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C o n t r o l l e d  s k i n  permeat ion  k i n e t i c s  o f  n i t r o g l y c e r i n  d e l i v e r e d  by  

t h e  t h r e e  once-a-day t ransdermal  t h e r a p e u t i c  systems was r e c e n t l y  eva lua ted  

and compared u s i n g  t h e  f r e s h l y  exc i sed  h a i r l e s s  mouse abdominal s k i n  mounted 

i n  a f i n i t e - d o s i n g  F ran tz  d i f f u s i o n  c e l l  assembly. The k i n e t i c s  o f  s k i n  

permeat ion f rom t h e  conven t iona l  o in tmen t  f o r m u l a t i o n  was a l s o  s t u d i e d  

u s i n g  t h e  same i n  v i t r o  s k i n  permeat ion  system. 

S i x  exper imenta l  f o r m u l a t i o n s  o f  n i t r o g l y c e r i n  were developed, a im ing  

t o  enhance t h e  permeat ion  r a t e  o f  n i t r o g l y c e r i n  th rough  i n t a c t  s k i n .  The 

k i n e t i c s  o f  s k i n  permeat ion o f  n i t r o g l y c e r i n  f rom these exper imenta l  

f o r m u l a t i o n s  was a l s o  i n v e s t i g a t e d ,  u s i n g  t h e  same i n  v i t r o  s k i n  permeat ion  

system, and compared t o  t h e  conven t iona l  o in tmen t  f o r m u l a t i o n  as w e l l  as 
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HUANG ET AL. 1256 

t h e  newly marketed once-a-day t ransdermal  t h e r a p e u t i c  systems. Resu l t s  

i n d i c a t e d  t h a t  t h e  r a t e s  o f  s k i n  permeat ion  can be g r e a t l y  improved by  

p roper  f o r m u l a t i o n  des ign .  

INTRODUCTION 

N i t r o g l y c e r i n  has been an impor tan t  d rug  i n  t h e  t rea tmen t  o r  p r e v e n t i o n  

o f  ang ina l  p e c t o r i s  f o r  severa l  decades (1). Several  t ypes  o f  pharmaceut ica l  

dosage forms o f  n i t r o g l y c e r i n ,  m a i n l y  t h e  o r a l ,  t o p i c a l  and in t ravenous  

i n f u s i o n  f l u i d  a r e  commerc ia l l y  a v a i l a b l e  i n  t h e  p r e s c r i p t i o n  marke t .  Among 

these dosage forms, t h e  t o p i c a l  n i t r o g l y c e r i n  o in tmen t  i s  most w i d e l y  used 

i n  p r o p h y l a c t i c  angina therapy .  E f f e c t i v e  b l o o d  l e v e l s  can be ma in ta ined  

f o r  4-8 hours a f t e r  each t o p i c a l  a p p l i c a t i o n  o f  o in tment .  U n f o r t u n a t e l y ,  

t h e  o in tmen t  f o r m u l a t i o n  i s  g reasy  and a p r o t e c t i v e  wrapping i s  r e q u i r e d  

t o  p reven t  s t a i n i n g .  I n  a d d i t i o n ,  r e p o r t s  i n d i c a t e d  t h a t  t h e  o in tmen t  

must be c a r e f u l l y  and c o n s i s t e n t l y  a p p l i e d  ove r  a l a r g e  su r face  area  f o r  

maintenance o f  c l i n i c a l  e f f i c a c y  ( 2 ) .  

Re c e n t d e v e 1 o pme n t o f t h e  'I once - a - day I' t r a n s d e rma 1 n i t r o g 1 y c e r i n 

d e l i v e r y  systems, namely N i t r o d i s c  system (Sear le  Pharmaceut ica ls ,  I nc . ,  

Skokie,  I l l i n o i s ) ,  N i t r o - D u r  system (Key Pharmaceut ica l ,  Inc . ,  Miami, 

F l o r i d a ) ,  T ransderm-Ni t ro  system (C iba  Pharmaceut ical  Corpo ra t i on ,  Summit, 

New Je rsey )  and Depon i t  system (Pharm-Schwartz GmbH, Monheim, Germany), 

p rov ided  a b e t t e r  c o n t r o l  i n  bo th  t h e  su r face  area o f  med ica t i on  and t h e  

r a t e  o f  re lease  o f  n i t r o g l y c e r i n  t o  t h e  s k i n  f o r  a t  l e a s t  24 hours.  A l though 

t h e  surface-area-normal ized-plasma l e v e l s  ach ieved by these t ransdermal  

patches were comparable w i t h  t h a t  a f t e r  2% o in tmen t  a p p l i c a t i o n  ( 3 , 4 ) ,  

t h e  a c t u a l  plasma l e v e l  ob ta ined  f o l l o w i n g  t h e  a p p l i c a t i o n  o f  a u n i t  o f  

t ransdermal  pa tch  was g e n e r a l l y  l e s s  than t h a t  f o l l o w i n g  t h e  usua l  dose 

( 1 - 2  i nches )  of  o in tment ,  which can be spread o v e r  a much l a r g e r  s k i n  a rea  

( 5 ) .  Fo r  r e f r a c t o r y  p a t i e n t s ,  m u l t i p l e  pa tches  may t h e r e f o r e  be r e q u i r e d  

t o  ach ieve  the  plasma n i t r o g l y c e r i n  l e v e l  needed. 

I n  o u r  p rev ious  r e p o r t  (6), we have eva lua ted  these f o u r  t ransdermal  

t h e r a p e u t i c  systems and t h e  o in tmen t  f o r m u l a t i o n  u s i n g  an i n  v i t r o  s k i n  
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TRANSDERMAL B I O A V A I L A B I L I T Y  OF NITROGLYCERIN 1257 

permeat ion system. The r e s u l t s  i n d i c a t e d  t h a t ,  a l t hough  t h e  s t r a t u m  corneum 

p l a y s  an impor tan t  b a r r i e r  e f f e c t  a g a i n s t  t h e  s k i n  permeat ion  o f  

n i t r o g l y c e r i n ,  t h e  f o r m u l a t i o n  des ign  may a l s o  p l a y  some r o l e s  i n  t h e  

t ransdermal c o n t r o l l e d  a d m i n i s t r a t i o n  o f  n i t r o g l y c e r i n .  

Our o b j e c t i v e s  a re :  (1) t o  deve lop  an a l t e r n a t e  f o r m u l a t i o n ,  which 

would be more a e s t h e t i c a l l y  acceptab le  than t h e  greasy  o in tmen t  and cou ld  

a t t a i n  a h ighe r  plasma l e v e l  w i t h  a smal l  s k i n  a rea  o f  a p p l i c a t i o n ;  and 

( 2 )  t o  develop a t ransdermal  t h e r a p e u t i c  system which would rep resen t  g r e a t e r  

improvements ove r  t h e  c u r r e n t l y  marketed p roduc ts  i n  terms o f  s i z e  and 

plasma l e v e l  ach ievab le .  S i x  exper imenta l  f o r m u l a t i o n s  were developed 

and t h e i r  s k i n  permeat ion p r o f i l e s  were eva lua ted  u s i n g  F ran tz  d i f f u s i o n  

c e l l s  and h a i r l e s s  mouse abdominal s k i n .  The r e s u l t s  a r e  d iscussed i n  

t h i s  r e p o r t .  

EXPERIMENTAL 

M a t e r i  a1 s : 

1. Chemicals and Reagents 

a. N i t r o g l y c e r i n  -- Pure n i t r o g l y c e r i n  was e x t r a c t e d  f rom i t s  10% 

l a c t o s e  t r i t u r a t e  ( I C I ,  Wi lmington, Delaware) by d i s s o l v i n g  t h e  

t r i t u r a t e  i n  excess o f  d i s t i l l e d  wa te r  and then c o l l e c t i n g  the  

o i l y  n i t r o g l y c e r i n  s e t t l e m e n t  a t  t h e  bottom. The p u r i t y  o f  t h e  

e x t r a c t e d  n i t r o g l y c e r i n  was de termined by pheno ld i su lphon ic  a c i d  

method ( 7 ) .  

b. Po lye thy lene  g l y c o l  (PEG) 400 and sodium c h l o r i d e  were purchased 

f rom F i s h e r  S c i e n t i f i c  Co., Fa i r l awn ,  New Jersey .  

c .  Methanol, HPLC grade, was purchased f rom Burd i ck  and Jackson Lab. 

Inc . ,  Muskagon, Mich igan.  

d. Water was f r e s h l y  p repared by "Nanopure" system f rom 

Sybron/Barnstead, Boston, Massachusetts. 

2. N i t r o g l y c e r i n  f o r m u l a t i o n s  

The f o l l o w i n g  n i t r o g l y c e r i n  f o r m u l a t i o n s  were prepared: 

a. 2% N i t r o g l y c e r i n  o in tmen t  - A l a n o l i n - p e t r o l a t u m  o in tmen t  c o n t a i n i n g  

2% n i t r o g l y c e r i n .  
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1258 HUANG ET AL. 

b. 2% N i t r o g l y c e r i n  creams - A water-washable o/w cream c o n t a i n i n g  

2% n i t r o g l y c e r i n .  The o i l  phase comprised approx ima te l y  45% o f  

t h e  f o r m u l a t i o n .  Fo rmu la t i on  A ( L o t  dW1273-53) c o n t a i n s  1.6% o f  

wa te r -so lub le  polymer and Fo rmu la t i on  B ( L o t  dW1273-54) c o n t a i n s  

no polymer.  

c .  N i t r o g l y c e r i n - f i l m  fo rm ing  s o l u t i o n s  - These s o l u t i o n s  con ta ined  

2.8% n i t r o g l y c e r i n  and an e t h a n o l - s o l u b l e  polymer.  A m i x t u r e  o f  

g l y c e r i n ,  PEG 75 l a n o l i n  o i l  and a branched-chain e s t e r  was used 

as t h e  p l a s t i c i z e r .  Fo rmu la t i on  C ( L o t  #W1273-50) c o n t a i n s  5% 

polymer and Fo rmu la t i on  D ( L o t  dW1273-51) c o n t a i n s  10% polymer.  

P repara t i ons  : 

1. Prepara t i on  o f  n i t r o g l y c e r i n - i m p r e g n a t e d  mic roporous  d i s c s :  

Sa tu ra ted  n i t r o g l y c e r i n  s o l u t i o n s  were prepared by suspending 

excess amount o f  n i t r o g l y c e r i n / l a c t o s e  t r i t u r a t e  i n  f a t t y  a c i d  e s t e r s .  

A f t e r  o v e r n i g h t  e q u i l i b r i u m  a t  room tempera ture ,  t h e  suspensions were 

f i l t e r e d  and assayed. D iscs  measur ing 10 cmL were c u t  f rom sheets 

o f  e i t h e r  mic roporous  p o l y e t h y l e n e  (Porex  membrane, po re  s i z e  o f  10 

crm) o r  mic roporous  po lyp ropy lene  (Accu re l  membrane, pore  s i z e  o f  1 

pm). The d i s c s  were soaked i n  t h e  s a t u r a t e d  n i t r o g l y c e r i n  s o l u t i o n  

f o r  one hour.  Each d i s c  was weighed b e f o r e  and a f t e r  soak ing  t o  

de termine t h e  exac t  amount o f  n i t r o g l y c e r i n  s o l u t i o n  absorbed: ( i )  

Porex membrane d i s c s  c o n t a i n  a s a t u r a t e d  n i t r o g l y c e r i n  s o l u t i o n  i n  

e t h y l  hexy l  p a l m i t a t e  w i t h  a mean n i t r o g l y c e r i n  c o n t e n t  o f  15.8 f 0 . 1  

mg (SD)  i n  each d i s c .  ( i i )  Accure l  membrane d i s c s  c o n t a i n  a s a t u r a t e d  

n i t r o g l y c e r i n  s o l u t i o n  i n  o c t y l  hydroxy  s t e a r a t e  w i t h  a mean 

n i t r o g l y c e r i n  con ten t  o f  11.3 _+ 0.4 mg (SD) i n  each d i s c .  

2. P repara t i on  o f  n i t r o g l y c e r i n - r e l e a s i n g  t ransdermal  f i l m  pa tch :  

An aluminum p l a t e  (11.5 cm x 9 .0  cm x 0 .1  cm) w i t h  a c i r c u l a r  

h o l e  (19  mm i n  d iamete r )  a t  t h e  c e n t e r  was used i n  t h i s  p r e p a r a t i o n .  

A p iece  ( 5  cm x 5 cm) o f  household aluminum f o i l  was p laced  ove r  t h e  

p l a t e  and a g l a s s  p l u n g e r  (18 mm i n  d iamete r )  was used t o  p ress  down 

t h e  aluminum f o i l  s l o w l y  i n t o  t h e  h o l e  t o  fo rm an aluminum p e t r i  d i s h  
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TRANSDERMAL BIOAVAILABILITY OF NITROGLYCERIN 1259 

w i t h  a c i r c u l a r  depress ion  o f  a f i x e d  d iameter .  Th i s  aluminum p e t r i  

d i s h  was used as a mold f o r  t h e  p r e p a r a t i o n  o f  t ransdermal  f i l m .  An 

a l i q u o t  (0 .25  m l )  o f  n i t r o g l y c e r i n  f i l m - f o r m i n g  s o l u t i o n s  (Fo rmu la t i ons  

C & D)  was a c c u r a t e l y  p i p e t t e d  and s l o w l y  d e l i v e r e d  i n t o  t h e  depression. 

The s o l u t i o n  was d r i e d  t o  form a f i l m ,  under a cont inuous  stream o f  

d r y  n i t rogen ,  a f t e r  each a p p l i c a t i o n .  The process was con t inued  u n t i l  

a cons tan t  we igh t  of  t h e  d r i e d  f i l m  was x l i i e v e d .  A f t e r  complete d ry ing ,  

t h e  f i l m  t u rned  i n t o  a m i l k y  w h i t e  pa tch .  T h i s  aluminum p e t r i  d i s h  

w i t h  t h e  f i l m  pa tch  on i t  was then  s t r e t c h e d  v e r y  g e n t l y  t o  produce 

a smooth depress ion less  f o i l  w i t h  a c i r c u l a r  f i l m  pa tch  r e s i d i n g  a t  

t h e  cen te r .  

3. P r e p a r a t i o n  o f  o in tmen t  o r  cream pa tch :  

The aluminum p l a t e  used i n  t h e  p r e p a r a t i o n  o f  t h e  f i l m  patches 

was a l s o  employed as a temp la te  t o  p repare  t h e  o in tmen t  o r  cream patch  

o f  a f i x e d  th i ckness  and cons tan t  sur."ace area. The pa tch  was prepared 

by f i r s t  p l a c i n g  t h e  p l a t e  on a piece: o f  aluminum f o i l  ( 5  cm x 5 cm) 

then f i l l i n g  up t h e  c i r c u l a r  h o l e  w i t h  o in tmen t  o r  cream. The aluminum 

p l a t e  was then l i f t e d  s t r a i g h t  up f rom '.he aluminum f o i l ,  l e a v i n g  a 

c i r c u l a r  o in tmen t  o r  cream patch  o f  19 mm i n  d iameter  and 1 mm i n  

th i ckness  on t h e  back ing  aluminum f o i l .  

4 .  Prepara t i on  o f  s k i n  sample: 

A p iece  ( 3 . 5  cm x 3.5 cm) o f  f u l l - t h i c k n e s s  abdominal s k i n  was 

ob ta ined  from h a i r l e s s  mouse as desc r ibed  e a r l i e r  ( 8 ) .  The dermal 

s i d e  o f  t h e  s k i n  was c a r e f u l l y  c leaned t o  remove any adher ing  

subcutaneous t i s s u e  and/or b lood  v e s s e l s .  

5. P repara t i on  o f  e l u t i o n  s o l u t i o n :  

Normal s a l i n e  c o n t a i n i n g  20% w/w PEG 400 was used as t h e  dermal 

s o l u t i o n  i n  t h e  r e c e p t o r  compartment. The aqueous s o l u b i l i t y  o f  

n i t r o g l y c e r i n  was enhanced s u b s t a n t i a l l y  by t h e  i n c o r p o r a t i o n  o f  PEG 

400 i n  normal s a l i n e  (8); so, t h e  s i n k  c o n d i t i o n s  r e q u i r e d  were 

main ta ined th roughout  t h e  s k i n  permeat ion s tud ies .  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1260 HUANG ET AL. 

Skin  Permeat ion Stud ies :  

The f u l l - t h i c k n e s s  s k i n  p repared as o u t l i n e d  above was mounted on 

t h e  r e c e p t o r  compartment o f  t h e  F ran tz  d i f f u s i o n  c e l l  ( F i g u r e  l ) ,  w i t h  

t h e  s t ra tum corneum s i d e  f a c i n g  upward and t h e  dermal s i d e  f a c i n g  downward 

i n t o  t h e  r e c e p t o r  compartment. A f t e r  o v e r n i g h t  (15  hours)  soak ing  o f  dermal 

s i d e  o f  t h e  s k i n  i n  t h e  e l u t i o n  s o l u t i o n  (wh ich  was w i thdrawn comp le te l y  

and served as t h e  t i m e  ze ro  sample), t h e  n i t r o g l y c e r i n  pa tch  prepared above 

was then  a p p l i e d  o v e r  t h e  s t ra tum corneum su r face  o f  t h e  s k i n .  The donor 

compartment cap was then p laced  on t h e  t o p  and t h e  whole assembly was 

secu re l y  clamped t o g e t h e r .  

The e l u t i o n  s o l u t i o n  a t  37°C was then  i n t r o d u c e d  i n t o  t h e  r e c e p t o r  

compartment o f  t h e  d i f f u s i o n  c e l l ,  which was t h e r m o s t a t i c a l l y  c o n t r o l l e d  

a t  37°C by a c i r c u l a t i n g  wa te r  ba th .  I n  t h e  meantime, t h e  donor compartment 

was ma in ta ined  a t  t h e  ambient tempera ture  o f  25 * 1 ° C .  

A t  p redetermined t ime  i n t e r v a l s ,  a 1 m l  sample was withdrawn f rom 

t h e  r e c e p t o r  s o l u t i o n ,  which was rep laced  immed ia te l y  w i t h  t h e  same volume 

o f  t h e  d rug - f ree  e l u t i o n  s o l u t i o n  t o  keep a cons tan t  volume i n  t h e  r e c e p t o r  

compartment and t o  ensure i n t i m a t e  c o n t a c t  between t h e  dermal su r face  o f  

t h e  s k i n  and t h e  r e c e p t o r  s o l u t i o n .  The c o n c e n t r a t i o n  o f  n i t r o g l y c e r i n  

i n  t h e  sample was de termined by  a s e n s i t i v e  HPLC method as desc r ibed  e a r l i e r  

(6). 

Drug Release Stud ies :  

The same procedure as o u t l i n e d  above f o r  s k i n  permeat ion s t u d i e s  was 

a l s o  used f o r  t h e  d rug  r e l e a s e  s t u d i e s ,  except  t h a t  no s k i n  specimen was 

used and t h e  pa tch  was p e r m i t t e d  t o  be i n  d i r e c t  c o n t a c t  w i t h  t h e  r e c e p t o r  

s o l u t i o n .  A t  p redetermined t imes, t h e  r e c e p t o r  s o l u t i o n  was t o t a l l y  

wi thdrawn and rep laced  w i t h  t h e  same volume o f  d r u g - f r e e  e l u t i o n  s o l u t i o n  

a t  37°C. By do ing  t h i s ,  t h e  r e q u i r e d  s i n k  c o n d i t i o n  was main ta ined.  The 

concen t ra t i on  o f  n i t r o g l y c e r i n  i n  t h e  sample was a l s o  de termined by t h e  

HPLC method. 
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TRANSDERMAL B I O A V A I L A B I L I T Y  OF NITROGLYCERIN 1261 

FINITE DOSING DIFFUSION CELLS by FRANZ 

Donor compartment 

Skin(0 2 - 4 9 c m 2 )  

cell body ( 3 7 ° C )  

Receptor compartment 
( 5 - 1 2 r n l l  Manifold- 

Cell mounting- 
Revolving magnet 

Motor 
Control panel 

-Lighted on-off 

button 

[ T.J.Franz, Current Problems in Derrnatol, 1 58 (197811 

F i g u r e  1 

Schematic i l l u s t r a t i o n  o f  t h e  commerc ia l l y  a v a i l a b l e  f i n i t e - d o s i n g  Fran tz  
d i f f u s i o n  c e l l  assembly. Each o f  t h e  d i f f u s i o n  c e l l  i s  s t a t i o n e d  i n  a 
ce l l -moun t ing  b l o c k  and i s  c o n s i s t i n g  o f  two compartments: a donor 
compartment, wh ich  i s  exposed t o  an ambient c o n d i t i o n ,  and a r e c e p t o r  
compartment, which i s  ma in ta ined  a t  37°C by  c i r c u l a t i n g  thermosta ted  water  
th rough t h e  wa te r - j acke ted  c e l l  body. The s o l u t i o n  hydrodynamics i n  t h e  
r e c e p t o r  compartment i s  kep t  cons tan t  by  a t i n y  rod-shaped s t i r r i n g  b a r  
r o t a t i n g  a t  600 rpm by a synchronous motor  mountnrf underneath. 

RESULTS AND D1SCUSS:UN 

Ointment Patches: 

The re lease  and s k i n  permeat ion p r o f i l e s  o f  n i t r o g l y c e r i n  f rom t h e  

o in tmen t  pa tch  a r e  shown t o g e t h e r  i n  F i g u r e  2. The r a t e  o f  re lease  was 

h i g h e r  a t  t h e  beg inn ing  and then became lower  i n  t h e  l a t e r  p a r t  o f  t he  

s tudy .  I n  f a c t ,  t h e  re lease  p r o f i l e  of  n i t r o g l y c e r i n  f rom t h e  o in tmen t  

f o r m u l a t i o n  can be b e t t e r  desc r ibed  by a Q s . . ~ ’  r e l a t i o n s h i p  as expected 

f rom Higuch i  model ( 9 )  ( F i g u r e  3 ) :  
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1262 HUANG ET AL. 

1 .o 

- 
’ 0.R 2 
. E, 
+I 

cy 

- 0.6 

2 
a 

- 
C 

E 

al 
0.4 - z 

3 

0.2 
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TIME (hours) 

F i g u r e  2 

Release p r o f i l e  ( 0 )  and t h e  s k i n  permeat ion  p r o f i l e  (0) o f  n i t r o g l y c e r i n  
from t h e  o in tmen t  f o r m u l a t i o n  ( p e t r o l a t u m  base, 2% n i t r o g l y c e r i n ) .  The 
re lease  o f  n i t r o g l y c e r i n  f rom t h e  o in tmen t  f o r m u l a t i o n  showed a n o n - l i n e a r  
Q vs. t p r o f i l e ,  w h i l e  t h e  s k i n  permeat ion  o f  n i t r o g l y c e r i n  produced a 
b i p h a s i c  zero-order  k i n e t i c s :  18.2 _+ 3 .4 Hg/cmz/hr (<12 h r )  and 14.4 f 

5.9 U g / c d / h r  (>12 h r ) .  [N=8] 

Q = [DP (2A - C ) C t]’ 
P P  

Where Q i s  t h e  cumu la t i ve  amount o f  n i t r o g l y c e r i n  re leased  a f t e r  t ime  t, 

D i s  t h e  d i f f u s i v i t y  o f  n i t r o g l y c e r i n  i n  t h e  o in tmen t  m a t r i x ,  A i s  t h e  

i n i t i a l  l o a d i n g  o f  n i t r o g l y c e r i n  i n  t h e  m a t r i x ,  and C i s  t h e  s o l u b i l i t y  

o f  n i t r o g l y c e r i n  i n  t h e  o in tment .  A l so  shown i n  F igu re  3 f o r  comparison 

a r e  t h e  re lease  p r o f i l e s  f rom N i t r o - D u r  and N i t r o d i s c  systems. Apparen t l y ,  

t h e  re lease  f l u x e s  o f  n i t r o g l y c e r i n  f rom t h e  N i t r o d i s c  system (498.5 

pg/cm2/hr5) and N i t r o - D u r  system (841.6 vg/cm /hr’) were b o t h  s i g n i f i c a n t l y  

h i g h e r  than t h e  re lease  f l u x  f rom t h e  2% o in tmen t  f o r m u l a t i o n  (187.3 

wg/cm2/hr4). 

P 

P 

2 

Whi le t h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  r e l e a s e  o f  n i t r o g l y c e r i n  f rom 

t h e  o in tment  pa tch  i s  under a m a t r i x  d i f f u s i o n - c o n t r o l l e d  process  ( Q  vs. 
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TRANSDERMAL BIOAVAILABILITY OF NITROGLYCERIN 1263 

O r  

0 1 2 3 4 5 6 

( TIME )' ( hours )"  

F igu re  3 

Release p r o f i l e  o f  n i t r o g l y c e r i n  f rom t h e  o in tmen t  f o r m u l a t i o n  0) i s  d e f i n e d  
by  a l i n e a r  Q vs t% r e l a t i o n s h i p  as expected f rom m a t r i x  d i f f u s i o n - c o n t r o l l e d  
process. The re lease  f l u x  o f  n i t r o g l y c e r i n  f rom t h e  o in tmen t  f o r m u l a t i o n  
(187.3 * 24.8 bg/cm2/hr+) [N=8] i s  s i g n i f i c a n t l y  l e s s  than  those f rom 
N i t r o d i s c  system (0 )  498.5 * 27.8 pg/cm2/hrk) [N=8] and N i t r o - D u r  system 
( 0 )  (841.6 * 9.5 pg/cm 1 /h r%)  [N=8]. 

t' r e l a t i o n s h i p ) ,  t h e  s k i n  permeat ion o f  n i t r o g l y c e r i n  f rom t h e  o in tmen t  

showed a b i p h a s i c  ze ro -o rde r  k i n e t i c s  (18 .2  pg/cm / h r  [<I2  h r ] ;  14.4 

pg/cm / h r  [>12 h r ] )  ( F i g u r e  2 ) .  Th i s  permeat ion  r a t e  p r o f i l e  i s  v e r y  s i m i l a r  

t o  t h a t  f rom t h e  N i t r o - D u r  system ( 8 ) .  

2 

2 

The r a t e  o f  s k i n  permeat ion  can be desc r ibed  by  a l i n e a r  Q, vs. t 

r e l a t i o n s h i p  ( 1 0 ) :  

Where Q, i s  t h e  cumu la t i ve  amount o f  n i t r o g l y c e r i n  p e n e t r a t i n g  th rough 

t h e  sk in ,  Ps i s  t h e  s k i n  p e r m e a b i l i t y  c o e f f i c i e n t ,  Cd i s  t h e  c o n c e n t r a t i o n  

of  n i t r o g l y c e r i n  i n  t h e  donor compartment, e .g . ,  on t h e  s u r f a c e  o f  t h e  
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1 2 6 4  HUANG ET A L .  

s t ra tum corneum, and Cr i s  t h e  c o n c e n t r a t i o n  o f  n i t r o g l y c e r i n  i n  t h e  r e c e p t o r  

s o l u t i o n .  I f  t h e  s i n k  c o n d i t i o n  i n  t h e  r e c e p t o r  s o l u t i o n  i s  ma in ta ined  

( i . e . ,  Cr << Cd) ,  t h e  above equa t ion  can be s i m p l i f i e d  t o :  

There fore ,  a cons tan t  s k i n  permeat ion r a t e  i s  observed. 

Cream Patches: 

The n i t r o g l y c e r i n  d e l i v e r e d  by t h e  water-washable o/w cream f o r m u l a t i o n s  

was a l s o  found t o  p e n e t r a t e  th rough  t h e  h a i r l e s s  mouse s k i n  a t  a b i p h a s i c  

ze ro -o rde r  r a t e  process ( F i g u r e  4 ) .  However, t h e  r a t e  o f  s k i n  permeat ion  

o f  n i t r o g l y c e r i n  f rom t h e  cream f o r m u l a t i o n s  a r e  2-3 t i m e s  g r e a t e r  t h a n  

t h a t  f rom t h e  o in tmen t  f o r m u l a t i o n  [47.0 and 50.2 (<15 h r )  vs. 18.2 (<12  

h r )  ug/cm2/hr]. The h i g h e r  s k i n  permeat ion  r a t e s  ob ta ined  f rom t h e  cream 

pa tch  c o u l d  be t h e  r e s u l t  o f  t h e  change i n  f o r m u l a t i o n  f rom an o i l y  o in tmen t  

base t o  a h y d r o p h i l i c  o/w emulsion base and t h e  u n d e r l y i n g  thermodynamic 

f a c t o r s .  I t  i s  g e n e r a l l y  recogn ized (11, 12) t h a t  d rug  re lease  f rom a 

t o p i c a l  v e h i c l e  w i l l  u s u a l l y  be f a s t e r  f rom a f o r m u l a t i o n  i n  which t h e  

d rug  c o n c e n t r a t i o n  approaches s a t u r a t e d  s o l u b i l i t y .  The s o l u b i l i t y  o f  

n i t r o g l y c e r i n  i n  t h e  cream ( a t  l e a s t  i n  t h e  l i q u i d  component o f  b o t h  o i l  

and water  phases) i s  app rox ima te l y  2%. Th is  s a t u r a t e d  s o l u t i o n  rep resen ts  

maximum thermodynamic a c t i v i t y .  A l though t h e  s o l u b i l i t y  o f  n i t r o g l y c e r i n  

i n  t h e  o in tmen t  f o r m u l a t i o n  c o u l d  n o t  be de termined a c c u r a t e l y ,  i t  has 

been r e p o r t e d  (13)  t h a t  t h e  d r u g ' s  thermodynamic a c t i v i t y  i n  t h e  o in tmen t  

i s  n o t  unusua l l y  h igh .  To ex tend t h e  d u r a t i o n  o f  a c t i o n  and t o  p reven t  

dose-dumping, t h e  cream was des igned such t h a t  t h e  drug  was d i s t r i b u t e d  

p r i m a r i l y  i n  t h e  i n t e r n a l  o r  o i l  phase, On t h e  o t h e r  hand, t h e  a d d i t i o n  

o f  1.6% wa te r -so lub le  polymer i n  t h e  cream f o r m u l a t i o n  o n l y  s l i g h t l y  reduces 

t h e  r a t e  of  s k i n  permeat ion f rom 50.2 t o  47.0 vg/cm / h r  (<17 h r )  and from 2 

24.0 t o  22.8 ug/cmL/hr (>17 h r )  

F i l m  Patches: 

N i t r o g l y c e r i n  re leased  f rom t h e  f i l m  pa tch  was found t o  p e n e t r a t e  

th rough  t h e  h a i r l e s s  mouse s k i n  under a monophasic zero-order  p rocess  ( F i g u r e  
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TRANSDERMAL BIOAVAILABILITJ OF NITROGLYCERIN 
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Cream Patch 

(Formulation A )  

Cream Patch 

(Formulation B) 
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F igu re  4 

1265 

Ointment Patch 

Sk in  permeat ion p r o f i l e s  o f  n i t r o g l y c e r i n  f rom t h e  water-washable cream 
f o r m u l a t i o n s  as compared t o  t h a t  f rom t h e  o in tmen t  f o r m u l a t i o n .  As i n  
t h e  case o f  o in tmen t  f o r m u l a t i o n ,  t h e  permeat ion  p r o f i l e s  o f  n i t r o g l y c e r i n  
f rom cream f o r m u l a t i o n s  a l s o  f o l l o w e d  a b i p h a s i c  zero-order  k i n e t i c s .  The 
r a t e  o f  s k i n  permeat ion o f  n i t r o g l y c e r i n  f rom t h e  cream f o r m u l a t i o n  i s  
o n l y  s l i g h t l y  reduced by  t h e  a d d i t i o n  o f  1.6% w a t e r - s o l u b l e  polymer i n  
t h e  fo rmu la t i on :  Fo rmu la t i on  B [50.2 f 3.5 (<15 h r ) ;  24.0 * 1.8 pg/cm2hr 
(>15 h r ) ]  [N=8] v s  Formu la t i on  A r47.0 _+ 8 .0  (<17hrs) :  22.8 f 3.3 
pg/cm2/hr(>17hr) ]  [N=8]. The r a t e s  o f  s k i n  permeat ion  f rom these cream 
f o r m u l a t i o n s  a re  about 2-3 f o l d s  g r e a t e r  t han  t h a t  f rom t h e  o in tmen t  
f o r m u l a t i o n  r18.2 f 3.4 (<12 h r ) ;  14.4 * 3.9 pg/cmz/hr (>12 h r ) ]  [N=8]. 

5 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r a t e  o f  s k i n  permeat ion  o f  

n i t r o g l y c e r i n  d e l i v e r e d  b y  e i t h e r  Formula t ions  C o r  D, which c o n t a i n s  an 

e t h a n o l - s o l u b l e  polymer,  i s  s u b s t a n t i a l l y  g r e a t e r  than t h a t  f rom t h e  marketed 

N i t ro -Dur  system, i n  which n i t r o g l y c e r i n / l a c t o s e  t r i t u r a t e  i s  d i spe rsed  

i n  a h y d r o p h i l  i c  polymer m a t r i x  o f  PVP/PVA/glycerol/water; t h e  r a t e s  o f  

s k i n  permeat ion were 42.0 and 25.2 pg/cm / h r  f o r  Fo rmu la t i ons  C and D, 

r e s p e c t i v e l y ,  as compared t o  17.0 ug/cm / h r  (<12 h r )  and 10.3 ug/cm / h r  

(>12 h r )  f o r  N i t r o - D u r  system ( F i g u r e  5) .  Apparent ly ,  t h e  s k i n  permeat ion  

2 

2 2 
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Film Patch 

(Formulation C )  

Film Patch 

(Formulation D) 

HUANG ET AL. 

Nitro-Dur System 

1 .o 

0.8 

0 .6  

0.4 

0.2 

0 
0 20 40 

TIPIF. (hours) 

F igu re  5 

0 20 40 

Skin  permeat ion p r o f i l e s  o f  n i t r o g l y c e r i n  f rom t h e  f i l m  patches as compared 
t o  t h a t  f rom N i t r o - D u r  system. The s teady -s ta te  r a t e  o f  s k i n  permeat ion  
f rom t h e  f i l m - f o r m i n g  Fo rmu la t i on  C (42 .0  + 3.9 pg/cm2/hr) i s  s i g n i f i c a n t l y  
g r e a t e r  than the  r a t e  o f  s k i n  permeat ion f o r  f i l m - f o r m i n g  Fo rmu la t i on  D 
(25.2 * 3.6 pg/cmz/hr) ,  which s t h e  r e s u l t  o f  d o u b l i n g  t h e  c o n c e n t r a t i o n  
o f  polymer i n  t h e  f o r m u l a t i o n  f rom 5% t o  10% [N=8]. Both  f i l m - f o r m i n g  
f o r m u l a t i o n s  produced t h e  r a t e  o f  s k i n  permeat ion  which i s  s i g n i f i c a n t l y  
g r e a t e r  than N i t ro -Dur  system 17.0 * 2.8 (<12 h r ) ;  10.3 * 2 . 1  (>12 h r )  
~ r g / c m ~ / h r l .  

p a t t e r n s  o f  n i t r o g l y c e r i n  a r e  r a t h e r  d i f f e r e n t  between t h e  f i l m  pa tch  and 

t h e  N i t ro -Dur  system, though b o t h  c o n t a i n  e t h a n o l - s o l u b l e  polymers.  

The d i s p e r s i o n  o f  n i t r o g l y c e r i n  a t  mo lecu la r  l e v e l  i n  an e t h a n o l - s o l u b l e  

polymer has been used t o  advantage i n  t h e  development o f  a f i l m - f o r m i n g  

l i q u i d .  The combina t ion  o f  g l y c e r i n ,  wa te r -so lub le  l a n o l i n  and a 

branched-chain e s t e r  serves b o t h  as a p l a s t i c i z e r  f o r  t h e  f i l m  and a s o l v e n t  

f o r  t h e  n i t r o g l y c e r i n .  I n  t h e  f i l m  formed, app rox ima te l y  20% o f  t h e  d rug  
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F igu re  6 

n i t r o q l . y c e r i n  f rom mic roporous  membrane as 
compared t o  t h a t  f rom Transderm-Nitro -system. The r a t e s '  o f  s k i n  permeat ion 
o f  n i t r o g l y c e r i n  f rom t h e  Porex d i s c  ( p o l y e t h y l e n e  membrane w i t h  e t h y l  
hexy l  pa lm i ta te ,  pore  s i z e  10 pm) [30.9 5.0 Vg/cmZ/hr; N=4] and f rom 
Accure l  d i s c  (po l yp ropy lene  membrane w i t h  o c t y l  hydroxy  s t e a r a t e ,  pore  
s i z e  1 Vm) [ 3 2 . 7  +_ 11.5 pg/cmZ/hr; N=8] a r e  v e r y  s i m i l a r .  These r a t e s  
o f  s k i n  permeat ion a r e  s i g n i f i c a n t l y  h i g h e r  than  t h a t  f rom t h e  membrane 
pe rmea t ion -con t ro l l ed  Transderm-Nitro system r14 .1  * 0.7 pg/cmZ/hr; N=12]. 

i s  s o l u b l e  i n  these a d d i t i v e s ;  t h e  remainder i s  homogenously d i spe rsed  

i n  t h e  polymer m a t r i x .  I t  i s  p o s t u l a t e d  t h a t  t h e  p l a s t i c i z e r s  f u n c t i o n  

as a d rug  r e s e r v o i r  and t h a t  d e s o r p t i o n  f rom t h e  polymer m a t r i x  and 

subsequent s o l u b i l i z a t i o n  i n  t h e  p l a s t i c i z e r  c o n t r o l s  t h e  re lease  of  d rug  

f rom t h e  f i l m  pa tch .  The da ta  f rom ano the r  i n  v i t r o  re lease  s t u d i e s  (14 )  

c l e a r l y  i n d i c a t e d  t h e  r a t e - c o n t r o l  l i n g  e f f e c t  o f  t h e  polymer.  The r e s u l t s  

f rom t h e  s k i n  permeat ion s t u d i e s  seemed t o  c o r r e l a t e  w e l l  w i t h  t h e  da ta  

f rom t h e  re lease  s t u d i e s .  By reduc ing  t h e  polymer c o n c e n t r a t i o n  f rom 10 

t o  5%, t h e  s teady -s ta te  r a t e  o f  s k i n  permeat ion  was inc reased  f rom 25.2 

t o  42.0 pg/cmL/hr. 
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Tab le  1 

Comparison o f  s k i n  permeat ion  r a t e  p r o f i l e s  o f  n i t r o g l y c e r i n  f rom v a r i o u s  

ex pe r  i men t a  1 formu 1 a t  i ons 

Formula t ions  Rate o f  Sk in  Permeat iona 

( wj/cm2/ h r  1 
Exper imental  Formula t ions :  

~ ~~~~ ~ ~ ~~~ 

Dose absorbed a t  24 hours  

mg/lO cm % l o a d i n g  dose 

Ointment pa tch  

Cream pa tch  
A 

B 

F i l m  pa tch  
C 

D 

Microporous d i s c s  
Accure l  d i s c  

Porex d i s c  

18.2 f 3.4 (<12 h r )  
14.4 f 3.9 (>12 h r )  

47.0 f 8 . 0  (<17 h r )  
22.8 f 3.3 (>17 h r )  

50.2 f 3.5 (<15 h r )  
24.0 * 1.8 (>15 h r )  

42.0 f 3.9 

25.2 f 3.6 

30.9 f 4.9 

32.7 f 11.5 

Reference Formulat  ions-b: 

N i t r o d i s c  17.7 f 2.8 

N i  t r o -Dur  17.0 f 2.8 (<12 h r )  
10.3 f 2.1 (>12 h r )  

Transderm-Nitro 14 .1  f 2.5 

3.9 * 0.5 2 1 . 1  * 2.6 

9.5 f 0 . 9  50 .1  f 4.9  

9.8 f 1.1 53.4 f 6 . 3  

8.5 _+ 1.2 3 8 . 1  i- 5 . 5  

6.5 f 0.9  23.6 i- 4 . 1  

7.3 * 1.2 15.7 f 2.6  

7.5 _+ 2.7 2 0 . 1  f 7 . 3  

4.3 f 0.7 21.9 f 3 . 8  

3.3 f 0.6 6.4 * 1.2 

3.5 f 0.7 13.9 If 2 .6  

a: Mean * s tandard  d e v i a t i o n  o f  a t  l e a s t  f o u r  de te rm ina t ions  

b: From Chien, Keshary, Huang and Sarp todar ,  1983. 

Microporous D iscs :  

N i t r o g l y c e r i n  d e l i v e r e d  by t h e  mic roporous  p l a s t i c  membranes pene t ra tes  

th rough t h e  h a i r l e s s  mouse s k i n  a t  a ze ro -o rde r  r a t e  ( F i g u r e  6 ) .  The r a t e s  

o f  s k i n  permeat ion o f  n i t r o g l y c e r i n  f rom Porex membrane and f rom Accure l  

membrane a re  ve ry  s i m i l a r  (30 .9  vs 32.7 wg/cm / h r ) .  The pore  s i z e  o f  t h e  2 
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membrane and t h e  s o l v e n t  used f o r  t h e  d e p o s i t i o n  o f  n i t r o g l y c e r i n  i n  t h e  

pores  seem t o  make v e r y  l i t t l e  d i f f e r e n c e  i n  a f f e c t i n g  t h e  s k i n  permeat ion 

o f  n i t r o g l y c e r i n .  However, t h e  r a t e s  o f  s k i n  permeat ion o f  n i t r o g l y c e r i n  

d e l i v e r e d  by these two microporous d i s c s  a r e  b o t h  s i g n i f i c a n t l y  h i g h e r  

than t h a t  f rom t h e  Transderm-Ni t ro  system (14 .1  ug/cm / h r ) ,  which c o n t r o l s  

t h e  s k i n  permeat ion o f  n i t r o g l y c e r i n  by  a r a t e - c o n t r o l l i n g  membrane o f  

e t h y l e n e / v i n y l  ace ta te  copolymer ( F i g u r e  6 ) .  

2 

The r e s u l t s  o f  t h e  p resen t  s tudy  a r e  summarized i n  Table 1, t h e  r a t e s  

o f  s k i n  permeat ion o f  n i t r o g l y c e r i n  f rom N i t r o d i s c ,  N i t r o - D u r  and 

Transderm-Nitro systems a r e  a l s o  i n c l u d e d  f o r  comparison. 

I n  summary, n i t r o g l y c e r i n  d e l i v e r e d  by these s i x  exper imenta l  

f o r m u l a t i o n s  pene t ra tes  th rough t h e  abdominal s k i n  o f  h a i r l e s s  mouse 3 t  

a r a t e  p r o f i l e  wh ich  i s  s i g n i f i c a n t l y  g r e a t e r  than those f rom t h e  o in tmen t  

f o r m u l a t i o n ,  N i t r o d l s c ,  N i t ro -Dur  o r  Transderm-Ni t ro  systems c u r r e n t l y  

a v a i l a b l e  i n  t h e  market.  It, t h e r e f o r e ,  suggests t h a t  a t ransdermal  pa tch  

can be developed t o  d e l i v e r  n i t r o g l y c e r i n  f rom these s i x  exper imenta l  

f o r m u l a t i o n s  t o  ach ieve  a h i g h e r  plasma l e v e l  than t h e  t ransdermal  

t h e r a p e u t i c  system c u r r e n t l y  a v a i l a b l e  i n  t h e  marke t .  The r e s u l t s  a l s o  

demonstrate the  f e a s i b i l i t y  o f  improv ing  t h e  s k i n  permeat ion o f  n i t r o g l y c e r i n  

th rough t h e  p roper  f o r m u l a t i o n  design. 
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I n  these s tud ies ,  t h e  re lease  o f  n i t r o g l y c e r i n  i n t o  i s o p r o p y l  m y r i s t a t e  
was i n v e s t i g a t e d .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  r e l e a s e  r a t e  o f  
n i t r o g l y c e r i n  f rom t h e  f i l m  patches decreases as i n c r e a s i n g  t h e  polymer 
con ten t .  A t  a polymer c o n c e n t r a t i o n  o f  2.5%, v i r t u a l l y  t h e  e n t i r e  
d rug  l oad  was re leased  i n  2 hours;  w h i l e  a t  a polymer c o n c e n t r a t i o n  
o f  15%, v e r y  l i t t l e  d rug  was re lease  a f t e r  7 hours.  
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