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ABSTRACT ---- -- 
Microcapsules o f  theophyl l ine w i t h  ethyl c e l l u l o s e  were pre- 

pared by coacervation technique us - ing  Cabosila ( s i l  icon d i o x i d e )  

a s  separant .  Tablets  were prepared frorrl microcapsules,  micro- 

capsules  t theophyl l ine f a t  embedded g ranu les ,  and microcapsules 

a n d  hyd roxypropyl methyl c e l l  u l  ose 4000 (HPMC) . 
re lease  was studied - in ---- v i t r o  by the  r o t a t i n g  basket method. 

Pro1 onged re1 ease of theophyll ine was observed from microcapsules 

Theophyl 1 i ne 

w i t h  no drug dumping. The re lease  from microcapsules was o f  

e t  formul a t i o n s  was 

model. Good cor re  

f i r s t - o r d e r  whereas t h a t  from a l l  the tab 

fusion control led according t o  the Hisach 

---I_----~.----- 

*To whom inqui r i e s  should be d i r e c t e d .  
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450 P A R A B ,  O H ,  AND RITSCHEL 

t i o n  was found between r e l e a s e  r a t e  and c o r e : w a l l  r a t i o  f o r  a l l  

t h e  systems. Decrease i n  hardness o f  t a b l e t s  made f rom m i c r o c a p -  

s u l e s  a l o n e  decreased t h e  r e l e a s e  r a t e ,  i n d i c a t i n g  damage o f  

in ic rocapsu l  es d u r i n g  compressi  on. The tab1 e t s  compressed f rom f a t  

embedded g r a n u l  es , m i c r o c a p s u l  es w i  t h  f a t  embedded g r a n u l  es , and 

m i c r o c a p s u l e s  w i t h  HPMC gave a d e s i r e d  r e l e a s e  f o r  a 74 h o u r  

s u s t a i n e d  r e l e a s e  p r e p a r a t i o n .  

INTRODUCTION 

T h e o p h y l l  i n e  pro1  onged re1 ease dosage f o r m s  have been deve- 

--- - 

l o p e d  t o  a v o i d  t h e  prob lem a s s o c i a t e d  w i t h  h i g h  plasma l e v e l  f l u c -  

t u a t i o n s  and t h e  f requency  o f  a d m i n i s t r a t i o n ,  s i n c e  t h e  upper  and 

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

a r e  narrow,  i.e., 20 mcy/ml and 10 rncg/ml, r e s p e c t i v e l y 1 ) .  R e n i t a  

and Donbrow2) p r e p a r e d  e t h y l  c e l l  u l  ose-wa l l  ed t h e o p h y l l  i n e  in ic ro -  

c a p s u l e s  as  s u s t a i n e d  re1 ease dosage form. They used po l  y i  s o b u t y -  

l e n e  as a p r o t e c t  

m i c r o c a p s u l e s  and 

t i  c l  es. However , 

c e n t  o f  t h e o p h y l l  

ve c o l  1 o i d  , whi c h  p r e v e n t e d  aggregat  i on o f  

r e s u l t e d  i n  i n d i v i d u a l l y  f i  lm-coated c o r e  p a r -  

t h e  d i s s o l u t i o n  d a t a  showed t h a t  6 0  and 100 p e r -  

ne was r e l e a s e d  w i t h i n  75 m i n u t e s  when 8 and 9 

p e r c c n t  p o l y i  s o b u t y l e n e  r e s p e c t i v e l y  was used as p r o t e c t i v e  

c o l l o i d .  The c o r e : w a l l  r a t i o  was 1:l and t h e  e t h y l  c e l l u l o s e  

grade was 100 cps i n  t h a t  s tudy .  

The r e l e a s e  o f  t h e  d r u g  f ro in  t h e  m i c r o c a p s u l e s  o c c u r s  b y  p e r -  

m e a t i o n  o f  d r u g  t h r o u g h  t h e  c o a t i n g  membrane, however d e f e c t s  such 

as pores o r  c r a c k s  .in t h e  membrane w i l l  a c t  as  p a r a l l e l  pathways 
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RELEASE OF THEOPHYLLINE FROM ETHYL CELLULOSE 451 

for drug release3). Vidinar -- e t  a1 .4) and Deasy -- e t  a1 .5) have shown 

t h a t  these defects are common in ethyl cellulose microcapsules and 

can be corrected by using waxy sealants.  

Jalsenjak -L e t  a1 .6)  gave detailed appraisal of the coacervation 

technique involved in c o a t i n g  of phenobarbitol sodium u s i n g  ethyl 

cell u l  ose and cycl ohexane. They reported t h a t  the technique gave 

a partly aggregated product. Drug release was rapid and 

diffusion-controlled with more t h a n  75 percent released in 1 hour, 

confirming the poor capacity of t h i s  coating polyner. 

- a1 .7) 

much slower in v i t ro  release rate.  The t ab le t s  did not disin- 

tegrate during the dissolution. 

Nixon - e t  

tabletted phenobarbital sodiurn microcapsul es which showed 

- -- 

Film f . i l l e rs  such as t a l c ,  aluminum s i l i c a t e  and  s i l i con  

dioxide have been used frequently in order t o  prevent aggregation 

during pan coating. Rowe8) recommended use o f  t a l c  t o  lessen 

coalescence during preparation of microcapsules by coacervation 

technique involving nonaqueous vehicles. 

The release o f  drug from hydrophobic films l i ke  ethyl cellu- 

lose can  be increased by addition of  hydrophilic film formers such 

as hydroxypropyl cell u l  ose9). 

ascribed t o  be due t o  the formation o f  swollen hydrated channels. 

The release of drug from tabletted wax matrix can be enhanced by 

incorporation of sur fac tan ts ln)  , povidonell) , microcrystal 1 ine 

cell  u l  ose12), hydroxypropyl methyl cell u l  ose and manni t o l l 3 ) .  

The increase in re1 ease was 

Thermal analytical profiles have been used t o  detect drug- 
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452  PARAB, O H ,  A N D  RITSCHEL 

e x c i p i e n t  i n t e r a c t i o n s .  

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

appearance o f  one o r  more new peaks o r  t h e  d i s a p p e a r a n c e  o f  one o r  

more peaks c o r r e s p o n d i n g  t o  t h o s e  o f  companents l4 ) .  

I n  t h e  presence o f  i n t e r a c t i o n s ,  t h e  

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

w i t h  e t h y l  c e l l u l o s e  by  c o d c e r v a t i o n  t e c h n i q u e  u s i n g  C a b o s i l s  as 

separant  and t h e  r a t e  o f  c o o l i n g  was slowed i n  o r d e r  t o  o h t a i n  

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

c h a r a c t e r i s t i c s  o f  t h e o p h y l l  i n e  f rom m i c r o c a p 5 u l  es, froin t a b l  e t s  

o f  v a r y i n g  hardness coinpressed f rom m i c r o c a p s u l e s ,  f rom t a b l  e t s  

compressed f rom m i c r o c a p s u l e s  w i t h  t h e o p h y l l i n e  f a t  ( P r e c i r o l s )  

embedded g r a n u l e s ,  and m i c r o c a p s u l e s  w i t h  HPMC were observed.  The 

g o a l  was t o  a c h i e v e  a 20-40 p e r c e n t  r e l e a s e  o f  t h e o p h y l l i n e  by  3 

h o u r s ,  40-60 p e r c e n t  by  8 h o u r s  and 70-90 p e r c e n t  b y  14 h o u r s  f o r  

a 24 h o u r s  s u s t a i n e d  r e l e a s e  p r e p a r a t i o n .  The inechanism of 

r e l e a s e  was e v a l u a t e d  by  goodness o f  f i t  method16) and t h e  com- 

p a t i b i l i t y  o f  t h e o p h y l l i n e  w i t h  P r e c i r o l m  was s t u d i e d  u s i n g  d i f -  

f e r e n t i a l  scann ing  c a l o r i m e t r y .  

MATERIALS AND METHODS -- 
Mate r i  a 1 

E t h y l  c e l l  u l  osea (10 cps)  , Cabosi  lBb, P r e c i  r o l s C  and 

-------- 
aEthocel@, D O ~  Chemical Company, M i d l a n d ,  Mich igan.  

hCabot C o r p o r a t i o n ,  Boston,  Massachuset ts .  

C G a t t e f o s s 6  C o r p o r a t i  on, Elrnsford, New York.  
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RELEASE OF THEOPHYLLINE FROM ETHYL CELLULOSE 45 3 

YPMC-4000d were o f  p h a r m a c e u t i c a l  grade.  T h e o p h y l l  i n e  anhydrouse 

was o f  USP X X  grade. 

P r e p a r a t i o n  - -  o f  M i c r o c a p s u l e s  

In a 7 l i t e r  th ree-necked f l a s k ,  f i t t e d  w i t h  s t i r r e r 1  and 

r e f l u x  condenser,  1500 m l  o f  cyc lohexane was p laced.  The f l a s k  

was immersed i n t c  a w a t e r  b a t h .  W h i l e  t h e  t e m p e r a t u r e  i n  t h e  b a t h  

was a t  F i O O C ,  and m a i n t a i n i n g  a s t i r r i n g  r a t e  o f  300 rpm, 14 grams 

o f  e t h y l  c e l l u l o s e  was d i s s o l v e d  i n  cyc lohexane and t h e  tein- 

p e r a t u r e  r a i s e d  t o  78OC. The a p p r o p r i d t e  amount o f  t h e o p h y l l  i n e  

and 0.5 p e r c e n t  C a b o s i l B  ( W / W  o f  t h e o p h y l l i n e  and e t h y l  c e l l u l o s e )  

was d i s p e r s e d  i n  100 rnl cyc lohexane and added. S u c c e s c i v e  smal l  

p o r t i o n s  o f  cyc lohexane were used f o r  t h e  comple te  t r a n s f e r  o f  

d r u g  t o  t h e  f l a s k  t o  make t h e  f i n a l  volume t o  1700 m l .  

t i t y  o f  d rug  used v a r i e d  a c c o r d i n g  t o  t h e  d e s i r e d  c o r e : w a l l  

r a t i o s .  F o r  1:1, 2:1 and 4 : l  c o r e : w a l l  r a t i o s  14, 28 and 56 grams 

The quan- 

o f  t h e o p h y l l i n e  was used. The te rnpera ture  was m a i n t a i n e d  a t  78OC 

f o r  one hour  w i t h  c o n t i n u o u s  s t i r r i n g ,  t h e n  t h e  system was a l l o w e d  

t o  s l o w l y  c o o l  as shown be low:  

70°C, 300 rpin, 10 m i n u t e s  

60°C, 300 rpin, 10 m i n u t e s  

5OoC, 300 rpm, 20 m i n u t e s  

40°C, w i t h  C a b o s i l B  a d d i t i o n  

$. 

$. 

j .  

~~ 

d F i s h e r  S c i e n t i f i c  Company, F a i r  Lawn, New J e r s e y .  

eMer re l l -Dow P h a r m a c e u t i c a l s ,  Inc. ,  C i n c i n n a t i ,  Ohio.  

1 F i  s h e r  s ted i -speed s t i r r e r ,  Model 12, L e x i n g t o n ,  Massachuset ts .  
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454 PARAB,  O H ,  AND RITSCHEL 

When t h e  temperature dropped t o  3 7 " C ,  t h e  e n t i r e  system was  coo led  

t o  20°C by c i r c u l a t i n g  c o l d  water  and m a i n t a i n i n g  a g i t a t i o n  (300 

rpm) . 
cyclohexane and d r i e d  i n  h o t  a i r  f o r  30 minutes.  

The mic rocapsu les  were f i l t e r e d ,  washed w i t h  i c e  c o l d  

P r e p a r a t i o n  -- o f  Theophyl 1 i n e  - F a t  Embedment 

P r e c i r o l @  (20  pe rcen t  w / w  o f  t h e o p h y l l  i n e )  was d i s s o l v e d  i n  

i sopropano l  (40 pe rcen t  w/w o f  t h e o p h y l l  i n e )  , added t o  

t h e o p h y l l i n e  and kneaded t o  form a dough mass. The dough i n a ~ s  was 

passed th rough 0.1 mm s i e v e  and d r i e d  a t  30OC. 

P r e p a r a t i o n  of Tab1 e t s  

The f o r m u l a t i o n s  o f  t h e  exper imenta l  t a b l e t s  and t h e i r  hard- 

ness? a r e  g i ven  i n  Tab le  1. Mic rocapsu les ,  f a t  embedded granu- 

l e s ,  o r  HPMC were mixed by t h e  t u m b l i n g  method and then 

compressed3 i n t o  b iconvex t a b l e t s  hav ing  9 nim d iameter .  There 

were f i v e  groups o f  t a b l e t s .  Al l  t h e  groups had 100 mg o f  

anhydrous t h e o p h y l l  i n e .  Group I and I 1  tab1 e t s  were compressed 

f rom microcapsu les  of d i f f e r e n t  co re :wa l l  r a t i o s  hav ing  5 kp and 

2 kp  hardness, r e s p e c t i v e l y .  Group I 1 1  t a b l e t s  were prepared by 

compressing a phys i  c a l  m i x t u r e  of e t h y l  c e l l  u l  ose and theophy l  1 i ne 

t o  5 kp hardness. 

2Heber le in  hardness t e s t e r ,  Model 2E/106, Heber le in  8 Co., Z i i r i ch ,  
Swi tzer land.  

3 T a b l e t t i n g  machine, Model EK-0, E m i l  Korsch Masch inenfabr ik ,  
B e r l i n ,  W .  Germany. 
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RELEASE OF THEOPHYLLINE FROM ETHYL CELLULOSE 4 5 5  

Group I V  t a b l e t s  a r e  a c o m b i n a t i o n  o f  50 mg o f  t h e o p h y l l i n e  

embedded i n  f a t  and 50 mg o f  t h e o p h y l l  i n e  as m i c r o c a p s u l e s .  Thus 

FM1, FM2 and FM4 c o n t a i n  f a t  embedded g r a n u l e s  and m i c r o c a p s u l e s  

o f  1:1, 2 : l  and 4 : l  c o r e : w a l l  r a t i o s ,  r e s p e c t i v e l y .  F o r m u l a t i o n  

F a r e  t a b l e t s  compressed f rom t h e o p h y l l  i n e  f a t  emhedded g r a n u l e s  

o n l y .  

TAHLF: 1 

C o m p o s i t i o n  o f  E x p e r i m e n t a l  Tab1 e t s  

Forriii i l a t  i on Theophyl  1 i ne E t h y l  P r e c i  r o l "  HPMC Hardners  
c e l l  u l  ose [ k p l  

Group I ( M i  c r o c a p s u l  e s )  

Group I 1  ( M i c r o c a p s u l e s )  

M1T-2 100 100 - - 
Y2T-2 100 50 - - 
W4T-2 100 25 - - 

Group I 1 1  ( P h y s i c a l  m i x t u r e )  

PM4T 100 25 - - 
Group I V  ( M i c r o c a p s u l e s  t t h e o p h y l l  i n e  f a t  embedment) 

F 100 - 20 - 
1 no 100 i n  - 
100 50 10  
100 25 10  

FM1 
FM2 
F M4 

- 
- 

Group V ( Y i c r o c a p s u l e s  t HPMC) 

H M l T  100 100 - 20 
HM?T 100 50 - 15 
H M ~  100 2 5  - 12.5 

5 
5 
5 

2 
2 
2 

5 

2 
2 
7 
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456 PARAB, O H ,  AND RITSCHEL 

Group V t a b l e t s  c o n t a i n  mic rocapsu les  o f  d i f f e r e n t  co re :wa l l  

r a t i o  w i t h  10 pe rcen t  HPMC (ld/W o f  mic rocapsu les) .  Thus Y M l T ,  

HM2T and HM4T c o n t a i n  mic rocapsu les  w i t h  1:1, 2 : l  and 4 : l  core :  

w a l l  r a t i o  and HPMC. 

D i s s o l u t i o n  S tud ies  

The d i s s o l u t i o n  o f  t h e o p h y l l i n e  froin each f o r m u l a t i o n  was 

s t u d i e d  i n  t r i p l i c a t e  by t h e  r o t a t i n g  basket  method4. 

l u t i o n  medium (900 m l  water )  was ma in ta ined  a t  37 f l 0 C  and t h e  

basket  r o t a t e d  a t  50 rpin. Samples (5  m l )  were c o l l e c t e d  a t  10, 

30, 45, 60 and 90 minu tes  and t h e r e a f t e r  a t  2, 3, 4, 5, 6, 7, 8, 

10, 12 and 14 hours.  The volume o f  sample (5  m l )  wi thdrawn was 

The d i sso -  

rep laced by water  ma in ta ined  a t  3 7 O C .  

d i l u t e d  w i t h  water  and analyzed spec t ropho tomet r i ca l  l y 5  a t  274 nm. 

The samples were f i l t e r e d ,  

Drug c o n c e n t r a t i o n  i n  each sample s o l u t i o n  was c a l c u l a t e d  f rom a 

s tandard  curve.  

Thermal A n a l y s i s  

A c c u r a t e l y  weighed samples o f  t h e o p h y l l i n e ,  P r e c i r o l B  and 

t h e o p h y l l i n e - P r e c i r o 1 ”  p h y s i c a l  m i x t u r e  were analyzed u s i n g  a 

P e r k i  n-Elmer DSC-2C i nstrument6. 

4Di sso l  u t i o n  t e s t  apparatus,  Model T-lO44-20X, Van-kel I n d u s t r i e s ,  

5Perk i  n-Elmer doub le  beam spect rophotometer  , Ser. No. 44733-9, 

6 D i  f f e r e n t i  a1 scanning ca l  o r i m e t e r  , Model DSC-2C, P e r k i  n-Elmer, 

Clatham, New Jersey.  

Tokyo, Japan. 

Norwal k ,  Connect icu t .  
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RELEASE OF THEOPHYLLINE FROM ETHYL CELLULOSE 457 

TIME (HOURS) 

FIGURE 1 - 
Theophyl 1 i n e  re1  ease from mic rocapsu les  hav ing  d i f f e r e n t  core:wal 1 

r a t i o s .  

RESULTS AND D I S C U S S I O N  - 

The re1 ease o f  t h e o p h y l l  i n e  froin microcapsul  es o f  d i f f e r e n t  

--- 

core:wa l l  r a t i o s  i s  shown i n  F ig .  1. The mic rocapsu les  w i t h  

core :wa l l  r a t i o s  1:1, 2:1 and 4 : l  re leased 76, 84 and 92 percen t  

o f  drug i n  6 hours. 

no drug dumping (60-80 %) was observed w i t h i n  30 minu tes  which i s  

g e n e r a l l y  seen w i t h  s p a r i n g l y  and r e a d i l y  s o l u b l e  drugs when 

encapsulated w i t h  e t h y l  c e l l  u l  ose by coacerva t i on  technique. T h i s  

may be because i n  t h e  present  techn ique t h e  r a t e  o f  c o o l i n g  i s  

The re lease  o f  t h e o p h y l l i n e  was prolonged and 
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45 8 P A R A B ,  G H ,  AND R I T S C H E L  

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

m a t e r i a l  on t h e  c o r e .  T h i s  m i g h t  have p r e v e n t e d  t h e  f o r m a t i o n  o f  

c r a c k s  and pores  i n  t h e  e t h y l  c e l l u l o s e  f i l m  wh ich  i s  t h e  r e g u l a r  

cause f o r  60-80 % o f  d r u g  r e l e a s e  w i t h i n  one hout-5). 

I t  has been r e p o r t e d  t h a t  t h e  i n c l u s i o n  o f  i n s o l u b l e  p ig lnents  

i l l e r s  i n  t h e  f i l m  w i l l  d e l a y  d r u g  p e r m e a b i l i t y ,  e i t h e r  

ng i t  o n t o  t h e  e x t e n s i v e  s u r f a c e  o f  t h e s e  p a r t i c l e s  

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

a n t  i s  f o r c e d  t o  pass around t h e s e  impermeable i n c l u s i o n s  i n  

lms.  T h i s  e f f e c t  was observed by  P o r t e r  and Ridgway15) f o r  

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

p igments.  The i n c l u s i o n  o f  C a b o s i l "  i n  t h e  f i l m  may be  

d e l  ayi  ng t h e  re1  ease by  t h e s e  rnechani sins. 

I n  o rde r  t o  i n v e s t i g a t e  t h e  mechanism o f  r e l e a s e ,  t h e  p e r c e n t  

r e l e a s e  -- versus t i m e  p r o f i l e  was e v a l u a t e d  f o r  goodness o f  f i t  by 

t h e  R E G  8 computer program. The d e t a i l s  o f  t h e  use o f  t h i s  s t a -  

t i s t i c a l  t e c h n i q u e  a r e  g i v e n  by  Bamba -- e t  a1 .16). The r e l e a s e  o f  

t h e o p h y l l i n e  t h r o u g h  t h e  m i c r o c a p s u l e s  ( T a b l e  2 )  c o u l d  be f i t t e d  

t o  f i r s t - o r d e r  and H i y u c h i 1 7 )  s q u a r e - r o o t  e q u a t i o n s  a s  t h e  c o r -  

r e l a t i o n  c o e f f i c i e n t s  ( R 2 )  were s i m i l a r  and t h e  F t e s t  c o u l d  n o t  

d i f f e r e n t i a t e  between t h e  two mechanisms. I t  i s  w e l l  known t h a t  

t h e  H i y u c h i  porous p e n e t r a t i o n  and f i r s t - o r d e r  r e l e a s e  can he d i f -  

f e r e n t i d t e d  by  a p l o t  o f  !$ as f u n c t i o n  o f  

r e l e a s e  r a t e  and Q i s  t h e  amount r e l e a s e d .  T a b l e  3 shows t h a t  t h e  

d a t a  c o u l d  be f i t t e d  w e l l  t o  t h e  v e r s u s  0 p l o t  a s  t h e  c o r r e l a -  

o r  I), were $ i s  s 
dA 
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TABLE 3 

Comparison o f  Parameters  o f  L i n e a r i t y  Obta ined 
f rorn P1 o t s  o f  Re1 ease Rate  A g a i n s t  t h e  Rec i  p r o c a l  

o f  Amount ( l / Q )  and Amount o f  Drug Released ( (3 )  f r o m  
M i  c r o c a p s u l  es 

Formul a t i  on C o r r e l a t i o n  c o e f f i c i e n t s  o f  p l o t s  o f  r e l e a s e  r a t e  
d A / d t  

M2 0.9342 0.9757 

f44 0.9430 0.9720 
-----_ - 

t i o n  c o e f f i c i e n t  was b e t t e r ,  hence we may c o n c l u d e  t h a t  t h e  m i c r o -  

c a p s u l e s  re1  eased t h e  d r u g  by f i  r s t - o r d e r .  

B o t h  f i  r s t - o r d e r  and square  r o o t  Inechani sins have been observed 

f ro in  e t h y l  c e l l  u l  ose m i c r o c a p s u l e s  prepared by  c o d c e r v a t i o n  t e c h -  

n i q u e  i n  t h e  presence and absence o f  p r o t e c t i v e  c o l l o i d s ? ) .  

General  l y ,  t h e  d r u g  re1  ease f rom c l u s t e r s  o f  m i c r o c a p s u l  es formed 

by  a g g r e g a t i o n  o f  i n d i v i d u a l  m i c r o c a p s u l e s  f o l l o w s  t h e  H i g u c h i  

porous p e n e t r a t i o n  model ,  whereas t h e  i n d i v i d u a l l y  f i l m - c o a t e d  

c o r e  p a r t i c l e s  f o l l o w  f i r s t - o r d e r  r e l e a s e 2 )  i f  t h e  c o r e  f o r m s  an 

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

i n  t h e  p r e s e n t  s t u d y  gave a complex r e l e a s e  p a t t e r n  w h i c h  c o u l d  

n o t  be d e f i n i t e l y  d i s t i n g u i s h e d  between f i r s t - o r d e r  and square-  
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RELEASE OF THEOPHYLLINE FROM ETHYL CELLULOSE 4 6 1  

100 9 

. . I 1 

0 2 4 6 8 10 12 1 4  

TIME (HOURS) 

FIGURE - 2 

Theophyl 1 i ne re1  ease from m i  c rocapsul  e 

core :wa l l  r a t i o s  and t a b l e t s  o f  a phys 

and e t h y l  c e l l  u l  ose. 

t a b l e t s  o f  d i f f e r e n t  

c a l  m i x t u r e  o f  theophy 1 i n e  

r o o t  mechanism because t h e  m ic rocapsu le  formed were l n i x t u r e  o f  

b o t h  i n d i v i d u a l l y  coated p a r t i c l e s  and aggregates. 

The r e 1  ease o f  t h e o p h y l l  i n e  f rom in icrocapsul  e t a b l  e t s  and 

t a b l e t s  o f  phys i ca l  m i x t u r e  i s  g i ven  i n  F ig .  2. The t a b l e t s  

hav ing  core :wa l l  r a t i o s  o f  1:1 (MIT-~), 2 : l  (M7T-5 and 4 : l  

(M4T-5) re leased 48, 54 and 65 pe rcen t  o f  theophyl  i n e  w i t h i n  1 4  

hours.  The t a b l  e t s  prepared f r o m  p h y s i c a l  m i x t u r e  PM4T re1  eased 

100 pe rcen t  o f  d rug  w i t h i n  3 hours  i n d i c a t i n g  t h a t  t h e  
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100 

8 0  
W 
v) 
U 
W 

6 0  
a 
c z 
W 
0 4 0  a 
n W 

2 0  

FM, * 
FM2 0 

FM, 
7 

I)" 
I . . . I . . 
0 2 4 6 8 1 0  1 2  1 4  

TIME (HOURS)  

FIGURE 3 --- - 
T h e o p h y l l  i n e  r e l e a s e  f rom t a b l e t s  compressed f rom f a t  ernbedlnent 

g r a n u l e s  and tab1 e t s  compressed f rom f d t  

m i c r o c a p s u l e s  o f  d i f f e r e n t  c o r e : w a l l  r a t  

t h e o p h y l l  i n e  e n c a p s u l a t e d  i n  e t h y l  c e l l  u l  

embedment g r a n u l e s  t 

0 s .  

i s e  i s  r e s p o n s i b l e  f o r  

s u s t a i n e d  r e l e a s e .  However, none o f  t h e s e  f o r m u l a t i o n s  gave d 

d e s i r e d  r e l e a s e  s u i t a b l e  f o r  a 24 h o u r s  s u s t a i n e d  r e l e a s e  

p r e p a r a t i o n .  

The r e l e a s e  o f  t h e o p h y l l i n e  f rom group I V  t a b l e t s  i s  shown i n  

F i g .  3 .  

r e l e a s e  and as t h e  m i c r o c a p s u l e  c o r e : w a l l  r a t i o s  decreased t h e  

T a b l e t s  w i t h  f a t  embedded g r a n u l e s  (F) gave t h e  maximum 
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46 3 

- 

52 rl 

0 ; r  
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o #  Key: 
0 :  HM, T *  

HM2 T m  
O P  HM4 T O  

' a  

p"' 
.P 

P 
P 

1 1 I 1 a 1 

0 2 4 6 8 10 12 14 

TIME (HOURS) 

FIGURE 4 

Theophyl l  i n e  r e l e a s e  froln mic rocapsu le  t a b l e t s  of d i f f e r e n t  core :  

- 

w a l l  r a t i o s  hav ing  10 % HPMC 4000. 

re lease  decreased. 

and 75 percent  o f  t h e o p h y l l i n e  w i t h i n  14  hours gave a d e s i r e d  

re lease  p a t t e r n  t o  be promis ing  f o r  a 24 hour  sus ta ined re lease  

p r e p a r a t i o n  which w i l l  be f u r t h e r  eva lua ted  -- i n  v i vo .  

The f o r m u l a t i o n  F and FY4 which re leased  85 

I n  o rde r  t o  i nc rease  t h e  re lease  o f  t h e o p h y l l i n e  from t a h l e t s  

compressed from rn icrocapsul  es, 10 pe rcen t  HPMC was i n c o r p o r a t e d  

i n t o  t a b l e t s  as channel i n g  agent. The re lease  o f  t h e o p h y l l  i n e  

f rom t a b l e t s  i n  group V i s  shown i n  F i g .  4. A l l  t h e  t h r e e  f o r -  
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PARAB, OH, AND RITSCHEL 464  

mula t i ons  (HM1, HM2 

a l t hough  they  had m 

and HM4) 

crocapsu 

gave t h e  same amount o f  r e l e a s e  

es o f  d i f f e r e n t  core :wa l l  r a t i o s .  

Yowever, a l l  these t a b l e t  f o r m u l a t i o n s  d i f f e r e d  f rom each o t h e r  i n  

t h e i r  su r face  area, and as t h e  t a b l e t s  r e t a i n e d  t h e i r  shape and 

s i z e  th roughout  t h e  d i s s o l u t i o n  s tudy,  t h e  amount re leased was 

c o r r e c t e d  f o r  t h e  s u r f a c e  area. 

which re leased 78-82 pe rcen t  o f  d rug  w i t h i n  14 hours  gave a 

d e s i r e d  d i s s o l u t i o n  p a t t e r n  t o  be p romis ing  f o r  a 24 hour  

sus ta ined re lease  p r e p a r a t i o n  t o  be eva lua ted  -- i n  v i vo .  

The f o r m u l a t i o n s  HM1, HM2 and HM4 

The amount re leased versus t i m e  da ta  f o r  a l l  t a b l e t  f o r -  

mu la t i ons  was eva lua ted  by a computer program f o r  goodness o f  f i t ,  

t h e  r e s u l t s  o f  which a r e  g i v e n  i n  Tab le  2. A l l  t h e  t a b l e t  f o r -  

mu la t i ons  fo l l owed  H iguch i  porous p e n e t r a t i o n  model as t h e  d i sso -  

l u t i o n  da ta  f i t t e d  w e l l  t o  t h e  square- roo t  equat ion .  

The p l o t s  o f  cumu la t i ve  amount re leased pe r  u n i t  area versus -- 
square r o o t  o f  t i m e  f o r  group I ,  11, I V  and V t a b l e t s  a r e  shown i n  

F ig .  5-7. The d i f f u s i o n  re lease  r a t e s  f o r  these f o r m u l a t i o n s  were 

determined from the  s lopes  o f  t h e i r  l i n e a r  square r o o t  p l o t s  and 

a r e  g i ven  i n  Tab le  4. 

Inc rease i n  mic rocapsu le  co re :wa l l  r a t i o s  i nc reased  t h e  d i f -  

f u s i o n  re lease  r a t e  pe r  u n i t  area. Good c o r r e l a t i o n  was found 

between core :wa l l  r a t i o s  and t h e  d i f f u s i o n  re lease  r a t e  

cons tan ts  (Tab le  4 ) .  

a l l  t h e  systems was c o n t r o l l e d  by t h e  amount o f  e t h y l  c e l l u l o s e  i n  

t h e  microcapsules.  

T h i s  shows t h a t  t h e  r e l e a s e  o f  t h e  drug  i n  
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0 5 10 15 2 0  2 5  30 

112 
TIME (min ) 

Amount o f  theophyl  1 i ne re1  eased pe r  

o f  t i m e  p l o t  f o r  t a b l e t s  compressed 

mic rocapsu les  o f  d i f f e r e n t  core:wal 

FIGURE 5 

u n i t  

from 

r a t  

area versus square r o o t  

f a t  ernbedlnent g ranu les  t 

0 s .  

A decrease i n  hardness f rom 5 kp t o  2 kp o f  t a b l e t s  prepared 

from mic rocapsu les  decreased t h e  r e l e a s e  r a t e  (Tab le  4, F ig .  6 ) .  

T h i s  i n d i c a t e s  t h a t  a t  5 kp hardness t h e  mic rocapsu les  a r e  damaged 

d u r i n g  compression t o  t a b l e t s  and thus  r e s u l t e d  i n  f a s t e r  re lease .  

S i m i l a r  f i n d i n g s  were observed by Luzz i  and coworker18), who have 

shown t h a t  t a b l e t  hardness i n v e r s e l y  a f f e c t s  d rug  re lease  f rom 
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FIGURE 6 - 
Amount o f  t h e o p h y l l i n e  r e l e a s e d  p e r  u n i t  area -- versus square r o o t  

o f  t i m e  p l o t  f o r  n i i c r o c a p s u l e  t a b l e t s  h a v i n g  5 Kp and 7 Kp 
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0 1 0  2 0  30 
TIME (min 1 / 2  1 

F I G U R E  7 

E f f e c t  of HPMC 4000 on t h e  r e l e a s e  of t heophy l l ine  f r o m  microcap- 

s u l e  t a b l e t s  o f  d i f f e r e n t  core:wall  r a t i o s .  'jymbols: M l T - Z - * - ,  

M2T-2 - m - ,  M4T-2 - 0 - ,  HM1T --*--, HM2T - - m - - ,  HM4T --a- -. 

__- - 
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TABLE 4 

D i f f u s i o n  Release Rate  Constan t  (mg/cm2/rnin1/2), 
Hardness, and C o r r e l a t i o n  C o e f f i c i e n t  o f  t h e  P1 o t  o f  c o r e : w a l l  
r a t i o  o f  M i c r o c a p s u l e s  and t h e  D i f f u s i o n  Re lease Rate  Constan t  

Forrnul a t i o n  Hardness 9 i  f f u s i  on re1  ease r a t e  C o r r e l a t i o n  
Cons a n t  c o e f f i c i e n t  3 [ mg/ c n  -. /m i n1/7 1 

C k p l  

M1T-2 2 
M2T-2 2 
M4T-2 2 

H M l T  2 
HM2T 2 
HM4 2 

0.7915 
1 .r)180 
1.4236 

0.5621 
0.6637 
1.0347 

1.932 
1.1197 
1.41 79 
1.7729 

1.1389 
1.3750 
1.5359 

0.9996 

0.9918 

0.9918 

0.9573 

m i c r o c a p s u l e s .  These f i n d i n g s  i n d i c a t e  t h a t  hardr iess i s  an impor-  

t a n t  f a c t o r  t o  be  c o n s i d e r e d  when t a b l e t s  a r e  p repared f rom m i c r o -  

caps i l l  es  o f  i ncompat i  b l  e d rugs .  

I n c o r p o r a t i o n  o f  HPMC i n  t h e  m i c r o c a p s u l e  t a b l e t s  i n c r e a s c d  

t h e  r e l e a s e  r a t e  o f  t h e o p h y l l i n e  ( T a b l e  4, F i g .  7 ) .  T h i s  i n c r e a s e  

i n  r e l e a s e  r a t e  i s  due t o  f o r m a t i o n  o f  s w o l l e n  h y d r a t e d  c h a n n e l s  

by HPMC t h r o u g h  which t h e  d i s s o l u t i o n  f l u i d  can p e n e t r a t e  i n t o  t h e  

m a t r i x ,  d i s s o l v e  t h e  d r u g  and d i f f u s e  o u t .  Y i r n i l a r  f i n d i n g s  were 
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/ 
/ / 

50 110 170 230 290 

T E M P E R A T U R E  

F I G U R E  8 - 
D i  f f e r e n t i a l  scanning cal o r i r n e t r i c  thennograms o f  ( A )  

t h e o p h y l l i n e ,  ( B )  P r e c i r o l @  ( C )  phys i ca l  m i x t u r e  o f  t h e o p h y l l i n e  

and P r e c i r o l a .  
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470 PARAB, OH, AND RITSCHEL 

observed when HPMC was i n c o r p o r a t e d  i n  P r e c i r o l m  m a t r i x  t o  enhance 

t h e  re lease  o f  t h e o p h y l l  i ne13) .  

The d i f f e r e n t i a l  scanning c a l o r i m e t r y  scan o f  t h e o p h y l l  i n e ,  

P r e c i r o l @  and t h e i r  (1:l  w/w) p h y s i c a l  m i x t u r e  i s  shown i n  F ig .  8. 

Ivo change was observed i n  thermal  a n a l y t i c a l  p r o f i l e s  i n d i c a t i n g  

absence o f  any i n t e r a c t i o n  between t h e o p h y l l i n e  and P r e c i r o l e .  

CONCLUSION 

The present  techn ique can be used t o  encapsu la te  drug w i t h  

e t h y l  c e l l  u l  ose where pro1 onged re1 ease i s  des i  red. 

I_ 

1. 

2. The t a b l e t s  compressed from f a t  embedded granu les ,  microcap- 

su l  es w i t h  f a t  embedded g ranu les  , and mic rocapsu l  es w i t h  HPVC 

gave d e s i r e d  re lease  t o  be a p romis ing  f o r m u l a t i o n  f o r  24 hour  

sus ta ined re lease  p repara t i ons .  

3. The mic rocapsu les  f o l l o w e d  fi r s t - o r d e r  re lease  whereas when 

t a b l e t t e d  a lone o r  w i t h  f a t  ( P r e c i r o l @ )  embedded g ranu les  o r  

HPMC fo l l owed  t h e  d i f f u s i o n - c o n t r o l l e d  H iguch i  models. 

4 .  Hardness i s  an i m p o r t a n t  parameter t o  be cons idered w h i l e  

compressing microcapsules.  

5. Good c o r r e l a t i o n  was found between r e l e a s e  r a t e  cons tan ts  and 

core :wa l l  r a t i o s  f o r  a1 1 t h e  f o r m u l a t i o n s  c o n t a i n i n g  microcap-  

su l  es. 

6. Thermal a n a l y t i c a l  p r o f  i 1 es showed absence o f  any i n t e r a c t i o n  

between t h e o p h y l l  i n e  and P r e c i r o l @ .  
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computer proyra in  and d i f f e r e n t i a l  scann ing  c a l o r i m e t r y .  
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