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ABSTRACT 

Numerous batches of nicotinic acid (niacin) pellets were coated to 

determine the optimum level of Sureleasen coating which would exhibit i ~ ~ - v i t t o  

release patterns suitable for BID dosing. Various levels of Surelease. w i t h  

and without the incorporation of a hydrophilic material. were studied. I t  WR': 

expected that a significantly high level of Surelease would be needed tu 

obtain the desired in-vitro dissolution release rate for the water s o l u l i l ~  

drug. However, a coating level of 1.2% Surelease coating was found to have an 

in-vitro dissolution profile approximating that of  a BID product. ScanniiiR 

electron microscopic examination has shown that the surface of coating is 

smooth and uniform with the coating thickness of about 2 pm. 

stability data showed no significant changes in the dissolution p r o f i l e s .  

The 2 months 

IN T P,O DUC 'C 1014 -___ 

Sustained release dosage forms are developed for a variety of reasons 

The most important reasons are to create a dosage form which not 011ly (1). 

Copyright 0 1992 by Marcel Dekker, Inc. 
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a52 SHEEN ET A L .  

can  reduce  t h e  t o x i c i t y  and i n c i d e n c e  of  a d v e r s e  d r u g  r e a c t i o n s ,  b u t  a l s o  

p r o v i d e  c o n t i n u o u s  t h e r a p e u t i c  a c t i v i t y  of  a d r u g  o v e r  a d e f i n e d  p e r i o d  o f  

t ime.  

N i c o t i n i c  a c i d  ( n i a c i n )  b e l o n g s  t o  t h e  group of  w a t e r  s o l u b l e  v i t a m i n s  

w i d e l y  used  f o r  t h e  t r e a t m e n t  of  h y p e r l i p i d e m i a .  Accord ing  t o  v a r i o u s  

s t u d i e s ,  a plasma c o n c e n t r a t i o n  of  o n l y  0 .5-2  Ug/ml o f  f r e e  n i a c i n  i s  

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

m a i n t a i n e d  o v e r  a pro longed  p e r i o d  of t ime ( 2 ) .  Because t h e  plasma h a l f - l i f e  

of  n i a c i n  i s  r e l a t i v e l y  s h o r t ,  a b o u t  1 h o u r ,  h i g h  d o s e s  of  n i a c i n  a r e  

n e c e s s a r y  t o  m a i n t a i n  t h e  d e s i r e d  plasma c o n c e n t r a t i o n s .  The u s e  of h i g h  

d o s e s  of  n i a c i n  h a s  been  l i m i t e d  due t o  t h e  u n c o m f o r t a b l e  symptoms of  f a c i a l  

f l u s h i n g  and g a s t r o i n t e s t i n a l  d i s t u r b a n c e  ( 2 ) .  S i n c e  t h e  symptoms a p p e a l  t c i  

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

r e l e a s e d  n i a c i n  p r o d u c t s  have been developed  and marke ted  t o  a l l e v i a t e  t h e s e  

s i d e  e f f e c t s .  

The p u r p o s e  of  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  o p t i m a l  l e v e l  o f  w a t e i  

based  S u r e l e a s e  ( C o l o r c o n .  West P o i n t ,  PA)  c o a t i n g  which would e x h i b i t  an 

i n - v i t r o  r e l e a s e  p a t t e r n  a p p r o x i m a t i n g  t h a t  o f  a B I D  p r o d u c t .  

EXPERIMENTAL 

Mate r i a  1 s 

N i a c i n  p e l l e t s  were o b t a i n e d  from Armour P h a r m a c e u t i c a l  C o .  (Kankakee,  

I L . )  The p e l l e t s  c o n s i s t  of a n e u t r a l  p e l l e t  c o r e  a l t e r n a t e l y  l a y e r e d  w i t 1 1  R 

s o l u t i o n  of  povidone  i n  p h a r m a c e u t i c a l  g l a z e  and powdered n i a c i n .  S u r e l e a s e  

i s  a c o m p l e t e l y  p l a s t i c i z e d  aqueous polymer d i s p e r s i o n  ( 3 ) .  I t  was rhosen a s  

t h e  r a t e  c o n t r o l l i n g  s y s t e m  f o r  a number of r e a s o n s :  i t  p r o v i d e s  a pH 

independent  r e l e a s e  p a t t e r n  ( 4 ) ,  i t  i s  e a s y  t o  u s e  and p o s e s  no known s a f e t y  

and h e a l t h  h a z a r d s  r e l a t e d  t n  t h a t  o f  s o l v e n t  s y s t e m s .  
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SUSTAINED RELEASE OF NIACIN PELLETS 

Application of Sustained Release Coating 

853 

The Aeromatic Strea-1 (Towaco, NJ) fluid bed coating machine with n 

Wurster column was used to apply Surelease dispersion to the niacin pellets. 

Five hundred grams of pellets were coated with various levels of Surelease 

dispersion. The exact mount was calculated on the basis of the solid content 

of the particular lot of Surelease used. 

with purified water to 15% solids or it was mixed with various amounts of 

hydroxypropyl methylcellulose (HPMC) solution and diluted with purified water 

to 15% Surelease solids. The solution was stirred for 15 minutes before 

coating. The amount of HPMC in the final film was 2%,  6% or 10%. 

Surelease dispersion was diluted 

The coating parameters were as follows: Spray nozzle orifice. 1.1 nun: 

column height, approximately 2 cm from the base plate: Masterflex pump 

(Barrant Co., Barrinton, IL.) with 116 tubing: outlet air temperature, 50 O C :  

atomizing air, 1 . 8  bar: fluidizing air, dial setting 13. Ctiat.inR was applied 

using a spray rate of approximately 4 ml per minute. When 11ir SiiivIra!av 

application was completed, approximately 20 mL of purified water was usrd t i 1  

rinse the container and tubing and this was applied to the pellets. Pellets 

were then dried in the column until the outlet air temperature reached 54 "C. 

The same coating operation parameters were used throughout the studies. 

Dissolution Tests 

The dissolution method used for screening the formulations was USP 

paddles at 50 rpm in 900 ml of dissolution medium at 37 OC. 

medium consisted of 0.05 M KH2P0,, adjusted to pH 1 . 2 - 1 . 5 ,  with concentrated 

HC1. which was adjusted after one hour to pH 7 . 5  using 50% NaOH solution. 

Capsules containing a weight of niacin pellets equivalent to 250 mg of niacin 

were added to each dissolution vessel. Samples were removed through a 20)ini 

filter for analysis at suitable t h e  intervals from 1 to 24 hours. The samplsR 

were assayed spectrophotometricnlly at 261 nm. Each of the dissolution valuen 

reported i s  based on an average of 6 capsules. 

The dissolution 
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5 54 

Scanning  E l e c t r o n  Microscopy (SEM)  

SHEEN ET A L .  

The c o a t e d  p e l l e t s  were examined under  a s c a n n i n g  e l e c t r o n  microscope  (SEM) 

(Model SX 4 0 ,  I S I ,  M i l p i t a s .  C a . )  f o r  m o r p h o l o g i c a l  e v a l u a t i o n .  The p e l l e t s  

were a l s o  c r o s s - s e c t i o n e d  f u r  c o a t i n g  t h i c k n e s s  measurement .  The samples  weie  

p r e p a r e d  by g o l d  s p a t t e r i n g  t e r h n i q u e  b e f o r e  SEM e x a m i n a t i o n s .  

RESULTS AND DISCTJSSION 

E f f e c t  of  C o a t i n g  Level  on t h e  Rate  [ i f  R e l e a s e  

The u n c o a t e d  n i a c i n  p e l l e t s  showed 1 0 0 %  r e l e a s e  i n  one hour  ( F i g u r e  1 ) .  

I n i t i a l l y ,  S u r e l e a s e  was a p p l i e d  t o  t h e  p e l l e t s  a t  l e v e l s  r a n g i n g  from 2 . 5  t o  

20% by w e i g h t ,  a s  was s u g g e s t e d  i n  t h e  p r o d u c t  l i t e r a t u r e  ( 3 ) .  D i s s o l u l  i u n  

r a t e s  of  t h e s e  c o a t e d  n i a c i n  p e l l e t s  showed s u r p r i s i n g  r e s u l t s .  A f t e r  2 4  

h o u r s ,  p e l l e t s  w i t h  2 . 5 %  c o a t i n g  showed o n l y  4 1 %  n i a c i n  r e l e a s e d  (FiguLe I). 

I n  g e n e r a l ,  w a t e r  s o l u b l e  d r u g  p e l l e t s  r e q u i r e  a h i g h  l e v e l  o f  c o a t i n g  t o  

produce  s u s t a i n e d  r e l e a s e  p r o f i l e s ,  because  t h e  d r u g  c a n  d i s s o l v e  d u r i n g  

aqueous f i l m  d e p o s i t i o n  and m i g r a t e  f u r t h e r  i n t o  t h e  f i l m  c o a t  ( 4 ) .  A s  

t h e  amount o f  d r u g  embedded i n  t h e  f i l m  c o a t  i n c r e a s e s ,  t h e  c o a t i n g  becunles 

less c o n t i n u o u s  and more permeable  d u r i n g  d i s s o l u t i o n .  C o n s e q u e n t l y ,  a t h i c k e r  

c o a t i n g  i s  r e q u i r e d  t o  a c h i e v e  t h e  t a r g e t  r a t e  of  d r u g  r e l e a s e .  

The p r e l i m i n a r y  s t u d i e s  d e m o n s t r a t e d  t h a t  n i a c i n  might  n o t  d i s s o l v e  and 

m i g r a t e  i n t o  t h e  c o a t i n g  l a y e t  d u r i n g  t h e  c o a t i n g  o p e r a t i o n .  T h e r e f o r e .  a 

s e r i e s  of l o w  c o a t i n g  l e v e l s  were conducted  t o  produce  t h e  d e s i r e d  r e l e a s e  

r a t e s .  N i a c i n  p e l l e t s  were c o a t e d  w i t h  0 . 3 ,  0.5, 1 and 1 . 2 %  S u r e l e a s e .  The 

d i s s o l u t i o n  r a t e s  showed f a s t  r e l e a s e  of  n i a c i n  a t  0 . 3  and 0 . 5 2  and f a i r l y  

modera te  r e l e a s e  a t  1 and 1 . 2 %  c o a t e d  p e l l e t s  ( F i g u r e  2 ) .  A v i s u a l  

o b s e r v a t i o n  found t h a t  t h e  c o a t i n g s  of 0 . 3  and 05% p e l l e t s  were r u p t u r e d  

d u r i n g  d i s s o l u t i o n .  The i n t e g r i t y  of  t h e  c o a t i n g s  of 1 and 1 . 2 %  were w e l l  
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SUSTAINED RELEASE OF NIACIN PELLETS 
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FIGURE 2 

Disso lu t ion  p r o f i l e s  of  n i a c i n  p e l l e t s  coated with  low l e v e l s  of Sut-eleasp 
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8 56 S H E E N  E l  A L .  

p r e s e r v e d  t h r o u g h o u t  t h e  d i s s o l u t i o n  e x p e r i m e n t .  Even when t h e  d r u g  was 

c o m p l e t e l y  d e p l e t e d  from t h e  p e l l e t s ,  t h e  c o a t i n g  s h e l l  remained i n t a c t . .  

I n c o r p o r a t i o n  of  HPMC i n  t h e  S u s t a i n i i i g  (;(\at 

Due t o  c o n c e r n  a b o u t  t h e  u n i f o r m i t y  of  t h e  c o a t i n g  and p o t e n t i a l  

d i f f i c u l t i e s  w i t h  r e g a r d  t o  r e p r o d u c i b i l i t y  a t  such  a low l e v e l  ( 1 . 2 % )  

c o a t i n g ,  a s l i g h t l y  d i f f e r e n t  a p p r o a c h  was t r i e d .  A w a t e r  s o l u b l e  polymer ,  

hydroxypropyl  m e t h y l c e l l u l o s e  (HPMC) was added t o  S u r e l e a s e  a t  t h e  2 . 5 %  

coat . ing  l e v e l  i n  an a t t e m p t  t o  c r e a t e  p o r e s  i n  t h e  c o a t i n g .  An i n c r e a s e  i n  t h e  

d r u g  r e l e a s e  r a t e s  would be e x p e c t e d  when t h e  p e l l e t s  a r e  exposed  t o  

d i s s o l u t i o n  medium. The p e l l e t s  c o a t e d  w i t h  S u r e l e a s e  d i s p e r s i o n  t h a t  

c o n t a i n e d  2 and 6% of  HPMC based  on S u r e l e a s e  s o l i d s ,  y i e l d e d  o n l y  s l i g h t l y  

f a s t e r  r a t e  of  r e l e a s e  t h a n  t h o s e  c o a t e d  w i t h  S u r e l e a s e  a l o n e  ( F i g u r e  3 ) .  A $  

e x p e c t e d ,  t h e  p r e s e n c e  of  t.he w a t e r - s o l u b l e  HPMC i n  t h e  c o a t i n g  l e a d s  t o  tlie 

f o r m a t i o n  of  p o r e s  d u r i n g  d i s s o l u t i o n ,  which enhances  t h e  a c c e s s  of t h e  

d i s s o l u t i o n  medium t o  t h e  p e l l e t  c o r e s  ( 5 ) .  However, a t  1 0 %  HPMC,  t h e  

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

3 ) .  T h i s  i n d i c a t e s  t h a t  i n c o r p o r a t i o n  of HPMC i n  S u r e l e a s e  c o a t i n g  may nePd 

t o  be o p t i m i z e d  t o  produce  t h e  d e s i r e d  r e l e a s e  r a t e .  However, t h i s  apl1roat.h 

may n o t  be a p r a c t i c a l  method f o r  i n c r e a s i n g  t h e  r e l e a s e  r a t e  o f  a w a t e r  

s o l u b l e  d r u g .  such  a s  n i a c i n ;  b e c a u s e  t h e  c o a t i n g  s y s t e m  w i l l  I ) P  p a s i l y  

r u p t u r e d  due t o  t h e  p r e s e n c e  of h i g h e r  c o n c e n t r a t i o n  of  HPMC ( i . e .  6 t o  1 0 9 )  

and c a u s e  a r a p i d  r e l e a s e  of  d r u g .  

R e p r o d u c i b i l i t y  of  1 . 2 %  S u r e l e a s e  C o a t i n g  

I n  o r d e r  t o  produce  t h e  d e s i t e d  s u s t a i n e d  r e l e a s e  p r o f i l e s .  u n i f o r m  aiid 

comple te  S u r e l e a s e  c o a t i n g  must be a p p l i e d  t o  w a t e r  s o l u b l e  n i a c i n  p e l l e t s .  

To s t u d y  t h e  r e p r o d u c i b i l i L y  ( i f  the  d i s s o l u t i o n  L-atrs  cjf i i i a  i i i  I I ~ O I I  ! ~ i t i ~ ~ I e ' a ' ; ~  

c o a t e d  p e L l e t s  from bat.ch t o  I i a t ( . h ,  t l l i e v  l l n t ~  I I < ~ S  o f  I w 1 1 e ' t  ~ I G V I G .  c u : i t ~ ~ ~ I  i l i i111 

1 . 2 %  S u r e l e a s e  and t h e  d i s s o l u t i o n  d a t a  g p n e t - a t r d .  A s  s h i i w i i  i i i  I : i & i i i r  4 .  t l i t l  

d i s s o l u t i o n  r a t e s  was found t o  be r e p r o d u c i b l e  i n d i c a t i n g  t h e  c o a t i n g  inwiI i ra i i ( '  
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SUSTAINED RELEASE OF N I A C I N  PELLETS 

110 I 2.5% SURELEASE W/ p 2 %  HPMC 

0' 2.5% SURELEASE W/ 

100 - 

90 - X 

80 - : 6% HPMC 

2.5% SURELEASE W/ 

0 3 6 9 12 15 18 21 24 

TIME (HOURS) 

FIGURE 3 

D i s s o l u t i o n  p r o f i l e s  o f  n i a c i n  p e l l e t s  c o a t e d  w i t h  2 . 5 X  S u r e l e a s e  c w l t a  i t !  i o o .  
v a r i o u s  c o n c e n t r a t i o n s  of  HPMC 

FIGURE 4 

D i s s o l u t i o n  p r o f i l e s  of  d i f f e r e n t  b a t c h e s  o f  n i a c i n  p e l l e t s  w i t 1 1  1 .  , ) 9  
s u r e l e a s e  c o a t i n g  
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050 SHEEN ET AL.  
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FIGURE 5 

D i s s o l u t i o n  p r o f i l e s  of aged n i a c i n  p e l l e t s  coatet l  with 1.2% S L I L P I P B S P  

FIGURE 6 

Thp s u r f a c e  of  a n i a c i n  p e l l e t  c o a t e d  w i t h  1 . 2 %  S u ~ e l e a s e  
91X) 

(nlagnlf ic  ie111 
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SUSTAINED RELEASE OF NIACIN PELLETS 859 

FIGURE 7 

C r o s s - s e c t i o n a l  v iew o f  a 1 . 2 %  S u r e l e a s e  c o a t e d  n i a c i n  p e l l e t  ( rnagni f ica t  i o n  = 
1 . O O O X )  

i s  u n i f o r m  and cornpl.etely c o v e r s  t h e  p e l l e t  c o r e s  even  a t  t h i s  l e v e l  o f  

c o a t i n g .  E v i d e n t l y ,  t h e  Wurs te r  p r o c e s s  used  f o r  t h e s e  s t u d i e s  was q u i t e  

e f f i c i e n t  i n  a p p l y  t h e  coa t . ing  d i s p e r s i o n  t o  t h e  s u r f a c e  of  p e l l e t s  t o  prciclui .e 

t h e  sat. i s  f a c  t o r y  c o a t i n g .  

E f f e c t  of  Aging on Rate  of R e l e a s e  

The r e l e a s e  p r o f i l e s  of  t.he c o a t e d  p e l l e t s  t h a t  were s t o r e d  :II rant i o l  Lv<l 

rooin t e m p e r a t u r e  ( 2 5  OC). 40 'JC and 4 V  OC/B0% K H  ( R e l a t i v e  f luni idi ty)  Tor u11 t i )  

2 i n a i n t h s  a r e  shown i n  F i g u r P  5 .  The r e l r a s e  t -a tes  showed no p , i o ~ < ' :  r l i f l i i f : + > , :  ill 

d i s s o l u t i o n  p r o f i l e s ,  a l t h o u g h  a s l i g h t  s l o w i n g  was n o t e d  a f  t e t  s t o r a g e  t i t  

4 0  UC and 4 0  " C / B O % R H .  These r e s u l t s  imply t h a t  i - i I i i i -~orinat . iun r i f  IIIP 

S u r e l e a s e  d i s p e r s i o n  is comple ted  d u r i n g  t h e  c o a t - i n g  p r o c e s s  and t h a t  f u ~ t l i e i  
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860 SHEEN ET AL. 

c u r i n g  a t  e l e v a t e d  tempera ture  is n o t  r equ i r ed  t o  enhance t h e  coa le scence  C I ~  

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

Scanning E lec t ron  Microscopy(SEM) 

According t o  SEM examinat ion ,  t h e  s u r f a c e  of t h e  coa ted  p e l l e t s  appears  

smooth, compact and cont inuous  (F igu re  6 ) .  A c r o s s - s e c t i o n e d  view o f  t h e  

coa ted  p e l l e t s  showed a d i s t i n c t i v e  i n t e r f a c e  between t h e  c o r e  and t h e  

c o a t i n g .  The c o a t i n g  t h i c k n e s s  is about  2 )un ( F i g u r e  7). 

CONCLUSION 

Various l e v e l s  of S u r e l e a s e ,  w i th  and wi thou t  t h e  i n c o r p o r a t i o n  of IIFMC, 

were app l i ed  on n i a c i n  p e l l e t s .  It. was s u r p r i s i n g  t h a t  t h e  r e l e a s e  r a t e  u f  

wa te r  s o l u b l e  n i a c i n  wafi a b l e  t o  be w e l l  c o n t r o l l e d  by a low l e v e l  of 

Su re l ease  c u a t i n g  ( 1 . 2 % ) .  The r e s u l t s  of s h o r t  term s t a b i l i t y  s t -ud ie s  qhfJwetl 

no s i g n i f i c a n t  changes in d i s s o l u t i o n  r a t e s ,  p o s s i b l y  due t o  t h e  complete 

cu r ing  of Sure l ease  c o a t i n g  du r ing  t h e  c o a t i n g  p r o c e s s .  
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