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ABSTRACT 

-- I n  v i t r o  s k i n  pene t ra t i on  s tud ies  o f  py r idos t i gm ine  bromide 

through human cadaver s k i n  were conducted us ing  a d i f f u s i o n  c e l l  

wi th constant hydrodynamic condi t ions.  The r e s u l t s  i n d i c a t e  t h a t  

t h e  drug penetrates p o o r l y  through human cadaver sk in .  

s k i n  p e n e t r a t i o n  enhancers such as sodium oleate, sodium l a u r y l  

s u l f a t e ,  n-decyl methyl su l  f o x i  de, and N,N-dimethyl dodecylami ne- 

N-oxide s u b s t a n t i d l l y  enhanced t h e  pe rmeab i l i t y  c o e f f i c i e n t  o f  t h e  

drug through human cadaver skin.  The pene t ra t i on  enhancement o f  

pyr idost igmine bromide could be due t o  increased p a r t i t i o n i n g  o f  

t h e  drug i n  t h e  s k i n  o r  due t o  t h e  decreased t o r t u o s i t y  o f  t h e  

porous pathway i n  t h e  s t ra tum corneum. 

However, 
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1856 MITRA AND WIRTANEN 

INTRODUCTION 

Drug penetrat ion across t h e  s k i n  i s  usua l l y  by passive 

d i f f u s i o n ,  and t h e  stratum corneum u s u a l l y  l i m i t s  t h e  r a t e  o f  drug 

transport ' .  

admin is t ra t ion  o f  drugs which s u f f e r  f rom poor o r a l  absorpt ion 

and/or h igh o r a l  f i r s t  pass e f f e c t  . 

There i s  considerable i n t e r e s t  i n  t h e  percutaneous 

2 

Pyridost igmine bromide, an a n t i c h o l i n e r g i c  drug, i s  poor ly  
3 absorbed from t h e  g a s t r o i n t e s t i n a l  t r a c t  . Del ivery  o f  t h i s  drug 

v i a  t h e  transdermal route could be preferable;  however, being a 

p o l a r  h y d r o p h i l i c  drug, pyr idost igmine bromide i s  not  l i k e l y  t o  

permeate a t  a h igh  r a t e  through t h e  skin. 

I n  t h i s  study, t h e  permeab i l i t y  o f  pyr idost igmine bromide 

through human cadaver s k i  n was invest igated.  Several e x c i p i e n t s  

i n c l u d i n g  anion ic  and nonionic sur fac tan ts  were s tud ied as poss ib le  

s k i n  penet ra t ion  enhancers. 

EXPERIMENTAL 

A. Mater ia ls :  

1. Human Cadaver Skin: S p l i t  th ickness (~300 JI) human 

cadaver s k i n  was dermatomed w i t h i n  48 hours o f  death and 
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THE EFFECT OF SKIN PENETRATION ENHANCERS 1857 

2. 

f u r t h e r  prepared as descr ibed under procedure f o r  s k i n  

prepara t i on. 

Chemicals: Pyr idost igmi  ne bromide (Hoffmdnn-La Roche, 

Inc., New Jersey),  n-decyl methyl s u l f o x i d e  (Columbia 

Organic Chemical Co., Inc., South Carol i na), 

N,N-dimethyldodecylamine-N-oxide (Fluka AG., West 

Germany), sodium l a u r y l  s u l f a t e  (Henkel KGaA., West 

Germany), sodium o l e a t e  (J. T. Baker Chemical Co., New 

Jersey),  sodium c h l o r i d e  AR (EM Science, New Jersey),  

and 1,2-butanediol ( A l d r i c h  Chemical Co., Inc., 

Wisconsin) were obtained comnerci a l l y .  

3 .  Sodium Chlor ide So lu t i on :  A 0.9% sodium c h l o r i d e  

s o l u t i o n  (normal s a l i n e )  i n  deaerated and deion ized 

water was used as t h e  receptor  phase. 

4. Drug So lu t i on :  A s o l u t i o n  concentrat ion o f  100 mg/ml i n  

normal s a l i n e  was used. 

5. D i f f u s i o n  C e l l :  A two compartment d i f f u s i o n  c e l l  

prepared by Crown Glass Company, New Jersey, was used 

f o r  t h e  studies.  Both compartments o f  t h e  c e l l  are 

jacketed f o r  ma in ta in ing  a constant temperature du r ing  

the  experiments. A temperature o f  32OC was maintained 
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1858 MITRA AND WIRTANEN 

w i t h  a c i r c u l a t i n g  water bath. The two c e l l  halves were 

assembled us ing clamps and end screws, w i t h  t h e  human 

cadaver s k i n  sandwiched between t h e  c e l l s .  The volume 

o f  each h a l f  c e l l  was approximately 3.5 m l ,  and t h e  

e f f e c t i v e  d i f f u s i o n a l  area was approximately 0.7 cm . 
The receptor  and t h e  donor compartments conta ined normal 

s a l i n e  and drug i n  normal s a l i n e  respec t i ve l y .  The 

s o l u t i o n s  i n  bo th  compartments were kept  s t i r r e d  us ing  

magnetic s t i r  bars a t  h igh  and constant speed, and t h e  

receptor  medium was kept  under s i n k  c o n d i t i o n s  du r ing  

t h e  experiment . 

2 

9. Procedure For Skin Preparat ion:  The s k i n  samples were 

dermatomed a t  300 p f rom t h e  abdomen o f  human cadavers w i t h i n  

48 hours o f  death. The dermatomed s k i n  samples were soaked i n  

15% g l y c e r o l  con ta in ing  80 mg/ml gentaqycin. The s k i n  samples 

were s tored a t  a s u i t a b l e  temperature (-30°C) u n t i l  used. The 

s k i n  samples were taken out  o f  t h e  f r e e z e r  and al lowed t o  thaw 

a t  room temperature. Once they thawed out, t he  s k i n  samples 

were soaked i n  normal s a l i n e  f o r  0.5 hour and c a r e f u l l y  

checked f o r  any macroscopic damage us ing a magnify ing glass. 

A square s e c t i o n  o f  t h e  s k i n  (-3 cm ) was pos i t i oned  between 

t h e  two h a l f  c e l l s  w i t h  t h e  s t ra tum corneum s ide  f a c i n g  t h e  

donor compartment. A f t e r  t h e  s k i n  was mounted between h a l f  

c e l l s ,  t h e  c e l l s  were made water t i g h t  by us ing a clamp and 

t h e  excess s k i n  t r imned o f f  us ing scissors.  

2 
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THE EFFECT OF SKIN PENETRATION ENHANCERS 1859 

C. I n  V i t r o  Sk in Penetrat ion Test Procedure: A 3.5 m l  volume o f  

normal sa l i ne ,  and drug (w i th  o r  w i thou t  enhancers) i n  normal 

s a l i n e  were in t roduced i n  t h e  recep to r  and donor compartment, 

respec t i ve l y .  Dur ing t h e  permeation s tud ies a one m i l l i l i t e r  

a l i q u o t  was withdrawn from t h e  acceptor compartment a t  regu la r  

t ime  i n t e r v a l s  and replaced w i t h  t h e  same volume (1 m l )  o f  

normal s a l i n e  a t  32OC. 

recep to r  compartment was determined as a func t i on  o f  t ime  

us ing a HPLC assay procedure. 

The concentrat ion o f  t h e  drug i n  t h e  

Permeation s tud ies  were 

conducted a t  l e a s t  i n  t r i p l i c a t e .  

D. A n a l y t i c a l  Method: A l i q u i d  chromatograph equipped w i t h  a 

Var ian model 5000 pump, Var ian UV 200 v a r i a b l e  wave ength 

detector ,  Var ian 8500 auto sampler, and an e l e c t r o n  c 

i n t e g r a t o r  was used i n  t h e  study. 

Drug ana lys i s  was accomplished us ing a reversed phase 

Hamil ton PRP-1 column, 10 pm p a r t i c l e  s ize,  and a mobi le  

phase c o n s i s t i n g  o f  15% a c e t o n i t r i l e ,  84.5% water and 0.5% 

a c e t i c  a c i d  a t  a f l o w  r a t e  o f  1.5 ml per minute. The drug 

was detected us ing a UV d e t e c t o r  a t  269 nm. The r e t e n t i o n  

t ime  o f  t h e  drug, under these condi t ions,  was approximately 

4.5 minutes. 

Drug concen t ra t i on  i n  the  samp 

comparing t h e  peak area o f  t h e  

e so 

drug 

u t i o n  was determ 

t o  a c a l i b r a t i o n  

ned by 

curve 
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1860 MITRA AND WIRTANEN 

constructed from t h e  peak area o f  a s e r i e s  o f  standard 

s o l  u t  i ons. 

RESULTS AND DISCUSSION 

The cumulat ive amount (pg) o f  t h e  drug penetrated through u n i t  

sur face area a t  d i f f e r e n t  t imes was ca lcu lated.  

c o e f f i c i e n t s  o f  t h e  drug i n  t h e  presence and absence o f  t h e  s k i n  

pene t ra t i on  enhancers were c a l c u l a t e d  us ing  t h e  steady s t a t e  

p o r t i o n  o f  t h e  curve and are given i n  Table I. 

The p e r m e a b i l i t y  

Pyr idost igmine bromide being a p o l a r  h y d r o p h i l i c  molecule showed 

poor pe rmeab i l i t y  across human cadaver skin.  

pe rmeab i l i t y  c o e f f i c i e n t  o f  t h e  drug increased s u b s t a n t i a l l y  

(50-200 f o l d )  i n  t h e  presence o f  sodium l a u r y l  s u l f a t e  i n  t h e  donor 

compartment o f  t h e  pene t ra t i on  c e l l .  An increase i n  t h e  

permeabi l i t y  c o e f f i c i e n t  o f  pyr idost igrnine bromide was a l s o  

demonstrated w i t h  sodium o leate.  A maximum p e r m e a b i l i t y  

c o e f f i c i e n t  o f  t h e  drug o f  355.1 x 

sodi um o l  eate concen t ra t i  on o f  10 mg/ml . 
c o e f f i c i e n t  decreased when t h e  concen t ra t i on  o f  sodi um o l e a t e  was 

ra i sed  from 10 t o  50 mg/ml. 

format ion a t  a sodium o l e a t e  concentrat ion o f  50 mg/ml. 

However, t h e  

cm/hr was obtained a t  a 

The permeabi 1 i ty  

Th is  cou ld  be a t t r i b u t e d  t o  m i c e l l e  

-- I n  v i t r o  sk in  pene t ra t i on  s tud ies  were a l s o  conducted w i t h  

e x c i p i e n t s  such as n-decyl methyl su l fox ide ,  N,N- 
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THE EFFECT OF SKIN PENETRATION ENHANCERS 1861 

TABLE I 

Ef fec t  o f  Skin Pene t r a t ion  Enhancer on Pyridost igmine 

Bromide Pernieabi l i  t y  Across Human Cadaver Skin 

Concent ra t ion  of 
pyridost igrnine 
broini de (mg/ml 1 Enhancer 

P x l o5  
(cm/hr)  

Concent ra t ion  mean 2 
o f  enhancer s tandard  
- (myj r i i l  ) dev ia t ion  

2.08 2 0.99 100 -- -- 
- 

100 Sodium ldu ry l  1 110 2 55.3 
s u l f a t e  

1.5 438 2 297 

100 Sodi uin ol edte 1 24.6 5 9.01 

5 235 2 53 

10 355.1 2 89.8 

50 81.2 1: 23.2 
-- 

100 n-decyl methyl 1 74.62 2 30.5 
su l fox ide  

2 110.83 12.3 

5 881 2 281 

10 1432 2 563 

20 1363 f 272 

100 N , N-di met hy 1 dodecy 1 - 1 102 5 2.52 
ami ne-N-oxi de 

2 283 2 62 

10 396 fi 247 

100 1,2-butanediol  50 2 2 1  
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1862 MITRA AND WIRTANEN 

dimethyldodecylamine-N-oxide, and l,2-butanediol . The permeab i l i t y  

c o e f f i c i e n t  o f  t h e  drug was increased w i t h  inc reas ing  

concentrat ions o f  n-decyl methyl su l fox ide  up t o  10 mg/ml; however, 

no f u r t h e r  increase i n  t h e  permeab i l i t y  c o e f f i c i e n t  was achieved a t  

20 mg/ml o f  n-decyl methyl su l fox ide.  The permeab i l i t y  c o e f f i c i e n t  

o f  pyr idost igmine bromide i n  t h e  presence o f  20 mg/ml o f  n-decyl 

methyl su l fox ide  was 1367 x l o m 5  cm/hr, an increase o f  681 f o l d  

over t h e  c o n t r o l  con ta in ing  no penet ra t ion  enhancer. 

A s i m i l a r  l a r g e  increase (197 f o l d )  i n  the  permeab i l i t y  

c o e f f i c i e n t  was achieved when N,N-dimethyldodecylami ne-N-oxide 

was used as a penet ra t ion  enhancer. 

A t  a concentrat ion o f  50 mg/ml, 1,2-butanediol d i d  not 

increase t h e  permeabi l i ty  c o e f f i c i e n t  o f  t h e  drug. 

I n  conclusion, sodium l a u r y l  su l fa te ,  n-decyl methyl 

su l fox ide,  N,N-dimethyldodecylamine-N-oxide, and sodium o lea te  

increased the  permeabi l i t y  o f  pyr idost igmine bromide through 

human cadaver s k i  n. 

ion-pai  r s  w i t h  nonionic sur fac tan ts  such as sodium l a u r y l  

s u l f a t e  o r  sodium oleate.  The on-pairs cou ld  p a r t i t i o n  b e t t e r  

i n  the  stratum corneum due t o  h gh stratum corneum/water 

p a r t i t i o n  c o e f f i c i e n t  r e s u l t i n g  i n  increased permeab i l i t y  o f  t h e  

drug. 

Pyri d o s t i  gmi ne bromide may form nonpol a r  
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THE EFFECT OF SKIN PENETRATION ENHANCERS 1863 

The p e n e t r a t i o n  enhancement o f  p y r i  d o s t i  grni ne bromide i n  

t h e  presence o f  s u r f a c t a n t s  th rough  t h e  s k i n  c o u l d  a l s o  occur  

due t o  t h e  opening up o f  t h e  pores i n  s t ra tum corneurn (4).  

essence, t h e  t o r t u o s i t y  o f  t h e  porous pathway c o u l d  be 

s i g n i f i c a n t l y  decreased by p o l a r  s u r f a c t a n t s  r e s u l t i n g  i n  h i g h e r  

p e r m e a b i l i t y  o f  t h e  drug. 
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