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ABSTRACT 

Simplex o p t i m i z a t i o n  was used d u r i n g  t h e  development 
o f  a r a p i d l y  d i s i n t e g r a t i n g ,  mo is tu re  r e s i s t a n t  l a c q u e r  
f i l m  c o a t i n g .  A hygroscopic  a n i o n i c  exchange r e s i n  w i t h  
t h e  c a p a b i l i t y  o f  adsorb ing f o u r  t o  f i v e  t imes i t s  we igh t  
i n  water  was used as t h e  model drug.  The c o a t i n g  
v a r i a b l e s  i n v e s t i g a t e d  i n c l u d e d  l e v e l s  o f  magnesium 
s teara te ,  t a l c ,  hydroxypropylmethylcellulose ( 5  cps) ,  
p o l y e t h y l e n e  g l y c o l  8000, Opaspray, and E u d r a g i t  E30D. 
Response parameters moni tored i n c l u d e d  d i s i n t e g r a t i o n  
t ime, percent  we igh t  g a i n  a f t e r  48 hours i n  a 30 deg C 
75% r e l a t i v e  h u m i d i t y  chamber and p h y s i c a l  appearance. 
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166 THOENNES AND MC CURDY 

The e f f e c t  o f  t h e  core  t a b l e t  on t h e  performance o f  t h e  
coated t a b l e t  was a l s o  i n v e s t i g a t e d .  T h i s  s tudy  
i l l u s t r a t e s  t h e  use o f  t h e  s implex des ign  i n  t h e  
development o f  a f i l m  c o a t i n g  formula.  It a l s o  examines 
t h e  i n t e r a c t i o n  between t h e  c o r e  t a b l e t  and t h e  f i l m  
c o a t i n g  . 

INTRODUCTION 

Development o f  a r a p i d l y  d i s i n t e g r a t i n g ,  m o i s t u r e  
r e s i s t a n t  l a c q u e r  f i l m  c o a t i n g  p r o v i d e s  a means o f  
p r o t e c t i n g  a mois tu re  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  f rom 
i t s  environment. A mois ture  r e s i s t e n t  l a c q u e r  f i l m  
c o a t i n g  c o n t a i n i n g  a n e u t r a l  copolymer based on 
p o l y ( m e t h ) a c r y l i c  a c i d  e s t e r s  ( E u d r a g i t  E30D) can be used 
t o  p r o t e c t  t h e  produc t  f rom mois tu re  w h i l e  r e t a i n i n g  
d e s i r a b l e  d i s i n t e g r a t i o n  c h a r a c t e r i s t i c s .  The E u d r a g i t  
E30D c o a t i n g s  a r e  permeable t o  water,  b u f f e r  s o l u t i o n s  
and gas t r i c  f l u i d ,  b u t  a re  n o t  s o l u b l e  i n  them. The 
p e r m e a b i l i t y  o f  t h e  f i l m s  can be inc reased by t h e  
a d d i t i o n  o f  w a t e r  s o l u b l e  p o l y m e r s  such as 
hydroxypropylmethyl  c e l l  u l  ose and p o l y e t h y l e n e  g l y c o l  s .  
These substances inc rease t h e  p e r m e a b i l i t y  o f  t h e  f i l m s  
t o  t h e  p o i n t  a t  which they  r a p i d l y  d i s i n t e g r a t e .  
I n c o r p o r a t i o n  o f  c o l o r  pigment, t a l c  and magnesium 
s t e a r a t e  reduce t h e  tendency o f  t h e  l a c q u e r  substance t o  
become t a c k y  and enhance t h e  p r o t e c t i v e  a b i l i t i e s  o f  t h e  
lacquer  c o a t i n g  a t  h i g h e r  atmospher ic m o i s t u r e  l e v e l s .  

The c h a r a c t e r i s t i c s  o f  t h e  core  t a b l e t  may a l s o  e f f e c t  
t h e  p r o p e r t i e s  o f  t h e  f i n a l  coated produc t .  Core t a b l e t  
weight ,  composi t ion and d i s i n t e g r a t i o n  t i m e  may a l l  have 
an e f f e c t  on t h e  performance o f  t h e  coated t a b l e t .  

A geometr ica l  s implex des ign was used i n  o r d e r  t o  
o b t a i n  an op t ima l  c o a t i n g  f o r m u l a t i o n  i n  a l i m i t e d  number 
o f  exper imenta l  t r i a l  s .  

EXPERIMENTAL 

M a t e r i a l s  and Methods 
The q u a l i t a t i v e  f o r m u l a t i o n  f o r  t h e  core  t a b l e t s  used 

i n  t h e  s implex s tudy i s  shown i n  Table 1. Three separate 
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, E V A L U A T I O N  OF A L A C Q U E R  FILM C O A T I N G  167 

TABLE 1 

Qua1 i t a t  i v e  Core Tab1 e t  Foynul at! on 
used i n  Simplex Study Coat ing  T r i a l s  

M a t e r i  a1 (Source) 
Hygroscopi n i o n j c  Ex ha ge Resin (HAER) 

fTRe Upjohn f0.Y 
M i  c r o c r y s t a l  1 i ne C e l l  u l  ose NF Medi um Powder 

(FMC) 
Hydr xypro y lmet  l c e l l u l o s e  (HPMC) 2208 USP 100 
cps ?Bow CRemicaVj 
C o l l o i d a l  S i l i c o n e  D i o x i d e  NF (Cabot) 
Magnesium Steara te  NF Food Grade V (Wi tco)  

l o t s  o f  t a b l e t s  ( lA ,  16 and 1C) were made f rom t h e  
formula shown Table 1. A l l  m a t e r i a l s ,  except  t h e  
magnesium s t e a r a t e ,  were screened (#20  mesh) and mixed 
f o r  30 minutes i n  a PK mixer .  The magnesium s t e a r a t e  was 
then screened ( #  20 mesh), added t o  t h e  mixer  and mixed 
f o r  t h r e e  minutes.  The m i x t u r e  was d i r e c t l y  compressed 
t o  t h e  d e s i r e d  weight  on a 30 s t a t i o n  K i l i a n  TX30A press  
w i t h  125 l b s .  precompression and 6800 l b s .  f i n a l  
compressional f o r c e  u s i n g  .6875 x .4062 f u l l  o v a l  
t o o l i n g .  A summary o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  
t h e  t a b l e t s  i s  presented i n  Table 2. 

The t a b l e t s  were coated u s i n g  cont inuous f i l m  c o a t i n g  
techniques i n  a 24 i n c h  Accela Cota. The t a b l e t  charge 
t o t a l e d  f i v e  k i l o g r a m s  f o r  each c o a t i n g  t r i a l .  
Approx imate ly  one k i l o g r a m  o f  hygroscopic  a n i o n i c  
exchange r e s i n  (HAER) t a b l e t s  were combined w i t h  f o u r  
k i lograms o f  15/32 f u l l  ova l  t a b l e t s .  

Coat ing d i s p e r s i o n s  were prepared i n  a s i m i l a r  f a s h i o n  
f o r  each c o a t i n g  t r i a l .  The components o f  t h e  c o a t i n g  
d i s p e r s i o n s  ( c o a t i n g  v a r i a b l e s )  a r e  shown i n  Table 3.8 A 
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168 T H O E N N E S  AND MC CURDY 

TABLE 2 

f a b l e t s  Used i n  t h e  Simplex Study 
Ph s i c a l  C h a r a c t e r i s t i c ?  o f  t h e  Core 

L o t  Number 
1A 16 1c 

D i s i n t e g r a t i o n  Time (min)a  30 30 25 

F r i a b i l i t y C  LT  0.3 LT 0.3 LT 0.3 
% Weight Gainb 21.1 19.5 20.2 

a. USP method i n  0.1 N HC1 
b.  % wei h t  g a i n  o f  6 t a b l e t s  l a c e d  i n  an open p e t r i  

d i s h  a h e r  48 hours a t  30 deg ! 75% r e l a t i v e  
h u m i d i t y  i n  an Espec h u m i d i t y  chamber 

c .  % wei h t  l o s s  o f  10 t a b l e t s  a f t e r  4 minutes i n  Erweka 
f r i a b?a t o r  

TABLE 3 
Coat ing V a r i a b l e s  and Ran es 

used i n  t h e  Simplex Stu  3 y 

V a r i a b l e  ( S u p p l i e r )  Range 
(G/2000 g suspension) 

Magnesium S t e a r a t e  NF Food Grade V (Wi tco)  40-120 
T a l c  NF b o l t e d  (Whi t taker ,  C l a r k  & D a n i e l s )  40-120 
Po lye thy lene Glyco l  8000 (Sargent Welch) 15-45 

Opaspray K-1-2506-6 (Colorcon) 116-349 
E u d r a g i t  E30D (Rohm Tech) 46-232 
Hydrox rop l m e t h y l c e l l u l o s e  2910 USP 
5 cps !bow f h e m i c a l )  2.5-10 
P u r i  f i ed Water USP qs  2000 
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EVALUATION OF A LACQUER FILM C O A T I N G  169 

p o r t i o n  o f  t h e  t o t a l  water  conten t  was used t o  p repare  
t h e  polymer s o l u t i o n .  The polymer s o l u t i o n  was prepared 
one day p r i o r  t o  c o a t i n g  t o  i n s u r e  f u l l  h y d r a t i o n  o f  t h e  
hydroxypropyl  met h y l  c e l l  u l  ose (HPMC) 2910 USP 5 cps . On 
t h e  day o f  c o a t i n g ,  t h e  t a l c ,  magnesium s t e a r a t e ,  
p o l y e t h y l e n e  g l y c o l  (PEG) 8000, and Opaspray were added 
t o  t h e  polymer s o l u t i o n  and mixed f o r  t e n  minutes w i t h  a 
d i s c  shaped i m p e l l e r .  The Eudrag i t  E30D and remain ing  
water  were combined i n  a separate c o n t a i n e r  and mixed f o r  
f i v e  minutes.  The two d i s p e r s i o n s  were then combined and 
mixed f o r  and a d d i t i o n a l  f i v e  minutes.  The c o a t i n g  
d i s p e r s i o n  was passed through a 60 mesh screen p r i o r  t o  
a p p l i c a t i o n  t o  t h e  t a b l e t s .  

The c o a t i n g  d i s p e r s i o n  was d e l i v e r e d  c o n t i n u o u s l y  t o  
t h e  spray gun a t  25-30 cc/minute by a M a s t e r f l e x  ( D i g i -  
S t a l t i c )  p e r i s t a l t i c  pump. A pneumatic a tomiz ing  spray 
gun f rom Spray ing Systems was used w i th  f l u i d  cap number 
2850ss and a i r  cap number 67228-45ss. The spray gun was 
s u p p l i e d  w i t h  60 p s i  o f  a tomiz ing  a i r .  The d i s t a n c e  o f  
t h e  gun f rom t h e  moving t a b l e t  bed was n i n e  inches.  The 
d r y i n g  a i r  was s u p p l i e d  t o  t h e  pan a t  190-220 cfm a t  
approx imate ly  65 deg C .  The exhaust temperature was 
mainta ined a t  approx imate ly  40 deg C.  The t a b l e t  bed was 
r o t a t e d  a t  12-13 rpm and smal l  b a f f l e s  were used t o  
m a i n t a i n  adequate t a b l e t  movement i n  t h e  pan. The 
c o a t i n g  d i s p e r s i o n  was manual ly a g i t a t e d  every f o u r  t o  
f i v e  minutes d u r i n g  t h e  c o a t i n g  r u n  t o  p r e v e n t  
sedimentat ion o f  the  s o l i d s .  The c o a t i n g  d i s p e r s i o n  was 
a p p l i e d  u n t i l  a f i v e  percent  weight  g a i n  (based on 
i n i t i a l  core  weight  o f  HAER t a b l e t s )  was ob ta ined.  
Tab le ts  were removed f rom t h e  pan and s t o r e d  i n  c l o s e d  
c o n t a i n e r s  w i t h  t h r e e  gram des iccant  packets  (Davison 
Chemical).  

Phys ica l  T e s t i n g  

Percent Weight Gain 
S i x  t a b l e t s  were p laced i n  an open p e t r i  d i s h  and 

s t o r e d  i n  an Espec h u m i d i t y  c a b i n e t  a t  30 deg C and 75% 
r e l a t i v e  h u m i d i t y  f o r  a p e r i o d  o f  48 hours.  The amount 
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170 THOENNES AND MC CURDY 

o f  mo is tu re  absorbed was determined g r a v i m e t r i c a l l y  u s i n g  
t h e  d i f f e r e n c e  between t h e  i n i t i a l  weight  and t h e  we igh t  
immediately a f t e r  exposure t o  t h e  h u m i d i f i e d  environment.  
The r e s u l t s  were r e p o r t e d  as a percentage i n c r e a s e  f rom 
i n i t i a l  t a b l e t  weight .  

D i s i n t e g r a t i o n  Time 
D i s i n t e g r a t i o n  t e s t i n g  o f  s i x  t a b l e t s  was performed 

us ing  s tandard USP t e s t i n g  methods. D i s i n t e g r a t i o n  f l u i d  
used was 0.1 N HC1. Resu l ts  were r e p o r t e d  as t h e  t i m e  
r e q u i r e d  f o r  complete d i s i n t e g r a t i o n  o f  t h e  l a s t  t a b l e t .  

Phys ica l  Appearance 
Coated t a b l e t s  were examined f o r  s t r u c t u r a l  d e f e c t s  

us ing  a Nikon HFX Microscope a t  0.66 m a g n i f i c a t i o n .  The 
t a b l e t s  were examined p r i o r  t o  t h e i r  placement i n t o  and 
immediately a f t e r  t h e i r  removal f rom t h e  h i g h  h u m i d i t y  
c a b i n e t  f o r  c o l o r  u n i f o r m i t y ,  c rack ing ,  s p l i t t i n g  o r  
p e e l i n g  o f  t h e  coat,  incomplete edge c o v e r i n g  and 
p i n h o l e s  i n  t h e  c o a t i n g  a t  t h e  t a b l e t  edge. 

Simp1 ex O D t  i m i  z a t i  on : ExDerimental Design 

The exper imenta l  des ign used d u r i n g  t h e  s tudy  was a 
Geometrical V a r i a b l e  S ize  Simplex des ign  (1,2). A 
s implex i s  a geometr ic  f i g u r e  d e f i n e d  by a number o f  
p o i n t s  equal t o  one more than t h e  number o f  v a r i a b l e s .  
The v a r i a b l e  s i z e  s implex method i s  a l o g i c a l  a l g o r i t h m  
c o n s i s t i n g  o f  r e f l e c t i o n ,  expansion and c o n t r a c t i o n  
r u l e s .  The a l g o r i t h m  can be used w i t h  any number o f  
dimensions ( v a r i a b l e s ) .  

The v e r t i c e s  f o r  t h e  i n i t i a l  s implex (Tab le  4) were 
determined u s i n g  t h e  CHEOPS so f tware  package ( v e r s i o n  1.1 
E l  s e v i e r  Science Pub1 i shers)  . 

To i l l u s t r a t e  t h e  r u l e s  o f  t h e  s implex design, a f l o w  
diagram o f  t h e  p o t e n t i a l  moves i n  a s i x  v a r i a b l e  s implex 
i s  presented i n  F i g u r e  1. The i n i t i a l  s implex i s  f i r s t  
eva lua ted  by p h y s i c a l l y  t e s t i n g  t h e  coated t a b l e t s .  A 
r a t i n g  i s  assigned t o  each v e r t e x  ( t r i a l )  based on a 
r a t i n g  system (Table 5 ) .  A t o t a l  score i s  c a l c u l a t e d  by 
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TABLE 5 
Rat ing  Sy t e  . f o r  

Coat 1 ng ijua'fi t y  

D i s i n t e g r a t i o n  Time (min) 
(DT) score 

Phys i c a l  Appearance score 
No D f c t s  
On %eyect 
MuTt ip e Defec ts  

l! 
0 

% W i h t  Gain ' iwe 1 score 
45 
41 
37 
33 
$! 
Tf 
13 
9 
5 
1 
0 

summing o f  t h e  p a r t i a l  scores g i v e n  f o r  D i s i n t e g r a t i o n  
Time, Percent Weight Gain and Phys ica l  Appearance. A 
p e r f e c t  score i s  100. The v e r t i c e s  a r e  ranked w i t h  B 
equa l ing  t h e  v e r t e x  w i t h  t h e  b e s t  response, W b e i n g  t h e  
v e r t e x  w i t h  t h e  wors t  response and N be ing  t h e  v e r t e x  
w i t h  t h e  n e x t - t o - w o r s t  response. The remain ing v e r t i c e s  
are  l a b e l e d  1 ,  2, 3 and 4 f o r  convenience. 

B e f o r e  i n i t i a t i n g  a r e f l e c t i o n ,  expansion o r  
c o n t r a c t i o n ,  t h e  s tandard e r r o r  o f  t h e  response v a l u e  
(l*) i s  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  equat ion:  
y = 1 2  ( y i - j ) ' / n  , where y i  i s  t h e  i n d i v i d u a l  v e r t e x  
response value, i s  t h e  average response v a l u e  f o r  t h e  
s implex and n i s  t h e  number o f  v e r t i c e s  i n  t h e  s implex.  

Terminat ion  o f  t h e  o p t i m i z a t i o n  process occurs when 
t h e  s tandard e r r o r  o f  t h e  response v a l u e  (y*)  becomes 
l e s s  than a predetermined s topp ing  va lue  (y,top). The 
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TABLE 6 

Ta Pets Us d i n  Eva1 a t i o  o f  the  
Bpt  i m i  zes Coat 1 ng FormuYat 1 on 

C r i t i c  1 Tablet  Charac ter iS i tcs  o f  Core 

D i  s i  n t e g r a t  i on 
Time (min) 

L o t  Numb r 
2 5 
6 14 

4 

53 

~4Ws"~!h$0'f!iS5% RH) 19.8 22.5 20.8 

F r i a b i l i t y  (%) LT 0.3 LT 0.3 LT 0.3 

s topping value (ystop) should be a t  l e a s t  as l a r g e  as the  
standard e r r o r  associated w i t h  the  t e s t  methods used t o  
evaluate the  ver tex  response. The s topping va lue i s  t he  
maximum standard e r r o r  acceptable t o  the  i n v e s t i g a t o r .  

I n  t h i s  study, the  simplex was considered completed 
when t h e  standard e r r o r  o f  t h e  simplex was l e s s  than ten,  
i . e .  y < ystop = 10. The est imated standard e r r o r  
associated w i t h  the  t e s t  methods used t o  eva lua te  the  
t r i a l s  was 8.2. 

* 

, then P, the  c e n t r o i d  o f  t he  face 
e worst  ver tex  i s  e l im ina ted  must be 

ca l cu la ted  ( P  = 1 ver tex  coordinates/n-1).  The simplex 
a lgo r i t hm c o n s i s t i n g  o f  the  r e f l e c t i o n ,  expansion and 
con t rac t i on  r u l e s  i s  then fo l lowed (F igure  1). 

Eva lua t ion  o f  t he  Ootimal F i l m  Coat inq us ing  D i f f e r e n t  
Substrates 

A f t e r  t he  i n i t i a l  simplex study was completed, t h ree  
add i t i ona l  l o t s  of HAER t a b l e t s  (2, 3 ,  4) were coated t o  
evaluate the  e f f e c t  of t h e  d i f f e r e n t  core  t a b l e t s  on the  
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TABLE 9 
Opt imized Coat ing Formul a 

M a t e r i  a1 (Source) G/2000g Suspension 
T a l c  USP b l t e d  

Magnesium Steara e NF Powder 

Hydr x p r  y methy c e l l  u lose  

Po lye thy lene Glyco l  8000 (Sargent Welch) 21.8 

Opaspray K-1-2506-8 (Colorcon) 127.4 
Eudrag i t  E30D (Rohm Tech) 209.8 
P u r i  f i ed Water 1550.4 

(Whit taRer,  C l a r k  & Dan ie ls )  43.9 

Food Grade-V I W i  t c o )  43.9 

2818 U@ cps IDow Chemical) 2.9 

performance o f  t h e  op t im ized c o a t i  ng formul  a t  i on. Core 
t a b l e t  formulas s e l e c t e d  had d i f f e r e n t  d i s i n t e g r a t i o n  
t imes so t h a t  t h e  e f f e c t  t h i s  c o r e  p r o p e r t y  had on t h e  
coated tab1 e t  performance c o u l d  be eva l  uated. C r i t i c a l  
c o r e  t a b l e t  p h y s i c a l  c h a r a c t e r i s t i c s  a r e  presented i n  
Table 6. 

Results and Discussion 

SimDlex O p t i m i z a t i o n  

A t o t a l  o f  f o u r t e e n  t r i a l s  were r u n  i n  t h e  s implex 
s tudy.  A summary o f  a l l  c o a t i n g  t r i a l s  f o r m u l a t i o n s  i s  
presented i n  Table 7. The r e s u l t s  o f  p h y s i c a l  t e s t i n g  
a r e  presented i n  Table 8. 

The f i n a l  s implex i n  t h e  s tudy  had a s tandard  e r r o r  of  
9 . 1  t h e r e b y  m e e t i n g  t h e  s t o p p i n g  c r i t e r i a  of  
y* < ystop = 10. The op t ima l  fo rmula  was t r i a l  number 5 
and i s  shown i n  Table 9. The procedures used t o  p repare  
and e v a l u a t e  t h e  op t ima l  c o a t i n g  f o r m u l a t i o n  were 
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THOENNES AND MC 

0 Core Tablet 

CURDY 

4 
Lot  N u h e  r 

FIGURE 2 

E f f e c t  o f  Core Tablet Disintegratlon T i m e  
on Coated Tablet Dlslntegration Time 

repeated two times t o  verify the resu l t s  obtained were 
reproducible. The resul t s  of tes t ing these formul a t  ions 
are shown in Table 10. The disintegration time for 
repeated t r i a l s  was longer and the percent weight ga in  
was greater t h a n  the i n i t i a l  t r i a l ,  b u t  the overall 
r a t i n g  was s t i l l  higher t h a n  for  any other vertex. The 
optimized formula produced an elegant film coated t ab le t .  
The functional film coating allowed less  t h a n  half of the 
moisture adsorbed by the uncoated core tab le t  t o  
penetrate the coating, yet slowed disintegration by only 
ten minutes. 

Effect of Coatinq Substrate on Performance of Finished 
Coated Tab1 e t  Qua1 i t v  

The optimal coated formula was applied t o  three 
different  HAER t ab le t s  ( 2 ,  3 and 4 )  t o  determine the 
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EVALUATION OF A LACQUER FILM COATING 
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F I G U R E  3 
Effect o f  Core Tablet Disintsgrat ion 

Tlrne on Coated Tablet X WelQht Gain  

effect o f  core tablets with different disintegration 
times on the coated tablet quality. Figure 2 illustrates 
as core tablet disintegration time increased, the 
disintegration time of the film coated tablet increased 
to a much greater extent than would be explained by the 
film coating alone. These results suggest that a rapidly 
disintegrating core tablet serves to weaken the film 
during disintegration of the film coated tablet whereas a 
slowly disintegrating core tablet allow the coating to 
"self-protect" the tablet from disintegration. 

In general, the percent weight gain o f  the coated 
tablet i s  inversely proportional to the disintegration 
time of the core tablet as shown in Figure 3. A slow 
disintegrating core tablet permits the film to remain 
intact longer and provide superior barrier properties. 
However, delaying the core tablet disintegration time 
beyond 30 minutes does not appear to improve the barrier 
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FIGURE 4 
Effect o f  Core Tablet Disintegration Time 

on Film Coating Integrity 
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FIGURE 4 (Continued) 
Effect of Core Tablet Disintegration Time 

on Film Coating Integrity 
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p r o p e r t i e s  o f  t h e  f i l m  coated t a b l e t .  These r e s u l t s  
i l l u s t r a t e  the  t r a d e - o f f  t h a t  must occur i n  order  t o  
develop a r a p i d l y  d i s i n t e g r a t i n g ,  mois ture r e s i s t a n t ,  
f i l m  coated t a b l e t .  D i s i n t e g r a t i o n  t ime o f  t he  core 
t a b l e t  must be delayed t o  p rov ide  a s u f f i c i e n t  degree o f  
f i l m  i n t e g r i t y  t o  moisture.  

The degree t o  which a t a b l e t  absorbs water a l so  
a f f e c t s  the  i n t e g r i t y  o f  the  coat ing .  The g r e a t e r  t he  
percent weight gain, t he  g rea te r  the  damage t o  the  
coat ing .  This  may be a t t r i b u t e d  t o  the  f a c t  t h a t  as the  
t a b l e t s  p i c k  up a g rea te r  percentage o f  mois ture,  they 
begin t o  d i s i n t e g r a t e  and p lace  s t ress  on the  coa t ing  and 
f r a c t u r e  the  f i l m .  The va ry ing  degrees o f  t h i s  
d i s r u p t i o n  can be seen i n  t h e  photographs conta ined i n  
F igure  4 ( t a b l e t s  s to red  f o r  48 hours a t  40°C/75% R H ) .  
As the  d i s i n t e g r a t i o n  t i m e  o f  the  core t a b l e t  decreases, 
i .e. t he  t a b l e t  i s  formulated t o  absorb water a t  a more 
r a p i d  ra te ,  t he  ex ten t  o f  d i s r u p t i o n  increases. The core 
t a b l e t s  f o r m u l a t e d  t o  p rov ide  moderate t o  slow 
d i s i n t e g r a t i o n  ( l o t s  1B and 4 )  had minimal f r a c t u r e  along 
the  t a b l e t  s idewal ls  and coat ing  seams. The core t a b l e t s  
formulated t o  p rov ide  a r a p i d  d i s i n t e g r a t i o n  ( l o t s  2 and 
3 )  f r a c t u r e d  ex tens i ve l y  along the  face and s idewa l l s  o f  
t he  t a b l e t .  Once the  f i l m  coa t ing  loses  i t s  i n t e g r i t y ,  
t he  hygroscopic drug i s  no longer  p ro tec ted  from the  
environment and r a p i d l y  absorbs mois tu re  causing f u r t h e r  
d i s r u p t i o n  o f  the  t a b l e t  core. 

CONCLUSIONS 

Simplex i s  an e f f i c i e n t  means o f  developing an opt imal  
coa t ing  fo rmula t ion .  I n  the  present  study, s i x  coa t ing  
fo rmula t ion  f a c t o r s  requ i red  o n l y  four teen t r i a l s  t o  
develop the  opt imal  formula. I f  a second order  
experimental design such as a c e n t r a l  composite des ign 
had been used, a minimum o f  64 t r i a l s  would have been 
requ i red .  The advantage o f  a second order  des ign i s  t h a t  
a p r e d i c t i v e  mathematical model would be generated f o r  
each response parameter. I n  simplex experiments, 
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185 EVALUATION OF A LACQUER FILM COATING 

mathematical  models a r e  g e n e r a l l y  n o t  developed. The 
sequent ia l  s implex method r a p i d l y  l o c a t e d  t h e  r e g i o n  o f  
t h e  optimum by v a r y i n g  a l l  f a c t o r s  s imu l taneous ly .  The 
c o a t i n g  developed was r e s i s t a n t  t o  environmental  m o i s t u r e  
w h i l e  m a i n t a i n i n g  d e s i r a b l e  d i s i n t e g r a t i o n  p r o p e r t i e s .  

The d i s i n t e g r a t i o n  t ime and e x t e n t  o f  r e s i s t a n c e  t o  
environmental  m o i s t u r e  was a f f e c t e d  by p r o p e r t i e s  o f  b o t h  
t h e  f i l m  c o a t i n g  and t h e  core  t a b l e t .  For t h e  model d rug  
used i n  t h i s  study, t a b l e t s  fo rmula ted  w i t h  an 
i n t e r m e d i a t e  d i s i n t e g r a t i o n  t ime, approx imate ly  25-30 
minutes,  performed b e t t e r  than d i d  those fo rmula ted  t o  
d i s i n t e g r a t e  more r a p i d l y .  The r e l a t i o n s h i p  observed 
between t h e  core  t a b l e t  and t h e  f i l m  c o a t i n g  i n d i c a t e s  
t h e  importance o f  s imultaneous development o f  b o t h  t h e  
core  and t h e  f i l m  c o a t i n g  f o r m u l a t i o n s  when b o t h  may 
a f f e c t  t h e  performance o f  t h e  f i n a l  p roduc t .  
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