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ABSTRACT 

The preparation of  a sustained release dosage form for 

pseudoephedrine hydrochloride was evaluated. Beadlets (PS 

containing pseudoephedrine hydrochloride were prepared by 

spraying a slurry of pseudoephedrine hydrochloride, Eudrag t n  

5-100, dibutyl sebacate and alcohol onto non-pariel seeds via the 

Wurster column process. The oven-dried PS beadlets were coated 

with different levels of Eudragitk RS (poorly water permeable) 

and Eudragitn S-100 (enteric resin). In-vitro dissolution 

4T0 whom correspondence should be addressed. 
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1656 LI, FELD, AND KOWARSKI 

s t u d i e s  of t h e s e  b e a d l e t s  i n d i c a t e d  t h e  c o a t i n g  l e v e l s ,  t y p e s  of  

r e s i n s  and t y p e s  of p l a s t i c i z e r s  i n  t h e  f i l m  p l a y  a major  r o l e  i n  

d e t e r m i n i n g  t h e  re lease ra te  p r o f i l e s  o f  t h e  d r u g  from t h e  c o a t e d  

b e a d l e t s .  Drug r e l e a s e  from t h e  c o a t e d  b e a d l e t s  appea red  t o  

f o l l o w  f i r s t  o r d e r  k i n e t i c s .  An o v e r c o a t  o f  E u d r a g i t n  S-100 

r e s i n  ( 2 %  c o a t i n g  l e v e l )  c a n  e l i m i n a t e  t h e  f o r m a t i o n  of s o f t  

lumps which are  commonly obse rved  w i t h  Eudragi tR RS c o a t e d  

b e a d l e t s .  The Eudragi tH S-100 o v e r c o a t  a l s o  c o n t r i b u t e s  t o  

r e t a r d  d rug  r e l e a s e  from t h e  c o a t e d  b e a d l e t s  i n  d i s s o l u t i o n  media 

r a n g i n g  from pH 1 . 2  t o  6 . 5 .  

INTRODUCTION 

The p o t e n t i a l  of  u s i n g  Eudrag i tk  r e s i n s  a s  a polymer system 

t o  p r e p a r e  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 s  v i a  t h e  f l u i d i z e d  bed 

p r o c e s s  h a s  been demons t r a t ed  r e c e n t l y .  Indomethacin ( v e r y  

s l i g h t l y  s o l u b l e  i n  w a t e r )  s u s t a i n e d  r e l e a s e  b e a d l e t s  were 

s u c c e s s f u l l y  p r e p a r e d  v i a  a Wurs t e r  column p r o c e s s  u t i l i z i n g  

Eudragitm,  resin^.^ 
c o n d i t i o n s  on t h e  q u a l i t y  of  t h e  f i n i s h e d  p r o d u c t  f o r  t h i s  

l a y e r i n g  p r o c e s s  were a l s o  ~ t u d i e d . ~  

was found t h a t  t h e  r e l e a s e  r a t e  p r o f i l e  of  t h e  indomethac in  

Eudragi t l i  S-100 b e a d l e t s  ( I S )  was a f f e c t e d  by  t h e  pH of  t h e  

d i s s o l u t i o n  media.  For i n s t a n c e ,  96% of t h e  indomethac in  was 

r e l e a s e d  a t  t h e  45 minu te  i n t e r v a l  a t  pH 7 . 2  phospha te  b u f f e r ,  

1 -3  

The e f f e c t  of r a w  m a t e r i a l s  and p r o c e s s i n g  

4 I n  t h e  e a r l i e r  s t u d y  , i t  
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1657 

whereas only 4 4 %  of total drug content was released at the end of 

8 hours in pH 6.5 phosphate buffer. It was apparent that the 

release rate profile of IS beadlets was influenced by the 

chemical properties of EudragitR, 5-100. Eudragit,@ S-100 is an 

anionic polymer synthesized from methacrylic acid and methacrylic 

acid methyl ester and is intended to be used f o r  enteric 

coating. 6'7 Eudragitk S-100 film is insoluble in buffer 

solutions below pH 6.0, and also in gastric juices. It is slowly 

soluble in the region of the'digestive tract where the juices are 
6 neutral to weakly alkaline, and in buffer solution above pH 7.0. 

In pH 6.5 media, Eudragit!h 5-100 remained intact. Therefore, the 

release of indomethacin from the IS beadlets remained a diffusin 

controlled process. However, in pH 7 . 2  media, the EudragitR 

S-100 started to dissolve. This destroys the indomethacin 

EudragitR 5-100 matrix structure and allows for more rapid 

release of the indomethacin. This study demonstrated that 

EudragitR S-100 could be used effectively as an enteric polymer 

for this matrix system. Since indomethacin is practically water 

insoluble, it will be interesting to study whether Eudragith 

S-100 can still be an effective enteric polymer in this matrix 

system with a water soluble drug. In the present study, 

pseudoephedrine hydrochloride (very water soluble) and EudragitR 

resin systems are utilized in the Wurster column process to 

prepare sustained release beadlets. The effect of the nature of 

drug on the release rate profiles of the finished beadlets was 

examined. In addition, the types and amount of plasticizers used 
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1658 LI, FELD, AND KOWARSKI 

with the EudragitP, resins on the release rates of the coated 

beadlets was also investigated. 

MATERIALS AND METHODS 

Materials. 

Pseudoephedrine hydrochloride was NF grade (Granes 

Chemicals, New Jersey), talc (Charles B. Crystal Company, New 

York), 18-20 mesh nonpareil seeds (Ingredients Technology 

Corporation Pennsauken, NJ) and alcohol were USP grade. Dibutyl 

sebacate (Union Camp, Ohio), polyethylene glycol 8000 

(Carboxc-8000 Fluke, Union Carbide Corporation), and diethyl 

phthalate (Eastman Chemical Products, Inc., Tennessee) were used 

as received. Eudragitk S-100 and RS were gifts from Rohm Pharma 

(Rohm Tech., Inc., Malden, MA). All reagents were analytical 

grade or better. Sudafed 12 hour capsules were used as received 

(Burroughs Wellcome Co, N.C.). 

Preparation of Pseudoephedrine Hydrochloride, EudragitR S-100, 

Dibutyl Sebacate, Alcohol Slurry. 

To a two-liter stainless steel container holding 500 g of 

alcohol equipped with a lightning mixer, 6.8 g of dibutyl 

sebacate (DBS) was added and mixed. Sixty eight grams of 

EudragitR 5-100 were added gradually into the container and mixed 

until all the powders were dispersed. One hundred fifty grams of 

pseudoephedrine hydrochloride (as is) was introduced and mixed 
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1659 

until all powders were dissolved. Additionally, one hundred 

fifty grams of micronized pseudoephedrine hydrochloride was added 

and mixed until all powders were dispersed. The;resultant slurry 

was then filled to 1080 g of total weight with additional 

alcohol. The solid content of the slurry was 34.6% (w/w). 

Preparation of Pseudoephedrine HC1, EudragitR 5-100 Beadlets (PS 

Beadlets). 

Beadlets containing pseudoephedrine hydrochloride were 

prepared by spraying the pseudoephedrine HC1, EudragitR S-100, 

dibutyl sebacate, alcohol slurry onto 500 grams of the 18/20 mesh 

fractions of nonpareil seeds via the Wurster column (Aeromatic 

Strea-1 Coater, Aeromatic Ltd., Towaco, NJ). The coating 

parameters for this process are given in Table I. The resultant 

beadlets were dried at 50OC for 32 hours to remove the residual 

solvent from the beadlets. 

Coating Operation of Pseudoephedrine HC1 Sustained Release 

Beadlets. 

Seven hundred grams of PS beadlets were coated in an 

Aeromatic strea-1 coater (Wurster insert) using either Eudragitic 

RS, or Eudragite S-100 resins, or a combination of these two 

resins. The coating parameters are given in Table 11. 

Two different levels of  diethyl phthalate (DEP) 

incorporated into Eudragit,R RS dispersions (10:l::RS 

10:2::RS:DEP). Polyethylene glycol 8000 was also ut 

we re 

DEP and 

lized to 
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1662 LI, FELD, AND KOWARSKI 

Table I11 

Composition of  Eudragitn RS and/or EudragitR S-100 Dispersion 
(Po1ymer:Plasticizer::lO:l) 

EudragitBe, RS or S - 1 0 0  

Talc, USP 

PEG or DEP or DBS 

Alcohol 

Distilled Water 

Weight (g )  

6.0 

1.8 

0.6 

8 6 . 6  

5 . 0  

plasticize Eudragita RS resin (10:l::RS:PEG). Eudragitli S - 1 0 0  

dispersions plasticized with dibutyl sebacate 

(10:l::S-100:DBS) were utilized for precoat and overcoat. The 

composition for these resin dispersions are presented in Table 

I11 and IV. The coating levels of each specific formula are 

given in Table V. 

Dissolution. 

In-vitro dissolution studies were carried out using the USP 

dissolution I1 apparatus (Paddle) at 37OC and 100 rpm. The 

dissolution media (900 ml) were various phosphate buffers (pH 

1.2, 3.0, 5.0, 6.5, and 7.2). Samples were withdrawn from the 
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C0"TROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1663 

Table IV 

Composition of EudragitR, RSlDiethyl Phthalate Dispersion 
(Eudragit RS:DEP::10:2) 

Weight ( g )  

Eudragite RS 6 . 0  

Talc, USP 1.8 

DEP 1.2 

Alcohol, USP 86.0 

D is t i 1 led Water 5.0 

dissolution vessels at preselected time intervals. The collected 

samples were filtered through a 0.8 micron Millex filter unit and 

assayed spectrophotometrically at 257 nm for pseudoephedrine 

hydrochloride content. Each determination was carried out in 

triplicate. Absorbance followed Beer's Law over the range of 

concentrations encountered. 

Assay. 

Total drug content of PS beadlets was determined by 

dissolving accurately weighed portions of each batch in 100 ml 

phosphate buffer (pH 6 . 5 ,  0.07 M) and observing the 

spectrophotometric absorbance at 257 nm. Duplicate samples were 

assayed and the mean values were reported. 
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 

RESULTS AND DISCUSSIONS 

1665 

Physical Properties of Pseudoephedrine HC1, Eudragitil S-100  

Beadlets (PS Beadlets). 

Table VI shows that the Wurster column coating process is a 

reproducible means of preparing PS beadlets. The true density 

values, assay values of pseudoephedrine hydrochloride content in 

the finished beadlets, and the yield of beadlets for six batches 

of PS beadlets were similar. Furthermore, the particle size 

distribution for these six replicate batches of PS beadlets 

demonstrated that the layering process is reproducible. 

Ninty-nine percent of the finished beadlets were found on 14/18 

mesh cut. The average arithmetric beadlet diameters ranged from 

1 2 6 6  to 1 2 7 7  microns. 

Table VII shows the cumulative percent of pseudoephedrine 

hydrochloride released from the six replicate batches of  PS 

beadlets in pH 6 . 5  phosphate buffer. The standard deviations for 

the release rate data of these six batches of PS beadlets were 

very small indicating that the coating process was very 

reproducible. However, the release of drug from the beadlets was 

more rapid as  compared t o  a similar system developed using 

Ind~methacin.~ 

five minute interval. Eudragitlc 5-100 resins did not provide any 

retardation to the release of  pseudoephedrine hydrochloride from 

the matrix beadlets. Its primary function was to bind drug onto 

t.he substrate (nonpareil seeds). A similar system developed 

Ninty-five percent of  drug was released at the 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1666 

0 

m m 

- 

W 

d 

d 

m 

LI, FELD, AND KOWARSKI 

u) 

m m 

- 

U 

m 
r. 
N rl 

W 
W 
N 
rl 

m 
\D 
N rl 

ID 
r. 
N 
d 

r. 
r. 
N 
rl 

m & I 0  m 

I 

N 

0 

m 

0 

m 
0 

rl 

0 

m 
W 

ln 

W 

m 
m 

m 
W 

- 
LD 

rl 
m 

- 

W 

rl 

d 

m 

-- 
rl 

m 
m 

- 

m 
m 
rl 

d 

m 

m 
N 

N 

m m 

m 
m 
m 

4 
6 
M 
. - 

W 

c .d 
e 
a 

2z 
m 

N r. 
rl 

rl 

m 
m 
rl 

rl 

h 

rl 

rl 

m 

I. 
r l w  
lno 
. .  
m 

+I  
v 

o\ 

ln m 

.t 

U 
m 

U 

U 
m 

r. 

U m 

U 

ln m 

r. 
ln 
m 

r. 

m m 

N 

m m 

LD 

m m 

U 

r. 
m 

- 

ln 

m 
r. 
m 

- 

W 

0 z 

U 
m 
m 

N m rl 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 

Table V I I  

In-Vitro Dissolution Profiles of Six Batches of PS Beadlets 

Batch Number 

Average (S.D.) 

1667 

Dissolution (pH 6 . 5  Phosphate Buffer) 

5 Minutes 

9 6  

9 4  

9 4  

9 9  

94  

9 2  

9 4 . 8  (+ 2 . 4 )  

10 Minutes 

97 

100 

100 

101 

9 9  

9 9  

9 9 . 3  ( 2 1 . 4 )  

15 Minutes 

100 

100 

100 

100 

100 

100 

100 

using indomethacin (water insoluble) exhibited a much slower 

release rate profile indicating that the beadlets exhibited 

sustained release characteristics. Pseudoephedrine 

hydrochloride (water soluble), embedded on the surface of matrix 

beadlets, released rapidly upon contacting the dissolution 

medium. As the drug started dissolving, microporus channels may 

have been created in the drug matrix. Consequently, the 

dissolution medium could penetrate into the inner matrix rapidly 

to solubize embedded drug molecules. Eudragitti S-100, even 

though it was established to be an effective enteric resin in a 
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1668 LI, FELD, AND KOWARSKI 

Table VIII 

Composition of Free Films Prepared Using Different 
Combinations of EudragitE RS and Plasticizers 

Resin (Part) 

Eudragit RS (10) 

Eudragit RS (10) 

Eudragit RS (10) 

Eudragit RS (10) 

Eudragit RS (10) 

Eudragit RS (10) 

Eudragit RS (10) 

Plasticizers 

Water 
nsolu.ble( Part) 

DEP (1) 

DEP (1.5) 

DEP ( 2 )  

DEP (2.5) 

- 

Water 
oluble (Part) 

PEG-8000(1) 

PEG-8000(2) 

Description 
of the Free Film* 

Flexible but Tacky Films 

More Flexible but 
Tacky Films 

More Flexible but 
Tackier Films 

Excellent, Continuous, 
Flexible but Tackier 
Films 

Brittle films but not 
Tacky 

Relatively flexible 
films . 

Discontinuous, powdery 
f ilms . 

* Free Films - samples were prepared by pouring dispersion in a petric dish and 
allowing the solvent to evaporate over 14 hours at room temperature or at 50°C.. 
Film characteristics were determined by physical and mechanical observation. 
Visual examination and physical touching of the films were carried out t.o evaluatp 
the tackiness and flexibility of the films. Film fragments were removed from the 
petri dish with the aid of a spatula to evaluate the strength of the films. 

DEP: Diethyl phthalate 

PEG-8000: Polyethylene g l y c o l  

4 s i m i l a r  f o r m u l a t i o n  p r e p a r e d  w i t h  a w a t e r  i n s o l u b l e  d rug  , canno t  

p r e v e n t  o r  r e t a r d  d rug  d i f f u s i o n  th rough  a " l e a k y "  mic roporus  

m a t r i x .  The r a t i o n a l e  o f  u t i l i z i n g  Eudrag i t f i  5-100 i n  t h i s  

l a y e r i n g  p r o c e s s  t o  y i e l d  a c o n t r o l l e d  r e l e a s e  d r u g  m a t r i x  f o r  a 

w a t e r  s o l u b l e  d rug  a p p a r e n t l y  may n o t  be a f e a s i b l e  means t o  

accompl i sh  t h e  t a s k .  
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1669 

E f f e c t  o f  R e l a t i v e  R a t i o  o f  Eudrag i t f i  Res ins  t o  t h e  P l a c t i c i z e r s  

on t h e  Q u a l i t y  o f  Fi lm-Coat ing.  

I t  shou ld  be p o i n t e d  o u t  t h a t  t h e  t e c h n i q u e  of f r e e  f i l m  

s t u d y  of EudragitH r e s i n  and p l a s t i c i z e r s  was adop ted  a s  a 

s c r e e n i n g  p rocedure  t o  s e l e c t  t h e  a p p r o p r i a t e  t y p e  Eudragitlr  

r e s i n l p l a s t i c i z e r  f i l m  f o r  t h e  i n i t i a l  e x p e r i m e n t s .  A s  can be 

seen  i n  Tab le  V I I I ,  f r e e  f i l m s  of d i f f e r e n t  combina t ions  of 

Eudragittc RS and p l a s t i c i z e r  c a s t e d  on a p e t r i  d i s h ,  i n d i c a t e  

t h a t  Eudragitlr  RSlDEP (10:2.5) g i v e s  t h e  most f l e x i b l e  f i l m .  

As t h e  c o n c e n t r a t i o n  o f  DEP i n c r e a s e d  i n  t h e  f i l m ,  a more 

f l e x i b l e  f i l m  r e s u l t e d .  However, t h e  t a c k i n e s s  of t h e  f i l m  a l s o  

i n c r e a s e d .  With t h e  same r a t i o  of Eudragitrc RS t o  t h e  

p l a s t i c i z e r ,  such a s  10:2, t h e  combinat ion of Eudragi tR RSlDEP 

y i e l d e d  a more f l e x i b l e  b u t  t a c k i e r  f i l m  as compared t o  t h e  

combina t ion  of Eudrag i tn  RSIPEG. I n  terms of f l e x i b i l i t y  of t h e  

r e s u l t a n t  f i l m ,  DEP ( w a t e r  i n s o l u b l e  p l a s t i c i z e r )  seems t o  be a 

b e t t e r  p l a s t i c i z e r  t h a n  PEG ( w a t e r  s o l u b l e  p l a s t i c i z e r )  t o  

p l a s t i c i z e  EudragitK RS r e s i n .  EudragitH RS a l o n e  ( w i t h o u t  any 

p l a s t i z i e r )  mixed w i t h  a l c o h o l  y i e l d e d  a d i s c o n t i n u o u s ,  powdery 

fragment  o f  f i l m .  Data i n d i c a t e d  t h a t  i t  was n e c e s s a r y  t o  

i n c o r p o r a t e  p l a s t i c i z e r  t o  Eudrag i tn  RS r e s i n  t o  y i e l d  a f l e x i b l e  

con t inuous  f i l m .  Th i s  f i n d i n g  was i n  agreement w i t h  Rohin Pharm’s 

recommendation. The manufac tu re r  s t r o n g l y  recommended t h e  u s e  of 

a p l a s t i c i z e r  w i t h  EudragitK RS r e s i n  t o  y i e l d  a f l e x i b l e  f i l m  , 

I t  was r e p o r t e d  i n  t h e  l i t e r a t u r e  t h a t  t h e  p r o c e s s i n g  

6 

paramete r s  of t h e  c o a t i n g  p r o c e s s ,  t h e  t a c k i n e s s  o f  t h e  l i q u i d  o r  
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1610 L I ,  FELD, AND KOWARSKI 

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

o f  t h e  f i l m  c o a t i n g  d e p o s i t e d  o n t o  t h e  s u b s t r a t e  *-I3. 

i d e a l  c o a t i n g  p r o c e s s ,  each  l a y e r  of c o a t i n g  i s  a p p l i e d  u n i f o r m l y  

and i s  d r i e d  comple t e ly  b e f o r e  b e a d l e t s  a r e  r e c y c l e d  f o r  f u r t h e r  

c o a t i n g .  The c o a t e d  b e a d l e t  shou ld  remain a s  a s i n g l e  u n i t  

t h roughou t  t h e  e n t i r e  c o a t i n g  p r o c e s s .  Consequen t ly ,  t h e  e n t i r r  

c o a t i n g  p r o c e s s  shou ld  y i e l d  l i t t l e  o r  no a g g l o m e r a t i o n .  The 

s u r f a c e  of  d rug-coa ted  b e a d l e t s  shou ld  appea r  smooth and 

c o n t i n u o u s .  Whereas,  i f  the c o s t i n g  p r o c e s s  o r  c o a t i n g  

f o r m u l a t i o n  i s  n o t  o p t i m i z e d ,  t h e  d i s p o s i t i o n  of  t h e  polymer f i l m  

o n t o  t h e  s u b s t r a t e  would f a i l  t o  s p r e a d  un i fo rmly  l e a v i n g  an  

i m p e r f e c t  f i l m .  The tendency of b e a d l e t s  t o  form agg lomera te  

would a l s o  i n c r e a s e  i n  t h e s e  c i r c u m s t a n c e s  

I n  an 

12-14 

I n  ou r  s t u d y ,  t h e  tendency o f  b e a d l e t s  t o  agg lomera te  i n  t h e  

c o a t i n g  p r o c e s s  i s  used  a s  a g u i d e l i n e  t o  e v a l u a t e  t h e  c o a t i n g  

f o r m u l a t i o n  o f  Eudrag i tn  RS and p l a s t i c i z e r s .  The b e s t  c o a t i n g  

f o r m u l a t i o n  shou ld  y i e l d  the l e a s t e s t  number o f  a g g l o m e r a t e s .  

Three sets  of  expe r imen t s  were conduc ted  t o  e v a l u a t e  t h e  three 

d i f f e r e n t  c o a t i n g  f o r m u l a t i o n s  u s i n g  E d u r a g i t n  RS and 

p l a s t i c i z e r s  (PEG o r  D E P ) .  To s t u d y  t h e  e f f e c t  of  t y p e s  o f  

p l a s t i c i z e r  on t h e  c o a t i n g  f o r m u l a t i o n ,  t h e  r a t i o  o f  E u d r a g i t n  RS 

t o  p l a s t i c i z e r  ( e i t h e r  DEP o r  PEG) of  1O:l was s e l e c t e d  f o r  

c o a t i n g  e x p e r i m e n t s .  The c o a t i n g  f o r m u l a t i o n  of E u d r a g i t n  RS/DEP 

(1O:l) gave a more f l e x i b l e  f i l m  i n  t h e  f r e e  f i l m  s t u d y  ( T a b l e  

V I I I )  t h a n  t h e  c o a t i n g  f o r m u l a t i o n  of  E u d r a g i t n  RS/PEG (1O:l). 

The r a t i o  of  1O:l of  Eudragitlc t o  p l a s t i c i z e r  was s e l e c t e d  based 

on t h e  Rohm Pharma's recommendation . 6 
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1671 

To study the effect of the amount of plasticizer on the 

coating formulation, the coating formulation of Eudragitlt RS/DEP 

(1O:Z) was selected to compare with the coating formulation of 

Eudragite' RS/DEP (10:l). 

The quality of film coatings obtained from the actual 

Wurster column coating process utilizing these three different 

coating formulations were in agreement with the results generated 

from the free film casted on a petri disk. The success of the 

coating formulation in the coating process is directly related to 

the tackiness of the Eudragitlc film. The most trouble free 

coating formulation was observed with the combinaton of Eudragitlr 

RS/PEG (1O:l) applied onto the beadlets. This coating 

formulation yielded little or no agglomeration. This coating 

formulation showed the least in flexibility but the least in 

tackiness in the free film study. Whereas the coating 

formulation using the combination of EudragitR RS/DEP (1O:l) 

yielded more agglomerates, indicating that this formulation was 

far less desirable as compared to the Eudragitn RSlPEG (1O:l) 

formulation. The worst coating formulation was observed when the 

combination of  EudragitK RS/DEP ( 1 0 : 2 )  was utilized for the 

coating. This coating formulation exhibited an excellent, 

flexible but tackier film in the free film study. In order to 

continue the coating process, an intermittent spray cycle was 

utilized to complete the coating process. The resultant coated 

product contained the highest number of agglomerates as compared 

to the other two coating formulations. These data seem to imply 
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1672 L I ,  FELD, AND KOWARSKI 

t h a t  one should be cau t ious  i n  s e l e c t i n g  and apply ing  t h e  

informat ion  generated from the  c a s t i n g  of f r e e  f i lms  of Eudragitlf  

RS and p l a s t i c i z e r .  I t  was apparent  t h a t  t h e  degree of t ack iness  

r a t h e r  than the  f l e x i b i l i t y  o f  t he  Eudragitk f i l m  i s  much 

more i n d i c a t i v e  i n  p r e d i c t i n g  t h e  success  of t he  c o a t i n g  

formula t ion  i n  t h e  coa t ing  p rocess .  Owing t o  t h e  inhe ren t  tacky 

n a t u r e  of a c r y l i c  r e s i n s ,  one should always conduct a c t u a l  

coa t ing  experiment t o  eva lua te  the  f i l m  formation of a p a r t i c u l a r  

a c r y l i c  r e s i n / p l a s t i c i z e r  system. 

E f f e c t  of F i l m  Thickness on Release P r o f i l e .  

The r e l e a s e  r a t e  p r o f i l e s  of t h e  pseudoephedrine 

hydrochlor ide  sus t a ined  r e l e a s e  bead le t s  depend, t o  a g r e a t e r  

e x t e n t ,  on the  coa t ing  l e v e l  of t he  f i n a l  p roduct .  A s  t h e  

coa t ing  th i ckness  inc reased ,  a decrease  i n  t h e  r e l e a s e  r a t e s  of 

t he  coa ted  bead le t s  was observed (F igure  1 and 2 ) .  For i n s t a n c e ,  

a t  t h e  h ighe r  coa t ing  l e v e l s ,  such a s  8% c o a t i n g ,  pseudoephedrine 

hydrochlor ide  sus t a ined  r e l e a s e  bead le t s  [Eudragitw RS/DEP 

(10:1)] r e l eased  52% of t h e  drug i n  30 minutes ,  whereas those  

bead le t s  coa ted  t o  weight i n c r e a s e s  of 3 %  and 5 %  r e l eased  9 2 %  and 

7 8 %  of t he  drug,  r e s p e c t i v e l y .  The i n t e g r i t y  of t h e  c o a t i n g  was 

wel l  p reserved  throughout t h e  d i s s o l u t i o n  experiments;  even when 

the  drug w a s  completely dep le t ed  from a b e a d l e t ,  t he  s h e l l  

remained i n t a c t .  I n  a d d i t i o n ,  a s  t h e  l e v e l  of c o a t i n g  th i ckness  

inc reased ,  t he  drug was r e l eased  a f t e r  a lag time, which became 

l a r g e r  i n  p ropor t ion  t o  t h e  th i ckness  of t h e  Eudragi tu  RS 
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1673 

r 

TIME (MINUTES) 

Figure 1. Effect of coating thickness on the release profile of 
pseudoephedrine H C 1  sustained release beadlets in 
pH 6.5 phosphate buffer (Eudragit RS:DEP::lO:l). 
Coating:* , 3%;  0 ,5%;0,7%;A,8%. 

0 50 100 150 200 250 

TIME (MINUTES) 

Figure 2. Effect of coating thickness on the release profile of 
pseudoephedrine H C 1  sustained release beadlets in 
pH 6.5 phosphate buffer (Eudragit RS:PEG::lO:l). 
Coating:* , 3 % ;  Ot5%;CI,7%;A,8$. 
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c3 

5 1.5 

w 
c3 
w 
0 

z 

3 
= 1  

M 
LL 

c3 
0 
-J 

0.5 

0 

TIME (MINUTES) 

Figure 3. Release rate profile of pseudoephedrine from sustained 
release beadlets plotted assuming first order release 
kinetics in pH 6.5 phosphate buffer (Eudragit 
RS:DEP::10:1). Coating:-,7%;%,8%;C],8%+2% Eudragit 
S-lOO/DBS. (Eudragit RS:PEG::10:1) Coating:. ,7%; 
0 , 8 % ; A , 8 % + 2 %  Eudragit S-lOO/DBS. 

c o a t i n g .  The d rug  r e l e a s e  appea red  t o  f o l l o w  f i r s t  o r d e r  

k i n e t i c s .  I n c r e a s i n g  t h e  c o a t i n g  l e v e l  d e c r e a s e d  t h e  i n i t i a l  

r e l e a s e  r a t e ,  b u t  had  no g r e a t  e f f e c t  on t h e  f i r s t  o r d e r  r e l e a s e  

s t a g e  ( F i g u r e  3 ) .  

E f f e c t  of t h e  Aniount and Types of  P l a s t i c i z e r s  t o  t h e  E u d r a g i t l ?  

Res in  on t h e  R e l e a s  Ra te  P r o f i l e s  of t h e  Coa ted  Bead1et.s.  

As can  be s e e n  from F i g u r e  4 ,  t h e  b e a d l e t s  c o a t e d  w i t h  a 

lower  l e v e l  of DEP E u d r a g i t  RS:DEP::10:1) showed a s l o w e r  

d i s s o l u t i o n  p r o f i l e  a s  compared t o  t h e  b e a d l e t s  c o a t e d  w i t h  t h e  
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1675 

d 
fx 

k 
M 

40 

2o I 
0 1 
0 10 20 30 40 50 60 

TIME (MINUTES) 

Figure 4. Effect of relative ratio of Eudragit RS to plasticizers 
(DEP) in the final film on release profile in pH 6.5 
phosphate buffer (Eudragit RS:DEP::10:1). Coating: 0, 
3 % ; A , 5 % .  (Eudragit RS:DEP::10:2) Coating: j: , 3 % ;  
0 , 5 % .  

same level of coating thickness but a higher level of DEP 

(Eudragitk RS:DEP::10:2). 

difference in the release rate profiles of these two coating 

formulations was significant at the 5% level (P<0.05). This 

phenomenon may be attributed to the fact that the higher level of 

plasticizers lead to excessive softening of  the polymer film. 

Consequently, beadlet agglomeration, sticking, and poor 

fluidization problems resulted during coating. 

2 was reported by Chang, et al. . It is hypothesized that the 

process of disposition of barrier coating onto the substrate 

would be disrupted by the agglomeration of beadlets, which in 

Based on the Null hypothesis 15 , the 

A similar finding 
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0 50 100 150 200 250 
TIME (MINUTES) 

Figure 5. Effect of types of plasticizers in the final film on 
release profile in pH 6.5 phosphate buffer 
(Eudragit RS:plasticizer::lO:l). Coating:A,7%(DEP); 
0,7%(PEG);0,8%(DEP);*,8%(PEG). 

t u r n ,  would l e a d  t o  t h e  d i s p o s i t i o n  of  i m p e r f e c t  f i l m .  

Consequen t ly ,  a f a s t e r  r e l e a s e  o f  d rug  t h r o u g h  t h e  i m p e r f e c t  

membrane may accoun t  f o r  t h e  d i f f e r e n c e  i n  the r e l e a s e  r a t e  

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

With t h e  same l e v e l  o f  p l a s t i c i z e r s  ( E u d r a g i t f i  RS:DEP o r  

PEG::10:1), t h e  r e l e a s e  ra te  of pseudoephedr ine  HC1 from t h e  

c o a t e d  b e a d l e t s  was n o t  e f f e c t e d  by t h e  type  of  p l a s t i c i z e r s  

( F i g u r e  5 ) .  Based on t h e  Nu l l  s t a t i s t i - c a l  h y p o t h e s i s  , t h e  

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

was n o t  s i g n i f i c a n t  a t  t h e  5X l e v e l  (P>0.05). It i s  h y p o t h e s i z e d  

t h a t  t h e  c o a t i n g  f o r m u l a t i o n  of t h e s e  b e a d l e t s  may a c c o u n t  f o r  

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

15 
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CONTROLLED DRUG RELEASE OF PSEUDOEPHEDRINE HYDROCHLORIDE 1677 

showed t h e  lowes t  number of  a g g l o m e r a t e s ,  i t  i s  h y p o t h e s i z e d  t h a t  

t h e  f i l m  d e p o s i t i o n  o n t o  t h e  s u b s t r a t e  i s  a p p l i e d  un i fo rmly  

d u r i n g  t h e  c o a t i n g  p r o c e s s .  The b e t t e r  f i l m  d e p o s i t i o n  o f  t h e  

same c o a t i n g  t h i c k n e s s  may compensate f o r  t h e  w a t e r  s o l u b l e  

n a t u r e  of  PEG as compared t o  t h e  w a t e r  i n s o l u b l e  n a t u r e  of  DEP. 

E f f e c t  of  a P r e c o a t  and Overcoat  on t h e  R e l e a s e  P r o f i l e s .  

Agglomerat ion of  b e a d l e t s  t o  form s o f t  lumps upon s t o r a g e  a t  

o r  above room t e m p e r a t u r e  was obse rved  f o r  t h e  b e a d l e t s  c o a t e d  

w i t h  Eudrag i tv  f o r m u l a t i o n s .  A s  t h e  Eudragi tR c o a t i n g  l e v e l s  

i n c r e a s e d ,  t h e s e  s o f t  lumps t e n d  t o  be h a r d e r  and a r e  much more 

d i f f i c u l t  t o  s e p a r a t e .  The u s e  of  h y d r o p h i l i c  polymer o v e r c o a t s  

t o  p r e v e n t  lumping of  p a r t i c l e s  h a s  been r e p o r t e d  i n  t h e  

l i t e r a t u r e .  3'11'16 

by t h e  a p p l i c a t i o n  of  a n  o v e r c o a t  of Eudrag i t f i  S-lOO/DBS f i l m .  

The o v e r c o a t  (1 t o  Z X ) ,  n o t  o n l y  can  p r e v e n t  t h e  f o r m a t i o n  of  

s o f t  lumps, b u t  c a n  a l s o  c o n t r i b u t e  t o  r educe  t h e  r a t e  o f  d r u g  

r e l e a s e  a t  t h e  lower pH d i s s o l u t i o n  media (below pH 7 . 0 )  ( F i g u r e  

6 ) .  The e x t e n t  o f  t h e  r e d u c t i o n  of d rug  r e l e a s e  was f a r  more 

e f f e c t i v e  f o r  t h e  o v e r c o a t  a s  compared t o  t h e  same l e v e l  of 

E u d r a g i t  RS/DEP c o a t i n g  i n  pB 6 . 5  phospha te  b u f f e r  ( F i g u r e  6 ) .  

The e n t e r i c  n a t u r e  of  Eudrag i t l ?  S - l O O / D B S  c o a t i n g  ( u s e  as  an 

The f o r m a t i o n  of  t h e s e  lumps can  be minimized 

o v e r c o a t )  seems t o  be v e r y  e f f e c t i v e  i n  r e t a r d i n g  t h e  d rug  

r e l e a s e  from t h e  c o a t e d  b e a d l e t s .  Eudrag i t , k  S-100, b e i n g  e n t e r i c  

i n  n a t u r e ,  c a n  p r o v i d e  a b a r r i e r  c o a t i n g  t o  r e t a r d  d r u g  r e l e a s e  

from media r a n g i n g  from pH 1 . 0  t o  6 . 5 .  6 9 7 ' 1 7  Only when t h e  pH of  
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100 - 

250 300 150 200 50 100 0 

TIME (MINUTES) 

Figure 6. Effect of an overcoat of Eudragit S-lOO/DBS film on 
the release profile in pH 6.5 phosphate buffer 
[(Eudragit RS:DEP::10:1) Coating:A,S%; 0,7%; 0 , 8 % ;  

DBS] . *,8%+1% Eudragit S-lOO/DBS;O ,8%+2% Eudragit S-loo/ 

t h e  d i s s o l u t i o n  envi ronment  approaches  7 . 0  o r  above ,  t h e n  t h e  

Eudragi tR S-100 f i l m  w i l l  s t a r t  d i s s o l v i n g  and  p r o v i d e  a f a s t e r  

r e l e a s e  of  d r u g .  The Eudragi tR S-100 o v e r c o a t  may be a good 

means t o  p r e v e n t  d o s e  dumping i n  t h e  uppe r  G . I .  t r a c t  (where  t h e  

pH r a n g e s  f rom 3 .0  t o  6 . 0 ) .  b u t  a l s o  may p r o v i d e  f o r  t h e  comple t e  

r e l e a s e  of  d r u g  i n  t h e  lower  r e g i o n  of  t h e  G . I .  t r a c t  (pH r a n g i n g  

from 7 . 0  t o  8 . 0 ) .  However, i t  would r e q u i r e  an  i n - v i v o  s t u d y  t o  

v e r i f y  t h e  pe r fo rmance  of t h i s  f o r m u l a t i o n  a p p r o a c h .  PS b e a d l e t s  

c o a t e d  w i t h  2 %  Eudragitic S-lOO/DBS f i l m  ( a s  a P r e c o a t ) ,  t h e n  

f o l l o w e d  w i t h  8% Eudragi tK RSlDEP c o a t i n g ,  d i d  n o t  show t h e  same 

e x t e n t  i n  r e t a r d i n g  d rug  r e l e a s e  from t h e  b e a d l e t s  i n  pH 6 . 5  
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Figure 7. Effect of a precoat and an overcoat of Eudragit S - l O O /  
DBS film on the release profile in pH 6.5 phosphate 
buffer. A ,8% Eudragit RS:DEP::10:1+2% Eudragit S-lOO/ 
DBS (overcoat); 0 ,2% Eudragit S-100 (precoat)+8% 
Eudragit RS:DEP::10:1. 

phospha te  b u f f e r  ( F i g u r e  7 )  o r  p r e v e n t  t h e  f o r m a t i o n  of s o f t  

lumps of  b e a d l e t s .  Data seem t o  i n d i c a t e  t h e  o r d e r  of  

a p p l i c a t i o n  of  Eudragi t , c '  S-lOO/DBS f i l m  can  be a c r i t i c a l  s t e p  i n  

a c h i e v i n g  t h e  d e s i r e d  i n - v i t r o  r e l e a s e  p r o f i l e  o f  t h e  c o a t e d  

b e a d l e t s .  B e a d l e t s ,  which  were  c o a t e d  w i t h  a n  a p p r o p r i a t e  amount 

of E u d r a g i t k  RS/DEP o r  PEG c o a t i n g  (pH i n d e p e n d e n t ,  d i f f u s i o n  

c o n t r o l l e d  r e s i n ) ,  t h e n  f o l l o w e d  w i t h  a n  o v e r c o a t  o f  Eudrag i t l :  

S - l O O / D B S  (pH dependent  r e s i n ) ,  p r o v i d e  i n - v i t r o  s u s t a i n e d  

r e l e a s e  p r o f i l e s  a s  compared t.o t h e  marke ted  s u s t a i n e d  r e l e a s e  

p r o d u c t  (F igur -e  8 ) .  However, t h e  r e l e a s e  r a t e  p r o f i l e s  of t h e  
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Figure 8. Release rate profiles of pseudoephedrine HC1 sustained 
release beadlets and Sudafed 12 hours capsule in pH 6.5 
phosphate buffer. Coating:O,Sudafed 12 hours capsule; 
A88% Eudragit RS:DEP::10:1+2% Eudragit S-100:DBS; 
0 , 8 %  Eudragit RS:PEG::10:1+2% Eudragit S-1OO:DBS. 

two e x p e r i m e n t a l  f o r m u l a t i o n s  were much s l o w e r  t h a n  t h e  

commerc ia l  p r o d u c t  i n  t h e  f i r s t  1 0 0  m i n u t e s .  

E f f e c t  o f  D i s s o l u t i o n  Medium on R e l e a s e  P r o f i l e s .  

F i g u r e  9 shows t h e  e f f e c t  o f  d i s s o l u t i o n  media pH on t h e  

r e l e a s e  of p seudoephedr ine  h y d r o c h l o r i d e  f rom b e a d l e t s  c o a t e d  

w i t h  8% Eudragitic RS/DEP p l u s  2 %  Eudragitlr  S-lOO/DBS ( o v e r c o a t )  

c o a t i n g .  The r e l e a s e  r a t e  of  d r u g  f rom t h e  c o a t e d  b e a d l e t s ,  

which c o n t a i n e d  an  o v e r c o a t  of Eudragi t l t  S-lOO/DBS ( Z X ) ,  showed 

s l i g h t  i n c r e a s e s  i n  r e l e a s e  r a t e s  a s  a f u n c t i o n  of  DH of  t h e  
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120 F 
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Figure 9. Effect of pH of dissolution medium on release rate 
profile of pseudoephedrine HC1 S.R. beadlets(C0ating: 
8% Eudragit RS:DEP::10:1+2% Eudragit S-100:DBS::lO:l). 
pH: a ,1.2; 0 ,3.0; 0 ,5.0; X ,7.25. 

d i s s o l u t i o n  media ( f rom pH 1 . 2  t o  5 . 0 ) .  However, t h e  r e l e a s e  

r a t e  o f  d rug  from t h e  c o a t e d  b e a d l e t s  i n c r e a s e d  d r a s t i c a l l y  a t  pH 

7 .2  a s  compared t o  t h e  d a t a  ~f pH 5 . 0  ( F i g u r e  9 ) .  The d i f f e r e n c e  

i n  re lease r a t e  p r o f i l e s  from pH 5 . 0  t o  pH 7 . 2  may be a t t r i b u t e d  

t o  t h e  o v e r c o a t  of  Eudragi tR S-lOO/DBS c o a t i n g .  A t  lower  pH 

d i s s o l u t i o n  med ia ,  such as pH 3 . 0  o r  5 . 0 ,  t h e  o v e r c o a t  o f  

EudragitR S-100 r e s i n  a c t s  a s  a n  e n t e r i c  polymer t o  r e t a r d  d rug  

r e l e a s e .  A t  pH 7 .2  phospha te  b u f f e r ,  t h e  o v e r c o a t  o f  Eudragi t l i  

S-lOO/DBS f i l m  s t a r t s  d i s s o l v i n g  and a l l o w s  r a p i d  r e l e a s e  o f  d r u g  

from t h e  c o a t e d  b e a d l e t s .  
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CONCLUSION 

LI, FELD, AND KOWARSKI 

In-vitro dissolution studies of pseudoephedrine 

hydrochloride sustained release headlets which were coated with 

different combinations of plasticizers and Eudragitll RS resins 

indicated that the release profiles of the drug are influenced by 

a number of factors. The coating levels, types of resins and 

types of plasticizers in the film play a major role in 

determining the release rate profiles of the drug from the coated 

beadlets. The pH of the dissolution media and the use of an 

overcoat are two other factors which may effect the nature of the 

filmcoat and the release profiles of the beadlets. An overcoat 

of EudragitO 5-100 resin can eliminate the formation of soft 

lumps which are commonly observed on storage with Eudragitk RS 

coated beadlets. In addition, it also contributes to retard drug 

release from the coated beadlets in dissolution media ranging 

from pH 1.2 to 6.5. 
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