g t r i e t h a n o l a m i n e .  The HPMCP i s  u s u a l -  

l y  f u l l y  d i : ; so lved  a f t e r  a few h o u r s .  

I n s o l u b l e  e x c i p i e n t s  such  a s  t a l c  and t i t a n i u m  

d i o x i d e  werse b a l l  m i l l e d  as aqueous  d i . spers ior i s  w i t h  a 

Dynomill  ( W . A .  Bachofen,  S w i t z e r l a n d )  l ~ e f o r ~ !  add iny  t o  

t h e  s p r a y  s o l u t i o n .  

The s p r a y  c o n d i t i o n s  f o r  f i l m  c o a t i n g  propyphena- 

zone t a b l e t s  (see t a b l e  5 )  a r e  q i v e n  i n  tab1.e 1 .  

P rov ided  t h a t  t h e  s p r a y  c o a t i n g  p r o c e s s  :is s t r i c t -  

l y  c o n t r o l l e d ,  i t  w a s  found t h a t  c o a t i n g s  of e x c e l l e n t  

e n t e r i c  q u a l i t y  c o u l d  be r e p r o d u c i b l y  a c h i e v e d  i n  a 

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

I n i t i a l  t r i a l s  w i t h  f i l m  c o a t i n g  n e u t r a l i s e d  HPMCP 

showed t h a t  t h e  e n t e r i c  quai-ity o f  t h e  s p r a y  ( coa t ing  

iinproved w h e n  t h e  s p r a y  c o a t i n g  p r o c e s s  was more 

s t r i c t l y  c o n t r o l l e d  t o  a v o i d  d e f e c t s  t h a t  low'er t h e  

q u a l i t y  o f  t h e  e n t e r i c  c o a t i n g s  produced .  
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518 STAFFORD 

Two main classes of defects can be distinguished: 

(i) Frictional wear at tablet edges during film 

coating due to running the process too dry. This can 

reduce the thickness of the enteric coat without 

actually exposing the edge, and the remaining edge 

cover is not sufficient to afford the required enteric 

properties. 

(ii) Incipient sticking, where tablets sticking 

to the apparatus or together, part without any visible 

mechanical damage or core-exposing holes in the 

applied film coat, but sufficient rupture or micro- 

blistering occurs to lower the resistance of the film 

coat to penetration by simulated gastric fluid. This 

occurs when the process is run too wet. 

The effects caused by these two kinds of defects 

may be observed by careful examination with a magnify- 

ing glass or observation of the pattern of failure in 
the enteric disintegration test in simulated gastric 

fluid. 

It should be noted that these two kinds of de- 

fects are of no consequence in conventional aqueous 

film coating with gastric-soluble polymers, since they 

are not readily apparent to even a close inspection of 

the coated tablets with the naked eye and the effect of 
the defects on disintegration, if noticeable, would be 

considered advantageous. Consequently, it is no sur- 

prise that satisfactory one-stage, completely aqueous 

enteric film coating with neutralised HPMCP requires a 

stricter control of the film coating process than is 
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ENTERIC FILM COATING 519 

t h e  c a s e  w i t h  c o n v e n t i o n a l  compl-etely aqueous  ( g a s t r i c  

s o l u b l e  f il-m c o a t i n g .  

T h i s  s t r i c t e r  c o n t r o l  c o n s j - s t s  of runriiny t h e  f i l m  

c o a t i n g  p r o c e s s  i n  a nar rower  r e g i o n  o f  c o n d i t i o n s  de-  

f i n e d  by b e i n g  f u r t h e r  f rom t h e  d r y  s i d e  l i m i t  where 

edge  f r i c t i o n a l  wear  i s  v i s i b l y  o b s e r v a b l e , ,  and a l s o  

f a r  from t h e  l i m i t  on t h e  w e t  s i d e  where obv ious  s t i c k -  

i n g  o c c u r s .  

With tx l i t t l e  p r a c t i c e ,  runn ing  t h e  film c o a t i n g  

p r o c e s s  w i t h  t h e s e  two c o n s t r a i n t s  present :s .  1 . i t t l e  

d i f f i c u l t y ,  and e n t e r i c  c o a t i n g s  o f  e x c e l l e n t :  q u a l i t y  

c a n  be r e p r o d u c i b l y  ach ieved .  

Two b a t c h e s  of c o r e s  c o n t a i n i n g  pindol.o:t i n  a s u s -  

t a i n e d  r e l e a s e  f o r m u l a t i o n 7 )  coming from the same pro-  

d u c t i o n  c h a r g e  w e r e  c o a t e d  w i t h  1 5  nicj oE aqueous  neu- 

t r a l i s e d  HPMCP and HPMCP d i s s o l v e d  i n  a n  o r g a n i c  s o l -  

v e n t  (I: 1 methano l / ace tone )  , r e s p e c t i v e l y .  The f i l m  

c o a t e d  t a b ' l e t s  from b o t h  t r i a l s  comple t e ly  s a t i s f i e d  

t h e  d i s i n t e g r a t i o n  t i m e  e n t e r i c  c o a t i n g  t e s t  ( two 

hour s  r e s i d e n c e  i n  s i m u l a t e d  g a s t r i c  f l u i d .  a t  3 7  5 l ° C  

w i t h  a g i t a t i o n )  i n  t e r m s  of g a s t r i c  j u i c e  r e s i s t a n c e .  

A d i s s o l u t i o n  r a t e  t e s t  a c c o r d i n g  t o  t h e  LISP X I X  r o t a t -  

i n g  b a s k e t  method, w i t h  pH jump from 1 . 2  t.o 6 . 8  a f t e r  

6 0  minu te s  was c a r r i e d  o u t .  Thiz r e s u l t s ,  shown i n  t a b l e  

2 ,  indicat ;e  s i m i l a r  r e l e a s e  p r o f i l e s  . 

To ch.eck t h e  r e p r o d u c i b i l i t y  of t h e  aqueous  e n t c -  

r i c  f i l m  c o a t i n g  p r o c e s s ,  two f u r t h e r  ba tche :s  o f  p i n -  
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TABLE 2 

STAFFORD 

Dissolution Rate of Aqueous Enteric Coated Pindo- 
lo1 Cores Film Coat: 15 mg: Method: Rotating Basket 

with Rotation Speed of 100 rpm and 4 0 0  ml of Simulated 

Gastric Fluid. pH Jump from 1 . 2  to 6 . 8  after 6 0  minu- 

tes. The Mean of Six Determinations and the Standard 

Deviations’ are Given. 

HPMCP from aqueous 

solution 
Time pH Mean standard 

min deviation 
% 6 

6 0  1 . 2  3 .2  

1 2 0  6 . 8  3 3  .O 

1 8 0  6 . 8  4 4 . 4  

2 40 6 . 8  53.4 

300 6 . 8  6 6 . 2  

3 6 0  6 . 8  7 0 . 2  

3 . 7  

3 . 8  

4 .2  

5.4 

7 . 1  

9 .o 

HPMCP from organic 

solution 
Mean Standard 

deviation 
. % 

2 . 6  

2 5 . 2  

4 3 . 4  

6 4 . 2  

7 6 . 8  

8 6 . 6  

2 .o 
1 . 9  

9 . 7  

1 0 . 8  

9 .o 
7 . 1  

dolol cores from a different production charge were 
then coated. In this case the dissolution rate test 

was carried out with the time of the pH jump from 1 . 2  

to 6 . 8  occurring after 1 2 0  minutes. The dissolution 

rate results are shown in table 3 .  There i s  no signi- 
ficant difference between the results for these two 
batches. It is also evident that stomach juice pro- 
tection is also assured over two hours. 

Cores taken from a third production charge were 
coated with varying amounts of aqueous dissolved HPMCP 
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ENTERIC FILM COATING 521 

TABLE 3 

R e p r o d u c i b i l i t y  o f  t h e  R o t a t i n g  Baske t  D i s so lu -  

t i o n  Ra te  f o r  Two D i f f e r e n t  Ba tches  o f  E n t e r i c a l l y  

Coated P i r ido lo l  C o r e s .  

Ba tch  N O .  1 Batch  N o .  2 

T i m e ,  min P H  Mean release Mean r e l e a s e  

P, % 

15 1.2 

30 1.2 

60 1.2 

120 I. 2 

135 6 . 8  

150 6 . 8  

1 80 6 . 8  

240 6.8 

300 6.8 

3 6 0  6 . 8  

4 20 6 . 8  

24 hours  6 . 8  

1.2 

I. 3 
2 .o 
2.8 

12.6 

19.2 

2 6 . 1  

36.8 

47.9 

59. e 
74.8 

100 

0.9 

1.1 

1.9 
2.2 

7.1 

1.4.7 

2 ! 2 . 1  

33.4 

4 6 . 4  

62.4 

71.8 

100 

f i l m .  Again,  a l l  c o a t e d  t a b l e t s  s a t i s f i e d  t h e  g a s t r i c  

r e s i s t a n c e  r equ i r emen t  of t h e  d i . s i n t e g . r a t i o n  t i m e  t e s t  

( two h o u r s  r e s i d e n c e  w i t h  a g i t a t i o n  i n  s i m u l a t e d  

g a s t r i c  j u i c e  w i t h  p H  jump a f t e r  two h o u r s  f:rom 1.2 t o  

6 . 8 ) .  Again,  t h e  c o a t e d  t a b l e t s  were a l s o  t e s t e d  by 
t h e  r o t a t i n g  b a s k e t  d i sso lu t -Lon r a t e  method.. The re- 

s u l t s  a r e  shown i n  Tab le  4 .  

The d i s s o l u t i o n  r a t e  d a t a  shows t h a t  t h e r e  i s  a 

s t e a d y  improvement i n  e n t e r i c  p r o p e r t i e s  w i t h  i n c r e a s -  
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TABLE 4 

Variation of Enteric Performance of Pindolol 

Cores Coated with Various Amounts of Neutralised 
HPMCP. Film Weight is Given in Terms of Amount of 

HPMCP before Neutralisation. 

Time, min pH 

5 1.2 

15 1.2 

30 1.2 

60 1.2 

90 1.2 
120 1.2 

Amount of HPMCP applied 

Mean release 

5.5 mg 8.25 mg 11 mg 
. % % 

0,18 0.19 0 . 9 0  

0.28 0.28 0 . 9 9  

0 . 7 4  0.37 1 .08  

4.52 0 . 9 3  1.17 

8.12 1.85  1.17 
10.52 4.26 1.26 

ing film thickness, as seen in th'e lowered release 

during the first two hours at pH 1.2. 

A fast releasing, fast disintegrating tablet for- 

mulation was also coated with the completely aqueous 

neutralised HPMCP film coating solution according to 

the conditions shown in table 1. The tablet core 
characteristics are given in table 5. 

The propyphenazone enteric coated tablets fully 

met the enteric coated tablet test (withstanding two 

hours residence with agitation in simulated gastric 

fluid at 3 7  2 lDC and disintegrating in 5.5 min when 
the pH was jumped to 6.8). The dissolution rate data 
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C h a r a c t e r i s t i c s  of t h e  F a s t  R e l e a s i n g ,  F a s t  

D i s s o l v i n g  Propyphenazone T a b l e t s .  

Fo rmula t ion  

Propyphenazone 

L a c t o s e  

Corn s t a r c h  

P o l y v i n y l  pyr ro l ic lone  

Ma q n e s i um s t e a r  a t e  

T a l c  

mg 

24 .0 

162.23 

40.07 

4.47 

1.79 

2.44 ____ 
240.0 

S c h 1 eun i q e r ha  rdne  s s 42 N 

F r i a b i l i t y ,  Roche F r i a b i l a t o r  0 . 7  'ti 

D i s i n t e g r a t i o n  t i m e ,  USP 1.7 m i n  

T a b l e t  d i a m e t e r  9 mrrL 

T a b l e t  shape  Low c u r v a t u r e  

( r a d i u s  1 8  mm) 

B e v e l l e d  edge  

measured i n  t h e  f low- through c e l l  i s  shown i n  t a b l e  6 

f o r  a p H  m a i n t a i n e d  a t  1.2 for two h o u r s .  F o r  compari-  

son ,  t h e  d i s s o l u t i o n  r a t e  of uncoa ted  t a b l e t s  measured 

unde r  t h e  same c o n d i t i o n s  a r e  also q.iven. T'he d a t a  €or  

t h e  c o a t e d  t a b l e t s  a p p l y  t o  samples  s t o r e d  f o r  1 2  

months a t  room t e m p e r a t u r e  i n  c l o s e d  brown ~g1a:ss 

b o t t l e s .  

The d i s s o l u t i o n  r a t e  t e s t  :shows n o  loss i n  s tomach 

j u i c e  r e s i s t a n c e ,  even  a f t e r  1 2  montns, s t o r a g e .  
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TABLE 6 

Dissq~ution Rate Data for Propyphenazone Tablets, 

Uncoated and Coated with HPMCP Neutralised with Ammonia 

or NaOH. The Flow Through Cell Data Apply to Film Tab- 

lets Stored 1 2  Months at 

Brown 

Time 

min 

5 

10 

1 5  

3 0  

6 0  

1 2 0  

Glass Bottles. 

PH 

1 . 2  

1 . 2  

1 . 2  

1 . 2  

1 . 2  

1 . 2  

Uncoated 
tablets, 
release 

, 

4 9 . 1  

81.1 

9 4 . 9  

100 
-- 
-- 

Room Temperature in Closed, 

Coated with Coated with 
HPMCP neut- HPMCP neut- 
lised with ralised with 

ammonia, NaOH , 
release release 

% , 

-- 
-- 
2 . 6 3  

3 . 4 7  

4 . 6 2  

6 . 0 0  

-- 
-- 
1 . 7 5  

1 . 9 5  

2 . 2 6  

3 . 2 9  

The GillazymB cores described by Ehrhardt, et. 
a1.8’ were also coated by a completely aqueous neutra- 
lised HPMCP spray coating solution. The 7 5 0  mg oblong 
tablets with curvature contain acid-sensitive enzymes. 
The experimental details for the film coating are 
given in table 7 .  

The enteric coating disintegration test used here 
was residence with agitation for 6 0  minutes in simula- 
ted gastric juice at 3 7  2 1°C. The aqueous film coated 
tablets remained fully intact and firm during this 
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TABLE 7 --- 

525 

Film Coating Details f o r  Coating a 1Cl ksg Charge 

of Gillazym@ Cores in the 24" Accela Cota with Neutra- 

lised Aqueous HPMCP. 

Base coat HPMCP 134.6 g 

25 % aqueous ammonia 15.1 g 

Erythrosine, water soluble 0.67 
Demineralised water 925.63 g 

Second coat HPMCP 269.2 g 

25 % aqueous ammonia 30.15 q 

Erythrosine, water so1iibl.e 1.3 5 g 

Talc 50.0 9 

Titanium dioxide 47.5 g 

Demineralis,ed water 1753.8 g 

Final coat 

Spray rate 

HPMCP 403.8 g 

25 % aqueous ammonia 45.2 4 

Erythrosine, water so1ub:Le 2.0 9 

D em ine r a 1 i c; e d water 2777.0 g 

46.11 g/min, otherwise conditions 

as in table 1. 

test and should disintegrate f u l l y  within about 15 mi- 

nutes when the pH is jumped to p H  5.5. The actual re- 

sults were 

Disintegration time, cores, pH 5.5: 6.4 - 9.3 min 
Disintegration time, aqueous enteric coated tab- 
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lets, modified USP ( 6 0  min, pH 1 . 2 ,  pH lump to 

5.5): 14.7 - 17.1 min. 

(HPMCP film applied to these cores from organic 

solution requires about 6 - 13 minutes to dissolve 
from the cores at pH 5.5). 

When acid penetration occurs through the enteric 

coating during residence with agitation in simulated 

gastric juice at 37 5 l0C, the core is discoloured to 
the depth of penetration. The depth of acid penetra- 

tion into the cores coated with aqueous neutralised 

HPMCP was'of the same order as for GillazymB cores 

coated with HPMCP from organic solution (namely, about 

0.5 mm). 

DISCUSSION 

The neutralised HPMCP film former is completely 

water soluble. To provide enteric protection, the neu- 

tralised HPMCP film on the tablet is converted to the 

insoluble acid at the simulated gastric juice pH. This 
conversion to acid must occur very rapidly, otherwise 
the enteric coating of the fast disintegrating, fast 
releasing propyphenazone formulation, see tables 5 and 
6, would not have been successful. 

The fact that the neutralised HPMCP enteric film 

is not actually enteric until it comes in contact with 

acid media is not a problem since tests have shown 

that tablets coated with HPMCP from organic solvents 

disintegrate quickly in non-acidic media like de- 

mineralised water. 
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G a s t r i c  j u i c e  i s  g e n e r a l l y  s a i d  t o  v a r y  i n  pH 

f r o m  1 t o  3. T o  t e s t  i f  f a s t  d i s i - n t e g r a t i n g  t a b l e t s  

c o a t e d  w i t h  a q u e o u s  n e u t r a l i s e d  HPMCP a r e  s t i l : l  en -  

t e r i c  a t  h i g h e r  p H ,  a d i s i n t e g r a t i o n  t i m e  t e s t  w a s  

c a r r i ed  o u t  i n  a q u e o u s  m e d i a  a t  pH 4 .  The  c o a t e d  t a b -  

l e t s  r e m a i n e d  i n t a c t  a f t e r  two h o u r s  r e s i d e n c e  w i t h  

a g i t a t i o n  at. 37  2 1 ° C  i n  t h i s  medium. The c o n v e r s i o n  

o f  t h e  n e u t r a l i s e d  HPMCP a t  pH 4 i s  s u f f i c i e n t l y  f a s t  

a n d  c o m p l e t e  t o  p r o v i d e  a n  e n t e r . i c  c o a t i n g .  

T h e r e  a re  f o u r  c l a s s i c  t e s t s  f o r  a n y  s a t i s f a c t o r y  

a q u e o u s  e n t e r i c  f i . l m  c o a t i n q  p r o c e s s  : 

(i) 

(ii) 

(iii) 

( i v )  

c o a t i n g  f a s t  d i s i n t e g r a t i n g  a n d  r e l e a s i n g  

t a b l e t s  

c o a t  i ng h y d r o  p h o  b i c t a b  1 e t 5; 

c o a t i n g  f o r m u l a t i o n s  s u c h  t h a t  l i t . t l e  or  

no a c t i v e  i n g r e d i e n t  s h o u l d  b e  r e l e a s e d  

t o  t h e  s tomach  ( b e c a u s e  i t  i s  i r r i - t a t i n y  

o r  i n : j u r i o u s  t o  t h e  s t o m a c h ,  bu-t. n o t  t o  

t h e  i n t e s t i n e )  

c o a t i n g  t a b l e t : ;  c o n t . a i n i n c j  an a c i d  s e n s i -  

t i v e  a c t i v e  i n g r e d i e n t .  

Test (i) i s  s a t i s f a c t o r i l y  a c c o m p l i s h e d  w i t h  t h e  

p r o p y p h e n a z o n e  t a b l e t s  (see tab1.e 6 ) .  A l t h o u g h  t h e  

t a b l e t s  a re  f a s t  d i s i n t e y r d t i n g  a n d  r a p i d l y  release 

t h e  a c t i v e  i n g r e d i e n t ,  l i t t l e  d r u g  s u b s t a n c e  i s  re- 

l e a s e d  u n t i l  t h e  p H  i s  r a i s e d  a b o v e  t h e  v a l u e  e n c o u n t -  

e r e d  i n  t h e  s t o m a c h .  

T e s t  iii) c a n  be r e g a r d e d  as a c c o m p l i s h e d  w i t h  

t h e  p i n d o l o l  cores ,  w h i c h  c o n t a i n  a s i g n i f i c a n t  amount  
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528 STAFFORD 

of hydrophobic ethyl cellulose in the formulation. 

Other trials with a very high dosage of a very hydro- 
phobic development drug also confirm this result. 

Test (iii) can also be regarded as accomplished 

in view of the very low drug releases observed during 
contact with simulated gastric fluid when dissolution 

rates are performed on tablets coated with aqueous 

neutralised HPMCP. 

Test (iv) is satisfactorily accomplished with the 

aqueous enteric coating of GillazymB cores which com- 
pare well with the same cores coated with HPMCP from 

organic solution in the disintegration time test. 

A recent survey of enteric coated tablets on the 

market’) has shown that they all show greater or les- 

ser penetration of simulated gastric fluid through 

the enteric coating during residence in artificial 

gastric juice in the disintegration time test. Conse- 

quently, some acid peneyration has to be taken into 

account, and tests have shown that the penetration 
into Gillazymm cores coated with aqueous HPMCP is of 
the same order as that encountered with the same cores 

coated with HPMCP from organic solution. 

The disintegration time test for enteric coatings 
can be a misleading test in terms of the enteric qua- 
lity of the coating. Pindolol cores coated with in- 
sufficient HPMCP could satisfactorily pass the enteric 

disintegration time test, but still show in excess of 

30 % drug release during the first two hours in contact 
with simulated gastric fluid in the rotating basket 
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d i s s o l u t i o n  r a t e  t e s t .  Consequen t ly ,  t h e  d i s s o l u t i o n  

r a t e  w i t h  PI-; jump a f t e r  1 o r  2 h o u r s  i s  a more s e v e r e  

t e s t  t h a n  t h e  e n t e r i c  d i s i n t e g r a - t i o n  t i m e  t e s t .  

I n  p r a c t i c e ,  e n t e r i c a l l y  c o a t e d  c o r e s  se ldom,  i f  

e v e r ,  show z e r o  d rug  r e l e a s e  d u r i n g  t h e  f i r s t  two 

hour s  r e s i d e n c e  i n  g a s t r i c  j u i c e  i n  t h e  d i s s o l u t i o n  

r a t e  t e s t l o : ’ .  The releases shown i n  t a b l e s  2 and 4 a r e  

i n  t h e  r ange  of t h e  b e s t  t h a t  c a n  be accomp-Lished w i t h  

e n t e r i c  c o a t i n g s  produced  from o r g a n i c  s o l u t i o n  o r  

f rom d i s p e r s i o n s .  

Some i n d i c a t i o n  of t h e  s t o r a g e  s t a b i 1 i t . y  of com- 

p l e t e l y  aqu’sous n e u t r a l i s e d  HPMCP e n t e r i c a l l y  coated 

f i l m  t a b l e t s  i s  g i v e n  i n  t a b l e  6 .  There  i s  no l o s s  i n  

e n t e r i c  p r o p e r t i e s  o v e r  1 2  months a t  room t e m p e r a t u r e  

f o r  samples  s t o r e d  i n  c l o s e d  brown g l a s s  b o t t l e s .  A 

f u l l e r  r e p o r t  on t h e  s t a b i l i t i e s  of e n t e r i c  f i l m  c o a t -  

i n g  w i l l  be  g i v e n  a t  a l a t e r  dat-e.  

F i n a l l y ,  a n  aqueous  s p r a y  c o a t i n g  s y s t e m  u s i n g  

comple t e ly  d i s s o l v e d  HPMCP h a s  been  deve loped  t o  pro-  

duce  e n t e r i c  f i l m  c o a t e d  t a b l e t s  o f  e x c e l l e n t  e n t e r i c  

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

and equipment .  
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