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ABSTRACT 

The au thors  have prepared hard  capsules c o n t a i n i n g  semi - 
s o l i d  m a t r i x  systems w i t h  f a t t y  e x c i p i e n t s  and a c e t y l s a l i c y l i c  
a c i d  (ASA) i n  o rde r  t o  decrease t h e  d i s s o l u t i o n  r a t e  o f  t h i s  
a c t i v e  substance. With e x c i p i e n t s  l i k e  Ge luc i res  and S imulso ls ,  
t hey  ob ta ined m a t r i x  systems easy t o  prepare and hav ing  a good 
s t a b i l i t y ,  a t  l e a s t  u n t i l  37°C. These systems re lease  i n  v i t r o  
a c e t y l s a l i c y l i c  a c i d  i n  about 8 hours ; b u t  admin is te red  p.0. t o  

man they  re lease  ASA t o o  r a p i d l y  i n  l e s s  then 4 hours. 

INTRODUCTION 

I n  o rde r  t o  decrease t h e  d i s s o l u t i o n  r a t e  o f  drugs, t h e  
au thors  had examinated t h e i r  per  0s a d m i n i s t r a t i o n  i n  ha rd  cap- 
su les  c o n t a i n i n g  pas ty  e x c i p i e n t s .  I n  p rev ious  communications 
(1,2,3,4), t hey  used pas ty  e x c i p i e n t s  wi th t h i x o t r o p i c  p r o p e r t i e s  
e.g. m ix tu res  peanut oi l-beeswax ; b u t  these m ix tu res  show a t  
l e a s t  two disadvantages : 
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2408 MATHIS AND HEIMENDINGER 

- A f t e r  capsule f i l l i n g ,  they need a long t ime  f o r  s o l i d i f i c a t i o n  
; the re fo re  t h e  p r o b i l i t y  o f  leakage i s  very high. 
- With these mixtures, i t  i s  very d i f f i c u l t  t o  f i n d  exc ip ien ts  
which decrease no tab ly  t h e  d i s s o l u t i o n  r a t e  o f  drugs. 

It i s  the  reason why the  authors have t r i e d  t o  f i n d  conve- 
n i e n t  f a t t y  exc ip ien ts  o r  mixtures o f  f a t t y  e x c i p i e n t s  which 
answer the  f o l l o w i n g  requirements : 
- I n  v i t r o  re lease of drugs w i t h i n  about 8 hours. 

- Regular f l o w  r a t e  above the  me l t i ng  p o i n t  i n  the  capsule f i l -  
l i ng machine. 
- S o l i d i f i c a t i o n  du r ing  storage, a t  l e a s t  u n t i l  37°C. 

The f a t t y  exc ip ien ts  which f u l f i l  t he  best t he  d i f f e r e n t  
requirements are those w i t h  we l l  d e f i n i t e  me l t i ng  p o i n t  and 

s o l i d i f i c a t i o n  po in t .  These e x c i p i e n t s  are l i q u e f i e d  f o r  capsules 
f i l l i n g  and, a f t e r  f i ? l i n g ,  they r e t u r n  r a p i d l y  t o  the  s o l i d  

s t a t e  a t  t h e  room temperature ; they are c a l l e d  "Semi-Solid 
Ma t r i x "  ( S . S . M . ) .  

MATERIALS AND PROCEDURES 

Act ive substance 

A c e t y l s a l i c y l i c  a c i d  (ASA) has been used, because i t s  analy- 
t i c a l  p roper t i es  and determinat ion and i t s  b i o a v a i l a b i l i t y  a f t e r  

p.0. admin i s t ra t i on  are we l l  known ; t h e  q u a l i t y  employed i s  
c a l l e d  "Aspi r ine moulinee" w i t h  a p a r t i c l e  s i z e  o f  20 - 50 pm. 

Each hard capsule conta ins 315 mg ASA. 

Exci p i  ents 

Among the  exc ip ien ts  tes ted  f o r  m a t r i x  systems, Gelucires 
(Gattefosse) , P r e c i r o l s  (Gattefosse) and Simulsols (Montagne 
Noire) showed t o  be the  most i n t e r e s t i n g  
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DRUG RELEASE FROM SEMI-SOLID MATRIX SYSTEMS 2409 

1. GGlucires : these amphiphi l ic  exc ip ien ts  have a f a t t y  consis-  

tency and can be d i s t i ngu ished  by t h e i r  H.L.B. and t h e i r  m e l t i n g  

p o i n t  ; e.g. Geluc i re  50/02 has a H.L.B. - value 2 and a me l t i ng  

p o i n t  50°C. 
I n  our experiments, Gelucires 37/02, 50/02, 48/09 and 44/14 

were used. 
2. Simulsols : they are polyoxyethylated f a t t y  a lcohols  o r  acids 
; they a lso show a f a t t y  consistency, bu t  t h e i r  me l t i ng  po in ts  
are o f t e n  lower than those o f  Geluc i res (about 40°C). 

The Simulsols used showed t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  : 

- Simulsol 72 : polyethoxy lated s t e a r i l i c  a lcohol  w i t h  2 molecu- 

- Simulsol 78 : idem w i t h  20 molecules o f  E.O. ; H.L.B. = 15,3. 

- Simulsol M45 : polyethoxy lated s t e a r i c  ac id  w i t h  80 molecules 

- Simulsol M49 : idem w i t h  200 molecules o f  E.O.  ; H.L.B. = 15 
3. P r e c i r o l s  : these exc ip ien ts  are non waterd ispers i  b l e  g l yce ro l  

stearates,  e.g. P r e c i r o l  WL 2155 (M.P. : 65°C) and P r e c i r o l  AT0 
( M . P .  : 55°C). 

l e s  o f  ethylene oxide ( E . O . )  ; H.L.B. = 4.9. 

o f  E . O .  ; H.L.B. = 11,l. 

Formulation o f  acety l  sa l  i c y 1  i c  acid-exci  p i e n t s  mixtures 

For swallowing, t he  capsules must not be t o o  large,  but  the 
q u a n t i t y  o f  exc ip ien ts  has t o  be s u f f i c i e n t  f o r  coa t ing  a l l  
p a r t i c l e s  o f  ASA. Therefore we have used f o l l o w i n g  formulat ions : 

- 315 mg ASA t 315 mg exc ip ien ts  (50 % ASA) 
- 315 mg ASA t 315 mg exc ip ien ts  (55 % ASA) 
- 315 mg ASA t 210 mg exc ip ien ts  (60 % ASA) 

The capsule s i ze  n o  0 was employed f o r  t he  mixtures w i t h  50 
and 55 % o f  ASA, t h e  s i z e  no 1 f o r  t h e  mixtures w i t h  60 % o f  ASA. 
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2410 MATHIS AND HEIMENDINGER 

Preparation o f  ASA - exc ip ien ts  mixtures and f i l l i n g  o f  capsules 

For q u a n t i t i e s  o f  capsules lower than 100, t h e  mixture can 
be prepared w i t h  manual s t i r r i n g  and capsules are f i l l e d  w i t h  a 
syr inge ; but  the  q u a l i t y  o f  these capsules i s  no t  s a t i s f y i n g .  

Therefore a l l  mixtures tes ted  f o r  i n  v i t r o  d i s s o l u t i o n  have 
been prepared i n  an apparatus w i t h  a r o t a t i n g  paddle a t  about 
10°C above the  mel t ing  po in t  o f  exc ip ien ts  and, before f i l l i n g ,  
v i s c o s i t y  o f  the  mixtures has been measured. Then t h e  mixture i s  
introduced i n  a semi-automatic capsule f i l l i n g  machine and 
capsules are f i l l e d  a t  t h e  same temperature. 

Controls dur ing and a f t e r  preparat ion o f  capsules 

ASA - exc ip ien ts  mixtures were submitted t o  f o l l o w i n g  con- 
t r o l s  : 
- Before f i l l i n g ,  the v i s c o s i t y  o f  mixtures i s  measured a t  f i l -  

- Flow r e g u l a r i t y  o f  mixtures above t h e i r  me l t ing  temperature. 
- S o l i d i f i c a t i o n  t ime o f  t h e  mixtures a f t e r  f i l l i n g .  
- S t a b i l i t y  o f  mixtures dur ing  storage a t  room temperature and a t  

l i n g  temperatures. 

37°C. 

A f t e r  f i l l i n g  weight r e g u l a r i t y  and absence o f  leakage are 
a1 so c o n t r o l  1 ed . 

Disso lu t ion  Test o f  f i l l e d  capsules 

Mixtures which have shown a good f low r e g u l a r i t y  and a shor t  
s o l i d i f i c a t i o n  t ime were examined i n  t h e  d i s s o l u t i o n  t e s t  o f  the  
French Pharmacopaea, loth e d i t i o n  ; f o r  the  experiments, the  
paddle method w i t h  a c i t r a t e  b u f f e r  s o l u t i o n  pH 1,3 was used. 
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DRUG RELEASE FROM SEMI-SOLID MATRIX SYSTEMS 2411 

A t  r egu la r  t ime i n t e r v a l s ,  samples o f  b u f f e r  s o l u t i o n  are 
i s o l a t e d  and f i l t e r e d .  On these samples a c e t y l s a l i c y l i c  ac id  i s  
determined w i t h  a U.V. - spectrophotometric method a t  276 nm. 

S t a b i l i t y  Control  o f  f i l l e d  capsules 

Thi s c o n t r o l  i s very important,  because one 1 eaki ng capsule 
can s o i l  a l a rge  number o f  o ther  capsules ; the re fo re  a shor t  
s o l i d i f i c a t i o n  t ime  i s  essen t ia l .  

Capsules were s tored a t  20" and 37°C du r ing  t h r e e  months. 
Then t h e i r  phys ica l  p roper t i es  were examined and t h e i r  ASA con- 
t e n t  was determi ned. 

RESULTATS 

D i f f e r e n t  ASA formulat ions w i t h  one e x c i p i e n t  o r  w i t h  ex- 
c i p i e n t s  mixtures have been examined. Figures 1 t o  4 show disso- 

l u t i o n  r a t e  o f  ASA f rom these l i p i d  m a t r i x  systems : 

- F igure 1 : t h e  comparison o f  t h e  behaviour o f  d i f f e r e n t  Gelu- 

c i r e s  shows t h a t  HLB i s  the  most important f a c t o r  (see Geluc i re  
44/14) and t h a t  t he  me l t i ng  p o i n t  a lso i n f l uence  the  disso- 
l u t i o n  r a t e  o f  ASA (compare Gelucires 50/02 and 37/02). 

- F igure 2 : t h e  associat ion o f  two Gelucires i n  d i f f e r e n t  pro- 
po r t i ons  al lows t o  choice t h e  re lease t ime  o f  ASA i n  v i t r o .  

- F igu re  3 : one can see t h a t  10 % o f  P r e c i r o l  are s u f f i c i e n t  t o  
de lay no tab ly  t h e  re lease t ime  o f  a c t i v e  substance. 

- F igu re  4 : t h e  comparison o f  t h e  i n f l uence  o f  d i f f e r e n t  Simul- 
sols shows t h a t  Simulsol 72 w i t h  a low H.L.B. (4.9) re lease ASA 
l a t e r  than the other  Simulsols w i t h  h igher  H.L.B. values. 
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I %ASA 
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50 

25 

1 2 3 4 5 6 7 8 Hours 

Fig. 1 A Gelucire 44/14 C Gelucire 48/09 
B Gelucire 37/02 D Gelucire 50/02 

I 46ASA 
100 

75 

50 

25 

1 2 3 4 5 6 7 8  
Hours 

f i g .  2 Mixtures in different proportions of Gelucire 50/ 
and Gelucire 44/14 

'02 
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DRUG RELEASE FROM SEMI-SOLID MATRIX SYSTEMS 2413 

100 
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50 

25 

1 2 3 4 5 6 7 8 Hours 

F ig .  3 A P r e c i r o l  WL - Geluc i re  44/14 5-45 
B P r e c i r o l  AT0 - Geluc i re  44/14 5-45 
C P r e c i r o l  AT0 - Geluc i re  44/14 10-40 

D P r e c i r o l  WL - Geluc i re  44/14 10-40 

Fol lowing conclusions can be drawn from these experiments : 

- The HLB value o f  t he  e x c i p i e n t  has an essen t ia l  i n f l u e n c e  on 
the  i n  v i t r o  re lease o f  t h e  a c t i v e  substance : e.g. Geluc i re  
44/14 increases notably  t h e  d i s s o l u t i o n  r a t e  o f  ASA, w h i l e  

Simulsol 72 has the  opposi te e f f e c t .  
- The me l t i ng  p o i n t  a lso shows an in f l uence  : the h igher  t h e  

m e l t i n g  point ,  t he  l a t e r  t h e  a c t i v e  substance i s  released. A 
h igh  me l t i ng  p o i n t  (see Geluc i re  50/02) enhance s t a b i l i t y  of 

capsule content.  
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2414 MATHIS AND HEIMENDINGER 

100 
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50 

25 

1 2 3 4 5 6 7 8 Hours 

Fig.  4 A Simulsol M49 - C Simulsol M45 
B Simulsol 78 D Simulsol 72 

These experiments show a l so  t h a t  one e x c i p i e n t  g ives a w e l l  
def ined d i s s o l u t i o n  r a t e  and re lease t ime  f o r  100 % of ASA. But 
i f  we have t o  ob ta in  a w e l l  de f i ned  re lease t ime  f o r  an a c t i v e  
substance, probably we must use a m ix tu re  o f  two e x c i p i e n t s  i n  
we l l  def ined propor t ions.  

Therefore t h e  i n  v i t r o  behaviour o f  these m a t r i x  systems 
w i l l  perhaps a l l ow  a c o n t r o l l e d  sustained re lease o f  t h e  a c t i v e  
substance. This i s  t h e  reason why we have r e a l i z e d  c l i n i c a l  
experiments. 
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DRUG RELEASE FROM SEMI-SOLID MATRIX SYSTEMS 2415 

CLINICAL EXPERIMENTS 

P r i n c i p l e  

Our experiments were based on t h e  b i o a v a i l a b i l i t y  o f  t h e  
a c t i v e  substance i n  sa l i va .  I n  the  case o f  a c e t y l s a l i c y l i c  acid, 
- i t s  metabol i te,  s a l i c y l i c  acid, i s  e l im ina ted  i n  s a l i v a  ; 
- a s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  between plasma concentrat ion 
and s a l i v a  concentrat ion o f  t h i s  me tabo l i t .  

Therefore our c l i n i c a l  experiments were t h e  f o l l o w i n g  : 

- F i r s t  one p.0. admin i s t ra t i on  o f  ASA i n  form o f  capsules con- 
t a i n i n g  semi-so l id  ma t r i x  systems. 
- Then a q u a n t i t a t i v e  determinat ion i n  s a l i v a  du r ing  24 hours, 
w i t h  a s p e c t r o f l u o r i m e t r i c  method. 

Procedure 

1. Tested caDsule formulat ions : 

- Standard : ASA "mouline" 100 % (315 mg) 
- S.S.M.l ASA "mouline" 55 % (315 mg) 

G e l  u c i  r e  48/09 23 % 

Geluc i re  44/14 22 % 

- S.S.M.2 ASA "mouline" 60 % (315 mg) 
Simulsol M 49 37 % 

G e l  u c i  r e  50/02 3 %  
Aeros i l  R 972 0,5 % 

2. Oral admin i s t ra t i on  

13 a d u l t  persons have been submitted t o  t h e  c l i n i c a l  exper i -  

ments. I n  the  morning each person had t o  swallow th ree  capsules 
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2416 MATHIS AND HEIMENDINGER 

(945 mg ASA) w i t h  150 m l  water. This c l i n i c a l  t e s t  was r e a l i z e d  
w i t h  the  th ree  formulat ions.  

3. S a l i c v l i c  ac id  e x t r a c t i o n  f rom s a l i v a  

Samples o f  s a l i v a  were c o l l e c t e d  each hour du r ing  12 hours 
a f t e r  p.0. admini s t r a t i o n .  

S a l i c y l i c  ac id  was ex t rac ted  from these samples i n  the  
f o l  lowing manner : 

- To 3 m l  sa l i va ,  add 2 m l  water and 0,5 m l  aqueous 25 % s o l u t i o n  
o f  HKS04 ; a f t e r  manual s t i r r i n g ,  add 6 m l  e the r  (C2H5- O-C2H5) 

and s t i r  mechanical ly du r ing  20 minutes. 
- Take 4 m l  o f  t he  ether  phase, add 5 m l  o f  a phosphate b u f f e r  

s o l u t i o n  pH 7 and s t i r  mechanical ly du r ing  20 minutes. 
- El iminate the ether  phase and use aqueous phase f o r  quan t i t a -  

t i v e  determinat ion o f  s a l i c y l i c  acid. 

4. Q u a n t i t a t i v e  determinat ion o f  s a l i c y l i c  ac id  

A s p e c t r o f l u o r i m e t r i c  method a t  409 nm i s  used f o r  t he  

determinat ion o f  s a l i c y l i c  a c i d  i n  t h e  aqueous phase. 

Resul ts 

Compared wi th t h e  standard, t h e  two semi-so l id  m a t r i x  sys- 
tems S.S.M.l and S.S.M.2 g i v e  i n  v i v o  a sustained re lease o f  ASA, 
bu t  l ess  than the expected re lease t imes. 
Maximal s a l i v a  concentrat ions Standard : 1 h 40 min. 

S.S.M.1 : 4 h 30 min. 
S.S.M.2 : 3 h 
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The r e l a t i v e l y  sho r t  re lease t imes f o r  t h e  l i p i d  m a t r i x  
systems can probably be explained by t h e  chemical c o n s t i t u t i o n  o f  
Gelucires These exc ip ien ts  are esters ,  which are submitted t o  
i n t e s t i n a  l i p o l y s i s .  Therefore new t e s t s  must be r e a l i z e d  w i t h  
non-ester exc ip ien ts  t o  con f i rm  t h i s  hypothesis and t o  ob ta in  
longer r e  ease t imes f o r  t h e  semi-so l id  m a t r i x  systems. 
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