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ABSTRACT 

The re1 ease o f  t h e o p h y l l  i n e  embedded i n  a P r e c i  r o l e  ( g l y c e r o l  

p a l m i t o s t e a r a t e )  m a t r i x  c o n t a i n i n g  v a r y i n g  amounts o f  inanni to l  

and/or  hydroxypropyf m e t h y l c e l l  u lose  4000 (HPMC) was s tud ied .  

r e s u l t s  i n d i c a t e d  t h a t  HPMC o r  mann i to l  when i n c o r p o r a t e d  alone, 

t h e  drug re lease  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  m a t r i x  model 

where t h e  q u a n t i t y  o f  drug re leased was p r o p o r t i o n a l  t o  t h e  square 

r o o t  o f  t ime. The re lease  r a t e  was found t o  i nc rease  w i t h  

i nc rease  i n  t h e  amount o f  HPMC o r  mann i to l  i n  t h e  m a t r i x .  When 

b o t h  manni to l  and HPMC were i n c o r p o r a t e d  i n  t h e  m a t r i x ,  t h e  mecha- 

nism o f  re lease  changed from t h e  Higuchi  model t o  a f i r s t - o r d e r  

re lease .  A l i n e a r  r e l a t i o n s h i p  was found between t h e  f r a c t i o n  o f  

HPMC o r  mann i to l  i n  t h e  m a t r i x  and t h e  r a t e  cons tan t .  An optimum 

The 

*TO whom r e p r i n t  requests  should be addressed 

1309 

C'opyrighl 0 1986 by  Marcel Dekker. Inc .  0363-9045/86/1208-1309$3.50/0 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1310 PARAB, OH, AND RITSCHEL 

combination o f  Prec i ro lB ,  mannitol and HPMC was found fo r  a 12 

hour theophyl l  i n e  sustained re lease preparat ion.  

INTRODUCTION 

The m a t r i x  system i s  one o f  the  choices t o  achieve a sustained 

drug re lease from a dosage form. 

released from the  p lanar  sur face having a g ranu lar  matr ix ,  t he  

d i s s o l u t i o n  f l u i d  has t o  en ter  the  drug-matrix phase through 

pores, cracks and in te rg ranu l  a r  spaces, and d i sso l ve  the  drug. 

The drug i s  thought t o  d i sso l ve  s lowly  i n t o  the  permeating f l u i d  

phase and t o  d i f f u s e  from the  system along the  cracks and 

c a p i l l a r y  channels f i l l e d  w i t h  e x t r a c t i n g  solvent’).  

observed t h a t  the  re lease r a t e  o f  t he  drug from a ma t r i x  system 

depends upon the  type o f  mat r ix ,  amount o f  drug incorporated i n  

t h e  mat r ix ,  s o l u b i l i t y  of drug used, ma t r i x  add i t i ves  and so lvent  

However, f o r  the  drug t o  be 

It has been 

system used 2 )  . 
The re lease o f  a drug from a wax m a t r i x  has been improved by 

i nco rpo ra t i ng  so lub le  s ~ r f a c t a n t s ~ ) ,  povidone4) and 

m i c r o c r y s t a l l i n e  ce l l u lose5) ,  which produce a we t t i ng  a c t i o n  by 

d i s p l a c i n g  the a i r  present i n  the pores o f  the  mat r ix ,  and a f t e r  

d i s s o l v i n g  i n  the d i s s o l u t i o n  medium, open new channels i n  the 

m a t r i x  f o r  the penet ra t ion  o f  the  d i s s o l u t i o n  medium. 

The purpose o f  t h i s  study was a) t o  prepare sustained release 

t a b l e t s  o f  t heophy l l i ne  us ing Prec i ro lm (g l yce ro l  palmito- 

s tea ra te )  as ma t r i x  base, b) t o  incorpora te  mannitol and HPMC 
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SUSTA.tNED RELEASE FROM P R E C I R O L B  MATRIX 1311 

(hydroxypropyl  methyl  c e l l  u l  ose-4000) , and t o  observe t h e  i n f l  uence 

o f  these two agents on t h e  r e l e a s e  o f  t h e o p h y l l i n e  f rom t h e  

P r e c i r o l D  m a t r i x  base, c )  t o  e l u c i d a t e  t h e  mechanism o f  re lease  

froin t h i s  system, d)  t o  determine t h e  optimum combinat ion o f  

P r e c i r o l a ,  mann i to l  and HPMC t o  have a r e l e a s e  o f  t h e o p h y l l i n e  i n  

t h e  range o f  25-40 pe rcen t  by 2 hours,  40-60 pe rcen t  by 4 hours 

and 70-90 pe rcen t  by 8 hours f o r  t h e  12 hour sus ta ined  re lease  

p r e p a r a t i o n ,  and e) t o  determine a r e l a t i o n s h i p  between f r a c t i o n  

o f  mann i to l  or HPMC i n  t h e  m a t r i x  and re lease  r a t e  cons tan t .  

P r e c i r o l e  has been used p r e v i o u s l y  f o r  t h e  p r e p a r a t i o n  of 

sus ta ined  re1 ease dosage forms f o r  p r o x y p h y l l  i n e 6 )  and 

s a l i c y l a t e  7 )  . 
MATEK IALS AND METHODS ~~- 

Ma t e r  i a1 ___- 

P r e c i  r o l e a ,  mann i to l  and HPMC-4000C were of  pharmaceut ical  

grade. T h e o p h y l l i n e  anhydrousd was o f  IJSP X X  grade. 

Ta b l  e t P r e  pa r a t  i on -_ 

The f o r m u l a t i o n s  o f  d i f f e r e n t  exper imenta l  t a b l e t s  a r e  g i ven  

i n  Table 1. There were t h r e e  groups o f  exper imenta l  t a b l e t s .  A l l  

t h e  groups had P r e c i r o l e  (150 mg) and anhydrous t h e o p h y l l i n e  (150 

aGattefoss6 Corpo ra t i on ,  Hawthorne, New York, U . S . A .  
bMatheson Coleman and B e l l ,  Norwood, Ohio, 1J.S.A. 
CFisher  S c i e n t i f i c  Company, F a i r  Lawn, New Jersey,  U.S.A. 
dMerell-Dow Pharmaceut ical  , Inc., C i n c i n n a t i  , Ohio, 1I.S.A. 
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1312 P A R A B ,  O H ,  AND RITSCHEL 

TABLE 1 

Composit ion o f  Experimental Tab le ts  

Formula t ion  Theophyl l  i n e  P r e c i  role  Manni t o 1  HPMC 
(mg1 (w3 1 (In9 1 (Ins 1 

P 

Sroup I 

PM 15 
PM 30 
PM 45 

Group I1 

PH 2.5 
PH 5 
PH 10 

Group 111 

PMH 5 
PMH 10 
PMH 15 
PMH 20 

150 

150 
150 
150 

150 
150 
150 

150 
150 
150 
150 

150 

150 
150 
150 

150 
150 
150 

150 
150 
150 
150 

45 
90 
35 

90 
90 
90 
90 

7.5 
1 5  
30 

15  
30 
45 
60 

mg) i n  common (P). Group I ,  PM 15, PM 30 and PM 45 had 15, 30 and 

45 percent  o f  mann i to l .  Group 11, PH 2.5, PH 5 and PH 10 had 2.5, 

5 and 10 percent  o f  HPMC. Group 111 had P r e c i r o l e  (150 mg), 

t h e o p h y l l i n e  (150 mg) and manni to l  (30 %) i n  common and vary ing  

amounts o f  HPMC. Thus PMH 5, PYH 10, PMH 15 and PMH 20 had 5,  10, 

1 5  and 20 % HPMC. 

Theophy l l ine  was incorpora ted  i n t o  P r e c i r o l e  by t h e  f u s i o n  

method. P r e c i r o l m  was mel ted on a water b a t h  mainta ined a t  7OoC, 

t h e o p h y l l i n e  powder was added t o  t h e  mel ted mass under s t i r r i n g  
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SUSTAINED RELEASE FROM PRECIROLs M A T R I X  1313 

and c:ontinued s t i r r i n g  f o r  10 m inu tes .  The m e l t e d  m i x t u r e  was 

poured o n t o  an i c e  c o l d  g l a s s  s l a b  and l e f t  a s i d e  f o r  10 m inu tes .  

The s o l  i d  mass was t h e n  passed t h r o u g h  an o s c i l l a t o r  g r a n u l a t o r 1  

h a v i n g  a s i e v e  s i z e  o f  1 m. M a n n i t o l  , HPMC were added t o  t h e  

g r a n u l e s  by t h e  t u m b l i n g  method. The g r a n u l e s  were compressed on 

a s i n g l e  punch t a b l e t t i n g  machine? 

11 mn d ia lne ter  and 5.2 kp hardness3. 

t o  f l a t ,  b e v e l l e d  t a b l e t s  o f  

D i s s o l u t i o n  S t u d i e s  
_I___ 

Three d i s s o l u t i o n  s t u d i e s  were per fo rmed on each t y p e  o f  

e x p e r i m e n t a l  t a b l e t s  by t h e  r o t a t i n g  baske t  method4. 

t i o n  inedium (900 m l  w a t e r )  was m a i n t a i n e d  a t  37* 1 "C and t h e  

The d i s s o l u -  

b a s k e t  was r o t a t e d  a t  50 rpm. The samples ( 5  m l )  were c o l l e c t e d  

a t  5, 15, 30, 45, 60 and 90 m inu tes  and t h e r e  a f t e r  a t  2, 3, 4, 5, 

6 ,  7 and 8 hours .  The volume of sample w i thd rawn  was immed ia te l y  

r e p l a c e d  by wa te r  m a i n t a i n e d  a t  37°C. The s m p l e s  were f i l t e r e d ,  

d i l u t e d  w i t h  water  and ana lyzed by a Perk in -E lmer  spec t ropho to -  

me te rs  a t  274 nm. Drug c o n c e n t r a t i o n s  i n  %he sample s o l u t i o n s  

were c a l c u l a t e d  froin a s tandard  cu rve .  

__- 

1 0 s c i l l a t o r  g r a n u l a t o r ,  Type FGS, Model No. 24995, Erweka 

2 T a b l e t i n g  machine, Model EK-0, E m i l  Korsch  Masch inen fab r i k ,  

3Heber. le in Hardness T e s t e r ,  Model 2E/106, H e b e r l e i n  & Co., Z i i r i ch ,  

4 D i s s o l u t i o n  t e s t  appara tus ,  Model T-1044-20X, Van-Kel I n d u s t r i e s ,  

SPerk i  n-El  emer Doubl e Beam Spect ropho tomete r  , Ser . NO. 44733-9, 

Apparatebau, Heusenstarnm, West Germany 

R e r l  i n ,  West Germany 

S w i t z e r l a n d  

Clatham, New Je rsey  

Tokyo, Japan 
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1314 PARAB,  O H ,  AND RITSCHEL 

50 

40 

10 

0 1 2 3 4 5 6 7 8 

TIME ~HOURS) 

FIGURE 1 

Theophyl l ine re lease from Prec i ro lm m a t r i x  t a b l e t s  conta in ing  

var ious percentages o f  manni to l .  Symbols: P - *-, PM 15 - -, 

PM 30 - 0 -  and PM 45 - 0 -. 

RESULTS 4ND DISCUSSION 

The cumulative amounts o f  theophyl l  i n e  released versus t ime 

fo r  the th ree  groups o f  t a b l e t s  are shown i n  Fig. 1, 2 and 3. The 

P r e c i r o l @  mat r i x  base fo rmula t ion  P (F ig .  l), released on ly  20 % 

o f  drug i n  8 hours. When 15, 30 and 45 percent mannitol were 

incorporated i n t o  the P r e c i r o l e  ma t r i x  the  amount released 

increased from 20 % f o r  the Prec i ro lm mat r i x  t o  26.5, 35.5 and 

38.5 percent, respec t i ve l y  (F ig .  1). 

r e s u l t s  than mannitol ( F i g .  2 )  as i n  low concentrat ions o f  2.5, 5 

and 10 percent i t  increased the amount released i n  8 hours from 20 

% fo r  P r e c i r o l e  ma t r i x  t o  31, 37 and 55 percent, respec t i ve l y .  

HPMC showed even b e t t e r  
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SUSTAINED RELEASE FROM P R E C I R O L B  MATRIX 1315 

, 

/*’ 

1 
0 1 2 3 4  5 6 7  8 

TIME (HOURS) 

FIGURE 2 

Theophyl l i n e  re lease  from P r e c i r o l B  m a t r i x  t a b l e t s  c o n t a i n i n g  

v a r i o u s  percentages o f  HPMC. Symbols: 

PH 5 - 0 - and PH 10 - 0 -. 
P - *-¶ PH 2.5 - - ¶  

Any f u r t h e r  i nc rease  i n  HPMC amount i n  t h e  m a t r i x  d i d  no t  f u r t h e r  

i n c r e a s e  t h e  t o t a l  amount o f  t h e o p h y l l i n e  re leased  i n  8 hours.  

Hence, 10 percent  HPMC was regarded as t h e  maximum amount t o  be 

e f f e c t i v e  t o  i nc rease  t h e  re lease  f o r  t h i s  system. The PH 10 

f o r m u l a t i o n  which re leased 55 pe rcen t  o f  t h e o p h y l l  i n e  i n  8 hours 

i s  cons idered a p romis ing  f o r m u l a t i o n  f o r  a 24 hour sus ta ined  

r e l e a s e  p r e p a r a t i o n  and w i  11 be eva lua ted  f u r t h e r .  

The main o b j e c t i v e  was t o  have a re lease  i n  t h e  range o f  25-40 

pe rcen t  by 2 hours, 40-60 pe rcen t  by 4 hours and 70-90 pe rcen t  by 

8 hours f o r  t h e  12 hour sus ta ined  re lease  p r e p a r a t i o n .  As rnan- 

n i t o l  and HPMC, when i n c o r p o r a t e d  alone, c o u l d  n o t  achieve t h i s  
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1 3 1 6  PARAB, O H ,  AND RITSCHEL 

100 - 

80 - 
W 
v) 

2 60 w a 
c 

2 40 w 

- 

- 
n 

20 

0 1  2 3 4  5 6 7 8  

TIME (HOURS) 

FIGURE 3 

Theophyl l ine re lease from P r e c i r o l B  ma t r i x  t a b l e t s  conta in ing  30 

percent o f  mannitol and vary ing percentages o f  HPMC. Symbols: 

PM 30 - 0 -, PMH 5 - 0-, PMH 10 - 0 - ¶  PMH 15 - *- and PMH 20 

- rn -. 

ob jec t i ve ,  i t  was decided t o  study the  re lease p a t t e r n  a f t e r  

i nco rpo ra t i ng  both, mannitol and HPMC, i n t o  the P r e c i r o l e  mat r ix .  

Among the  Group I experimental t ab le ts ,  PM 30 fo rmula t ion  was con- 

s idered t o  be b e t t e r  than PM 15 and PM 45, when the amount o f  man- 

n i t o l  incorporated and percentage o f  theophyl l  i n e  released a f t e r  8 

hours was compared. Hence i t  was decided t o  keep the  amount o f  

mannitol (30 percent)  constant i n  the P r e c i r o l s  ma t r i x  and vary 

t h e  amount of  HPMC. 

released from Group 111 experimental t a b l e t s  are shown i n  Fig. 3. 

The cumulat ive amounts of t heophy l l i ne  
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S U S T A I N E D  RELEASE FROM PRECIROLm MATRIX 1317 

It was observed t h a t  PMH 5 which has 5 percent o f  HPMC, released 

80 percent o f  the drug i n  90 minutes. I n  t h i s  fo rmula t ion  the 

t a b l e t  d i s in teg ra ted  w i t h i n  30 minutes and i t  was not  an i n t a c t  

m a t r i x  system anymore. 

10, PMH 15 and PHM 20 experimental t a b l e t s  which had 10, 15 and 20 

percent of  HPMC, respec t ive ly .  It was found i n  Group 111 exper i -  

mental t a b l e t s  t h a t  inc reas ing  the amount o f  HPMC i n  the Prec i ro lm 

- mannitol ma t r i x  the amount released i n  8 hours decreased, which 

was i n  cont ras t  t o  the Group I1 experimental t a b l e t s  i n  which, 

when HPMC was incorporated alone, an increase i n  amount o f  HPMC i n  

p r e c i r o l a  mat r ix  increased the percent released i n  8 hours. The 

phys ica l  examination o f  the Group I1 t a b l e t s  dur ing  d i s s o l u t i o n  

study showed eros ion o f  the mat r ix ,  which might be due t o  swe l l ing  

o f  HPMC. 

was a swe l l ing  and format ion o f  ge l .  

alone in an optimum amount the  increase i n  amount o f  theophy l l ine  

released was due t o  eros ion o f  the  m a t r i x  bu t  when used i n  com- 

b i n a t i o n  w i t h  mannitol,  i t  forrned a gel mass and as the  amount o f  

HPMC i n  the (Group 111) t a b l e t s  increased, the re  was an increase 

i n  v i s c o s i t y  o f  t he  gel and thus decrease i n  release of 

t heophy'l 1 i ne . 

However, t h i s  was no t  observed i n  the PMH 

The Group 111 t a b l e t s  showed no erosion, however there  

Thus, when HPMC was used 

The PMH 10 and PMH 15 formulat ions gave des i red release ( F i g .  

3 )  t o  be promising f o r  a 12 hour sustained release preparat ion 

which w i l l  be evaluated f u r t h e r  -- i n  v i v o .  

Ramba and coworkers8) have proposed a goodness o f  f i t  method 

t o  determine the  mechanism o f  release froin a system. They pro- 
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1318 P A R A B ,  OK, AND RITSCHEL 

posed the  fo l l ow ing  mechanisms which may be rate-determin ing i n  

the  re lease o f  drug froin a system. They are  a) the  permeation o f  

water, b )  the  g e l a t i o n  ra te ,  c )  the  d i f f u s i o n  r a t e  o f  t he  drug i n  

the  gel, d) the  d i s s o l u t i o n  r a t e  o f  t he  drug i n  the  penet ra t ing  

water and e )  the  Higuchi porous penetrat ion.  

I f  the re lease pa t te rn  f ro in  the system i s  governed by a, b o r  

c processes then i t  i s  a f i r s t - o r d e r  re lease and Eq. 1 should be 

app l icab le .  I f  the  re lease i s  depic ted by process d, then i t  

f o l  ows the  cube roo t  law and Eq. 2 should be app l icab le ,  and i f  

i t  s governed by porous penet ra t ion  then the Higuchi square roo t  

 la^ should apply (Eq. 3 ) .  

where, W i s  t h e  percentage o f  drug undissolved a t  t ime t (min), kf 

i s  the f i r s t - o r d e r  d i s s o l u t i o n  r a t e  constant (min-’), i i s  the  

i n t e r c e p t  o f  the  l o g - l i n e a r  p l o t  o f  t he  type i n  Eq. 1, kc i s  the 

cube roo t  d i s s o l u t i o n  r a t e  constant  (mg/min 1/3) and kd i s  the 

Higuchi constant  (mg/minl’*). 

The cumul a t i  ve amount d i  ssol ved versus t ime data was eval uated 

by a computer program f o r  the goodness o f  f i t  f o r  these th ree  

equations and the res idua ls  and c o r r e l a t i o n  c o e f f i c i e n t s  were 

determined which are g iven i n  Table 2. 
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SUSTAINED RELEASE FROM PRECIROLB MATRIX 1319 

TABLE 2 

Comparison o f  F i t s  o f  Data Us ing  Leas t  Square E q u a t i o n  

1 2 3 
F i  r s t - o r d e r  Square r o o t  Cube root F 2 t  

F o r m u l a t i o n  R2 E(Resd)2 R2 

~ 

n-2 

P 

Group I 

PM 15 

PM 30 

P M  45 

Group 11 

PH 2.5 

PH 5 

PH 10 

Group 111 

PMH 5 

PMH 10 

PMH 15 

PMH 20 

0.931 6.304 

0.956 8.263 

0.956 13.872 

0.958 13.563 

0.967 10.029 

0.958 17.940 

0.987 12.230 

0.9776 22.100 

0.998 2.961 

0.996 5.091 

0.992 6.480 

__ 
0.978 

0.994 

0.993 

0.990 

0.995 

0.991 

0.987 

0.861 

0.991 

0.99 

0.984 

E(Resd)2 R2 Z(Resd)2 (1 -2)  (3 -2)  - 
n-2 n-2 

1.997 

0.883 

2.037 

3.36 

1.29 

3.52 

9.617 

44.5 

15.90 

15.79 

16.04 

0.927 6.62 1 % 1 % 

0.951 8.997 1 % 1 9; 

0.949 15.57 0.05 4, 0.05 % 

0.952 15.82 5 X 0.05 % 

0.961 11.52 <1 % <1 % 

0.950 20.80 <1 % <1 4 

0.982 15.59 (NS) 25 % 

(2 -1)  (3 -1)  

0.931 35.7 5 9 ;  2 5 %  

0.993 12.58 <1 % 5 % 

0.994 8.49 <1 % NS 

0.991 8.09 5 % NS 

F o r  t h e  Percirol@' m a t r i x  P, Group I and Group I1 exper imenta l  

t a b l e t s ,  Eq.  3 shows s i g n i f i c a n t l y  b e t t e r  f i t t i n g  t h a n  Eq. 1 and 2 

by t h e  F t e s t .  Thus i t  i s  observed t h a t  i n  Group I and I1 e x p e r i -  

mental  t a b l e t s ,  when Mann i to l  o r  HPMC a r e  i n c o r p o r a t e d  a lone  t h e  

da ta  f i t  t o  t h e  Higuchi  square r o o t  l a w ,  whereas when inanni to l  and 

HPMC both are i n c o r p o r a t e d  i n t o  t h e  system (Group 1 1 1 ) ,  i t  changes 

t o  a f i r s t - o r d e r  re lease  p a t t e r n  acco rd ing  t o  E q .  1 showing s i g n i -  

f i c a n t l y  b e t t e r  f i t t i n g  t h a n  by equa t ions  2 and 3 by t h e  F t e s t .  
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1320 PARAB, O H ,  AND R I T S C H E L  

FIGURE 4 

Cumulative amount o f  t heophy l l i ne  released versus square roo t  o f  

t ime p l o t  f o r  P e r c i r o l a  m a t r i x  t a b l e t s  con ta in ing  vary ing  percen- 

tages o f  manni to l .  Symbols: P - 0 -, PM 15 - -, PM 30 -*- 
and PM 45 - 0 -. 

The square roo t  o f  t ime p l o t  f o r  Group I experimental t a b l e t s  

i s  shown i n  F ig .  4 .  L inear  f i t s  were observed f o r  t h e  curves o f  

a l l  t he  th ree  fo rmula t ions  i n  t h i s  group. The d i f f u s i o n  r a t e  

constants  f o r  these formulat ions were determined from the  slopes 

of t he  l i n e a r  square roo t  p l o t s  and are given i n  Table 3. The 

i ncrease i n  amount o f  mannitol i n  t h e  Prec i  r o l e  m a t r i x  increased 

t h e  re lease ra te ,  which may be due t o  h igher  s o l u b i l i t y  o f  man- 

n i t o l ,  which d isso lves  and increases the  number o f  pores i n  t h e  

ma t r i x ,  making t h e  d i s s o l u t i o n  medium t o  penetrate and come i n  

contact  w i t h  the  drug i n  t h e  m a t r i x  which d isso lves  i n  i t  and then 

d i f f u s e s  out  through the  pores. 

The square roo t  p l o t  f o r  Group I1 - experimental t a b l e t s  i s  

shown i n  Fig. 5a and 5b. Although the  l i n e a r  f i t t i n g  can be done 
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SUSTAINED RELEASE FROM PRECIROLB MATRIX 1 3 2 1  

T4BLE 3 

D i f f u s i o n  Release Rate Constant (mg/min’’*) o f  Exper imental  Tab le ts .  

Fo rmu la t i on  D i f f u s i o n  re lease  r a t e  constant  (mg/min 1 /2 )  

[mean S.D. (C.V.)]; n = 3 

P 

Group I 

PM 15 

PM 30 

PM 45 

Group I 1  

P H  2.5 

PH 5 

PH 10 

1.366 * 0.03(4.5 X )  

1.766 * 0.142 (8.06%) 

2.388 +_ 0.163(6.87 % )  

2.632 f 0.104(3.97 % )  

2.169 2 0.162(7.49 % )  

2.504 +_ 0.423(16.91 % )  

3.994 f 0.256( 5.25 % )  

f o r  these f o r m u l a t i o n s  ( F i g .  5a) i t  i s  observed t h a t  t h e r e  a re  

reg ions  where t h e r e  i s  a s h i f t  i n  l i n e a r i t y  ( F i g .  5b). I n  t h i s  

system t h e  t a b l e t s  erode a t  c e r t a i n  i n t e r v a l s  and expose new sur-  

faces f o r  t h e  d i s s o l u t i o n  medium t o  p e n e t r a t e  and d i s s o l v e  t h e  

d r u g  i n  t h e  m a t r i x .  Th is  i s  observed a t  60 - 80 minutes i n t e r v a l s  

f o r  a l l  t h e  t h r e e  f o r m u l a t i o n s  and i n  a d d i t i o n  around 4.5 hours 

f o r  PH 10 f o r m u l a t i o n  (F ig .  5 b ) .  The d i f f u s i o n  r a t e  constant ,  

determined from t h e  s lopes o f  t h e  l i n e a r  f i t t i n g s  (F ig .  5a) f o r  

t h e  Group I1  t a b l e t s  i s  g iven  i n  Table 3. 
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a - 
- p 8 0 -  (b) 

2 7 0  
- 

c - 
- - 

B60 
$50 - 
5 -  L- 

- 

410 - 
L i  

5 10 15 20 
0 -  

5 10 15 20 

TIME (MIN?’~~ TIME (WIN. 
1/2 

FIGURE 5 

Cumulative amount o f  theophy l l  i ne released versus square roo t  

o f  t ime p l o t  f o r  P r e c i r o l s  m a t r i x  t a b l e t s  con ta in ing  vary ing  per- 

centages o f  HPMC. Symbols: 

and PH 10 - [7 -. 
P -*-, PH 2.5 - m -, PH 5 - * - 

The l o g - l i n e a r  p l o t  f o r  Group I11 experimental t a b l e t s  which 

fo l lowed f i r s t - o r d e r  re lease p a t t e r n  i s  shown i n  F ig .  6 and the  

re lease r a t e  constant determined from the  slopes o f  these p l o t s  

are g iven i n  Table 4. 

re lease from the  Higuchi porous penet ra t ion  t o  f i  r s t -o rde r  release 

i n  Group I11 t a b l e t s .  Th is  was due t o  t h e  format ion o f  a ge l  

through which t h e  d i s s o l u t i o n  medium had t o  d i f f u s e  i n t o  the  

m a t r i x  and d i sso l ve  t h e  drug and then d i f f u s e  out  o f  the  gel  

m a t e r i a l .  The gel ma te r ia l s  are genera l l y  found t o  fo l l ow  f i r s t -  

o rder  release8). 

There was a change i n  t h e  mechanism of 

A p l o t  o f  f r a c t i o n  of agent F (mannitol o r  HPMC) versus the  

d i f f u s i o n  r a t e  constant kd, gave a l i n e a r  r e l a t i o n s h i p  [Fig. 7 and 

81, which fo l l ows  Eq. 4. 
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S U S T A I N E D  RELEASE FROM P R E C I R O L a  MATRIX 1323 

60 120 180 240 300 360 420  480 

TIME (minutes) 

FIGURE 6 

Percentage rernai n i  ng t o  be re leased  versus t i m e  p l o t  f o r  P r e c i  r o l @  

m a t r i x  t a b l e t s  c o n t a i n i n g  30 pe rcen t  rnanni to l  and v a r y i n g  percen- 

tages o f  HPMC. Symbols: PMH 5 - 0  -, PMH 10 - 0  -, PMH 15 -*- 
and PMH 20 - H -. 

TABLE 4 

F i  r s t - O r d e r  Release Rate Constant (min-1 x 10-2) o f  Exper imental  
T a b l e t s .  

Fo rmu la t i on  F i  r s t - o r d e r  re lease  r a t e  cons tan t  

( m i  n-1 x 10-12) 

[mean 2 S.D. (C.V.) ] ;  n = 3 

PMH 5 

PMH 10 

PMH 15 

~ ~~ ~~ ~~~ ~ ~- 

1.163 -+ 0.0128(1.10 %) 

0.344 * 0.0078(2.29 Z) 

0.255 * 0.0297(11.17 9 6 )  

PMH 20 0.1952 * O.Olll(5.69 % )  
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1324 PARAB,  O H ,  AND RITSCHEL 

FRACllON OF MANNlTOL 

FIGURE 7 

R e l a t i o n s h i p  between d i f f u s i o n  r a t e  cons tan t  and t h e  f r a c t i o n  o f  

inanni t o 1  . 

I 
0 0.075 0.05 0.075 0.1 

FRACTION OF HPMC 

FIGURE 8 

R e l a t i o n s h i p  between d i f f u s i o n  r a t e  cons tan t  and t h e  f r a c t i o n  o f  

HPMC. 
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0 0.05 0.1 0.15 0.2 

FRACTlONOF HPMC 

F I G U R E  9 

Relationship between f i  rst-order release rate  constant and frac- 

t ion of HPMC i n  Precjrol@ matrix t a b l e t s  containing 30 percent 

mannitol. 

kd = k F  + kp ( 4 )  

where k i s  the constant specif ic  f o r  each drug concentration and 

k p  approximates the kd i n  the pure Precirol@ matrix system. 

one can obtain a desired diffusion release ra te  by varying t h e  

f ract ion of mannitol or  HPMC i n  t h i s  system. 

Thus 

The plot of fraction o f  HPMC versus f i r s t -order  release rate  

constant; k f  for  Group III t a b l e t s ,  gave a l inear  relationship i n  
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1326 PARAB,  OH,  AND R I T S C H E L  

t h e  reg ion  o f  0.1 t o  0.2 f r a c t i o n  o f  HPMC (F ig .  9) .  

vary ing  f r a c t i o n  HPMC i n  t h i s  system, one can ob ta in  t h e  des i red  

re1 ease ra te .  

Thus by 

These s tud ies  i n d i c a t e  t h a t  t h e  re lease o f  t heophy l l i ne  from a 

P r e c i r o l B  m a t r i x  con ta in ing  mannitol o r  HPMC, f o l l ows  d i f f u s i o n  

mechanism and the  re lease can be approximated by vary ing  the  f rac -  

t i o n  o f  manni to l  o r  HPMC. When both HPMC and manni to l  are used 

t h e  re lease changes t o  f i r s t - o r d e r  and can be approximated by 

changing t h e  f r a c t i o n  o f  HPMC. The proposed m a t r i x  system can be 

used f o r  susta ined re lease of o ther  drugs. 
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