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ABSTRACT 

The influence of nonionic surfactants 

(polysorbates) on hydrocortisone penetration through 

hairless mouse skin in vitro has been determi,ned. 

Permeation was quite slow from purely aqueou.; media 

containing surfactants following finite dose 

application. However, if the vehicle contained high 

propylene glycol concentrations (40% or more) ,  

inclusion of a surfactant increased permeation rate 

significantly. Similar effects were noted following 

application of a large donor volume (infinite dose). 
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1626 SARPOTDAR AND ZATZ 

Synergism was attributed to enhancement of surfactant 

absorption by the stratum corneum leading to changes in 

skin barrier resistance. With vehicles containing a 

surfactant, penetration was higher after finite dose 

application due to compositional changes within the 

vehicle. 

INTRODUCTION 

It i5 generally appreciated that surfactants can 

affect the rate of skin penetration of various 

substances. Bettley' showed that, among surfactants 

themselves, anionics penetrated the skin faster than 

cationics which, in turn, were faster than nonionics. 

The use of ionic surfactants in topical products is 

limited by their significant skin irritation potential. 

Nonionics are preferred as they tend to be less 

irritating, and have consequently found wide use in 

dermatologic products and cosmetics. 

Studies of the effect of nonionic surfactants on 

percutaneous absorption of drugs and other substances 

have shown that when the solution is not saturated, 

surfactant addition generally reduces the skin 

permeation rate. This has been attributed to a 

reduction of drug thermodynamic activity as a 

consequence of  solubilization or complexation. Dalvi 

and Zatz demonstrated effects of this type with purely 
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P E R C U T A N E O U S  A B S O R P T I O N  ENHANCEMENT I62 7 

aqueous s o l  u t  i olns o f  benzocai ne". However, Shahi and 

Zatz had observed t h a t  p o l  ysorbate 80 increased 

hydrocor t isone f l u x  from isopropanol-water mixtures. I t 

was pos tu la ted  t h a t  t h e  na ture  of t h e  medium could 

i n f l uence  t h e  i n t e r a c t i o n  between nonionic  su r fac tan ts  

and t h e  s k i n  b a r r i e r .  

Fur ther  i n v e s t i g a t i o n  us ing l i d o c a i n e  s o l u t i o n s  i n  

propylene glycol-water veh ic les  supported t h i s  

hypathesis4. The e f f e c t  o f  nonion ic  su r fac tan ts  was a 

f u n c t i o n  o f  t h e  propylene g l y c o l  concentrat ion.  A t  80% 

propylene g lyco l ,  steady s t a t e  f l u x  wa5 increased 

approximately th ree  t imes by polysorbate 20 or  

po l  ysorbate 60. 

Another v a r i a b l e  examined i n  t h i s  study wa5 t h e  

mode o f  app l i ca t ion .  When t h i n  l a y e r s  o f  t h e  

fo rmu la t i on  were app l ied  and al lawed t o  remain under 

open condi t i  ons, s i  m u 1  a t  i ng t h e  usual cl i n i  r a l  

s i t u a t i o n ,  a reduc t ion  i n  f l u x  toward t h e  t a i l  end of  

t h e  experiment due t o  drug dep le t i on  f rom t h e  donor was 

expected. However, we a l s o  found t h a t  v a r i a t i o n  i n  s k i n  

sur-face temperature and v e h i c l e  composit ion due t o  

evaporat ion af fected t h e  f l u x  pa t te rns .  I n  systems t h a t  

underwent evapalration, two peaks were observed i n  a 

p l o t  of f l u x  vs.. t i m e  wh i le  a s i n g l e  peak w a 5  observed 

from veh ic les  t h a t  absorbed water. Surfactant-- induced 

enhancement of f l u x  was most pronounced i n  t h e  veh ic le  
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SARPOTDAR AND ZATZ 1628 

c o n t a i n i n g  80% p r o p y l e n e  g l y c o l ,  t h e  h i g h e s t  

c o n c e n t r a t i o n  t e s t e d .  

I n  t h e  p r e s e n t  s t u d y ,  p e n e t r a t i o n  e x p e r i m e n t s  w e r e  

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

m o l e c u l e ,  to d e t e r m i n e  t h e  i n f l u e n c e  of  pe rmean t  

s t r u c t u r e  on s u r f a c t a n t  e f f e c t s  and t o  g a i n  i n s i g h t  

i n t o  t h e  mechanism of s u r f a c t a n t  enhancement  of  

p e r m e a t i o n .  A l l  v e h i c l e s  c o n t a i n e d  w a t e r  w i t h  v a r y i n g  

c o n c e n t r a t i o n s  of  p r o p y l e n e  g l y c o l .  

MATERIALS FIND METHODS 

Mater ia ls  

H y d r o c o r t i s o n e  ( M e r c k  Chemical  Div. ,  M e r c k  and 

Co . ,  Rahway, N J ) ,  p r o p y l e n e  g l y c o l  U.S.P. (J .  T. B a k e r ,  

and Co., P h i l l i p s b u r g ,  NJ), a l c o h o l  U.S.P. (Chemical  

Group Inc . ,  N e w a r k ,  N J ) ,  and t h e  p o l y s o r b a t e s  ( I C I  

A m e r i c a s  I nc . ,  Wilmington,  DE) w e r e  u s e d  a s  r e c e i v e d .  

(4- I B C )  h y d r o c o r t i s o n e  ( N e w  England  N u c l e a r ,  

Bos ton ,  MA) had a r a d i o c h e m i c a l  p u r i t y  of  >97% as 

r e p o r t e d  by  t h e  s u p p l i e r .  I t  w a s  o b t a i n e d  a5 a s o l u t i o n  

i n  9: 1 b e n z e n e : e t h y l  a l c o h o l  w i t h  a s p e c i f i c  a c t i v i t y  

of 55 mCi / m m o l  . 

P r e p a r a t i o n  o f  H v d r o c o r t i s o n e  S t o c k  S o l u t i o n  

0.8 mL of  t h e  s o l u t i o n  of l a b e l e d  h y d r o c o r t i s o n e  

w a s  t r a n s f e r r e d  t o  a 25 mL v o l u m e t r i c  f l a s k  and t h e  
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PERCUTANEOUS ABSOR.PTION ENHANCEMENT 1 6 2 9  

s o l u t i o n  was evaporated t o  dryness on a water bath. 

A f te r  adding 4 mL o f  1.25% hydrocor t isone s o l u t i o n  i n  

e t h y l  a lcohol ,  t h e  mix tu re  was ag i ta ted  t o  d i sso l ve  t h e  

labe led  compound. E thy l  a lcohol  was used t o  make t h e  

volume o f  t h e  + i n a l  s o l u t i o n  25 mL. T h i s  s o l u t i o n  

contained 0.2% w/v hydrocor t isone and 640 nCi/mL 

r a d i o a c t i v i t y .  The labe led  ma te r ia l  was 0.192% o f  t h e  

t o t a l  hydrocor t isone content. The stock s o l u t i o n  was 

s to red  i n  t h e  r -e f r igera tor .  

Preparat ion o f  Donor Systems 

A f t e r  b r i n g i n g  t h e  stock s o l u t i o n  t o  room 

temperature, t h e  proper amount o f  s o l u t i o n  was 

t r a n s f e r r e d  t o  a v i a l  and evaporated t o  dryness i n  a 

water bath. To t h e  residue, appropr ia te  q u a n t i t i e s  o f  

corjolvent were added (by weight) and t h e  mix tu re  was 

s t i r r e d  t i l l  si3lut ion was ef fected.  The requ i red  amount 

o f  water was then added t o  the s o l u t i o n  by weight. T h i s  

was fo l lowed by t h e  weighed quan t i t y  o f  su r fac tan t  ( i f  

present) .  The sur fac tan t  concentrat ion used was 1% by 

weight. Mixing was cont inued u n t i l  a homogeneous system 

resu l ted .  These s o l u t i o n s  were made one day p r i o r  t o  

t h e  ac tua l  experiment and were s to red  overn ight  i n  a 

r e f r i g e r a t o r .  OR t h e  day of t h e  experiment, they were 

removed from t h e  r e f r i g e r a t o r ,  warmed t o  room 

temperature before apply ing them t o  t h e  s k i n  i n  t h e  

d i f f u s i o n  apparatus. 
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1630 SARPOTDAR AND ZATZ 

Procedure for Penetration Experiments 

Membrane preparation, experimental apparatus, 

sampling and analysis of receptor solutions have been 

described4. In finite dose experiments, donor volume 

was 0.011 mL/cm2 and the donor compartment was left 

open t o  the atmosphere. Donor volume wa5 0.275 mL/cm'=: 

in infinite dose experiments; the donor compartment was 

sealed t o  prevent evaporation. 

RESULTS FIND DISCUSSION 

Data Treatment 

Scheuplein?.? has reported a lag period of 

approximately 24 days for hydrocortisone through human 

skin. A value of approximately one day was obtained 

with mouse skin". The lag time through hairless mouse 

skin is expected t o  be intermediate between these 

values. We did not achieve steady state in our 

experiments, which were usually carried on for 16 

hours. 

Shahi and Zatz" showed that large standard 

deviations result if cumulative amount penetrated is 

averaged for replicates and that the best way t o  obtain 

a central value for a group of replicates was t o  

average the steady state slopes- Analysis of data under 

non-steady state conditions is more complex. With 
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PERCUTANEOUS ABSORPTION ENHANCEMENT 1631 

a p p l i c a t i o n  o f  t h i n  l a y e r s  o f  donor ( f i n i t e  dosing), 

dep le t ion  causes changes i n  f l u x  w i t h  time6. 

We chose n n o n t r a d i t i o n a l  method of  c a l c u l a t i n g  

average penet ra t ion  r a t e  f rom f i n i t e  dose data. O u r  

approach is i l l u s t r a t e d  i n  Fig.  1, which conta ins  a 

t y p i c a l  penet ra t ion  curve f o r  hydrocort isone. 

Experimental p o i n t s  corresponding t o  pene t ra t i on  o f  

about 10% and :25% of t h e  app l ied  dose were connected 

(dashed l i n e  i n  Fig. 1 )  and t h e  s lope of  t h i s  l i n e ,  

which approximates t h e  ac tua l  s lope o f  t h e  curve, gave 

us a penet ra t ion  r a t e .  It was f e l t  t h a t  wa i t i ng  

u n t i l  10% of  t h e  dose reached t h e  receptor  permi t ted  

establ ishment i3f a pseudo steady s t a t e  wi thout  

extens ive depllet ion o f  t h e  donor. Penetrat ion r a t e s  

ca l cu la ted  i n  t h i s  way are c lose  t o  t h e  maximum r a t e  

f o r  t h e  system i n  question. 

Slopes f o r  each v e h i c l e  were averaged and 

compared t o  those f o r  o ther  t reatments us ing  s i n g l e  

fac to r  ANOVA-’. I f  t h e  d i f f e rences  i n  r a t e  were 

s i g n i f i c a n t ,  Student-Newman-Keul m u l t i p l e  range t e s t s  

were performed a t  = 0.05. 

W i t h  c e r t a i n  o f  t h e  vehic les,  penetrat. ion d i d  no t  

proceed f a r  enough to employ t h e  method descr ibed 

above. I n  such cases, t h e  s lope o f  t h e  te rmina l  p o r t i o n  

of  t h e  penet ra t ion  curve was used. We a l s o  r e p o r t  

average values f o r  t h e  amount o f  s t e r o i d  reaching t h e  

receptor  i n  12 hours. 
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1632 SARPOTDAR AND ZATZ 

39 

26 

I 

4 8 12 16 

Time,h 

FIGURE 1. 
Hydrocortisone penetration from 0.2% solution 
containing 80% propylene glycol and 1% polysorbate 60, 
finite dose. 

Finite Dos e Studies 

Figure 2 shows the effect of propylene glycol 

concentration on hydrocortisone penetration from 

vehicles containing no surfactant. Penetration rate 

generally increased as propylene glycol concentration 

w a s  reduced. The total amount penetrated was also a 

function of propylene glycol content. fit 8 0 X  propylene 

glycol, 27 hours of exposure was required for about 10% 

of the dose to be  transported through the skin. 

Similarly, very small quantities of hydrocortisone 

penetrated from aqueous suspension containing dissolved 
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P E R C U T A N E O U S  A B S O R P T I O N  ENHANCEMENT 1633 
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F I G U R E  2. 
E f f e c t  o f  lp ropylene  g l y c o l  c o n c e n t r a t i o n  on  
p e n e t r a t i o n  of h y d r o c o r t i s o n e ,  0.2%, f i n i t e  d o s e .  

20% p r o p y l e n e  glycol  ; 40% p r o p y l e n e  g l y c o l  ; 
60% p r o p y l e n e  g l y c o l ;  0 80% p r o p y l e n e  g l y c o l  

s u r f a c t a n t  b u t  n o  p r o p y l e n e  g l y c o l  ( F i g .  3 ) .  O n l y  s m a l l  

d i f f e r e n c e s  w e r e  o b s e r v e d  as a f u n c t i o n  of  h y d r o p h o b i c  

c h a i n  l e n g t h  0.f t h e  s u r f a c t a n t .  

S k i n  p e n e t r a t i o n  w a s  s i g n i f i c a n t l y  e n h a n c e d  f r o m  

v e h i c l e s  c o n t a i n i n g  b o t h  p r o p y l e n e  g l y c o l  a n d  a 

n o n i o n i c  s u r f a l c t a n t .  Mean p e n e t r a t i o n  ra tes  a r e  

c o l l e c t e d  i n  T a b l e  1 e x c e p t  f o r  t h e  s y s t e m  c o n t a i n i n g  
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1634 SARPOTDAR AND ZATZ 

c; I..- 

1.0 

I I 

2 

Time,h 

FIGURE 3. 
E f f e c t  of n o n i o n i c  s u r f a c t a n t s  a t  1% c o n c e n t r a t i o n  on  
h y d r o c o r t i s o n e  p e n e t r a t i o n  from a q u e o u s  d i s p e r s i o n ,  
f i n i t e  dose. 0 p o l y s o r b a t e  20; 0 p o l y s o r b a t e  40; 

p o l y s o r b a t e  60 

60% p r o p y l e n e  g l y c o l  a n d  n o  s u r f a c t a n t .  I n  t h i s  case, 

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

enough t o  y i e l d  a m e a n i n g f u l  value.  T a b l e  2 c o n t a i n s  

v a l u e s  f o r  t h e  p e r c e n t  of  a p p l i e d  d o s e  r e a c h i n g  t h e  

r e c e p t o r  i n  12 h o u r s .  C o n c l u s i o n s  b a s e d  on  s t a t i s t i c a l  

a n a l y s i s  are shown i n  T a b l e  3. T a b l e  4 shows t h e  t i m e  
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PERCUTANEOUS ABSORPTION ENHANCEMENT 1635 

TABLE 1. Mean Rates o f  Penet ra t ion  from 0.2% 

Hydrocort isone So lu t ions  Fol lowing F i n i t e  Dosing. 

Sur fac tan t  Penet ra t ion  Rate (S.D.), ,us/hr 

Propyl  ene G I  yco l  Concentrat i on 

40% 60% 80% 

None * 1.7 (0.45) --- 0.8 (0.39) 

Pol ysorbate 28 2.1 (0.21) 2.6 (0.60) 4.7 (1.8) 

Polysorbate 40 3.7 (1.02) 3.2 (0.45) 3.9 (0.94) 

Pol ysorbate 60 4.3 (1.06) 3.8 (0.88) 4.2 (0.83) 

Pol ysorbate 80 4.1 (0.51) 4.5 (0.44) 4.3 (0.50) 

* Calcu lated from te rmina l  data po in ts .  

TABLE 2. Hydrocort isone Penet ra t ion  a t  12 hours, F i n i t e  

Dosi ng. 

Sur factant  Percent o f  Dose Penetrated 

Propyl  ene G 1  vco l  Concentrat i on 

0% 40% 6AK 80% 

1.2 0- 8 0.9 --- None 

Pol ysorbate 20 4.5 23.9 24.6 35.5 

Pol ysorbate 40 2.7 39.2 28.5 30.9 

Polysorbate 60 4.2 39.6 33.1 32.6 

34.5 38.1 24.9 Polysorbate 80 --- 
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1636 SARPOTDAR AND ZATZ 

TABLE 3. Results of Statistical Analysis. 

Compar i son 

1. Polysorbate 20 and 60 

Conc 1 usi on 

6. n o  propylene glycol No difference 

B. 40% propylene glycol 

C. 60% propylene glycol 

D. 80% propylene glycol 

Penetration increased with 

longer chain length 

No difference 

2. Propylene glycol conc. 

A. Polysorbate 20 

B. Polysorbate 40 

C. Polysorbate 60 

D. Polysorbate 80 

Penetration increased with 

p.9. concentration 

No difference 

No difference 

No difference 

3. Polysorbate 60 and 80 No difference 

required t o  achieve penetration of 10% of the dose. 

This provides an indication of the time that must 

elapse before significant permeation occurs. Results 

may be summarized a s  follows: 

1. Rates of hydrocortisone penetration increased with 

increasing propylene glycol in systems containing 

polysorbate 20. There was n o  significant effect of 
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PERCUTANEOUS ABSORPTION ENHANCEMENT 1637 

TABLE 4. Time Required f o r  Penet ra t ion  o f  10% of  Dose 

Fol lowing App l i ca t i on  of 0.2% Hydrocort isone So lu t i on  

under F i n i t e  1Dose Condit ions. 

Surf ac t  ant  

None 

Polysorbate 20 

Polysorbate 40 

Pol ysorbate 60 

Pol ysorbate 80 

T i  me, hr- 

Propylene Glycol  Concentrat ion 

40% 80% 

1 9  >I& 27 

9 9 

7.5 9 

8.5 

9.5 

6.5 8 8.5 

7 7.5 9 

propylene g l y c o l  concentrat ion ( w i t h i n  t h e  range 

stud ied)  i n  t h e ?  presence o f  t h e  other  su r fa r tan ts .  

These f i n d i n g s  may be contrasted w i t h  t h e  p a t t e r n  

found i n  t h e  absence o f  added sur fac tan t ,  namErly an 

inverse  r e l a t i o n s h i p  between penet ra t ion  and propylene 

g l y c o l  concentrat ion.  There i s  a synergist ic: e f f e c t  

between su r fac tan t  and propylene g l yco l ,  which was also 

noted i n  our prev ious work w i t h  l idoca ine* .  

2. With vehiclE!s conta in ing  40% and 60% propyllene 

g l yco l ,  hydrocor t isone penet ra t ion  r a t e  increased as 

t h e  f a t t y  ac id  chain l eng th  o f  t h e  su r fac tan t  increased 
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1638 SARPOTDAR AND ZATZ 

from 12 to 18 carbon atoms (polysorbate 20 to 60). This 

effect was not seen in vehicles containing 80% 

propylene glycol. 

3. There was no effect on hydrocortisone penetration 

due to unsaturation of the surfactant fatty chain 

(polysorbate 60 vs. polysorbate 80). 

4. The time for penetration o+ 10% of the dose of 

hydrocortisone was shortened significantly in the 

presence of surf actant at each propyl ene glycol 

concentration (Table 3). There were no significant 

differences in this value as a function of surfactant 

chemistry. 

Infinite Dose Studies 

Following infinite dose application, some of the 

experimental curves exhibited a terminal linear 

portion, while, in many cases, the slope continued to 

rise during the course of the experiment. From 

examination of the cumulative curves (Figs. 4, 5 )  it is 

obvious that hydrocortisone penetration was increased 

in the presence.of two nonionic sur+actants, 

polysorbate 20 and polysorbate 60. Penetration curves 

for vehicles containing a surfactant were similar at 

both propylene glycol concentrations (40 and 80%). 

However, in the absence of surfactant the penetration 
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27 

18 

9 

Time, h 

FIGURE 4. 
Effect of nonionic surfactants on hydrocortisone 
penetration under infinite dose conditions, 40% 
propylene glycol. 0 n o  surfactant; polysorbate 20; 
A polysorbate 60 

rate was significantly lower +rom the vehicle 

containing 80% propylene glycol (Fig. 5 )  than from the 

40% propylene glycol vehicle ( F i g .  4) PO that the 

apparent degree of permeation enhancement w a s  greater 

at the higher propylene glycol concentration. 
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1640 SARPOTDAR AND ZATZ 

Time, h 

FIGURE 5. 
Ef fec t  of nonionic surfactants on hydrocortisone 
penetrat ion under i n f i n i t e  dose conditions, 80% 
propylene glycol .  0 no surfactant; 0 polysorbate 20; 
A polysorbate 60 

Enhancement Mechanism 

Studies of  surface tension ind icated t h a t  the 

c r i t i c a l  mice l le  concentrat ion of polysorbates w a 5  

increased i n  the  presence of propylene glycol ,  the  

e f f e c t  being more pronounced a t  higher propyl ene g lyco l  

concentrations4. This would cause a r i s e  i n  monomer 

concentration w i t h i n  the vehicle, and, assuming tha t  

only the  monomer is capable of  penetrat ing the stratum 
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PERCUTANEOUS ABSORPTION ENHANCEMENT 1641 

corneum, a p r o p o r t i o n a l  increase  i n  s u r f  a c t a n t  

a b s o r p t i o n  i n t o  t h e  s k i n .  The  r e s u l t  would b e  i n c r e a s e d  

i n t e r a c t i o n  w i t h  t h e  s k i n  l e a d i n g  t o  s t r u c t u r a l  

c h a n g e s ,  and  t h e r e f  ore i n c r e a s e d  d r u g  p e n e t r a t i o n .  I t  

is a lso  p o s s i b l e  t h a t  d r u g  p e n e t r a t i o n  e n h a n c e m e n t  is 

d u e  t o  a1 terat i  o n s  i n  s t r a t u m  corneum s t r u c t u r e  c a u s e d  

by t h e  combina t . ion  of  s u r f a c t a n t  a n d  p r o p y l e n e  g l y c o l .  

Because  of d i f f e r e n c e s  i n  v e h i c l e  s u r f a c e  t e n s i o n ,  

w e  c a n  n o t  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  s k i n  

s u r f a c e  is w e t  i n c o m p l e t e l y  b y  s o m e  of t h e  

f o r m u l a t i o n s .  I:n v e h i c l e 5  c o n t a i n i n g  40% p r a p y l e n e  

g l y c o l ,  t h e  a d d i t i o n  o f  a s u r f a c t a n t  l o w e r s  surface 

t e n s i o n  by several dyn/cm. Under i n f i n i t e  d o s i n g ,  t h e  

l a r g e  volume a p p l i e d  t o  t h e  s k i n  s u r f a c e  i n s u r e s  t o t a l  

c o v e r a g e  of  t h e  s k i n  by t h e  v e h i c l e .  H o w e v e r ,  t h e  s a m e  

is n o t  t r u e  w i t h  a f i n i t e  d o s e ,  and  i f  t h e  a p p l i e d  f i l m  

w e r e  t o  c o n t r a c t  i n t o  d i s c r e t e  d r o p l e t s ,  a d e c r e a s e  i n  

p e n e t r a t i o n  rate would r e s u l t .  B e c a u s e  of t h e i r  l o w e r  

s u r f a c e  t e n s i o n ,  v e h i c l e s  c o n t a i n i n g  s u r f a c t a n t  m i g h t  

w e t  t h e  s k i n  b e t t e r ,  h e n c e  i n c r e a s i n g  p e n e t r a t i o n .  

However, i t t  is u n l i k e l y  t h a t  w e t t i n g  w a s  a m a j o r  

f a c t o r  i n  o u r  r e s u l t s .  F o r  o n e  t h i n g ,  h y d r o c o r t i s o n e  

p e n e t r a t i o n  w a s  q u i t e  s l o w  f r o m  v e h i c l e s  c o n t a i n i n g  a 

s u r f a c t a n t  b u t  n o  p r o p y l e n e  g l y c o l .  S e c o n d l y ,  t h e r e  

w e r e  s u b s t a n t i a l  i n c r e a s e s  i n  p e n e t r a t i o n  f r o m  v e h i c l e s  

c o n t a i n i n g  r u r 1 F a c t a n t s  a n d  p r o p y l e n e  g l y c o l  a p p l i e d  
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1642 SARPOTDAR AND ZATZ 

under infinite dose conditions, where wetting effects 

are unimportant. 

cornoarison of Finite g n d  In finite Dose Res ul ts 

Penetration curves following the different 

application modes t f  inite and infinite dose) are 

compared in Figs. 6-8. In the absence of surfactant, 

penetration was more rapid following application under 

infinite dose csnditions than from a finite dose (Fig. 

6). Exactly the opposite was found when vehicles 

containing surfactants were compared (Fig. 7, 8 ) .  

Although any explanation for these differences 

would be speculative at the present time, w e  can list 

some of the factors which might be involved. These are 

differences in skin surface temperature, drug 

depletion, differential wetting, and concentration 

enrichment within the donor. 

The finite dose allows normal transpiration of 

moisture; with occlusion, skin temperature is higher. 

This m a k e s  the flux in the infinite dose situation 

higher. Depletion of steroid from the donor as a result 

of partitioning and permeation would do the same thing. 

Only with vehicles that contain no surfactant 

could differential wetting come into play. Incomplete 

wetting might reduce the contact area of a finite dose, 

but would have no effect on a large donor volume, thus 

favoring penetration from the infinite system. 
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-2 
0 2 4 6 8 10 12 14 16 

T i m e ,  h 

FIGURE 6. 
E f f e c t  of a p p l i c a t i o n  mode on  h y d r o c o r t i s o n e  
p e n e t r a t i o n  f r o m  d o n o r s  c o n t a i n i n g  n o  s u r f  a c t a n t .  
40% p r o p y l e n e  g l y c o l :  i n f i n i t e  d o s e ;  f i n i t e  d o s e  
80% p r o p y l e n e  g l y c o l :  A i n f i n i t e  d o s e ;  A f i n i t e  d o s e  

With f i n i t s e  d o s e  s y s t e m s ,  t h e  t h i n  l a y e r  o f  d o n o r  

i n  c o n t a c t  w i t h  t h e  s k i n  g r a d u a l l y  becomes  e n r i c h e d  i n  

t h e  stereid because of s k i n  transport of the s o l v e n t s ,  

b o t h  o f  which are m o r e  r a p i d  t h a n  h y d r o c o r t i s o n e  

p e r m e a t i o n .  T h i s  increases  t h e  c o n c e n t r a t i o n  g r a d i e n t  

across t h e  s k i n  membrane a n d  t h e r e f o r e  t h e  p e n e t r a t i o n  
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Time,h 

FIGURE 7 .  
Effect of application mode on hydrocortisone 
penetration from donor systems, 40% propylene glycol. 
polysorbate 20: infinite dose; finite dose 
polysorbate 60: A infinite dose; A finite dose 

rate. The same effect does not occur in the infinite 

dose situation. Because of the re1 ati vel y 1 arge volume 

of donor, only minor changes in hydrocortisone 

concentration would take place due to permeation of 

water and propylene glycol. 

For vehicles that do not contain a surfactant, it 

serms likely that differences in skin surface 

temperature, and possibly skin wetting are responsi bl e 

for the greater permeation from an infinite dose. With 

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.



P E R C U T A N E O U S  A B S O R P T I O N  ENHANCEMENT 1645 

30 - 

0 6 10 14 

Time,h 

FIGURE 8. 
Effect of applicaion mode on hydrocortisone 
penetration from donor systems, 80% propylene glycol. 
polysorbate 20: infinite dose; 0 finite dose 
polysorbate 20: A infinite dose; finite dose 

a surfactant present, skin wetting differences would be 

eliminated. App4arently, the effect of steroid 

enrichment within the vehicle is sufficient to 

overbalance the influence of those factors which work 

in the opposite direction. 

CONCLUSIONS 

We have observed significant penetration 

enhancement of hydrocortisone through hairless mouse 
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1646 SARPOTDAR AND ZATZ 

skin from vehicles containing low concentrations of 

nonionic surfactants (polysorbates) in combination with 

propylene glycol. Similar results were obtained with 

lidocaine4, but the increase in hydrocortisone 

permeation rate was more striking. This may have been 

due to the lower intrinsic permeability of the steroid 

or a difference ir5 penetration pathway. 

There was some indication from our studies that 

the degree of this interaction was dependent on 

surfactant fatty chain length. A s  a corollary of this 

explanation, it is suggested that one reason that 

nonionic surfactants appear to be noninteractive in 

aqueous solution is their very small monomer 

concentration (low critical micelle concentration). 
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