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Benzyloxiamine was used as an ampholytic drug model to 
study the in vitro drug release f r o m  films i n  a function 
of pH. Two films based on commercial acrylic dispersions 
ScopacrylR and EudragitR were used as drug carriers. The 
films investigated were produced by a solvent east tech- 
nique. The pH into the films was adjusted at every expe- 
riment before cast, 
To understand the factors governing the release of the 
ampholytic drug its protonation/ionization macro- and 
microconstants have been determined. The protoriation 
macroconatants determined were log K , =  7.80, lo@ K2 
= 4-26 and log B2= 12.06. The microconstants calculated 
were log K = 7.79, log Ka= 4.74, l o g  Ka= '7.33 and log K: 
= 4.29. 
The release data could be interpreted by taking into ac- 
count species concentrations calculated by use these 
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1664 DITTGEN, NOSZAL, AND STAMPF 

constants on the one hand and the velocity and diffu- 
sion coefficients on the other, 

INTHODUCTION 

Drugs are often incorporated in acrylic films as 
part of a transdermal delivery system (2, 6, 8, 1 4 ) .  

Following the drug on its pathway from the film into 
the interphase formed with the horney layer the first 
step comprises the dissolution and diffusion ( 1 ) .  
Hiquchi (3) indicated that the chief driving force 
for diffusion is the thermodynamic activity, which 
for a weakly acidic drug is inversely proportional 
t o  the term lopH. Pflegel et al. (12) observed an 
increase in the permeation of an acidic drug through 
an acrylic film when the pH WAS decreased and a de- 
crease in the permeation of a basic drug respectiv- 
ly when the pH was increased. 
Summarizina these results one can state that the 
diffusion respectivly permeation of a drug through 
an acrylic film occurs by a partition process of 
the undissociated drug, 
It is known that the incorporetion of drugs into 
acrylic films makes possible the preparation of Va- 

rious compositions with an inside pH in a wide sca- 
le ( 2 ) -  But the question was not decided how the 
drug release depends on its ionization degree. 
The objective of this study was to determine the 
influence of pH on the release of an ampholytie drug 
f r o m  acrylic films, using 2-hydroxy-5-carbomethoxy- 
benzyloxyamine as a model compound, For t h i s  reason 
the compound w a s  incorporated in films based on two 
commercial. acrylic dispersions. The pH of the film 
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RELEASE OF AN AMPHOLYTIC DRUG 1665 

h a s  been a d j u s t e d  by modi fy ing  t h e  f i lm  f o r m i n g  materi- 
a l  b e f o r e  c a s t .  S i n c e  benzyloxyamine may a c t  i n  f o u r  
microforms,  f i rs t  w e  s t u d i e d  i t s  i o n i z a t i o n  r e s p e c t i v l y  
p r o t o n a t i o n  p r o c e s s  a t  t h e  l e v e l  of m i c r o e q u i l i b r i a .  

I~;BTEI~IALS D LZ3i’LjdlIS 

Ch e m i  cala 

Benzyloxyamine was o b t a i n e d  from t h e  Drug Alesearch In-  
s t i t u t e  of  budapes t  ( 5 ) .  Its good a b s o r p t i o n  from seve- 
r a l  dosage  fo rms  w a s  s t a t e d  e a r l i e r  ( 1 3 ) .  

i ko  commercial  a c r y l i c  copolymers  s e r v e d  as f i l m  f o r -  
ming m a t e r i a l s :  P M A ,  E u d r a g i t  A 30 D (~iohm l’hurma Gmbli 
Damstadt, L’RG) and PAA, Scopacry l  D 340 (;dB \:hemi- 
s c h e  .‘ierke Buna ,  G311). The p r e p a r a t i o n  OL’ t h e  f i l m s  
WAS c a r r i e d  o u t  by zi s o l v e n t  cast  t e c h n i q u e  ris d e s c r i -  
bed e a r l i e r  ( 2 ) .  
A l l  t h e  i n o r g a n i c  chemica l s  were of  a n c l l j t i c a l  g r a d e  
and f rom L<ednal, Budapes t ,  Ilungary . 
Dete rmina t ion  of’ macro- and  m i c r o c o n s t a n t s  - 

The pIiJnetr5.c t i t r a t i o n s  were  c a r r i e d  o u t  a t  c o n s t a n t  
i o n i c  s t r e n g t h  w i t h  0.1 :,‘Id~n-~ NaOH and  L7. 1 ivldm-’ i i d  

s o l u t i o n s  as w e l l  as 0.4 R:d~n-~ LdaCl as a u x i l i a r y  elec- 
t r o l y t e .  The pH w a s  measured by dad iomete r  pI1-I 64  re- 
s e a r c h  pH meter and  Ingo ld  104d53059 combined e l e c t r o -  
de. Lt t i t r a t i o n s  t h e  t empera tu re  ha8 Kept c o n s t a n t  by 
u l t r a t h e r m o s t a t  a t  25.1) - 0.1 O C .  

S p e c t r a  w e r e  r e c o r d e d  by Specord  UV-VlS  s p e c  t rophoto-  
meter, ‘GI3 Gar1 Zeiss dena ,  C I A  

+ 

Drug release 

The d r u g  release w a s  fo l lowed  as descr ibed ea r l i e r  ( 2 ) .  
The amount of  d rug  r e l e a s e d  was determined  spec: t ropho-  
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1666 DITTGEN, NOSZAL, AND STAMPF 

t o m e t r i c a l l y  a t  258 nm. The amount of drug r e l e a s e d  w a s  
c a l c u l a t e d  and p l o t t e d  88 a f u n e t i o n  of squa re  root of 
t i m e  on a personal  computer HP 85 ( H e w l e t t  Packard Cor- 
v a l I i a ,  Oregon 97330, USA). 
U t i l i z i n g  t h e  s l o p e  of t h e  s t r a i g h t  l i n e  of t h i s  p l o t  
t h e  apparent  d i f f u s i o n  c o e f f i c i e n t  w a s  determined by a 
modif icated Higuchi equat ion  ( 4 ) :  

a' T D =  
(2co12 

D = apparent  d i f f u s i o n  c o e f f i c i e n t  ( c m  2 s - 1 )  

a = veloc i ty  c o e f f i c i e n t  (Me crn'?s'O*' ) 
co = i n i t i a l  drug concent ra t ion  (2.8- l O - % ~ c m - ~ I  

RESULTS AND DISCUSSION 

Benzyloxyamine may act  i n  f o u r  microforms (F igure  1 ) .  
Consider t h e  complete i o n i z a t i o n  scheme the macro- and 
microcons tan ts  and t h e i r  r e l a t i o n s  ( 9 )  are as follows: 

K1 = kf+ k8 (Eq. 5 )  

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



RELEASE OF AN AMPHOLYTIC DRUG 1 6 6 7  

'OB 9 
-0 

C O O C H ~  

B' - K1 - BH - - BH: 
K2 

FIGURE 1 

Scheme of p ro tona t ion  mic roequ i l ib r i a  f o r  Eenzyloxyamine 

The s u p e r s c r i p t s  of k microconstants  i n d i c a t e  t h e  pro- 
t ona t ion  group i n  t h e  given process  (a  = amino, f = 
pheno la t e ) ,  whi:Le s u b s c r i p t s  if any s t and  f o r  t h e  group 
ho ld ina  a l ready  proton. 
The pro tona t ion  macroconstants of Benzyloxyamine could 
be determined by pH-metry: 

+ log K1 = 7.80 - 0.02 

l o g  K2 = 4.26 2 0.03 
+ l o g  B2 = 112.06 - 0.05 
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1668 D I T T G E N ,  N O S Z A L  , AND S T A M P F  

The pH-dependent W spectra show that the proton disso- 
ciation around pH = 7.8 is accompanied by the appearance 
of a band at 298 nm, while the other band at 256 nm di- 
minishes. On the other hand protonation around pH = 4.26 
causes only slight spectral change. On this basis it is 
obvious that the process at pH = 7.8 can be assigned to 
the phenolate group. The more than three orders of mag- 
nitude difference between the protonation macroconstants 
indicate that the minor protonation isomer species 

-OBH+ occurs in a very l o w  concentration. For this 
reason the determination of microconstants is not fea- 
sible f r o m  pH-metric and spectroscopic data only. Consi- 
derations € o r  microconstants of related molecules, name- 
ly tyrosine derivatives, are also necessary. 
The effect of one group on the basicity of the other 
group in a molecule is expressed by the difference bet- 
ween the log microconstants of the same group. This va- 
lued by Eq.11 for para-tyrosine is 0.38. 

~ 1 0 8  k = l o g  k f - l o g  k: = log ka- l o g  kf" (Eq .11)  

The analogous data for meta-tyrosine is 0.42 (7). ionse- 
quently, the effect of the meta-para relocation of the 
phenolic hydroxyl results in an 0.42 - 0.38 = 0.04 in- 
crease of & l o g  k. The meta-ortho modification certain- 
ly causes a similar change. Accordingly, at Benzyloxy- 
amine the effect of the neighboring group can be esti- 
mated as & l o g  k = 0.42 + 9.04 = 0.46. L'sing this value 
and the macroconstants, the microconstants could be 
calculated: 

l o g  kf = 7.79 

l o g  kfa = 7.33 

log ka = 4.74 

log kp = 4.29 a 

The microconstants made possible the calcula-tion of 
microspecies concentrations (Table 1 ) .  The relative 
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RELEASE OF AN AMPHOLYTIC DRUG 1669 

i i e l a t i v e  c o n c e n t r * + t i o n s  of denzyloxyamine milzrospecies  

as a f u n c t i o n  of  p;i, i n  - 1 o p V  u n i t s  

p! I OA- IIOB -0Em+ liOBIi+ 

0 12.0d 

L 3 8.08 
4 4.26 
5 2.8’3 
6 1 .a1 
7 9.86 
u 0.21 2 
9 0.026 

10 C. 332’7 
1 2  0. OOO(3 2 7 
1 4  i.I.O~d:Jc)O 2 7 

4.29 
2.29 
0.473 
0.086 
0.024 
0.075 
0.422 
1.24 
2.21 
4.21 
6.21 

7.34 0.00002 
5.74 0 002’3 
9.52 (I. 1 83 
3-11 (1.796 
3.075 .I .73 
3.12 2.78 
3.47 4.13 
4.2b 5.95 
5.26 7 .92  
7.26 111.92 
9.26 15.92 

c o n c e n t r a t i o n s  ‘;$ 
i n  p e r c e n t a g e  b;y Eq. 12. 

can  be c o n v e r t e d  i n t o  c o n c e n t r a t i o n s  

C%l (13q. 1 2 )  

The pH a t  which t h e  z w i t t e r  i o n  c o n c e n t r a t i o n  is a ma- 
x i m u m  Is known as t h e  i s o e l e c t r i c  p o i n t .  ‘The l h e s  la-  
b e l l e d  IiObIi+ and 
(T’ig.2) i n t e r s e c t  a t  t h e  i s o e l e c t r i c  p o i n t  ( Id:). The 
macrocons tan t s  #could a l s o  be  used  t o  ca l cu la t e  t h e  
i s o e l e c t r i c  p o i n t  by use Eq.13 (10).  

- GB in R l o g  qf v e r s u s  pH dia.gi?sm 
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1670 D I T T G E N ,  NOSZAL,  AND STAMPF 

0 

-4 

-6 

-8 

-1 0 

-1  2 
0 4 8 . 1 2 &  

FIGURE 2 

Dis t r ibu t ion  of Benzyloxyamine microspecies (log?) 
i n  t he  func t ion  of pH 

However, it is important t h a t  i n  b io log ica l  processes 
the  dominating microspecies is not  necessar i ly  t h e  re- 
a c t i v e  one ( 1  1 >. 
A follow-up t o  t h i s  p a r t  of t h e  experiment t h e  release 
p rope r t i e s  of t h e  films were determined by means a me- 
thod described e a r l i e r  (2 ) .  I n  the  t i m e  period from 30 
t o  390 min the re  was i n  all cases  a l i n e a r  r e l a t ion -  
s h i p  between t h e  amount o f  t h e  drug re leased  and t h e  
square root  of t i m e  i n  accordance w i t h  the model pro- 
posed by Higuchi  (4) (Fig.3). 
The s lope of t h e  s t r a i g h t  l i n e s  a,  a f te r  Kehne e t  a l .  

( 6 )  a l s o  c a l l e d  ve loc i ty  coe f f i c i en t , can  be used t o  
ca l cu la t e  the apparent d i f fus ion  c o e f f i c i e n t  D (Eq.1). 
D ca lcu la ted  i n  t h i s  way ranged f r o m  0.17 t o  9.78.10-' 
f o r  PMA and from 0.35 t o  3.29*10-9 Cm2S-' f o r  PAA. 
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RELEASE OF AN AMPHOLYTIC DRUG 1 6 7 1  

'1GUR.E 3 
Amount of drug r e l e a s e d  mt v e r s u s  t O.5 (PA.A f i l m s )  

For  both types  of f i l m s  a w a s  p l o t t e d  as a f u n c t i o n  of  
t h e  f i l m  pH (Ff~g-4)*  
I n  both c a s e s  t h e  curves  c a l c u l a t e d  show i n  t h e  b a s i c  pH 
range upward tendency a t  g r e a t e r  pH va lues .  Besides  t h e  
r e l e a s e  from t h e  PMA-films i n c r e a s e s  a g a i n  below pH 6 .  
The PAA-films a r e  i n s t a b l e  a t  t h i s  pH range. 
It w a s  obvious t h a t  t h e  change noted i n  t h e  v e l o c i t y  co- 
e f f i c i e n t s  depends on t h e  pI1 and t h e  HOB c o n c e n t r a t i o n  
r e s p e c t i v l y  t h e  c o n c e n t r a t i o n  of i o n i z i n g  drug: CI. CI 
w a s  c a l c u l a t e d  by use Eq.12 and 1 4  as fo l lows:  

CI = 100 - Cr,l(HOB) [ %  1 (Eq. 14)  

F o r  t h e  pH range from 7 t o  1 2  and both types  of f i l m s  CI 
w a s  p l o t t e d  as a f u n c t i o n  of t h e  f i l m  pH (2567.5).  I n  t h e  
same way the  r e l a t i v e  v e l o c i t y  c o e f f i c i e n t s  a r e  p l o t t e d .  
They are c a l c u l a t e d  by Eq.15. 

a'= - a a -100 b I (Eq. 15)  
max 
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D I T T G E N ,  NOSZAL, AND STAMPF 

-- 

d 

0 
€ 
L1 

0 

Bp” PMA 

F I G U R 3  4 

Relationship between velocity coefficients a and pH of 
PMA- and PiG- films 

100- 

9 -  

80- 

. 
a 
VI 

u” - 

60- 

40 - 
- 

20- 

FIGURE 5 

Relationship between the concentration of ionizing drug 
CI, the  relative velocity coefficients a’ and pH 
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RELEASE OF AN AMPHOLYTIC DRUG 1673 

CI and a' are i n  aereement i n  t h e i r  change wi th  the  pH 
similar t o  a t i t r a t i o n  curve. These r e s u l t s  are  i n  gene- 
r a l  agreement with t h e  work of  W l e g e l  e t  a l .  (12) .  

J h i l s t  t h e  au tho r s  hAVe found an inc rease  o f  permeation 
ra te  when t h e  drug i o n i z a t i o n  w a s  decreased i t  was J u s t  
i n  t he  r e l e a s e  ? rocem t h e  o t h e r  way round. 

CONCLUSIONS 

On t h e  b a s i s  o f  t h e  microconstants  as w e l l  as t h e  pH- 
me t r i c  and spec t roscopic  r e s u l t s  t h e  acid-base proper- 
t i e s  of Benzyloxy2mine can be summarized as fo l lows:  
- The HOB-form1 predominating i n  n e u t r a l  s o l u t i o n  con- 

t a i n s  phenolic hydroxyl and aminooxy groups8 which 

a r e  a b l e  t o  d i s s o c i a t e  and pro tona te ,  r e spec t ive ly .  
OB and a t  low pH t h e  

c a t i o n i c  HOBH s p e c i e s  are i n  overwhelming majori ty .  
- At n e u t r a l  pIi two isomeric  spec ie s ,  t h e  n e u t r a l  HOB 

and t h e  z w i t t e r i o n i c  OBI$+ predominate, of which tidB 
i s  the  more abundant one. 

- - I n  b a s i c  s o l u t i o n  t h e  an ion ic  
+ 

- 

On t h e  b a s i s  of  our  experimental  drug release d a t a  com- 
pared to t h e  r e s u l t s  of P f l e g e l  et ~ 1 .  ( 1 2 )  permeation 
s t u d i e s  on PAA-films t h e  fo l lowing  conclusions cou ld  be 
drawn : 

- The v e l o c i t y  c o e f f i c i e n t s  depend on t h e  concent ra t ion  
of t h e  i o n i z i n g  drug and t h e  h igher  CI, t h e  g r e a t e r  a 
and t h e  rate of t h e  drug re leased.  

- This  e f f e c t  i s  independent on t h e  f i l m  formi-ng mate- 
r ia l ,  b u t  a t  t he  same pH t h e  r e l e a s e  from PNN-films 
i s  greater than from PAA-films. 

- The da ta  obtained sugges t  t h a t  t h e  drug r e l e a s e  f r o m  
a c r y l i c  films f o l l o w s  a d i s s o l u t i o n  mec:hanism w h i l s t  
t h e  permeation through t h e  films fo l lows  a such one 
o f  p a r t i t i o n .  
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