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ABSTRACT 

Films formed from an aqueous d i s p e r s i o n  of e t h y l c e l l u l o s e  

mixed with hydroxypropylmethylcellulose were d e p o s i t e d  o n t o  sodium 

bicarbonate ,  m i c r o c r y s t a l l i n e  c e l l u l o s e ,  and a c e t y l s a l i c y l i c  a c i d  

( A S A )  t a b l e t s .  Upon s t o r a g e  a t  e l e v a t e d  tempera tures  and r e l a t i v e  

humidity,  no changes i n  d i s i n t e g r a t i o n  times w e r e  observed wi th  

t h e  sodium b i c a r b o n a t e  tablets o r  wi th  tablets c o n t a i n i n g  

m i c r o c r y s t a l l i n e  c e l l u l o s e .  Marked i n c r e a s e s  were observed i n  

d i s i n t e g r a t i o n  times with t h e  ASA tablets, t h e s e  i n c r e a s e s  being 

dependent on b o t h  temperature  and r e l a t i v e  humidity.  Examination 

of f i l m s  by scanning electron microscopy i n d i c a t e d  t h a t  

coa lescence  of particles w i t h i n  t h e  f i l m s  had occurred  i n  t h o s e  

samples where i n c r e a s e s  i n  d i s i n t e g r a t i o n  t i m e s  were observed.  

INTRODUCTION 

One of t h e  most r e c e n t  i n n o v a t i o n s  i n  aqueous f i l m  c o a t i n g  of 

pharmaceut ica l  t a b l e t s  has  been t h e  development of p s e u d o l a t e x  

d i s p e r s i o n s  of water i n s o l u b l e  polymers ( 1 , Z ) .  While many pro- 

*To whom i n q u i r i e s  s h o u l d  be d i r e c t e d .  
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1566 MILLER AND VADAS 

perties of f i lms  formed from pseudolatex d i spe r s ions  have been 

descr ibed ,  t he re  have been no r e p o r t s  on the  phys ica l  s t a b i l i t y  of 

such f i lms .  Since t h e  d i s s o l u t i o n  rate of a c e t y l s a l i c y l i c  acid 

(ASA) from tablets coated using e t h y l c e l l u l o s e  (EC) :hydroxypropyl- 

methylcel lulose (HPMC) f i lms  depos i ted  from non-aqueous so lven t s  

( 3 )  or HPMC f i lms  depos i ted  from water ( 4 ) ,  has been repor ted  to 

decrease upon aging, we have undertaken a s tudy  of t h e  e f f e c t  of 

aging on tablets coated using EX3:HPMC f i lms  depos i ted  from water. 

EXPERIMENTAL 

Tablet  Preparat ion 

The compositions of the core tablets used i n  t h i s  s tudy  are 

given i n  Table 1. I n  series A, sodium bicarbonate  powder w a s  

granulated using a 30% w/v s o l u t i o n  of polyvinylpyrrol idone i n  

e thanol ,  passed through a #16 mesh screen ,  and d r i e d  f o r  16 hours 

a t  45OC. In  each series a l l  i ng red ien t s ,  except  t he  magnesium 

stearate and 50 g of mic roc rys t a l l i ne  c e l l u l o s e  were blended i n  a 

Win-Shel l  blender '  . The remaining mic roc rys t a l l i ne  c e l l u l o s e  was 

mixed with the  magnesium stearate, passed through a #60 mesh 

screen,  and added to the  main granula t ion .  All i ng red ien t s  were 

blended prior to compression. 

TABLE 1 

Core Tablet  Composition ( P e r  Tab le t )  

A (Sodium 
Bicarbo- 
n a t e )  

Sodium Bicarbonate Powder' 325 mg 

Pol yvin ylpyrrol idone 20 mg 

Microcr ys t a l l i n e  Ce l l u l o s e 4  128 mg 

Ace ty l sa l i cy l i c  A c i d  Granular5 -- 
Corn Starch  Pharmaceutical' 25 mg 

Magnesium s t ea ra t e '  2 m 9  

B (Placebo)  C (ASA) 

331.1 mg 100.7 mg 

325.0 mg 

17.5 mg 22.5 mg 

1.4 mg 1.8 mg 

-- 
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PHYSICAL STABILITY OF TABLETS 1567 

TABLE 2 

Core Tablet Properties* 

A B C 

Average Tablet Weight 528 mg 355 mg 449 mg 

Tablet Thickness 4.53 mm 4.58 mm 4.53 mm 

Breaking Strength** 9.5 kp 10.8 kp 7.1 kp 

* Average of 10 determinations 

** schleuniger 

TABLE 3 

Coating Composition (Per  L i t r e )  

50 9 Hydroxypropylmethylcellulose 15 CP 9 

Dibutyl Sebacate 'I 'I 

Ethylcellulose Dispersion (30% so l id s  ' O 162 mL 

15 9 

Water to 1000 mL 

Tablets were compressed on a stokes Model 566-S Layer Press' 

using 1.1 11 c m  round, standard-concave tooling. D i e  f i l l  w a s  a t  

s t a t i o n  1 .  The upper compression r o l l s  were adjusted t o  permit 

one precompression of the t ab le t s .  The propert ies  of the core 

t a b l e t s  a r e  l i s t e d  i n  Table 2. 

Coat ina 

The coating formulation w a s  prepared by mixing an aqueous 

solut ion of HPMC with a commercially ava i l ab le  aqueous ethyl-  

ce l lu lose  dispersion to  which dibutyl  sebacate had already been 

added and mixed fo r  30 minutes. The composition of the coating 

mixture is given i n  Table 3. 
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1568 MILLER AND VADAS 

TABLE 4 

P r o p e r t i e s  of Coated T a b l e t s  

Table t  Film Weight Moisture Content* 

(mg) A f t e r  Drying ( % )  

Sodium Bicarbonate  23.1 0.96 (1.54)** 

M i c r o c r y s t a l l i n e  C e l l u l o s e  18.8 3.29 (4.94)  

ASA 18.1 1.08 (1.38)  

~~~ 

* Expressed as p e r c e n t  weight  loss a f t e r  d r y i n g  over  p205 a t .  

1Omm Hg f o r  18 hours  a t  room temperature .  

** values  i n  p a r e n t h e s e s  are t h e  mois ture  c o n t e n t s  of t h e  core 

tablets p r i o r  to  c o a t i n g .  

S i x t e e n  hundred t a b l e t s  were coa ted  i n  a 4" diameter a i r  

suspension column us ing  an e x t e r n a l  a i r -a tomiz ing  nozz le .  I n l e t  

a i r  temperature ,  a p p l i c a t i o n  rate, and a tomiz ing  a i r  p r e s s u r e  were 

he ld  c o n s t a n t  i n  a l l  c o a t i n g  experiments .  S u f f i c i e n t  c o a t i n g  w a s  

applied to o b t a i n  a t a r g e t  f i l m  weight  of 20 mg per tablet .  

Actual  f i l m  weights  are given i n  Table 4. A l l  tablets were d r i e d  

f o r  24 hours  a t  45OC prior to packaging. The mois ture  c o n t e n t  of 

t h e  core tablets and t h e  coa ted  tablets after d r y i n g  is also g iven  

i n  Table 4. 

S torage  

T a b l e t s  were packaged i n  h igh  d e n s i t y  polye thylene  bottles 

with waxed pulp and v i n y l  l i n e d  metal caps. T a b l e t s  occupied 

approximately 50% of t h e  c o n t a i n e r  volume. An a d d i t i o n a l  series 

was packaged i n  i d e n t i c a l  c o n t a i n e r s  b u t  c o n t a i n i n g  a b s o r b e n t  

packets12.  The c o n t a i n e r s  were s t o r e d  a t  4OoC, 3OoC and 79% 

r e l a t i v e  humidi ty ,  3OoC, and room temperature .  
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PHYSICAL STABILITY OF TABLETS 1569 

Dis in t eg ra t ion  Tests 

Table t  d i s i n t e g r a t i o n  times were measured on 6 t a b l e t s  i n  the  

USP XX apparatus  with d i sc s .  The medium used w a s  d i s t i l l e d  water 

a t  37V.  In a l l  cases  d i s i n t e g r a t i o n  times of core t a b l e t s ,  

s to red  under i d e n t i c a l  condi t ions  as the  fi lm-coated t a b l e t s ,  w e r e  

determined. Values f o r  d i s i n t e g r a t i o n  are dimensionless  ( 5 )  

represent ing  the r a t i o  of the  d i s i n t e g r a t i o n  t i m e  of a p a r t i c u l a r  

sample t o  i ts  i n i t i a l  value.  

Scanning Electron Microscopy 

Cores and f i lm  coated t a b l e t s  were gold s p u t t e r  coated13 and 

t a b l e t  f aces  and f r a c t u r e  faces  examined and photographed i n  a 

scanning e l e c t r o n  microscope . The i n i t i a l  images were recorded 

j u s t  p r i o r  t o  packaging the samples. S t ressed  samples were exam- 

ined a f t e r  18 and 36 weeks, concurrent  with the measurements of 

d i s i n t e g r a t i o n  times, a s  w e l l  a s  a f t e r  one year s to rage .  

14 

RESULTS AND DISCUSSION 

The dimensionless d i s i n t e g r a t i o n  values  for the  three series 

of t a b l e t s ,  both coated and uncoated, a r e  given i n  Tables 5 t o  

7. As seen i n  Tables 5 and 6, the  d i s i n t e g r a t i o n  behavior of 

sodium bicarbonate  and placebo core t a b l e t s ,  as w e l l  a s  those  

coated with the EC:HPMC f i lm,  is r e l a t i v e l y  unaffected by e leva ted  

temperature o r  r e l a t i v e  humidity. That is, the  d i s i n t e g r a t i o n  

t i m e  of a p a r t i c u l a r  sample, normalized with respect to that 

sample's i n i t i a l  d i s i n t e g r a t i o n  t i m e ,  is approximately one. I n  

Table 7, f o r  t he  f i lm coated ASA t a b l e t s ,  a progress ive  inc rease  

is seen i n  t a b l e t  d i s i n t e g r a t i o n  values  upon s to rage ,  i n d i c a t i n g  a 

marked s e n s i t i v i t y  t o  both temperature and r e l a t i v e  humidity. The 

e f f e c t  is i l l u s t r a t e d  i n  Figures  l a  and Ib where the  dimensionless  

d i s i n t e g r a t i o n  values  a r e  p l o t t e d  E. t i m e  f o r  a l l  s torage  condi- 

t i ons .  

Figure la shows the  e f f e c t  of s to rage  temperature on the  
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FIGURE l ( a )  

Effec t  of temperature on the  dimensionless d i s i n t e g r a t i o n  va lues  
f o r  ASA t a b l e t s  coated with the  aqueous EC:HPMC f i l m .  

Legend: - s to red  without  absorbent  packet  
s to red  with absorbent  packet  

A 4OoC 
0 3OoC 
0 RT 

d i s i n t e g r a t i o n  va lues  of ASA t a b l e t s  coated wi th  t h e  aqueous 

EC:HPMC f i lm.  Storage a t  room temperature r e s u l t s  i n  only s l i g h t  

i nc reases  i n  d i s i n t e g r a t i o n  values ,  while s to rage  a t  4OoC can 

r e s u l t  i n  i nc reases  from 2 to 15 fo ld .  The e f f e c t  of r e l a t i v e  

humidity on d i s i n t e g r a t i o n  values  is i l l u s t r a t e d  i n  Figure Ib f o r  

t a b l e t s  which were s to red  a t  3OoC and a t  e i t h e r  ambient o r  79% 

r e l a t i v e  humidity. A marked inc rease  is seen i n  d i s i n t e g r a t i o n  

va lues  f o r  t a b l e t s  s to red  a t  e leva ted  r e l a t i v e  humidity. It a l s o  

is apparent  t h a t  t he  add i t ion  of an absorbent  packet  produces a 
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10 

5 

0 6 12 18 24 30 36 

STORAGE TIME (WEEKS 1 

FIGURE l ( b )  

Ef fec t  of r e l a t i v e  humidity on the  dimensionless  d i s i n t e g r a t i o n  
values  f o r  ASA tablets coated with the  aqueous EC:HPMC f i lm.  

Legend: - s to red  without  absorbent  packet  - s to red  with absorbent  packet  
3OoC/79% r e l a t i v e  humidity 

0 30°C/ambient humidity 

reduct ion,  bu t  not  e l imina t ion  of t h i s  e f f e c t  a t  a l l  temperatures,  

f u r t h e r  i nd ica t ing  moisture s e n s i t i v i t y .  

While the d i s i n t e g r a t i o n  values  of t he  uncoated ASA tablets 

do not  appear t o  be a f f ec t ed  by acce le ra t ed  s to rage  cond i t ions ,  we 

cannot overlook possible changes i n  the  core upon s to rage  which 

may have been induced by the  coa t ing  o r  t he  coa t ing  process .  

Therefore,  whenever the dimensionless d i s i n t e g r a t i o n  value exceed- 

ed 10, the  coa t ing  w a s  peeled o f f  the  t a b l e t s ,  and the  d i s i n t e -  

g r a t i o n  t i m e  of the  peeled core tablet  was measured. In  a l l  
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FIGURE 2 

Scanning e l e c t r o n  micrograph showing i n  cross s e c t i o n  t h e  aqueous 
EC: HpMC f i l m  d e p o s i t e d  on t h e  m i c r o c r y s t a l l i n e  c e l l u l o s e  core. 
The f i l m  was examined j u s t  prior to  packaging t h e  tablets f o r  
s t a b i l i t y  s tudy.  

cases, t h e  d i s i n t e g r a t i o n  va lues  were e q u i v a l e n t  to those  of t h e  

stressed core t a b l e t s .  These va lues  also are given i n  Table 7. 

S t a t i s t i ca l  e v a l u a t i o n  of the d i s i n t e g r a t i o n  v a l u e s  ( u s i n g  

t h e  test of e q u a l i t y  of means when v a r i a n c e s  are unknown) i n d i c a -  

tes t h a t ,  i n  the case of ASA t a b l e t s ,  d i s i n t e g r a t i o n  v a l u e s  f o r  

t a b l e t s  stored a t  3ooc, 3OoC/79% RH, and 40' are s i g n i f i c a n t l y  

greater than  d i s i n t e g r a t i o n  va lues  for tablets stored a t  RT. 

Furthermore , t h e  presence  of a b s o r b e n t  packets  s i g n i f i c a n t l y  

reduces moisture  and temperature  dependent  changes i n  d i s i n t e g r a -  
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FIGURE 3 

Scanning e l e c t r o n  micrograph showing i n  cross s e c t i o n  t h e  aqueous 
EC:HPMC f i l m  d e p o s i t e d  on t h e  sodium b i c a r b o n a t e  core. The f i l m  
w a s  examined j u s t  prior to  packaging t h e  t a b l e t s  for s t a b i l i t y  
s tudy.  

t i o n  va lues  f o r  t h e  same t a b l e t s .  Changes observed i n  d i s i n t e g r a -  

t i o n  va lues  of t h e  m i c r o c r y s t a l l i n e  c e l l u l o s e  and sodium bicarbon-  

ate tablets are n o t  s i g n i f i c a n t .  Details of the  complete s t a t i s t -  

i ca l  a n a l y s i s  us ing  ANOVA t echniques  w i l l  be publ i shed  elsewhere.  

In  o r d e r  to understand t h e  p h y s i c a l  changes t a k i n g  place i n  

t h e  f i l m  coa ted  ASA t a b l e t s  better, scanning e l e c t r o n  microscopy 

was used to  examine and compare t h e  i n i t i a l  and aged samples. 

Tablet cores d i d  n o t  r e v e a l  any changes i n  t h e  appearance of 

e i t h e r  tablet  f a c e s  or f r a c t u r e  f a c e s  upon s t o r a g e ;  a f i n d i n g  n o t  
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FIGURE 4 

Scanning e l e c t r o n  micrograph showing i n  c ros s  s e c t i o n  the  EC: HPMC 
f i l m  deposi ted on the ASA core.  The f i l m  w a s  examined j u s t  prior 
t o  packaging the  t a b l e t s  f o r  the  s t a b i l i t y  study. 

unexpected i n  view of the  d i s i n t e g r a t i o n  behavior of peeled ASA 

t a b l e t s .  F i lm su r faces  of the  samples before  s to rage  appeared 

smooth and f e a t u r e l e s s  and remained so with t i m e .  Examination of 

the  f i lms  i n  c ros s  sec t ion ,  however, revealed a w e l l  def ined  f i l m  

s t r u c t u r e  i n  the i n i t i a l  samples, i .e.,  the  ind iv idua l  pseudolatex 

p a r t i c l e s  were e a s i l y  d i s c e r n i b l e  i n  the  samples before  s to rage ,  

a s  shown i n  Figures  2 (mic roc rys t a l l i ne  c e l l u l o s e  core), 3 (sodium 

bicarbonate  co re ) ,  and 4 (ASA core)  . Examination of the  f i l m s  

depos i ted  on the  mic roc rys t a l l i ne  c e l l u l o s e  and sodium bicarbonate  

cores  revealed l i t t l e  o r  no change i n  f i lm  s t r u c t u r e  a f t e r  18 
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FIGURE 5 

Scanning e l e c t r o n  micrograph showing i n  cross s e c t i o n  t h e  EC: HPMC 
f i l m ,  d e p o s i t e d  on t h e  m i c r o c r y s t a l l i n e  c e l l u l o s e  core, a f t e r  
s t o r a g e  a t  4OoC f o r  one year .  

weeks and 36 weeks of s t o r a g e  a t  4OOC. Even a f t e r  1 year  s t o r a g e  

a t  40°C t h e  f i l m  s t r u c t u r e  appeared to be q u a l i t a t i v e l y  t h e  same 

as t h a t  observed i n i t i a l l y , i . e . ,  most particles seemed to r e t a i n  

t h e i r  i d e n t i t y ,  as shown i n  F igures  5 and 6. 

I n  c o n t r a s t ,  when examining t h e  c r o s s  s e c t i o n a l  views of t h e  

EC:HpMC f i l m  d e p o s i t e d  on t h e  ASA cores, t h e  pseudola tex  p a r t i c l e s  

which were i n i t i a l l y  d i s c e r n i b l e  , appeared to  undergo coa lescence  

upon s t o r a g e .  Q U a l i t a t l V e l y ,  t h e  phenomenon is both  t i m e  and 

temperature  dependent ,  as i l l u s t r a t e d  by Figures  7 ,  8, 9 and 10. 
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FIGURE 6 

Scanning e l e c t r o n  micrograph showing i n  cross s e c t i o n  t h e  M3: HPMC 
f i l m ,  d e p o s i t e d  on the sodium bicarbonate  core, after s t o r a g e  a t  
4OoC for one year .  

F igures  7, 8 and 9 show cross s e c t i o n a l  views of t h e  EC:HPMC 

f i l m  d e p o s i t e d  on t h e  ASA cores and s t o r e d  a t  4OoC f o r  1 8  weeks, 

36 weeks and 1 year ,  r e s p e c t i v e l y .  These f i g u r e s  c l e a r l y  i n d i c a t e  

a slow, dynamic change i n  f i l m  s t r u c t u r e  with t i m e .  F igure  10 is 

a cross s e c t i o n a l  view of t h e  f i l m  after 36 weeks s t o r a g e  a t  room 

temperature .  Here, a l though some coa lescence  occurred ,  t h e  i n d i v i -  

d u a l  particles are s t i l l  e a s i l y  recognizable ,  p a r t i c u l a r l y  i n  

comparison with the sample stored a t  4OoC f o r  t h e  same l e n g t h  of 

t i m e  (Fig.  8). The coa lescence  shown i n  F i g u r e s  7, 8 and 9 
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FIGURE 7 

Scanning e lectron micrograph showing i n  cross  sect ion the EC: HPMC 
f i lm,  deposited on the ASA core, a f t e r  storage a t  4OoC for 18 
weeks. 
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FIGURE 8 

Scanning electron micrograph showing i n  cross section the EC: HPMC 
film, deposited on the ASA core, after storage at  4OoC for 36 
weeks. 
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FIGURE 9 
Scanning electron micrograph showing in  cross section the EC: HPMC 
film, deposited on the ASA core, a f ter  storage a t  4OoC for one 
year. 
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FIGURE 10 

Scanning electron micrograph showing in cross section the M3: HPMC 
film, deposited on the ASA core, after storage at  room temperature 
for 36 weeks. 
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corresponds with the  marked i n c r e a s e s  observed i n  d i s i n t e g r a t i o n  

times of t h e s e  samples r e l a t i v e  to  t h e i r  i n i t i a l  va lues .  

The mechanism r e s p o n s i b l e  f o r  the changes i n  f i l m  s o l u b i l i t y  

is p r e s e n t l y  under i n v e s t i g a t i o n .  Pre l iminary  r e s u l t s  sugges t  a 

s u b s t r a t e  r e l a t e d  change i n  t h e  d i s i n t e g r a t i o n  behavior  of t a b l e t s  

coated with EC:HPK f i l m s ,  a phenomenon h i t h e r t o  unreported i n  t h e  

s c i e n t i f i c  l i t e r a t u r e .  It  must be noted,  however, t h a t  no d i r e c t  

c o r r e l a t i o n  was observed between i n c r e a s e s  i n  d i s i n t e g r a t i o n  

values  of the  ASA t a b l e t s  and decomposition of the  drug d u r i n g  

s torage .  
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