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ABSTRACT 

A pseudolatex based sys tem for  t ransdermal  delivery (PL- 
ISDN-0) of isosorbide d i n i t r a t e  (ISDN) was developed for  i t s  pro- 
longed and control led sys temic  availabil i ty.  To achieve  t h e  desired 
and control led r e l e a s e  r a t e ,  d i f f e r e n t  combinat ions of Eudragi t  
I? L-100 and polyvinylpyrrolidone were  used in t h e  prepara t ion  
of pseudolat ices  polymeric  dispersions. These  prepara t ions  were  
eva lua ted  f o r  in-vitro re lease  and permeat ion  of t h e  drug  across  
human c a d a v a r  skin. The designed s y s t e m s  exhibi ted l inear  re la t ion-  
ship be tween drug  r e l e a s e  (Q) Vs 0.80 func t ion  of t i m e  ( t  

-- 
0.80). 

The product  exhibit ing required skin permeat ion  (500 rncg/h/ 
100 mg) ca lcu la ted  to  achieve  a n  effective plasma concent ra t ion  
was s e l e c t e d  f o r  t h e  -- in-vivo p e r f o r m a n c e  evaluat ion.  T h e  drug 
plasma prof i le  was compared  with t h e  plasma prof i le  obtained 
following t h e  adminis t ra t ion  of convent ional  ora l  dose of isosorbide 
d in i t ra te .  

The s tudy revea led  t h a t  designed pseudolatex t ransdermal  
drug  del ivery sys tem of isosorbide d i n i t r a t e  could be used success- 
fully with improved per formance .  

INTRODUCTION 

The d e r m a l  r o u t e  of drug  del ivery o f f e r s  i t s  own advantages  
over  o t h e r  routes  of drug  adminis t ra t ion.  Beside convenience 
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102 W A S  ET AL. 

e n h a n c e d  a n d  c o n t r o l l e d  t h e r a p e u t i c  r e s p o n s e  h a s  b e e n  r e c o r d e d  ( I ) .  

R e c e n t  p rogres s  in t r a n s d e r m a l  de l ive ry  s y s t e m  (TDS) i s  r e p r e s e n t e d  
by t h e  d e v e l o p m e n t  of n i t r o g l y c e r i n e  t r a n s d e r m a l  d e l i v e r y  s y s t e m  
such  as, T r a n s d e r m - N i t r o  (21, Nit ro-Dur  (3) a n d  Ni t rod i sc  (4). 
T h e s e  sys t e rns  were des igned  to  r e g u l a t e  t h e  r e l e a s e  of t h e  d r u g  
f r o m  t h e  s y s t e m  a n d  a b s o r p t i o n  of r e l e a s e d  d r u g  a c r o s s  t h e  skin.  
R e c e n t l y  t h e  t o p i c a l  p r e p a r a t i o n s  of l i doca ine ,  e p h e d r i n e  a n d  diclo- 
f e n a c  based  o n  p s e u d o l a t i c e s  (5 -8 )  h a v e  b e e n  d iscussed .  T h e  d r u g  
in s u c h  s y s t e m s  is known to  b e  d i spe r sed  at molecu la r  l eve l  o f f e r -  
ing  p rec i sed  a n d  c o n t r o l l e d  d r u g  de l ive ry .  T h e  p s e u d o l a t e x  d isper -  
s ion  fo l lowing  a p p l i c a t i o n s  on sk in ,  d r i e s  and o f f e r s  t h e  oppor tun i ty  
to  p r o d u c e  a highly s u b s t a n t i v e  c l e a r ,  c o n t i n u o u s  a n d  v i r tua l ly  
inv is ib le  f i l m  c o n t a i n i n g  molecu la r ly  d i s p e r s e d  d r u g  (9). 

T h e  p r e s e n t  s t u d y  w a s  a n  a t t e m p t  to  e v a l u a t e  t h e  t r a n s d e r m a l  
p s e u d o l a t e x  based  s y s t e m  of i sosorb ide  d i n i t r a t e .  I sosorb ide  d i n i t r a t e  
is a d r u g  of c h o i c e  in t h e  t r e a t m e n t  a n d  m a n a g e m e n t  of a n g i n a  
p c c t o r i s ,  w i t h  s h o r t  b io logica l  ha l f - l i fe  i.e., 3,820.5 hours  (10). 
T h e r e f o r e  5 to  20 m g  of d r u g  i s  r e c o m m e n d e d  to b e  a d m i n i s t e r e d  
t h r i c e  a day .  l n s p i t e  of good  b ioava i l ab i l i t y  on f r e q u e n t  o r a l  
a d m i n i s t r a t i o n  c o n t r a i n d i c a t e d  m a n i f e s t a t i o n s  are a s s o c i a t e d  wi th  
i soso rb ide  d i n i t r a t e  t he rapy .  An  a p p r e c i a b l e  t r a n s d e r m a l  pe r  meabi -  
l i t y  of i sosorb ide  d i n i t r a t e  h a s  r e c e n t l y  b e e n  e s t a b l i s h e d  and  a 
t h e r a p e u t i c  s y s t e m  to  p r o v i d e  a p ro longed  a n d  c o n t i n u o u s  t r a n s d e r m a l  
in fus ion  of i soso rb ide  d i n i t r a t e  was  e x p l o r e d  ( I  I ) .  T h e  p r e p a r e d  
s y s t e m  w a s  found  to r e l e a s e  t h e  d r u g  at a d e f i n e d  and c o n t r o l l e d  
r a t e  o v e r  an e x t e n d e d  pe r iod  i.e. f o r  24 hours .  

MATERIALS - 
l soso rb ide  d i n i t r a t e  (Nicho las  L a b o r a t o r i e s  India  Ltd.); E u d r a g i t  

R L - I 0 0  ( R o h m  P h a r m a  D a r m s t a d t  FRC); Polyvinylpyrro l idone  (BHC 
C h e m i c a l s  L td .  Poole, England);  T w e e n  80 ( P o l y s o r b a t e  80) 
(Koche l igh t  C h e m i c a l  Lab., England);  D ibu ty l  p h t h a l a t e  (F lueka  
A.C., Swi t ze r l and) ;  Liquid p a r a f f i n  (Loba  C h e m i e  Ind. Co. Bombay)  
a n d  ' all o t h e r  i n g r e d i e n t s  w e r e  of Ana la r  g r a d e  and  w e r e  used  
as r e c e i v e d  (Glindia,  a c h e m i c a l  division of C l a x o  India Ltd., 
Bombay ,  India). 
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POLYMERIC PSEUDOLATICES DISPERSION 103 

Table 1. C o m p o s i t i o n s  of Isosorb ide  D i n i t r a t e  Bea r ing  P s e u d o l a t i c e s  

I i ig rcd icn ts  P e r c e n t  c o n c e n t r a t i o n  (w/w)  
F o r m u l a t i o n  

Z 
4 
Z 

c;' Y 4 
2 Z a a Q a a 
13 13 13 13 13 
I4 A A A i 

z 

a a a a a 
l soso rb ide  d i n i t r a t e  0.75 0.75 0.75 0.75 0.75 
(based  on  po lymer  w e i g h t )  
E u d r a g i t  R L - I 0 0  10.00 9.00 8.00 7.00 6.00 
Poly v inylpyrro l idone  0.00 I .oo 2.00 3.00 4.00 
Liquid p a r a f f i n  I .oo I .oo I .oo I .oo I .oo 
Dibu ty l  p h t h a l a t e  2.00 2.00 2.00 2.00 2.00 
Tween-80  5.00 5.00 5.00 5.00 5.00 
Wate r  30.00 30.00 30.00 30.00 30.00 

METHODS 

P r e p a r a t i o n  of P s e u d o l a t e x  

T h e  i sosorb ide  d i n i t r a t e  p s e u d o l a t e x  b e a r i n g  p o l y m e r i c  d isper -  
sions w e r e  p r e p a r e d  by s o l v e n t  r e m o v a l  m e t h o d  (9).  T h e  d r u g  a n d  
po lymer  so lu t ion  in c h l o r o f o r m  c o n t a i n i n g  10% w / w  p o l y m e r  (Eudrag i t  
RL-100 a n d  PVP in d i f f e r e n t  w e i g h t  f r a c t i o n s ) ,  7.5% w/w d r u g  
(based  on  po lymer  weight ) ,  2% w/w liquid p a r a f f i n  (based  o n  p o l y m e r )  
a n d  5% w/w d ibu ty l  p h t h a l a t e  (based  o n  p o l y m e r  we igh t )  w a s  
emul s i f i ed  wi th  a n  a q u e o u s  so lu t ion  of s u r f a c t a n t  (Tween  80, 10% 
w / w )  (Tab le  I) .  T h e  p r e p a r e d  emuls ion  was  wel l  s t i r r e d  a n d  k e p t  
in a v a c u u m  o v e n  at  45OC f o r  8-10 hour s  in o r d e r  to e v a p o r a t e  
t h e  o r g a n i c  s o l v e n t  in i n t e r n a l  p h a s e  c o m p l e t e l y  a n d  w a t e r  of 
e x t e r n a l  p h a s e  p a r t i a l l y  (Ca:30% w / w  in i t ia l ly  i n c o r p o r a t e d  weight ) .  

T h e  d r u g  c o n c e n t r a t i o n  in p s e u d o l a t e x  w a s  d e t e r m i n e d  s p e c t r o -  
photo i r ie t r ica l ly .  T h e  p r e p a r a t i o n  was  d r i e d  to a c o n s t a n t  we igh t  
unde r  v a c u u m  a n d  d isso lved  in m'ethanol. T h e  a b s o r b a n c e  was 
mcusurcd  a t  200 n m  us ing  a S h i m a d t u  UV-180 s p e c t r o p h o t o r n e t c r  (12). 
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104 VYAS ET AL. 
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Fig 1 : In-v i t ro  d i f fus ion  p ro f i l e  of i sosorb ide  d i n i t r a t e  i n  phospha te  
s & I I I I ~ ( .  Li1Ilc.r ( 1 1 1 1  7.4). &---A - I ’L- I \ I JN-A;  ,~--7.) - I ’L- I \ IJN- I~;  

Bar d t  data po in t s  i n d i c a t e s  m e a n  d e v i a t i o n  ( I 5.D.). 
U-FJ - I’L-ISDN-C.; t-• - l’L-lSl~N-l>; o---P - I’L-ISLIN-C; 

In-v i t ro  D r u g  Di f fus ion  

-- In-v i t ro  d r u g  r e l e a s e  f r o m  pseudo la t ex  p r e p a r a t i o n  was  d e t e r -  
mined  in o r d e r  to q u a n t i f y  t h e  ava i l ab i l i t y  of d r u g  for abso rp t ion  
on  t h e  sk in  us ing  F r a n z  d i f fus ion  c e l l  ( C r o w n  Glas s  Co., New J e r s y ,  
U.S.A.). T h e  c o n t e n t s  of t h e  d o n a r  c o m p a r t m e n t  (pseudo la t ex )  and  
t h e  r e c e i v e r  c o m p a r t m e n t  ( i so tonic  PBS of pH 7.4 c o n t a i n i n g  20% 
v /v  PEG-400) w e r e  s e p a r a t e d  by c e l l o p h a n e  m e m b r a n e  (Spec t ropore )  
r n e m b r a n e  wi th  5000-7000 m w  cut -of f  ( S p e c t r u m  Medica l  Indus t ry ,  
Loss Angels  C A ,  U.S.A.).  In t h i s  s tudy ,  t h e  so lu t ion  of r e c e p t o r  
c o m p a r t m e n t  w a s  w i t h d r a w n  c o m p l e t e l y  at t h e  schedu led  t i m e  and  

r e p l a c e d  w i t h  t h e  f r e s h  p h o s p h a t e  b u f f e r  ( con ta in ing  20% v/v, PEC- 
400). T h e  t e m p e r a t u r e  of t h e  r e c e i v e r  c o m p a r t m e n t  w a s  ma in ta incd  
a t  37? 1°C (Fig. I ) .  

T h e  d r u g  c o n c e n t r a t i o n  in t h e  s a m p l e s  w a s  d e t e r m i n e d  s p e c t r o -  
p l io to i i ic t r ica l ly  at 200 n m  using i i i c t l v x l  rc.portctl b y  Tingstatl 
et a l .  (12). 
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POLYMERIC PSEUDOLATICES DISPERSION 1 05 

PL-ISDN-D 
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Fig 2 : In-vitro skin permeation prof i le of  isosorbide dinitrate from 
di f ferent pseudolatices. Bar at  data points indicate standard 
deviation ( 2 S.D.). 

In-vitro Skin Permeation 

In-vitro skin permeation of isosorbide dinitrate f rom prepared 
pscudolatex was studied using Frclnz diffusion cell. The preparation 
(100 mg) was applied direct ly to  the stratum corneum side of 
(frt>shly cxciscd and undcrmatomed) human cadavar skin. Skin 
bcaring pscudolatex preparation was mounted in between the donar 
and receptor compartment of the cell. I n  this system cl inical 
conditions were simulated by controlling the receptor compartment 
temperature a t  372 1°C while allowing the donar compartment 
to  be exposed t o  the ambient temperature (30°C). The receptor 
compartment contained isotonic PBS (pH 7.4) containing 20% 
PEG-400. 

0.5 r n l  of sample was withdrawn from the receptor cornpart- 

rncnt at  the t ime interval of 0, I ,  2, 3 ,  4, 6, 8 and 10 hours 
arid sarnples were replaced with equal volume of fresh buffer. 
The samples were assayed for isosorbide dinitrate content spectro- 
photometrically a t  200 nm. (Fig. 2). 
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2.5 - 

2.0 

1.5 

I .o 

0.5 

0.0 

T i m e  (hours )  

Fig 3 :  Mean p l a s m a  l eve l s  of i sosorb ide  d i n i t r a t e  fo l lowing  o r a l  
t r e a t m e n t  lSORDILR 5 mg. (0-0) a n d  t r a n s d e r m a l  pseudo-  
l a t e x  PL-ISDN-D a p p l i c a t i o n  ( &-A). Bar  a t  d a t a  po in t s  
i n d i c a t e  s t a n d a r d  d e v i a t i o n  ( 5 S.D.). 

In-vivo P e r f o r m a n c e  

O n  t h e  bas i s  of t h e  in-v i t ro  sk in  p e r m e a t i o n  t h e  fo rn iu l a t ion  
2 PL-ISDN-D ( t h a t  r e l e a s e d  t h e  d r u g  at t h e  r a t e  500 m c g / h / c m  ) 

was s c l c c t e d  f o r  in-vivo eva lua t ion .  

T h e  s t u d i e s  w e r e  c a r r i e d  o u t  o n  t e n  m a l e  h u m a n  vo lun tee r s  
(Age: 2 5 2 5  y e a r s ,  A v e r a g e  w e i g h t  6 0 2 2  kg)  who  s igned  t h e  c o n s e n t  
f o r m .  S u b j e c t s  pas sed  f o r  n o r m a l  h a e m o t o l o g i c a l  and  u r ina ry  bio- 
c h e m i c a l  i nves t iga t ions .  T h e s e  s u b j e c t s  posses s  n o  h i s to ry  of hav ing  
t a k e n  a n y  d r u g  du r ing  t h e  p r e c e d i n g  w e e k  as we l l  as du r ing  t h e s e  
s tud ies .  T h c  s u b j e c t s  w e r e  f a s t e d  wi th  w a t c r  at l i b i t u m  for 1 2  
to  14  hours  pr ior  t o  a d m i n i s t r a t i o n  of t h e  d rug .  

T o  e a c h  s u b j e c t  -- lSORDILR e q u i v a l e n t  t o  7.5 m g  of i sosorb ide  
d i n i t r a t e  ( T r e a t m e n t  1) a d m i n i s t e r e d  orally wi th  300 ml of w a t e r .  
Pseudo la t ex  t r a n s d e r m a l  p r e p a r a t i o n  (100 m g  e q u i v a l e n t  to  7.5 m g  
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POLYMERIC PSEUDOLATICES DISPERSION 107 

of p la in  d r u g )  ( T r e a t m e n t  I I )  w e r e  app l i ed  top ica l ly  at  t h e  c l e a n e d  
f o r e a r m  reg ion  a t  l e a s t  o n e  w e e k  a p a r t  fo l lowing  o v e r  n ight  f a s t ing .  
Dlood (2  ml) was  c o l l e c t e d  per iodica l ly  f r o m  f o r e a r m  ve in  wi th  
he lp  of a h y p o d e r m a l  sy r inge .  T h e  t r a n s d e r m a l  p r e p a r a t i o n s  w e r e  
r e m o v e d  14  hour s  a f t e r  app l i ca t ion .  P l a s m a  was  s e p a r a t e d  frorn 
t h e  s a m p l e  a n d  i sosorb ide  d i n i t r a t e  c o n t e n t  w a s  e s t i m a t e d  us ing  
gas liquid chror r ia tography rriethod r e p o r t e d  by She rbe r  et ai. (13 ) ,  
us ing  t i e w l e t t - P a c k a r d  57 IOA g a s  c h r o m a t o g r a p h .  Mean p las rna  
l eve l s  w e r e  c o m p u t e d  and  d r u g  p l a s m a  p ro f i l e s  fo l lowing  t r e a t m e n t  
( I )  arid (11) w e r e  c o n s t r u c t e d  (Fig.  3). 

RESULTS AND DISCUSSION 

T h e  pseudo la t ex  p o l y m e r i c  d i spe r s ion  p r e p a r e d  by so lven t  
r e m o v a l  m e t h o d  was  phys ica l ly  s t a b l e ,  u n i f o r m  in s i z e  and  demons -  
t r a t e d  f o r m a t i o n  of a n  inv is ib le  a n d  highly s u b s t a n t i v e  c l e a r  f i l m  
when app l i ed  to  t h e  skin.  

T l i ~  i l l -v i t ro  rc*lc.;isc. pro l i l v  r c c o r t l ( d  for  ps(~ t ido l ; i tcx  circ’ 
shown  in Fig. I .  T h e  r e l e a s e  f r o m  pscudolatcax h a s  shown  a l incnr  
rcldtionsli ip b e t w e e n  tlie cuiriuli i t ive arriount of d r u g  r e l e a s e d  (Q)  

a n d  0.80 e x p o n e n t  of t i m e  ( t  Om80) which  i n d i c a t e s  non f i ck ian  
d i f fus ion  d e p e n d e n t  r e l e a s e  prof i le .  T h e  s lope  of t h e  p l o t  w a s  
used  to  c a l c u l a t e  t h e  r e l e a s e  r a t e  c o n s t a n t  of i sosorb ide  d i n i t r a t e .  
An in i t ia l  l a g  t i m e  of 20 min w a s  obse rved  (Fig.  I) .  T h e  l a g  
tirric cou ld  b e  a c c o u n t e d  f o r  by t h e  t i m e  t a k e n  by t h e  d r u g  to  
d i f f u s e  a c r o s s  t h e  c e l l o p h a n e  m e m b r a n e  (used  to  s u p p o r t  t h e  pseudo-  
latex). .A l inea r  i n c r e a s e  in  r e l e a s e  r a t e  of d r u g  wi th  inc reas ing  
c o n c e n t r a t i o n  of PVP in po lymer  m a t r i x  of t h e  p s e u d o l a t e x  w a s  
r e c o r d e d  ( Fig. 1). 

-- 

T h e  r e l e a s e d  i sosorb ide  d i n i t r a t e  f r o m  t h e  pseudo la t ex  a p p e a r e d  
in t h e  r e c e p t o r  c o m p a r t m e n t  fo l lowing  a monophas i c  k inc t i c s .  
It m a y  b e  obse rved  t h a t  as t h e  c o n c e n t r a t i o n  of hydrophi l ic  po lymer  
(I’VI’) i n c r e a s e s  f r o m  10 to  30% w/w (based  on t o t a l  po lymer  
we igh t )  t h e  p e r m e a t i o n  r a t e  i n c r e a s e d  f r o m  348 m c g / h / l 0 0  m g  t o  
485 rncg/h /100  m g  . T h e  c u m u l a t i v e  a m o u n t  of d r u g  p e r m e a t c d  
( Q )  a c r o s s  t h e  sk in  w a s  p l o t t e d  as a f u n c t i o n  of t i m e  (h). A 
l inea r  p o r t i o n s  w e r e  o b t a i n e d  a f t e r  a lag per iod  of 30-40 min. 
Thcb h igher  p e r m e a t i o n  r a t e  f r o m  pseudo la t ex  cou ld  b e  a t t r i b u t e d  
to  t h e  u n i f o r m  a n d  f i n e  d ispers ion  of d r u g  in t h e  c o a l e s c e d  s t r u c -  
t u r e  of t h e  pseudo la t i ces .  Moreover  t h e  u s e  of a s u r f a c t a n t  in 
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the preparation of pseudolatex may also enhance the drug penetra- 
t ion through skin (Fig. 2 )  (14). 

On the basis of in-v i t ro skin permeation studies the product 
(PL-ISDN-D) was selected for in-vivo studies as the drug permeation 
rate constant across the human cadavar skin recorded 485 mcg/h/ 
100 mg for product PL-ISDN-D was almost equal t o  the calculated 
permeation rate (required rate to  achieve an ef fect ive drug plasma 

concentration). In-vivo performance of the transdermal product 
(Treatment 11) was compared with orally administered tablet 
lSORDILR treatment 1. Fig. 3 shows the mean plasma V s  t ime 
profi le of ISDN following the application of treatment I and treat- 
ment 11. The plasma concentration of ISDN gradually increased 
and attained an average steady state level. The 
average plasma ISDN concentration remained 
nearly constant for 14 hrs. To examine intersubject variation result- 

ing f rom either treatment, the peak plasma level values were 
and for all other sampling t ime the concen- normalized a t  C 

trat ion were related to  the values as described by W i l l i s  e t  al. (15) .  
IIovJevcr, i n  the case of oral treatment with conventional tablet 

of ISDN the ef fect ive plasma level was reached within 0.3 hr. 

max 

(1: 1g. 3) .  

The insignificant (P  > 0.5) variation i n  drug plasma levels 
following PL-ISDN-D application could be accounted for by the 
skin per meation characteristics of the driq?, which are possibly 
t l ) c i  same for al l  subjects. The significant intersubject variation 
(1’ < 0.5) i n  plasma levels recorded i n  subjects receiving conventional 
tdblvts orally could be related to  the gastric residential t ime 
and gastro-intestinal absorption which could noticeably vary from 
subject to  subject. 

Finally the pharmacokinetic parameters Cmax, t,,,, AUC 
and Tlag were calculated f rom the plasma drug profiles of oral 
and transdermal treatments. 

The  improved performance of the designed transdermal drug 

dclivcry system of isosorbide dinitrate was established. The most 
ef fect ive behaviour was recorded for the pseudolatex based trans- 

dermal treatment (AUCo-14) 24.80i 1.20 ng/h/ml. It was better 
than the oral treatment (AUC0-14) 9.8020.8 ng/h/ml whilst the 
drug was given in  equal doses. 
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POLYMERIC PSEUDOLATICES DISPERSION 109 

I t  i s  c o n c l u d e d  t h a t  p s e u d o l a t e x  d i spe r s ion  of i soso rb ide  
d i n i t r a t e  c a n  b e  p r e p a r e d  us ing  E u d r a g i t  RL-I  0O:PVP ( 7 : 3 )  c o n t a i n i n g  

7.50 w/w drug .  Absorp t ion  a c r o s s  t h e  skin of ISDN fo l lowing  
the a p p l i c a t i o n  of P o l y m e r  d i spe r s ion  w a s  a t  a c o n t r o l l c d  r a t e .  
T h e  p l a s m a  l e v e l s  of i soso rb ide  d i n i t r a t e  fo l lowing  t h e  t o p i c a l  
a p p l i c a t i o n  cou ld  b e  m a i n t a i n e d  for p ro longed  pe r iod  wi th  insigni- 
f i c a n c e  i n t e r s u b j e c t  va r i a t ion .  
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