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ABST K ACT 

The e n t r a p m e n t  of d - p r o p o x y p h r n f ,  i n  e t h y l c e l l u l o s r  pseudo- 

l a t e x  s y s t p m s  was s t u d i r - . d .  Heat  o f  f us ion  m e a s u r e m e r i t s  were u s p d  

t o  d e t p r r n i n e  t h p  e x t e n t  of  m o l r c t ~ l a r  s c a l e  Pntrapment .  UhPn 

AHf  = 0 ,  t h e  d r u g  w a s  a s s u m e d  t o  hP PntrappPd on a m o l e c u l a r  

level  wh i l e  

of  c r y s t a l  s t r u c t u r e .  Z e t a  p o t e n t  is1 m e a s u r e m e n t s  werp a l s o  used  

t o  indicate t h e  p o i n t  of m a x i m u m  m t r a p r n p r i t  P f F i c i P n c v .  A [ p o d  

c o r r e l a t i o n  was oh ta i r ipd  h r t w r e n  z e t a  p o t e n t i a l  and h e a t  o f  

f u s i o n  rneasurPmPnts. 

S H f v a l u e s  g r p a t p r  t h a n  zero i n d i c a t e d  t h e  prwence 

437 

Copyright 0 1979 h y  Marcel Dekker ,  Inc All Rights Reserved. Neither this work  n o r  a n y  p r t  
may  be reproduced or transmitted in a n y  form or by any  means. electronic or mechanical. including 

'photocopying, microfilming, and recording, or by a n y  information storage and  retrieval system. 
without permission in  writing from the publisher. 

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



438 GURNY ET AL. 

INTRODUCT I flN 

Molecu la r  d i s p e r s i o n s  o f  a v a r i e t y  o f  t y p e s ,  have  i n c r e a s -  

i n g l y  been  employed f o r  e n t r a p m e n t  o f  d r u q s .  I n  some i n s t a n c e s ,  

t h e  q o a l  o f  m o l e c u l a r  d i s p e r s i o n  is t h e  enhancement  o f  t h e  d r u g ‘ s  

b i o a v a i l a b i l i t y .  For example ,  a s o l i d  s o l u t i o n  o f  g r i s e o f u l v i n  

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

marke ted  w i t h  enhanced  b i o a v a i l a b i l i t y .  O the r  m o l e c u l a r  d i s p e r -  

s i o n s  are d e s i g n e d  t o  p roduce  p r o l o n g e d  d r u g  re lease e f f e c t s .  

R e g a r d l e s s  o f  t h e  form o f  t h e  m o l e c u l a r  d i s p e r s i o n ,  o r  i t s  phar-  

m a c e u t i c a l  p u r p o s e ,  t h e  pe r fo rmance  o f  t h e  p r o d u c t  may be ex- 

p e c t e d  t o  be  r e l a t e d  t o  t h e  c o m p l e t e n e s s  o f  t h e  d i s p e r s i o n ,  j . e . ,  

t h e  p r e s e n c e  or  amount o f  c r y s t a l l i n e  d r u g  and i t s  r a t i o  t o  

m o l e c u l a r y  d i s p e r s e d  drug.  

a r e  needed  t o  c h a r a c t e r i z e  t h e  e n t r a p m e n t  r a t i o s  ( m o l e c u l a r l y  d i s -  

Improved p h y s i c a l - a n a l y t i c a l  methods 

p e r s e d  t o  c r y s t a l l i n e  d r u g )  f o r  q u a l i t y  c o n t r o l  p u r p o s e s .  Ad- 

d i t i o n a l l y ,  s u c h  methods are needed  f o r  r e s e a r c h  and  development  

p u r p o s e s  t o  s t u d y  new m o l e c u l a r  d i s p e r s i o n  s y s t e m s  u t i l i z i n g  new 

d r u g s  i n  e s t a b l i s h e d  systems; t o  d e v e l o p  new o r  improved systems 

( u t i l i z i n g  FDA approved  po lymers  f o r  e x a m p l e ) ,  o r  t o  e v a l u a t e  t h e  

b e s t  p r o c e s s i n g  methods for  t h e  maximum m o l e c u l a r  d i s p e r s i o n .  

MF THODS 

Latex P r e p a r a t i o n  - E t h y l c e l l u l o s e ,  premium g r a d e ,  ( 1 0  c p s )  was 

p r e p a r e d  a s  a p s e u d o l a t e x  as p r e v i o u s l y  d e s c r i b e d  ( 8 ) .  A model 

d r u g ,  propoxyphene ( E l i  L i l l y  Co.) was e n t r a p p e d  from an  o r g a n i c  

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

(1-7) .  
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ENTRAPMENT EFFICIENCY 439 

Determinat ion o f  Zeta p o t e n t i a l  - One-half gram o f  each pseudo- 

l a t e x  was d i l u t e d  i n  50 m l  o f  d i s t i l l e d  water and the ze ta  poten- 

t i a l  was determined using a.Zeta-Meter a t  50 V a t  2Z0C 2 0.5. 

The count ing scale used was 8X and the t o t a l  magn i f i ca t ion  was 

1 2 O X .  

r;'mhos/cm. The zeta p o t e n t i a l s  were ca lcu la ted  from the e lec t ro -  

pho re t i c  m o b i l i t i e s  using the Helmholtz-Smuluchoski equat ion . 
I n  a l l  cases the p a r t i c l e  analyzed was negat ive ly  charged. A t  

l e a s t  th ree  r e p l i c a t e s  were made f o r  each pseudolatex. 

Measurement o f  the  t r a n s i t i o n  enerqy, AHf ,  o f  the d-propoxyphene 

i n  the d r i e d  l a t e x  - Pseudolat ic ies conta in ing  var ious amounts o f  

d-propoxyphene were evaporated t o  dryness i n  a r o t a r y  evaporator 

a t  45'. The water remaining was l e s s  than 1% as determined by a 

moisture balance. 

w i t h  a d i f f e r e n t i a l  scanning ca lo r imeter  c a l i b r a t e d  with Indium. 

For a l l  samples the s p e c i f i c  conductance was under 20 

9 

The temperature o f  t r a n s i t i o n "  was determined 

The measurement o f  the area under the curve provided the d i r e c t  

base f o r  the c a l c u l a t i o n  o f  the  energy needed f o r  the t r a n s i t i o n ,  

AHf .  The determinat ion o f  the  area was done by measuring the 

weight o f  the endothermic peaks of the l a t e +  and subsequent com- 

par ison  w i t h  the standard Indium peak. The heat o f  t r a n s i t i o n  

was ca lcu la ted  by the f o l l o w i n g  general equation'': 

AHf st 'st aAsa 

AHf sa - 
'sa * Ast, 

where 

AHf sa = T rans i t i on  energy of: sample 

T rans i t i on  energy o f  standard AHf st 
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41rO GURNY ET AL. 

I . /e igh t  of s t a n d a r d  

= i i e i q h t  o f  sample 

= Area of  peak  o f  s t a n d a r d  

( s t  

i j i  

4 7 t  

i = Area of  qeak of  sample  
5 c i  

i t  l ea s t  s i x  r e p l i c a t e s  were made f o r  e a c h  d -p ropoxyphene /e thy l -  

c c l l u l o s e  p s e u d o l a t e x .  

X-i’?\, D i f f r a c t i o n  S tudy  o f  Polymer C o n t a i n i n q  Oruq - X-ray d i f -  

t r d L t l o n  p a t t p r n s  were ob ta i r i ed  w i t h  coppe r  K-2 r a d i a t l o n  qen- 

p r a t e d  a t  JOflnn I us inq  a Genera l  Electr ic  XRD-5 source- and the- 

r i rnr>ral  F lcc t r ic  powder d i f f r a c t i o r i  campra,  143.2 mm d i a m e t p r .  

t h l f  m i l l i m ~ t e r  q l a s s  c a p i l l a r v  t u b e s  were used t o  r o t a t e -  t h e  

~rnplr i n  t h e  beam over  d 2& hour  p e r i o d .  

pH ’lr-dsurerwnt - All pH d e t e r m i n a t i o n s  were- made on a pH meter 

‘ ) i r c jpn t -L l r l rh  mod. 1 X X )  equ ioped  w i t h  d q l a s s  el~ctrode ( S a r q e n t -  

, i ~ l ~ h  type  5 - 3CIIIFL - 1 5 )  a t  2L°C. 

RESULTS AND DI5CUSSIOY 

i l o l e c u l a r  s c a l e  en t r apmen t  i m p l i e s  t h a t  t h e  c r y s t a l  s t r u c -  

t t J r P  o f  t h e  d r u q  h a 5  berrl e l i m i r r d t e d  durir iq  t h e  en t r apmen t  p ro -  

cesr,. i t  IS o b v i o u s  t h a t  l o s s  of c r y s t a l  s t r u c t u r e  w i l l  a lways  

occur  whpn a d ruq  i s  s u b d i v i d e d  t o  a m o l e c u l a r  l e v e l .  The h e a t  

nf fu:,ion, t h r n ,  s h o u l d  change from a f i n i t e  v a l u p  f o r  the- normal 

c r y s t a l l i n e  solid ( o r  f o r  t h a t  matter an  amorphous s o l i d ) ,  t o  

zPro when t h e  solid is d i s p e r s e d  on a m o l e c u l a r  levP1.  I n  t h e  

l a t t p r  case t h e w  ic; no hond eriprgy t o  he  ovrrcorn? as  t h i s  was 

a r rompl  i s h e d  d u r i n g  t h e  e n t r a p m e n t  p r n c e s s ,  u s u a l l y  by s o l u t i o n  

o f  thP rlruq. T h e r e f o r e ,  t h e  maqn i tude  o f  AH f o r  e n t r a p p e d  druq 
f 
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ENTRAPMENT EFFICIENCY 44 1 

s h o u l d  p e r m i t  a d e t p r m i n a t i o n  of t h e  e x t e n t  o f  m n l e ~ i ~ l a r  s c a l e  

d r u q  e n t r a p m e n t ,  i . p . ,  i f  A H  - f ) ,  t h e  d ruq  i s  m o l e c u l a r l y  e n t r a p -  

pPd w h i l e  a A H f  

shows t h e  r e l a t i o n s h i p  between &If f o r  d-propoxyphene i n  P t h y l -  

c e l l u l o s e  and its c o n c e n t r a t i o n  i n  r t h y l c ~ l l u l o s e .  I t  can  he  

s e e n  t h a t  AH approaches  z e r o  when t h e  c o n c e n t r a t i o n  o f  d-propoxy- 

phene is a p p r o x i m a t e l y  21%. T h i s  would i n d i c a t e  t h a t  a t  concen- 

t r a t i o n s  up t o  21E, t h e  d-propoxyphene is e n t r a p p e d  on a rnol.ecu- 

l a r  l e v e l .  Beyond t h i s  l e v e l  t h e  polymer.  e t h y l c e l l . u l o s e ,  and /o r  

t h e  p r o c e s s  is no l o n q e r  c a p a b l e  of e f f i c i e n t l y  e n t r a p p i n q  t h e  

d-oropoxyphene on a m o l e c u l a r  s c a l e .  The e x c e s s  d-propoxyphene 

r ema ins  a s  a c r y s t a l l i n e  s o l i d  which is e v i d e n c e d  by a AH > O  

f o r  v a l u e s  g r e a t e r  t h a n  21%. 

f - -  

0 i n d i c a t e s  c r y s t a l  s t r u c t u r e  rpmairis. Fiqi i re  1 

f 

f 

An i n t e r e s t i n g  method f o r  c o r r o b o r a t i n g  the  above a n a l y s i s  

is t h e  measurement o f  t h e  z e t a  p o t e n t i a l  o f  l a t i c i e s  c o n t a i n i n o  

v a r i o u s  c o n c e n t r a t i o n s  o f  d-propoxyphene. 

weak b a s e  w i t h  a pK At.  pH's below t h e  pka i t  w i l l  t h e n  

be  p o s i t i v e l y  cha rqed  and n e u t r a l  a t  pH ' s  above t h e  pK . For t h e  

f o l l o w i n g  d i s c u s s i o n  i t  is  import.ant, t o  remember from t h e  Exper i -  

men ta l  s e c t i o n  t h a t  e a c h  of  t h e  l a t i c i e s  c o n t a i n s  sodium l a u r y l  

s u l f a t e .  The f i n a l  sodium a u r y l  s u l f a t e  c o n c e n t r a t i o n  a f t e r  

s o l v p n t  e v a p o r a t i o n  was 1%. 

d-Propoxyphenp is a 

o f  9 .25 .  

a 

Cons ide r  t h e  p a r t i c l e s  i n  a pH 8.7 env i ronmen t  dep ic t . ed  i n  

F i q u r e  2 .  As t h e  c o n c e n t r a t i o n  o f  p o s i t i v e l y  cha rqed  d-propoxy- 

phene i n c r e a s e s ,  t h e  c o n c e n t r a t i o n  o f  l a u r y l  s u l f a t e  c o u n t e r  i o n s  

a t  the s u r f a c e  o f  t h e  l a t e x  p a r t i c l e  w i l l  i n c r e a s e .  The s u r f a c e  
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444 GURNY ET AL. 

c o n c e n t r a t i o n  o f  t h e  l a u r v l  s u l f a t e  i o n s  w i l l  r each  a maximurn 

when the  en t rapped  d-propoxyphene reaches a maximum, i . e .  2 l o 0 .  

As the  c o n c e n t r a t i o n  o f  d-propoxvphene is i nc reased  f u r t h p r  t h e  

excess c o n c e n t r a t i o n  above 21"0 qoes i n t o  t h e  b u l k  s o l u t i o n  and 

beg ins  t o  draw l a u r y l  s u l f a t e  i o n s  away f rom t h e  polvmer su r face .  

I f  F i q u r e  2 i s  r e p r e s e n t a t i v e  o f  t he  pntrapment o f  d-rirp- 

poxyphene, t h e  z e t a  p o t e n t i a l  o f  t h e  l a t e x  shou ld  become more 

n e q a t i v e  up t o  t h e  p o i n t  o f  maximum entrapment ,  and t h e n  dpcrpase 

'with f u r t h e r  i n c r e a s e s  i n  t h e  d-propoxyphene Concen t ra t i on .  Th is  

Qhenomena is shown i n  F i q u r e  2 w i t h  t h e  l i n e  f o r  DH 8 .7  shoigincl 

the behav io r  d e s c r i b e d  above. The p o i n t  o f  maximum r e t a  potpn-  

t i a l ,  co r rpspond inq  t o  maximurn mo lec t i l a r  sca lp  m t r w m p n t .  l i e s  

between 2Ln0 and 2400. Th is  corresponds v e r \  w e l l  w i t h  t h e  2 1 " ~  

o b t a i n e d  f rom W f  data.  

A t  p l i ' s  above t h e  pKa, t h P  d-propoxvphpne mnlerules d r P  

n e u t r a l  and t h e  z e t a  p o t e n t i a l  o f  t h e  l a t e x  shou ld  bp independent 

o f  t h e  d-propoxyphene c o n c e n t r a t i o n .  T h i s  is r o n f i r m e d  h\ w t a  

p o t ~ n t i a l s  determined a t  pH 10 a s  shown i n  F i q t i r ~  2 .  

X-rav s t u d i e s  a l s o  c o n f i r m  t h e  above da ta .  A t  206 d-pronox- 

yphene added, t h e  powder d i f f r a c t i o n  s tudy  showed no ev idence o f  

c r y s t a l l i n i t y ;  however, c r b s t a l l i n i t y  i s  p r e s e n t  a t  t h e  &On., l e v e l .  

COkCLUSION 

The d e t e r m i n a t i o n  o f  LH is an e x c e l l e n t  method f o r  d e t e r -  
f 

rnininq t h e  maximum entrapment e f f i c i e n c )  f o r  d-propoxiphrne.  The 

H va lues  remain zero as l o n q  RS t h e  polvmer is a b l e  t o  c n t i a p  

t h e  added drug;  once t h e  polvmers maximum c a p a c i t \  has been reach- 
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e d ,  however ,  non-zero v a l u e s  of AH are o b t a i n e d .  

a n a l y s i s  is most l i k e l y  a p p l i c a b l e  t o  o t h e r  d r u g s  a s  well. 

T h i s  t y p e  o f  f 

For a c h a r g e d  d r u g ,  z e t a  p o t e n t i a l  measurement a l s o  i n d i -  

cates t h e  p o i n t  of maximum e n t r a p m e n t  e f f i c i e n c y .  

n o t e d  t h a t  a n  added b e n e f i t  a c c r u e s  from t h e  e n t r a p m e n t  o f  p o s i -  

t i v e l y  c h a r g e d  d-propoxyphene a s  t h e  p o i n t  of maximum e n t r a p m e n t  

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

A d d i t i o n a l  s t u d i e s  i n v o l v i n g  o t h e r  d r u g s  a r e  present1.y i n  pro-  

gress. 

I t  s h o u l d  be 

1. 

2. 

3. 

4 .  

5.  

6. 

7 .  

8. 

9 .  

10. 
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