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ABSTRACT 

The in-vitro release o f  diltiazem from pharmaceutical equiva- 
lents of sustained release tablets, commercially available in Ita- 
ly, was studied. 

The in-vitro release profiles were determined by means of dif 
ferent methods and apparatus. Paddle, basket, Poole, Diffutest and 
Stricker methods were compared. 

The absorption rates in artificial gastric and enteric juices 
by means of lipid barriers were calculated. 

Some preparations showed a diffusion mechanism, some a first- 
order release. 

The differences among the dissolution profiles of the formula - 
tions were enhanced with the Stricker method. 

INTRODUCTION 

The evolution in the technological field allowed an ever in- 
creasing development of novel drug delivery systems. A great varie - 
ty of new formulations was studied for particular purposes and to 
decrease the toxicity and side effects of the drugs. 

Among all these new preparations. a large number of pharmaceu 
tical equivalents, different in technological characteristics, are 
available. 

- 

Besides the in-vivo tests, required to verify the bioequiva- 
lence of these products, some in-vitro methods are emplnyed . 
The standardization of the latter methods allows the observation of 
significant differences among dissolution profiles of the formula- 
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2720 S I G N O R E T T I  , D E L L ' U T R I ,  AND DE SENA 

TABLE 1 

F o r m u l a t i o n s  of  d i l t i a z e l r  (mg) 
____-- 

~ 

I n p r e d j  e n t s  A B C D E F 

_____.. 

D i l t i a z e m  

Po l y e  t h y  1 en e 
p l v c o l  6000 

R i c i n u s  o i l  
hvdrogena ted  

E t h y l  C e l l u l o s e  

M i  c r o g r a n u l a r  C e l l u l o s e  

Methyl A c r i l a t e  Polymer 

C e l l u l o s e  A c e t o p h t a l a t e  

T a l c  

Magnesium S t e a r a t e  

L a c t o s e  

S t a r c h  

6 0  

10 

4 4  

- 

- 

18 

- 

- 

3 

245 

- 

60  60 

20  10 

- - 

- - 

- 100 

2r) - 

5 

5 

10 5 

240 15 

10 

- 

- 

- 
____I___.. 

T o t a l  we iph t  250 380 2 2 0  350 2 1 0  243 

t i o n s .  The u s e  of w e l l  known a p p a r a t u s  6 , 7  and h i g h l y  devleloped t e  
c h n i q u e s ,  as f o r  example mu1 t i - d i m e n s i o n a l  t opopraph ic  a n a l y s i s  8T 
i s  u s e f u l  f o r  r e g u l a t o r v  i n s t i t u t i o n s  t o  conl-rol  t h e  b i o e q u i v a l e n -  
c e  O F  t h e  p r e p a r a t i o n s .  

I n  o u r  i n v e s t i p a t i o n ,  a l l  t h e  f o r m u l a t i o n s  commerc ia l lv  a v a i -  
l a b l e  i n  I t a l v ,  c o n t a i n i n g  d i l t i a z e m ,  were ~ i - u d i e d  g .  T h e i r  d i s s o -  
l u t i o n  p r o f i l e s  were de t e rmined  and compared b y  d i f f e r e n t  methods.  

EXPEK IMENTAL, 

M a t e r i a l s  and methods 

S i x  d i f f e r e n t  f o r m u l a t i o n s  of  d i l t i a z e m ,  commercial1.y a v a i l a -  
b l e  i n  I t L 3 1 y .  were s t u d i e d .  The t a b l e t s  mrere composed of (60 mg of  
d i t t l a z e m  a n d  s e v e r a l  i n g r e d i e n t s  ( T a b l e  1 ) "  
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FIGURE 1 

Release rate profiles of diltiazem from six tablets in pH 7 . 4  
phosphate buffer, determined by the paddle dissolution appara - 
tus (V.C.=3-5%). 

- Dissolution tests 

thods 
thod 

Release rates were determined by means of the following me- 
and apparatus: paddle method 6 9 7 ,  basket method 6 3 7 y  Pooleme 

Diffutest apparatus and Stricker method by means of Sartorius appa 
ratus 12. 

The first three methods used 1000 ml of 0.1 N hydrochloric a- 
cid and pH 7 . 4  phosphate buffer as dissolution media. The rotatio- 
nal speed of the paddle and the basket was 50 r.p.m. 

(consisting in a flask supplied with a rotating paddle 10,11; 

- 

The DiffUteSt apparatus consisted of four roundbottom tubes si- 
tuated at the end of two perpendicular axes, rotating at 30 r.p.m. 
in a thermostatic chamber. 100 ml of 0.1 N hvdrochloric acid and 
pH 7 . 4  phosphate buffer were used as dissolution media. 
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FIGURE 2 

R e l e a s e  r a t e  p r o f i l e s  of d i l t i a z e m  f rom t a l - ) l e t  A i n  pH 7 . 4 p h o s  
p h a t e  b u f f e r ,  by f o u r  d i f f e r e n t  methods (V.C.=3-5% f o r  p a d d l e ,  
b a s k e t  and P o o l e  methods :  V . C . = 8 - 1 0 %  f o r  D i f f u t e s t  a n ~ a i - a t u s ) .  

- 

F i n a l l y ,  t h e  l a s t  method u t i l i z e d  t h e  S a r t o r i u s  a p p a r a t u s  (SM 
16751)  t h a t  e n a b l e s  s o l i d  dosage  forms  t o  gci i n t o  s o l u t i o n  unde r  
c o n d i t i o n s  which c l o s e l y  s i m u l a t e  t h o s e  i n  t h e  g a s t r o i n t e s t i n a l  tra 
c t  12. The pH was i n c r e a s e d  d u r i n g  t h e  e x p e r i m e n t :  0-0.5 h r s . p H 1 . 2  
(0.06 N h y d r o c h l o r i c  a c i d ) ,  0 .5-1  h r s .  pH 5 . i , ,  1-6 h r s .  pH 6 . 5 , a n d  
6-8 h r s .  pH 8 .1  ( p h o s p h a t e  b u f f e r s ) .  The volumes of t h e  d i s s o l u t i o n  
media were  I00 m l .  T h i s  method a l l o w e d  t h e  a b s o r p t i o n  e f f e c t  t o  b e  
t aken  i n t o  c o n s i d e r a t i o n  * 3 , l 4 .  

l e d  a t  37 .0  2 0 . 1 O C .  Samples were  t a k e n  a t  c o n v e n i e n t  t ime  i n t e r -  
v a l s  t h rough  membrane f i l t e r s  w i t h  0.8 um p o r e  d i a m e t e r  and a s sayed  
s p e c t r o p h o t o m e t r i c a l l y  a t  236 nm. The d e t e r m i n a t i o n s  were  r e p e a t e d  
s i x  t i m e s .  

- A b s o r p t i o n  r a t e s  

[n a l l  t h e  methods t h e  t e m p e r a t u r e  w a s  t h e r m o s t a t i c a l l y  c o n t r o l  

The a b s o r p t i o n  r a t e s  were c a l c u l a t e d ,  a c r o r d i n g  t o t h e  S t r i c k e r  
method, u s i n g  t h e  S a r t o r i u s  A b s o r p t i o n  S i m u l a t o r  (SM 1675(3) w i t h  
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FIGURE 3 

R e l e a s e  r a t e  p r o f i l e s  of d i l t i a z e m  from t a b l e t  F i n  pH 7 . 4 p h o s  
p h a t e  b u f f e r ,  by f o u r  d i f f e r e n t  methods  (V.C.=3-5X f o r  p a d d l e ,  
b a s k e t  and P o o l e  methods ;  V.C.=8-1OX f o r  D i f f u t e s t  a p p a r a t u s ) .  

- 

two d i f f e r e n t  l i p i d  b a r r i e r s ,  40 cm2 a r e a s  l 3 9 I 4 .  The f i r s t  one  (SM 
15701) f o r  t h e  a r t i f i c i a l  g a s t r i c  j u i c e  (pH 1.1 c h l o r i c  b u f f e r )  and 
t h e  second one (SM 1 5 7 0 2 )  f o r  t h e  a r t i f i c i a l  i n t e s t i n a l  j u i c e s  (pH 
6 . 0 ,  6 . 5 ,  7 . 0  phospha te  b u f f e r s ) .  I n  b o t h  c a s e s  pH 7 . 5  p h o s p h a t e b u f  
fer  w a s  used  i n s t e a d  of  p l a sma .  

- Hardness  

The h a r d n e s s  of t h e  t a b l e t s  was d e t e r m i n e d  by t h e  S c h l e u n i n g e r  
a p p a r a t u s .  

- Assav  of d i l t i a z e m  

The samples  were  a s s a y e d  by o p t i c a l  a s s o r b a n c e  a t  236 nm i n  
d i l u t e h y d r o c h l c r j c a c i d ,  compared w i t h  a r e f e r e n c e  s t a n d a r d .  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2724 SIGNORETTI ,  DELL'UTRI, AND DE SENA 

5 0  

40 

T z 
L 

2 30 
v) 

(II 
aJ 
a J  
- 
Q: 

c 20 
c 

3 : 
Q 

10 

' 1  I I I I 

1 1.5 2 2 .!5 3 

FIGURE 4 

R e l e a s e  p r o f i l e s  of d i l t i a z e m  from s i x  t a b l e t s  when 
p l o t t e d  a c c o r d i n g  t o  t h e  d i f f u s i o n  model.  

- C o n t e n t  U n i f o r m i t y  

Ten u n i t s  o f  e a c h  p r e p a r a t i o n  were  i n d i ~ i t d u a l l y  a s s a y e d  f o r t h e  
d e t e r m i n a t i o n  of dose  u n i f o r m i t y ,  as d e s c r i h x l  unde r  "Assay". 

RESULTS AND DISCUSSION 

No d i f f e r e n c e  w a s  found  among t h e  d i s s o l u t i o n  p r o f i l e s  o f t h e  
v a r i o u s  f o r m u l a t i o n s  i n  a c i d i c  d i s s o l u t i o n  m e d i u m ,  u s i n g  p a d d l e ,  b a  - 
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FIGURE 5 

Release p r o f i l e s  o f  d i l t i a z e m  f r o m  s i x  t a b l e t s  when 
p l o t t e d  a c c o r d i n g  t o  f i r s t - o r d e r  k i n e t i c s .  

s k e t ,  P o o l e  a n d  D i f f u t e s t  m e t h o d s :  t h e  s o l u b i l i t y  o f  t h e  a c t i v e  i n -  
g r e d i e n t  i n  t h e  p r o t o n a t e d  f o r m  w a s  s o  h i g h  t o  c a u s e  the  same d i s s o  
l u t i o n  p r o f i l e  f o r  a l l  t h e  p r e p a r a t i o n s ,  i n  s p i t e  o f  t h e i r  t e c h n o 1 2  
g i c a l  d i f f e r e n c e s .  

D i f f e r e n t  d i s s o l u t i o n  p r o f i l e s  were  o b s e r v e d  a t  pH 7 . 4 .  F i g .  1 
shows t h e  amount  of- d r u g  r e l e a s e d  f r o m  e a c h  f o r m u l a t i o n  a t  pH 7 . 4 b y  
p a d d l e  method.  

The d i f f e r e n c e  o b s e r v e d  i n  e a c h  f o r m u l a t i o n  b e t w e e n  t h e  d i s s o -  
l u t i o n  p r o f i l e s  o b t a i n e d  a t  pH 1 . 5  a n d  7 . 4  c o u l d  b e  m a i n l y  a t t r i b u i  - 
t e d  t o  t h e  v a r i u o s  m a t r i x  t y p e s  u t i l i z e d  t o  o b t a i n  t h e  g r a d u a l  rele 
ase.  The v a l u e s  of t h e  e x t e n t  o f  t h i s  m a t r i x  e f f e c t ,  c a l c u l a t e d  a f -  
t e r  1 h o u r ,  r a n g e d  b e t w e e n  30 and 50% of t h e  c o r r i s p o n d e n t  a m o u n t s  
r e l e a s e d  a t  pH 1.5 ( a v e r a g e  amount  = 38 mg). 
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FIGURE 6 

P l o t  of t h e  l o g  of  t h e  amount of d i l t i a z e m  r e l e a s e d  
from s i x  t a b l e t s  a g a i n s t  t h e  l o g  of  t i m e .  

A t  pH 7 . 4  t h r e e  f o r m u l a t i o n s  ( A ,  C ,  D) had s i m i l a r  d i s s o l u t i o n  
v a l u e s ,  u s i n g  t h e  f o u r  ment ioned  methods ;  the,  p r e p a r a t i o n s  B ,  E ,  F 
a l s o  gave s i m i l a r  r e s u l t s  w i t h  t h e  f i r s t  th rc ,e  methods ,  b u t  showed 
d i f f e r e n t  d i s s o l u t i o n  p r o f i l e s  u s i n g  t h e  D i E f u t e s t  a p p a r a t u s .  F igu-  
r e s  2 and 3 show d i s s o l u t i o n  p r o f i l e s  of t h e  p r e p a r a t i o n s  A and F 
which g i v e  ev idence  of  t h e s e  two d i f f e r e n t  bcxhaviours. 

a k i n e t i c  a n a l y s i s  of t h e  d r u g  r e l e a s e  from t h e  f o r m u l a t i o n s ;  t h e  
e x p e r i m e n t s  were  c a r r i e d  o u t  f o r  e i g h t  h o u r s .  A s  shown i n  F i g .  4 ,  
o n l y  f o u r  p r e p a r a t i o n s  ( B ,  C ,  E ,  F )  p r e s e n t e d  r e l e a s e  p r o f i l e s  des -  
c r i b e d  by a l i n e a r  s q u a r e  r o o t  of  t i m e  depend'lnce.  Three  formula-  
t i o n s  ( A ,  C ,  D)  showed l i n e a r i t y  be tween the, amount of d rug  n o t  r e  - 

Among t h e  e q u i v a l e n t  methods ,  t h e  p a d d l e  method w a s  chosen  f o r  
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FIGURE 7 

Release rate profiles of diltiazem from six tablets, de 
termined by the Stricker method. 

- 

leased and the time (Fig. 5). Then the more stringent Higuchi test 
was developed to distinguish between the diffusion mechanism and the 
first-order release l5vI6. A s  shown in Fig. 6, the preparations B , E ,  
F confirmed the release mechanism seen before (Fig. 4 ) ,  on the con- 
trary the other three formulations ( A ,  C, D) showed a first-order 
release. Particularly, for the preparation C ,  the test demonstrated 
that the first-order release was operative and that a diffusion c o ~  
trolled mechanism, as shown in Fig. 4 ,  was uncorrect. The three for - 
mulations which showed a diffusion mechanism were those which presei 
ted higher results using the Diffutest apparatus. 
Figure 7 shows dissolution profiles determined with the Stricker 
method. This procedure amplified the behaviour differences among 
the formulations. These results are more evident in Fig. 8 that 
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5 

FIGURE 8 

Absorp t ion  r a t e  p r o f i l e s  of  d i l t i a z e m  from s i x  t a b l e t s ,  de t e rmined  
by t h e  S t r i c k e r  method. 

TABLE 2 

D i 1 t i a  zem c o n t e n t  .- Hard ne s s 

Formula t ion  D i l t i a z e m  c o n t e n t / t a b l e t  Hardness 
mg?S .D. (a )  K g W  

____._ I -- 

I A 58.9 5 1.'9 6 .O 

B 61.4 2 1 . 8  7 . 4  

C 59 .9  t 1 . 4  6 .5  

D 60.1 2 1.3 11.4 

E 59.5 2 1.7 10.5 

F 58.9 ? 1 . 7  1 1 . 2  

(a) Average of 10 d e t e r m i n a t i o n s .  
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shows the absorption profiles calculated by means of the mentioned 
dissolution values, according to the Stricker theory l3,I4. 

given in Table 2. The formulations showed the uniform distribution 
of the drug. 

The values for diltiazem content and hardness of tablets are 

CONCLUSIONS 

Similar dissolution values of diltiazem from six commercially 
available sustained-release formulations were obtained, using both 
official and other well known methods. 

Thrc ,?  prc,p.irati oris showed different Seh.iviour-s using the Dif- 

The Stricker m e t h o d  a tlowed the observation of differences a- 
EuteSt apparatus. 

mong dissolution profiles of all the examined formulations. 

not able to enhance the differences among the preparations. 

equivalence before perf ormine in-vivo test-s. 

The present results indicate that the official methods were 

Several in-vitro methods should be used to pre-evaluate the 
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