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The mechanism o f  a m o l e c u l a r - s c a l e  ent rapment  o f  c a t i o n i c  d rug  by 

n e g a t i v e l y  charged l a t i c e s  was i n v e s t i g a t e d  u s i n g  t h e  measurement o f  

ze ta  p o t e n t i a l  as a p h y s i c a l l a n a l y t i c a l  t o o l .  I t  was found  t h a t  as t h e  

amount o f  t h e  d rug  was inc reased  t h e  z e t a  p o t e n t i a l  of l a t e x  p a r t i c l e s  

decreased. The s imul taneous presence o f  a d i c a r b o x y l i c  a c i d  w i th  t h e  

d rug  i nc reased  the  z e t a  potent ia : .  Entrapment p roduc ts  were p repared  

u s i n g  d i l u t e d  l a t i c e s ,  a c a t i o n i c  d r u g  (Chlorpromazine h y d r o c h l o r i d e ) ,  

and an ent rapment  f a c i l i t a t o r  ( s u c c i n i c  a c i d ) .  The d i s s o l u t i o n  o f  t h e  

d rug  f rom t h e  p roduc ts  was found t o  be f i r s t  o r d e r  i n  a l l  cases. The d a t a  

showed t h a t  ( a )  t h e  s m a l l e r  t h e  p a r t i c l e  s i z e  t h e  f a s t e r  t h e  r e l e a s e  r a t e ,  

*Present  address:  Pharmaceut ica l  P roduc t  Development, Mead Johnson & 
Company, E v a n s v i l l e ,  I n d i a n a  47721 
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28 YANG AND BANKER 

(b) the order o f  combination ( l a t e x  t o  drug o r  v i ce  versa) d i d  n o t  

a f f e c t  the release ra te ,  and ( c )  t he  use of entrapment f a c i l i t a t o r  

(a d i ca rboxy l i c  ac id ) ,  d i d  no t  change the  release r a t e  bu t  increased the  

amount o f  druq entramed. 

and the  f i r s t  order desorpt ion,  which i s  assumed i n  S tern 's  e l e c t r i c  

double l ave r  model. i nd i ca ted  t h a t  t he  entraoment occurred v i a  surface 

adsorpt ion of  the  drun by l a t e x  o a r t i c l e s .  

The agreement o f  t he  f i r s t  order d i s s o l u t i o n  

INTRODUCTION 

Lat ices  o f  copolymers composed o f  a c r y l i c  and methacryl i c  acid,  

which are  a n i o n i c a l l y  charged e i t h e r  due t o  the  p a r t i a l  i o n i z a t i o n  o f  

t h e i r  ionogenic carboxy l i c  groups under su i tab le  pH cond i t ions  o r  due 

t o  surface sorbed sur fac tan ts  used i n  t h e i r  preparat ion,  have been shown 

t o  be capable o f  being f l occu la ted  by c a t i o n i c  drugs. 

means f o r  t h e i r  molecular-scale drug entrapment which can be used t o  

con t ro l  drug release (1).  

d ispersions are ob ta inab le  using t h i s  entrapment process. Exce l len t  r e -  

p roduc ib i l  i t y  o f  drug content throughout the  entrapment product has been 

demonstrated ( 2 ) .  Dicarboxy l i c  acids,  when used i n  t h e i r  an ion i c  forms, 

can func t i on  as druq entraoment f a c i l i t a t o r s  and thereby increase the  

amount o f  ca t i on i c  druq entrapped by the  neqa t i ve l y  charqed c o l l o i d a l  

polymeric l a t i c e s  ( 3 , 4 ) .  The fo rmat ion  o f  comolexes between the polymer 

carboxy l i c  qrouos, druq, and a c i d  anions, as we l l  as an i n c l u s i o n  type 

complex have been speculated as the  Dossible mechanisms f o r  t he  f a c i l i t a t e d  

entrapment Drocess ( 3 ) .  

f o r  the  mechanism of t h i s  entrapment process. 

Th is  provides F 

It has been found t h a t  h i g h l y  un i fo rm drug 

This paper Drovides a systemat ic i n v e s t i g a t i o n  

EXPERIMENTAL 

Ya te r ia l s  

The pol.ynieric l a t i c e s  used i n  t h i s  study were copolymers o f  methyl 

methacrylate and methacry l i c  ac id  (Rohm and Haas Company) as shown i n  
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MOLECULAR-SCALE DRUG ENTRAPMENT 29 

Table 1. 

was chosen as a model c a t i o n i c  drug. 

the  two dicarboxy:ic acids chosen as the  entrapment f a c i l i t a t o r s .  

o the r  chemicals were reagent grades. 

Chlorpromazine hydrochlor ide (Smith K l i n e  & French Labora tor ies)  

Succinic ac id  and malonic a c i d  were 

A l l  

Determinat ion o f  Zeta Po ten t i a l  

Pre l im inary  s tud ies  showed t h a t  t he  ze ta  p o t e n t i a l  o f  t h e  l a t e x  

p a r t i c l e s  could on l y  be obtained w i t h  the  Zeta Meter (Zeta Meter Inc., 

New York) us ing  an ex t rapo la t i on  method s ince  the  l a t e x  p a r t i c l e s  were 

too  small t o  be v i sua l i zed  under the  microscope o f  the  Zeta Meter. 

ex t rapo la t i on  method invo lved adding an appropr ia te  p o l y e l e c t r o l y t e  (A 

2.5 mg/ml aqueous so lu t i on  o f  A13+ was used i n  t h i s  study) i n  smal l ,  

even increments t o  the  sample, which was examined i n  the  e lec t rophores is  

c e l l  a f t e r  each add i t ion .  The zeta Do ten t ia l  o f  the f i r s t  f l occu la ted  

mass detected by the  microscope was determined. 

s m a l l  add i t ions  o f  the e l e c t r o l y t e  t o  ob ta in  a t  l e a s t  two add i t i ona l  

zeta p o t e n t i a l  determinat ions.  

e l e c t r o l y t e  dosage. 

t o  the zeta p o t e n t i a l  ax i s .  

l y t e  add i t ion ,  was taken as an approximation o f  t he  zeta p o t e n t i a l  o f  t he  

sample. 

i n te rcep t .  

Th is  

This was cont inued w i t h  

The zeta p o t e n t i a l s  were then p l o t t e d  E. 

The curve connect ing these p o i n t s  was ex t rapo la ted  

The in te rcep t ,  which represented zero e l e c t r o -  

L inear  regression was used t o  ob ta in  the  best est imate o f  t he  

TABLE I 

Copolymeric La t ices  o f  Methyl Methacrylate and Methacry l i c  Ac id  
Designat ion DH Tota l  S o l i d  Content (%)  MMA/MAA Rat io* 

A 2.8 38.0 80/20 

B 3.1 40.5 70/30 

C 2.8 39.3 60/40 

*MMA = Methyl Methacrylate, VAA = Methacry l i c  Acid 
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30 YANG AND BANKER 

E f f e c t  o f  Chlorpromazine HCL on Zeta Po ten t i a l  o f  Latex P a r t i c l e s  

D i l u t e d  l a t i c e s  (60  ppm) were used f o r  each ze ta  p o t e n t i a l  measurement 

and t h e i r  pH was adjusted t o  3.0 us ing  a few drops o f  6N HC1 aqueous so lu t i on .  

I n t o  a 100.ml beaker were added 50 ml o f  t he  60 ppm l a t e x  d i l u t i o n  and 

var ious amounts o f  0.5 mq/ml ChlorDromazine HC1 aqueous so lu t i on .  The 

mixtures were s t i r r e d  f o r  10 minutes and the  zeta p o t e n t i a l  f o r  t he  l a t e x  

p a r t i c l e s  was determined using the  ex t raoo la t i on  method. 

chlorpromazine HC1 aqueous s o l u t i o n  was a l so  adjusted t o  3.0 before add i t i on .  

The pH o f  t he  

E f f e c t  o f  D icarboxy l i c  Acids on the  Zeta Po ten t i a l  o f  Latex P a r t i c l e s  

Samples were prepared (Table 11) t o  study t h e  e f f e c t  o f  t he  presence 

o f  a d i ca rboxy l i c  a c i d  on the  ze ta  p o t e n t i a l  o f  each la tex .  

the  d i ca rboxy l i c  a c i d  used i s  equimolar t o  the  amount o f  chlorpromazine 

HCL necessary t o  b r i n g  the  zeta p o t e n t i a l  o f  each l a t e x  t o  zero. 

The amount o f  

The scheme i n  Table 111 was designed t o  i nves t i ga te  the  e f f e c t  of t he  

simultaneous presence o f  an equimolar amount o f  succ in i c  ac id  and ch lo r -  

promazine HC1 on the  zeta Do ten t ia l  of each l a t e x .  

TABLE I 1  

Samples Prepared t o  Study the  E f f e c t  o f  a 
D icarboxy l i c  Acid on the  Zeta Po ten t i a l  o f  Latex P a r t i c l e s  

Sample* Succinic Acid (mg) Malonic Ac id  (mg Zeta Po ten t i a l  (mv) 

A1 - 
A2 0.45 
A3 

B1 - 
82 0.68 
83 - 

- - 
0.29 

-17.0 
-12.4 
-14.8 

- -16.8 - -10.7 
0.45 -10.4 

c1 - -37.1 
c2 0.9 - -24.9 
c3 - 0.6 -19.5 

* F i f t y  m i l l i l i t e r s  o f  60 opm l a t e x  was used i n  t h e  Dreparat ion 
o f  each sample. 
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MOLECULAR-SCALE DRUG ENTRAPMENT 31 

Table I11 

Prepara t ion  o f  Samples t o  Observe the  E f fec t  of t h e  

on t h e  Zeta Po ten t i a l  o f  Latex P a r t i c l e s  
Simultaneous Presence o f  a D ica rboxy l i c  Acid and Chlorpromazine HC1 

Sample* Succinic Ma1 on i c Chlorpromazine Zeta 
Ac id  (mg) Acid  (mg) HC1 (mg) Poten t ia l  (mv) 

- - A4 1 .o 
A5 0.45 - 1 .o 
A6 0.29 1 .o 

0 
-11.6 
-11.5 

84 - - 1.5 0 
85 0.68 - 1.5 - 9.5 
86 - 0.45 1.5 -12.6 

c4 2.0 0 
c5 0.9 - 2.0 -36.5 
C6 - 0.6 2.0 -41.9 

- - 

* F i f t y  m i l l i l i t e r s  o f  60 ppm l a t e x  was used i n  the  prepara t ion  o f  
each sample. 

D isso lu t i on  Rate Analysis o f  Entrapment Products 

Three entrapment products were prepared us ing  a 1% l a t e x  8 (pH 

adjusted t o  3.0). 

Product P1: blhi le we l l  s t i r r e d ,  50 ml o f  a 4% chlorpromazine H C l  

aqueous so lu t i on  (pH adjusted t o  3.0) was added i n  5 m l  increments t o  400 

m l  o f  1% l a t e x  B. 

add i t ions .  Absolute a lcoho l  was then added t o  t h e  m ix tu re  i n  5 m l  i nc re -  

ment u n t i l  f l o c c u l a t i o n  was observed. The f l o c c u l e  was f i l t e r e d  and 

was d r i e d  overn igh t  a t  37 5 2'. 

was reduced us ing  a mortar and pes t le ,  and was separated i n t o  th ree  p a r t i c l e  

s i z e  ranges us ing  60, 80, and 100 mesh sieves. 

Two minutes s t i r r i n g  was al lowed between successive 

The o a r t i c l e  s i ze  of t he  d r i e d  f l o c c u l e  

Product P2: While we l l  s t i r r e d ,  400 m l  o f  1% l a t e x  B was added i n  

20 m l  increments t o  100 m l  o f  2% chlorpromazine HC1 aqueous s o l u t i o n  

(pH adjusted t o  3.0). Absolute a lcoho l  was then added t o  the  m ix tu re  i n  5 m l  
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32 YANG AND BANKER 

increment u n t i l  t he  f l o c c u l a t i o n  was observed. The d r i e d  f l o c c u l e  was 

separated i n t o  th ree  f r a c t i o n s  as before.  

Product P3: Th is  product was obtained i n  t h e  same manner as P2 

except t h a t  0.9008 g o f  succ in ic  a c i d  (equ i lmo lar  t o  2 g o f  chlorproma- 

z ine  H C l )  was added t o  chlorpromazine aqueous s o l u t i o n  and t h e  mix tu re  

was s t i r r e d  f o r  20 minutes before 1% l a t e x  B was added. The d r i e d  

f l o c c u l e  was seoarated i n t o  th ree  f r a c t i o n s  as before. 

D isso lu t i on  AODaratUS: The d i s s o l u t i o n  aoparatus employed was a flow- 

throuqh c e l l  assembly w i t h  accumulative r e s e r v o i r  (5). The d i s s o l u t i o n  

c e l l  i s  adapted from a M i l l i p o r e  f i l t e r ' .  

Drug D isso lu t i on  Rate Analysis:  The d i s s o l u t i o n  f l u i d  was USP 

simulated g a s t r i c  f l u i d  (w i thout  enzyme) which was regu la ted  t o  f l o w  

through the d i s s o l u t i o n  c e l l  a t  3.5 ml/min. 

conducted a t  37 5 2'. 

placed i n  the d i s s o l u t i o n  c e l l  which was h a l f - f i l l e d  w i t h  4 mn glass 

beads. Four m i l l i l i t e r s  o f  the  d i s s o l u t i o n  f l u i d  was withdrawn from 

the  rese rvo i r  a t  desiqnated t ime oo in ts ,  w i t h  t ime zero beinq taken as 

the  t ime when the f i r s t  drop o f  t h e  d i s s o l u t i o n  f l u i d  was re tu rned t c  

the  rese rvo i r .  

sample was determined spec t rophotomet r ica l l y  a t  255 nm. 

were re tu rned t o  the  rese rvo i r  a f t e r  ana lys is .  

P1 60/80 mesh f r a c t i o n  and < l o 0  mesh f r a c t i o n ,  P2 60/80 mesh f r a c t i o n ,  

and P3 60/80 mesh f r a c t i o n .  

The d i s s o l u t i o n  t e s t  was 

Exac t ly  100 mg o f  t he  entrapment product was 

The concent ra t ion  o f  chlorpromazine i n  the  withdrawn 

The samples 

The products tes ted  were 

Each t e s t  was run  i n  t r i p l i c a t e .  

Determination o f  To ta l  Amount o f  Drug Entrapped 

Exac t ly  100 mg o f  entrapment product was d isso lved i n  100 m l  o f  

75% ethanol .  

ohotomet r ica l l y  a t  258 nm a f t e r  appropr ia te  d i l u t i o n .  

The concent ra t ion  o f  chlorpromazine was determined spectro- 

1. Swinex - 25 U l t r a f i l t r a t i o n  Ce l l ,  M i l l i p o r e  Corp., Bedford, Mass. 
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MOLECULAR-SCALE DRUG ENTRAPMENT 33 

RESULTS AND DISCUSSION 

As shown i n  Figure 1 ,  the zeta potential of the par t ic les  of each 

latex decreased as the amount of chlorpromazine hydrochloride increased. 

Chlorpromazine ex is t s  oredominately in the cat ionic  form a t  pH 3.  

phenomenon can be explained by Stern ' s  e l e c t r i c  double layer model, 

where the cationic d r u g  i s  specif ical ly  adsorbed onto the negatively 

charged latex par t ic le  surfaces, and t h u s  net charges on the surfaces 

a re  reduced. 

This 

The resul ts  indicate t h a t  a b o u t  0 .75 ,  1 .5  and 2.0 mg of chlorpromazine 

hydrochloride a re  required to  bring the zeta potential o f  la tex A ,  B ,  

a n d  C t o  zero respectively. I t  should be noted that  no flocculation 

was observed a t  these levels ,  since these la tex par t ic les  a re  hydro- 

1 I 

0 0.5 1 .o 1.5 2.0 
-40 ! 

Amount of Chlorpromazine Hydrochloride (mg) 

Figure 1 

Zeta Potential of A, B ,  and C Latex Particles a t  Various Levels o f  
Chlorpromazine Hydrochloride Latex A, 0 Latex B ,  0 Latex C 
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34 YANG AND BANKER 

p h i l i c  and thus a r e  a l s o  protected by a hydration sheath i n  add i t ion  t o  

the  e l e c t r i c  double l a y e r .  

the  lowest drug addi t ion  to  bring t h e  zeta po ten t i a l  t o  zero.  The general 

coincidence between t h e  MAA r a t i o  and the  amount of added drug required t o  

bring the  zeta poten t ia l  o f  each l a t e x  t o  zero ,  i s  supporting evidence 

t h a t  the pa r t i a l  ion iza t ion  o f  the iondgenic carboxyl ic  groups i s  responsi-  

b l e  f o r  drug in t e rac t ion ,  r a t h e r  than any su r face  charge from sorbed 

an ionic  su r fac t an t .  

Latex A with the  lowest MAA conten t  required 

The r e s u l t s  i n  Table 2 show t h a t  the presence o f  d icarboxyl ic  ac id  

T h i s  r e s u l t  

Table IV 

alone decreases the  ze t a  poten t ia l  of t he  l a t e x  p a r t i c l e s .  

can be explained on t h e  bas i s  of an acid-base i n t e r a c t i o n .  

g ives the  d i s soc ia t ion  cons tan ts  f o r  t he  ac ids  involved, where (CH3)3CCOOH 

is used as  a re ference  compound f o r  t he  t e r t i a r y  carboxylic groups i n  

t he  polymer. Succinic and malonic ac ids  a r e  both s t ronger  ac ids  than 

the  t e r t i a r y  carboxylic groups i n  t h e  polymer cha in .  

t he  t e r i t i a r y  carboxylic groups i s  thus p a r t i a l l y  suppressed when e i t h e r  

succ in ic  o r  malonic ac id  i s  present .  This leads  t o  decreased su r face  

charges and thus a smal le r  ze ta  p o t e n t i a l .  

The ion iza t ion  of 

The r e s u l t s  shown i n  Table 111 i nd ica t e  t h a t  while the  presence 

o f  a s u i t a b l e  amount of  t he  c a t i o n i c  drug can reduce the  ze ta  po ten t i a l  

o f  l a t e x  p a r t i c l e s  t o  zero ,  t he  simultaneous presence of an equimolar 

Table I V  

Dissociation Constants of Acids 

pk a t  25' 
Acid 

Pkl pk2 

Succinic ac id  4.16 5.61 

Malonic ac id  2 .a9 5.69 

( C H ~ ) ~ C C O O H  5.05 ---- 
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MOLECULAR-SCALE DRUG ENTRAPMENT 35 

amount o f  a d icarboxyl ic  ac id  allows the maintenance of a nega t ive  

zeta po ten t i a l .  

ac id  and chlorpromazine decreases the  tendency o f  both t h e  acid-base 

in t e rac t ion  described i n  the previous sec t ion  and the  s p e c i f i c  adsorp t ion  

o f  t he  ca t ion ic  drug by the  l a t e x  p a r t i c l e s .  

Apparently, t he  i n t e r a c t i o n  between the  d icarboxyl ic  

Figure 2 shows a typical d i s so lu t ion  p r o f i l e  observed i n  this s tudy .  

Since a l l  d i s so lu t ion  p ro f i l e s  have shapes c h a r a c t e r i s t i c  o f  a f i r s t  

o rder  k ine t i c  process,  they were t r e a t e d  a s  such. 

k ine t i c s  f o r  this  sytem can be described by Eq. 1 :  

The f i r s t  order  

100 

g 50 

ti 
a! 

a! ta 

0 
0 40 80 120 160 200 207 

Time (minute) 

Figure 2 

Dissolution P r o f i l e  of Product P1 < l o 0  mesh f r a c t i o n  
i n  Simulated Gas t r ic  Fluid 
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(Eq. 1 )  C t  k mint log (1 - - ) = - 
cm 

where C_ i s  t he  amount o f  the  a v a i l a b l e  drug released a t  i n f i n i t e  time 

and Ct i s  the amount o f  ava i l ab le  d rug  released a t  t ime t. 

of l o g  (1 - Ct/C_) E. t should g i v e  a s t r a i g h t  l i n e  and k can be 

ca lcu la ted  from the  slope of t he  s t r a i q h t  l i n e .  

obtained usinq the l i n e a r  rearess ion  method i s  shown i n  F iqure  3. 
2 co r re la t i ons  are observed (R ranqes from 0.97 t o  0.99). 

Thus a p l o t  

A t y p i c a l  s t r a i g h t  l i n e  

Exce l len t  

2 

9 

U 
W v1 
m 
W 

W er 
+ r 
W 0 L 

- 

g 1  
W > 

* rn 
= 
V 

# 

0 
0 

CD 0 

r - 
5 

- e 
7 

0 
0 

Time (minute) 

Figure 3 

F i rs t -Order  K ine t i c  Treatment o f  D isso lu t i on  Data 
f o r  Product P1 < l o 0  mesh Frac t ion  i n  Simulated 
Gast r i c  F l u i d  
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S t a t i s t i c a l  analyses were conducted t o  t e s t  t h e  i d e n t i t y  (same slope 

and i n t e r c e p t )  o f  t he  f o l l o w i n g  th ree  p a i r s  o f  regression l i n e s  a t  t he  

95% confidence l e v e l  (6 ) :  

P1, 60/80 mesh and <lo0 mesh, 

P1 and P2, both 60/80 mesh, 

P2 and P3, both 60/80 mesh. 

The r e s u l t s  o f  t he  s t a t i s t i c a l  t reatment were: 

(a )  For P1, the  regression l i n e s  were s i g n i f i c a n t l y  d i f f e r e n t  f o r  the  

The slopes were a l s o  s i g n i f i c a n t l y  60/80 mesh and the  <lo0 mesh f r a c t i o n s .  

d i f f e r e n t ,  w i t h  the  slope o f  t he  <lo0 r e s h  f r a c t i o n  beinq l a rge r .  

e s s e n t i a l l y  i nd i ca tes  t h a t  as the  p a r t i c l e  s i z e  o f  t he  entrapment product i s  

decreased, the  r a t e  o f  t he  druq re lease i s  increased. 

due t o  the  l a r a e r  surface area o f  t he  smal le r  p a r t i c l e s .  

the  druq entrapped, however, remained t h e  same reoardless o f  t he  p a r t i c l e  

s i z e  (Table V ) .  

This  

Apparent ly t h i s  i s  

The t o t a l  amount o f  

(b )  There was no s i g n i f i c a n t  d i f f e r e n c e  between the  regress ion  l i n e s  

o f  t he  60/80 mesh f r a c t i o n s  o f  P1 and P2 products.  Therefore P1 and P2 

have the  same d i s s o l u t i o n  behavior even though the  order  o f  t he  a d d i t i o n  

o f  t he  drug s o l u t i o n  and the  1% l a t e x  was reversed. 

the  amount o f  drug released i n  the  s imulated g a s t r i c  f l u i d  from 100 mg of 

product and the  t o t a l  amount o f  drug entrapped i n  100 mg o f  product a re  the  

same. 

As a lso  shown i n  Table V ,  

( c )  There was a s i g n i f i c a n t  d i f f e r e n c e  between the  two regress ion  

l i n e s  f o r  60/80 mesh f r a c t i o n s  o f  P2 and P3 products. 

were no t  s i g n i f i c a n t l y  d i f f e r e n t .  

does have an e f f e c t  on the  p roper t i es  o f  products P2 and P3. The f a c t  t h a t  

the  two slopes, i .e., the  d i s s o l u t i o n  r a t e  constants, a re  no t  s i g n i f i c a n t l y  

d i f f e r e n t  suggests t h a t  succ in i c  a c i d  does no t  a f f e c t  t he  re lease r a t e  o f  

t he  drug from these two products. 

t he  regression l i n e s  i s  thus i n f e r r e d  from these s t a t i s t i c a l  t reatments.  

The slopes, however, 

Th is  i nd i ca tes  t h a t  t he  succ in i c  a c i d  

The d i f f e r e n c e  o f  t he  two i n t e r c e p t s  o f  
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The i n t e r c e p t  i s  r e l a t e d  t o  the amount o f  t he  drug i n i t i a l l y  a v a i l a b l e  f o r  

re lease i n  the  s imulated g a s t r i c  f l u i d ,  i.e., C_, which i s  t he  amount o f  

t he  druq re leased a t  i n f i n i t e  time. As shown i n  Table V, t h e  amount o f  

the  drug released from P3 was s i g n i f i c a n t l y  g rea ter  than the  amount released 

from P2. 

Table V a l s o  i nd i ca tes  t h a t  the  t o t a l  amount o f  drug entrapped i n  the  

product was s i g n i f i c a n t l y  g rea ter  f o r  t he  product con ta in ing  succ in i c  a c i d  

(P3) than f o r  the  product w i thou t  i t  (P2) .  Th is  i s  cons i s ten t  w i t h  the  

h igher  adsorp t ion  capac i ty  o f  t he  system when the  c a t i o n i c  drug and the  

d i ca rboxy l i c  a c i d  a re  s imultaneously present as i s  concluded fo rm the  zeta 

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

CONCLUSION 

S te rn ' s  e l e c t r i c  double l a y e r  model, which i s  used t o  i n t e r p r e t  the  

zeta p o t e n t i a l  resu l t s ,  assumes a Langmuir monomolecular l a y e r  adsorDt ion 

o f  the  drua on the  p a r t i c l e  surface, and the  Lanqmuir theory  p r o j e c t s  the 

desorpt ion k i n e t i c s  o f  such a system t o  be f i r s t  o rder .  The aqreement 

o f  t he  hyoothesized f i r s t  o rder  desoro t ion  and t h e  exper imenta l l y  de ter -  

mined f i r s t  o rder  d i s s o l u t i o n  o f  t he  druo i s  t he re fo re  n o t  su rp r i s inq .  

As t he  druq i s  beinrr re leased from the  p a r t i c l e s  i n  the  s imulated q a s t r i c  

f l u i d ,  the  low pH value (1.2) o f  t he  d i s s o l u t i o n  medium would r e s u l t  i n  

a hydrophobic surface around each p a r t i c l e  (due t o  the  supression o f  

t he  i o n i z a t i o n  o f  the surface ca rboxy l i c  groups). 

t he  p a r t i c l e s  remained dispersed throughout the  d i s s o l u t i o n  tes ts .  

drug released from the  p a r t i c l e s  would thus be l i m i t e d  t o  t h a t  on t h e  

p a r t i c l e  surface. 

f l u i d  would be equ iva len t  t o  the  desorp t ion  o f  the  drug from a p a r t i c l e  

surface. 

ions  onto the  polymeric l a t e x  p a r t i c l e s  bear ing an oppos i te  charge, occurs 

by charge a t t r a c t i o n ,  and can be fo l lowed by ze ta  p o t e n t i a l  measurements 

It was observed t h a t  

The 

Therefore the  drug re lease i n  the  s imulated g a s t r i c  

I n  t h i s  system, i t  i s  concluded t h a t  t he  adsorp t ion  of t h e  drug 
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o f  the colloidal oarticles. The mechanism by which the simultaneous pre- 

sence o f  equimolar dicarboxylic ion and druo ion increases the absorotion 

caaacity o f  the latex particles has been exnlained based on acid-base 

interactions. 
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