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Summary 

A soap-free shellac pseudolatex was prepared using a changing solvent technique. In the present study, theophylline sustained 
release pellets were used as model cores for the shellac coatings. The enteric quality of the film produced from the aqueous dispersion 
is comparable to that applied from the organic solution. 

Because of the explosion hazard, toxicity, and 
expense associated with organic solvent systems, 
at tempts have been made to eliminate these 
solvents from coating formulations. The most 
commonly used methods employ mixed organic- 
aqueous solvent system (Osterwald, 1985), coating 
emulsion (Bauer and Osterwald, 1979), neutraliza- 
tion with a base to prepare a water solution of 
film former (Stafford, 1982) and latex or pseudo- 
latex coatings (Banker and Peck, 1981; Chang et 
al., 1987, 1989; Chang and Hsiao, 1989). Mixed 
organic-aqueous solvent systems and coating em- 
ulsions still contain considerable amounts of un- 
desirable solvents. The neutralization technique, 
commonly used for enteric materials, requires sub- 
stantial quantities of alkaline compound which 
may have an adverse effect on film properties. 
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Latex or pseudolatex appears to be a practical and 
feasible means to end the use of solvent-based 
coating in the pharmaceutical industry. 

This report concerns a changing solvent tech- 
nique for preparing shellac pseudolatex and an 
evaluation of enteric performance of this shellac 
pseudolatex using theophylline sustained release 
pellets as coating substrates. 

The experimental methods are described as fol- 
lows. Shellac (18 g, Food Grade  refined wax free 
Vac dry bleached shellac, William Zinsser, Somer- 
set, N J) was dissolved in 450 ml of a mixed 
water-miscible organic solvent system, i.e., ace- 
tone : methanol (2 : 1 by volume) by stirring with a 
three-blade stainless-steel impeller (2.5 cm diame- 
ter) at 500 rpm. The time required to dissolve the 
shellac in the solvent system was 60 min. The resin 
solution was then directly dispersed in 900 ml 
deionized water by stirring with the aforemen- 
tioned impeller at 1500 rpm. The organic solvents 
and part  of the water were subsequently eliminated 
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in a hood  under  mi ld  agi ta t ion  (500 rpm)  to leave 
a s table  shellac pseudo la tex  with  3% w / w  solids 
content .  The  evapora t ion  process  took 48 h to 
str ip the po lymer  solvent  complete ly .  

Batches of  500 g of  theophyl l ine  sus ta ined re- 
lease pel lets  were coa ted  by  using a f luidized bed  
coa t ing  technique (Un i -Gla t t ,  G la t t  Ai r  Tech- 
nique,  Ramsey ,  N J). The  inlet  a i r  t empera tu re  was 
5 5 - 6 0  ° C. Coa t ing  d ispers ions  or  solut ions were 
p u m p e d  to the a tomizer  at  a rate  of  8 - 1 0  m l / m i n ,  
opera t ing  at  a sp ray  pressure  of  0.8 Bar wi th  a 
sp ray  nozzle orif ice of  0.8 ram. Enter ic  coats  were 
app l i ed  to achieve a theoret ical  2% weight increase  
with respect  to ini t ia l  pel let  weight.  Af te r  the 
coa t ing  process,  the pellets  were dr ied  in the coat-  
ing c hambe r  for  ano ther  15 min  at  the same 
t empera tu re  and  ra te  of air  flow. 

Theophyl l ine  release character is t ics  were deter-  
mined  by  d isso lu t ion  test ing using a modi f i ed  
ro ta t ing  padd l e  d isso lu t ion  appa ra tus  des igned by  
Scher ing 's  M e t h o d  Deve lopmen t  L a b o r a t o r y  in 
M i a m i  (Chang  et al., 1989). A s ta t ionary,  s tain-  
less-steel,  40-mesh baske t  was suspended  in an 
a p p r o p r i a t e  d isso lu t ion  medium,  pos i t ioned  in 
close p rox imi ty  to the padd le ,  and  the pel lets  
con ta in ing  a to ta l  of  450 mg theophyl l ine  were 
inside the basket .  The  padd l e  cons tan t ly  s t i r red  
the  dissolut ion f luid at  100 rpm.  Serial  sampl ing  
of  the f luid at a p p r o p r i a t e  t imes,  wi th  subsequent  

H P L C  analysis  for theophyl l ine  content ,  was per-  
fo rmed  to genera te  a cumula t ive  pe rcen t  re leased-  
t ime profi le .  

Shellac is a water - insoluble ,  na tu ra l  po lymer .  
However ,  i t  is very soluble  in mos t  a lcohols  and  
can  be  d ispersed  in water  to give a pseudola tex .  
Nega t ive  charge on  the la tex spheres,  de t e rmine d  
by  a f loccula t ion  technique  using ca t ion ic  drugs  
and  posi t ively  charged  pseudola t i ces  as f locculat-  
ing agents,  s tabi l izes  the  shellac pseudola tex .  The  
shellac pseudo la t ex  par t ic les  were in the range  
0 . 0 5 - 0 . 2 / ~ m  with  the average par t ic le  size at  0.15 
# m  (de te rmined  by  scanning  e lec t ron  microscopy) .  
As  a consequence,  the shellac p seudo la t ex  ex- 
h ib i ted  very l i t t le  p rec ip i t a t ion  with  t ime. How-  
ever, shellac pseudo la t ex  s u p p o r t e d  m o l d  growth  
and  prol i fera t ion .  The  use of  freshly p r e p a r e d  
shellac pseudo la t ex  or  preservat ive(s)  in la tex 
p repa ra t ions  is r e c o m m e n d e d  to p reven t  this 
po ten t i a l  p rob lem.  The  shellac p seudo la t ex  d id  
not  require  plast icizer ,  p r o b a b l y  because  of  i ts low 
glass t rans i t ion  t empera tu re  or  se l f -plas t ic iz ing ef- 
fect due  to a mix ture  of  lower  molecu la r  weight  
fa t ty  acid  esters in the  in ters t ices  of  the shellac 
s t ructure  (Cocke ram and  Levine,  1961). In  ad-  
d i t ion  to shellac, po lyvinyl  ace ta te  p h t h a l a t e  and  
methacry l ic  acid  copo lymers  can also be  d i spersed  
in water  to form pseudola t ices .  However ,  com-  
ple te ly  aqueous  enteric coa t ing  d i spers ions  based  

TABLE 1 

Theophylline release from sustained release pellets and 2 96 shellac coated sustained release pellets in simulated gastric f luid and simulated 
intestinal fluid 

Time Cumulative % dissolved per h 

(h) Sustained release pellets Solvent-based shellac coating a Shellac pseudolatex coating b 
(cores for the enteric coatings) 

SGF c SIF d SGF SIF SGF SIF 

1 9.6 + 1.2 10.8 + 0.3 1.7 + 0.1 20.1 + 1.3 2.3 + 0.1 12.1 + 0.6 
2 22.9 __. 2.0 25.2 + 0.9 3.1 + 0.2 42.7 + 1.8 3.8 + 0.3 28.0 + 0.7 
4 51.2 + 3.6 56.7 + 2.0 6.8 5:0.3 79.4 ± 2.0 7.3 ± 0.4 60.1 + 0.6 
6 75.7 ± 3.6 81.5 :t: 1.6 11.6 + 0.5 95.4 + 0.9 11.2 :t: 0.8 83.4 :t: 0.5 
8 91.3 + 2.2 94.9 + 0.6 18.5 ± 0.6 100.3 ± 0.5 14.8 ± 0.9 95.1 ± 0.7 

10 99.2 + 1.0 100.4 ± 0.3 26.3 ± 0.7 18.3 ± 1.0 100.0 ± 0.6 

a 3% w/w shellac in ethanol as a coating solution. 
b 3% w/w shellac aqueous dispersion as a coating system. 
c Simulated gastric fluid without enzyme. 
d Simulated intestinal fluid without enzyme. 
NB: Data represent means + S.D. of six determinations of two batches. 
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TABLE 2 

Theophylline release from 2% coateric and aquateric coated 
sustained release pellets in simulated gastric fluid and simulated 
intestinal fluid 

Time Cumulative % dissolved per h 

(h) Coateric coating b Aquateric coating a 

SGF c SIF d SGF SIF 

1 6.5±0.8 11.321.1 10.4±1.8 10.1±2.7 
2 16.221.2 26.1±1.7 25.722.8 26.323.7 
4 36.922.7 58.122.8 57.823.6 60.723.6 
6 56.522.5 83.421.9 82.5±3.3 85.021.4 
8 73.0±2.9 96.7±1.2 95.121.1 96.0±0.8 

10 85.322.0 1~.2±0.2 1~.220.8 1~.020.3 

a 10% w/w Aquateric aqueous dispersion containing 15% di- 
ethyl phthalate (based on Aquateric amount) as a coating 
system. 

b 10% W/W Coateric aqueous dispersion containing 30% am- 
monium hydroxide (4 ml/100 g Coateric) as a coating sys- 
tem. 

c Simulated gastric fluid without enzyme. 
a Simulated intestinal fluid without enzyme. 
NB: Data represent means + S.D. of six determinations of two 
batches. 

the ethyl  cel lulose f i lm dur ing  the so lvent -based  
shellac coa t ing  process.  On  the o the r  hand ,  the 
shellac d ispers ion  coa t ing  d id  no t  a l ter  the dissolu-  
t ion prof i le  in s imula ted  in tes t ina l  f luid signifi-  
cant ly.  To p rov ide  enter ic  release wi thout  des t roy-  
ing the previous  sus ta ined  release coa t ing  is a 
s ignif icant  advan tage  for the shellac pseudola tex .  

Two commerc ia l ly  ava i lab le  aqueous  enter ic  
coa t ing  systems based  u p o n  cel lulose ace ta te  
ph tha la t e  (Aquater ic ,  F M C ,  Pr inceton,  N J) and  
polyvinyl  aceta te  ph tha l a t e  (Coater ic ,  Colorcon ,  
Wes t  Point ,  PA)  have also been  used to coa t  the 
theophyl l ine  sus ta ined  release pel le ts  at  2% poly-  
mer  coa t ing  level under  the p resen t  coa t ing  condi -  
t i o n s ( T a b l e  2). Ne i the r  sys tem gave a good  gastr ic  
f luid res is tant  f i lm which  was c o m p a r a b l e  to the 
f i lm fo rmed  f rom solut ions  or  shellac pseudola tex .  
These  redispers ib le  coa t ing  systems con ta in  con-  
s iderable  amoun t s  of  addi t ives  which  m a y  change  
the enter ic  f i lm proper t ies .  
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