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E. M. Staal and A. C. Noordzij. J o u rn a l o f  th e  S o c ie ty  o f  C o sm e tic  C h e m is ts  29 
607-615 (1978)

Synopsis—A new method is presented to quantify micro-organisms on the surface 
o f human skin. With this method harvesting o f micro-organisms from the skin is 
carried out with a Water-Pik® spray device, an instrument constructed for removal 
o f food debris from the teeth. It will be shown that this method is operated very 
simple and gives reproducible figures about the microbial population o f the human 
skin.

Short term effects of emollients and a bath oil on the stratum corneum: S. N icholls, 
C. S. King and R. Marks. J o u rn a l o f  th e  S o c ie ty  o f  C o sm e tic  C h e m is ts  29 617-624  
(1978)

Synopsis— Recently devised techniques were employed to detect and measure 
surface changes and structural alterations in the stratum corneum after single 
applications o f both oil in water emollients and a dispersion type of bath oil. 
Flattening o f the surface contours o f the skin and ‘plumping’ o f individual corneo- 
cytes were apparent on replicas o f the skin taken from treated areas and suggested 
hydration. These effects were most apparent when replicas were examined by 
scanning electron microscopy and by surface contour tracing. Small changes 
observed in skin surface biopsies from treated areas may reflect alterations in the 
internal structure o f the top layers o f stratum corneum. An increase in skin furrow 
width was also detected in photographs o f the surface o f treated skin.

Water diffusion coefficients versus water activity in stratum corneum : a correlation 
and its implications: M. Stockdale. J o u rn a l o f  th e  S o c ie ty  o f  C o sm e tic  C h e m is ts  
29  625-639 (1978)

Synopsis— Literature reports o f rates o f trans-epidermal water loss through skin 
exposed to differing external relative humidities have been used to generate water 
diffusion coefficients by means o f Fick's law. These have been related, within a given 
series, to the diffusion coefficient at a standard average water activity to give 
relative water diffusion coefficients. These have been combined, together with 
literature values o f water diffusion coefficients obtained by kinetic experiments on 
stratum corneum exposed to various humidities, to yield a correlation between 
the average water activity o f stratum corneum and the relative water diffusion 
coefficient over the full range o f water contents. The asymptotic relationship 
derived shows that the diffusion coefficient increases rapidly as the water activity 
approaches its maximum. The implications o f this relationship in terms o f  water 
activity profiles o f stratum corneum are discussed. A theoretical analysis o f  the 
subject is presented and water activity profiles o f model systems are derived.
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C o sm e tic  C h e m is ts  29  641-649 (1978)

Synopsis— A water-resistant sunscreen preparation was formulated to function 
during swimming, exercising and sunbathing. The sunscreen agent, Octyl />-NN- 
dimethylamino benzoate (PABA) and an ammonium acrylate/acrylate ester 
polymer were combined in a cosmetically pleasing oil-in-water, fugitive amine, 
lotion vehicle. When applied to skin, a substantive film forms which does not 
interfere with transepidermal water loss or normal sweat gland function. Double 
blind clinical studies showed that this water-resistant sunscreen preparation pro
vided protection from sunburn after 60 min swimming in fresh or salt water. This 
water-resistant sunscreen preparation was found to be safe and o f low irritancy, 
allergenic, sting and stain potential.
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Synopsis—The effect o f electrolyte solutions on the alumina lake o f F .D . & C. 
Blue N o  1 dye has been studied. M onovalent anions and cations cause a fairly 
rapid leaching o f the dye for a period o f about 1 h, followed by a much slower 
elution process. Multivalent cations cause a slight increase in leaching, but a more 
marked effect is obtained with salts o f multivalent acids, where the dye is virtually 
completely removed from its substrate in 2-3 h. The results are explained by 
reference to the postulated structure o f the alumina substrate o f the lake, and the 
effects o f pH on and ionic penetration into this structure.
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A new method for the quantitative determination of 
micro-organisms on human skin

E . M . S  T  A  A  L  and A .  C .  N O O R D Z I J  Intradal Research Laboratory, 
Brabantsestraat 17, Amersfoort, The Netherlands

Received 26 January 1978

Synopsis

A new method is presented to quantify micro-organisms on the surface of human skin. With this method 
harvesting of micro-organisms from the skin is carried out with a Water-Pik® spray device, an instrument 
constructed for removal of food debris from the teeth. It will be shown that this method is operated 
very simply and gives reproducible figures about the microbial population of the human skin.

I N T R O D U C T I O N

O n  th e  su r fa c e  o f  o u r  s k in  in  m o st  a re a s  a  lo t  o f  m ic r o -o rg a n is m s  d o  e x is t . G e n e r a l ly ,  
th e se  m ic r o -o rg a n is m s  a re  c o m p le te ly  h a rm le s s  a n d  w il l  n o t  in te rfe re  w ith  th e  fu n c t io n  
o f  th e  s k in .

T h e  n u m b e r  o f  m ic r o -o rg a n is m s  v a r ie s  v e ry  g re a t ly , a s  th e ir  e x is te n c e  is  d ir e c t ly  
re la te d  to  th e  q u a n t ity  o f  n u t r it io n a l  s u b s ta n c e s  a n d  e x te rn a l fa c t o r s  s u c h  a s  h u m id it y ,  
h e a t  a n d  sm o o th n e s s . T h e r e fo r e  b ig  d iffe re n ce s  a re  fo u n d  f ro m  p la c e  to  p la c e  a n d  f ro m  
in d iv id u a l  to  in d iv id u a l .

In  th e  s u rv e y  o f  W il l ia m s o n  (1 ) a b o u t  th is  su b je c t  d if fe re n ce s  o f  a  th o u s a n d - fo ld  a re  
n o t  r a r e . K l ig m a n  (2 )  g iv e s  a  v e ry  d e ta ile d  su rv e y  o f  th e  ty p e s  o f  m ic r o -o rg a n is m s  fo u n d  
o n  o u r  s k in . T h e  fa c t o r s  h e re b y  p la y in g  a  p a r t  a re  fu r t h e r  e lu c id a te d  b y  W o o d ro ffe  (3 ) . 
E x t e n s iv e  in f o rm a t io n  a b o u t  th e  s k in  p o p u la t io n  is  a ls o  fo u n d  in  th e  b o o k  o f  S k in n e r  a n d  
C a r r  (4 ) , in  w h ic h  M a r p le s  e x te n s iv e ly  d is c u s se s  th e se  p h e n o m e n a .

F o r  th e  fo r m u la t io n  o f  c o sm e t ic  p r o d u c ts  th e  s tu d y  o f  th e  h u m a n  s k in  p o p u la t io n  
is  v e ry  im p o r t a n t .  S e v e ra l p r o d u c t  g ro u p s  a re  f o r m u la te d  to  e lim in a te  th e  h a rm le s s  b u t  
in c o n v e n ie n t  s id e  e ffects o f  th e  m ic r o -o rg a n is m s  o n  o u r  s k in . F o r  e x a m p le  a  d e o d o ra n t  
p r o d u c t  c a n  b e  m e n t io n e d , w h ic h  e lim in a te s  h u m a n  m a lo d o u r  b y  k i l l in g  s k in  m ic r o 
o rg a n ism s  w ith  th e  h e lp  o f  a  b a c t e r ic id a l ag e n t.

A s  a lr e a d y  m e n t io n e d  b e fo re , m ic r o -o rg a n is m s  w il l  e x is t  p r e fe ra b ly  o n  th e  m o st  
in a c c e s s ib le  a re a s  o f  th e  s k in . I n  th e se  a r e a s , f o r  e x a m p le  th e  a x il la e , th e  c o n d it io n s  f o r  
b a c t e r ia l  g ro w th  a re  a lm o s t  o p t im a l a n d  g e n e ra lly  a  h u g e  n u m b e r  o f  m ic r o -o rg a n is m s  is  
fo u n d  in  th e se  p la c e s . H e r e  e sp e c ia lly , c o s m e t ic  p r o d u c ts  a re  u se d  to  c o m b a t  th e  m ic r o b ia l  
s id e  e ffects . F o r  th e  d e te rm in a t io n  o f  th e  e ff ica c y  o f  a  c o sm e t ic  p r o d u c t  in  p ra c t ic e  a  
m e th o d  to  q u a n t ify  m ic r o -o rg a n is m s  o n  th e  s k in  is  n e c e ssa ry .

®Trade mark of Teledyne Aquatic, Fort Collins, Colorado, U.S.A.
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608 E. M. Staal and A. C. Noordzij

U n t i l  n o w , a ll  m e th o d s  d e sc r ib e d  a re  a p p lie d  a n d  a re  o n ly  s u ita b le  o n  a  s m o o th  s k in  
s u r fa c e , e .g . th e  s k in  o f  th e  u n d e ra rm  o r  fo re h e a d . T o g e th e r  w ith  th e  a b o v e m e n t io n e d ,  
th e  p ro b le m  is ra ise d  th a t  th e  k n o w n  m e th o d s  a re  n o t  e a s ily  a p p lic a b le  fo r  th o se  a re a s  
o f  o u r  b o d y  w h ic h  a re  im p o r t a n t  f o r  c o sm e t ic  t re a tm e n t . O u r  e x p e rie n ce  w a s  th a t  in  
th e se  a re a s , l ik e  th e  a x i l la ,  s c a lp  a n d  feet a l l  m e th o d s  fa ile d  f o r  th e  q u a n t if ic a t io n  o f  th e  
m ic ro -o rg a n is m s .

T h e  k n o w n  m e th o d s  c a n  ro u g h ly  be d iv id e d  in to  tw o  b a s ic  te c h n iq u e s  (5 ).

1 Excision technique
W it h  th e  e x c is io n  m e th o d  (6 ) th e  u p p e r  la y e r  o f  th e  e p id e rm is  is  re m o v e d  w ith  a  s h a rp  
k n ife . A f t e r  th a t  th e  m ic r o -o rg a n is m s  a re  c a re f u lly  se p a ra te d  f ro m  th is  p a rt  o f  th e  s k in ,  
c o lle c te d  a n d  c o u n te d . T h e  m e th o d  is  o f  c o u rs e  v e ry  a c c u r a t e , b u t is n o t su ita b le  to  
h u m a n  su b je c ts .

2 Direct sampling techniques

W it h  th e se  m e th o d s  th e  m ic r o -o rg a n is m s  a re  m o re  o r  le ss  e ffe c tiv e ly  re m o v e d  fro m  th e  
in ta c t  s k in  o f  th e  su b je c ts . T h i s  c a n  b e  d o n e  in  th e  fo llo w in g  w a y s .

(a )  D r y  s a m p lin g  w ith  a  c o n ta c t  p la te , ta p e  s tr ip p in g  o r  v e lv e t  p ad  (7 , 8 , 3, 9 , 10). 
G e n e r a l ly  th e  y ie ld  o f  m ic r o -o rg a n is m s  w ith  th is  ty p e  o f  m e th o d  is  ra th e r  lo w , so  th e  
m e th o d  is  le ss  s u ita b le  fo r  a  g o o d  q u a n t ita t iv e  in v e s t ig a t io n .

(b )  W e t  s a m p lin g  w ith  m e c h a n ic a l  s c ru b  o r  s w a b . W it h  th is  m e th o d  m ic r o -o rg a n is m s  
a re  se p a ra te d  f ro m  th e  s k in  b y  a p p ly in g  a  d ete rg e n t s o lu t io n  a n d  r u b b in g  o n  a re s tr ic te d  
a re a  o f  th e  s k in . T h e  y ie ld  is r e la t iv e ly  h ig h , b u t d e m a n d s  a n  a c c u r a te  s ta n d a r d is a t io n  o f  
l iq u id  v o lu m e  a n d  a p p lie d  ru b b in g  fo rc e  ( 11,  12, 13, 14, 15, 16, 17, 18).

(c )  W e t  u lt r a s o n ic  s a m p lin g . T h i s  m e th o d  w a s  re c e n t ly  d e sc r ib e d  by S t r in g e r  a n d  
M a r p le s  (1 5 ) a n d  u se s  u lt r a s o n ic  w a v e s  in  a l iq u id  p h a se  to  h a rv e s t  m ic ro -o rg a n is m s  
f ro m  th e  s k in . In  fa c t , th is  m e th o d  is a  m o d if ie d  w et s a m p lin g  te c h n iq u e  w ith  a  w e ll 
s ta n d a rd is e d  q u a n t ity  o f  a p p lie d  e n e rg y . T h e  a d v a n ta g e  o f  th is  m e th o d  is , th e re fo re , its 
h ig h  a c c u r a c y , b u t th e  d is a d v a n ta g e  is  th a t  th e  u lt r a s o n ic  w a v e s  g iv e  a  lo t  o f  d is c o m fo r t  
to  th e  su b je c ts .

U n t i l  n o w , th e  m o st  f re q u e n t ly  u sed  s a m p lin g  m e th o d  is  th e  s c ru b  m e th o d  w ith  a  
‘c u p  te m p la te ’ (1 3 , 19, 2 0 ) . G e n e r a l ly  th e  w a s h in g  l iq u id  u se d  w ith  th is  m e th o d  is a 
s o lu t io n  o f  th e  d e te rg e n t T r i t o n  X  100. T h i s  s o lu t io n  is se le cted  a m o n g  s ix te e n  o th e r  
s o lu t io n s  o f  n o n io n ic  d e te rg e n ts  a fte r  a n  e x te n s iv e  in v e s t ig a t io n  b y  W il l ia m s o n  a n d  
K lig m a n  (2 1 ).

C o n s id e r in g  th e  a d v a n ta g e s  a n d  d is a d v a n ta g e s  o f  th e  d e sc r ib e d  m e th o d s  a n  o p t im a l  
s a m p lin g  te c h n iq u e  h a s  to  m eet th e  f o llo w in g  d e m a n d s : (1 ) s a m p lin g  m u st  be e a sy  to  
s ta n d a r d is e ; (2 ) th e  y ie ld  h a s  to  be r e p r o d u c ib le ;  (3 ) th e  s a m p lin g  m a y  n o t  p ro d u c e  
d is c o m f o r t  to  th e  s u b je c ts ; (4 ) th e  m e th o d  h a s  to  b e  su ita b le  f o r  h a ir y  a re a s  o f  th e  b o d y ;  
a n d  (5 ) th e  m e th o d  h a s  to  b e  s u ita b le  fo r  v e r t ic a l  o r  u p s id e  d o w n  a re a s  o f  th e  b o d y .

O b v io u s ly  n o n e  o f  th e  m e n t io n e d  m e th o d s  m eets  th e  d e m a n d s  o f  th e  id e a l test 
m e th o d . T h is  a r t ic le  d e sc r ib e s  a  n e w  m e th o d  in  w h ic h  a lm o s t  a l l  m e n tio n e d  a d v a n ta g e s  
a re  c o lle c te d .

F o r  th is  w e  u se d  a  ‘ W a te r-P ik ® ’ s p r a y  d e v ic e . T h i s  in s t ru m e n t  is  a  c o n s u m e r  p r o d u c t  
a n d  is c o n s tru c te d  to  re m o v e  m ic r o -o rg a n is m s  a n d  fo o d  d e b r is  f ro m  th e  tee th  w ith  a  fa st  
p u ls a t in g , p o w e rfu l w a te r  je t .  T h r o u g h  th e se  c h a r a c t e r is t ic s  th is  in s t ru m e n t  is , in  fa c t ,  
id e a l fo r  th e  s e p a ra t io n  a n d  q u a n t if ic a t io n  o f  m ic r o -o rg a n is m s  fro m  th e  s k in .
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F o r  a p p l ic a t io n  o n  th e  s k in  th e  W a t e r - P ik  w a s  c o n n e c te d  to  a  s a m p le r  w ith  a  s il ic o n e  
ru b b e r  se a lin g  a n d  a  h a n d le . T h e  d e v ic e  h a s  a  v o lu m e  o f  1 m l a n d  h a s  a  c o n s t ru c t io n  to  
p e rm it  a p p lic a t io n  o n  e v e ry  p a r t  o f  th e  b o d y . T h e  m ic r o -o rg a n is m s  se p a ra te d  f ro m  th e  
s k in  b y  th e  w a te r je t  in  th e  s m a ll  s a m p le r  a re  c o lle c te d  th ro u g h  a  c lo se d  sy s te m  in  a  
s te r ile  b o tt le . T h i s  w a s h in g  l iq u id  is  u se d  a f te r w a r d s  to  d e te rm in e  th e  n u m b e r  o f  v ia b le  
m ic r o -o rg a n is m s . I t  a p p e a re d  th a t  th e  s e a lin g  o f  th e  s a m p le r  w a s  so  g o o d  th a t  a p p l ic a 
t io n  o n  e v e n  h a ir y  p a r ts  o f  th e  b o d y  c o u ld  b e  d o n e  w it h o u t  w a te r  le a k a g e .

M A T E R I A L S  A N D  M E T H O D S

A  W a te r-P ik ®  s p r a y  d e v ic e  is  c o n n e c te d  w it h  a  te f lo n  tu b e  to  a  s a m p le r  (Fig. 1). T h e  
o u t le t  o f  th e  s a m p le r  is  c o n n e c te d  to  a  s te r ile  c o lle c t in g  f la s k  b y  m e a n s  o f  a  s i l ic o n  ru b b e r  
tu b e .

Brass mould

Figure 1. Samples attached to a Water-Pik spray device. Scale x J.

T h e  W a t e r - P ik  (m o d e l 4 9  E X )  h a s  a  p u ls e  f re q u e n c y  o f  1200  p u lse s  p e r  m in u t e  a n d  
a  d is c h a r g e  ra te  o f  5 0 0  m l p e r  m in u te . T h e  s a m p le r  is  b u ilt  u p  b y  a  b r a s s  b o d y  w it h  a  
p la s t ic  h a n d le . T h e  b o d y  h a s  a  s il ic o n e  r u b b e r  fo o t , so  th a t  a  s p r a y  c h a m b e r  is  fo rm e d  
w ith  a  v o lu m e  o f  a b o u t  1 m l.  T h e  ru b b e r  fo o t  is  p re p a re d  b y  m ix in g  S y la s t ic  9161 R T V  
b a s e *  w it h  S i l ic o n o i l  F  1 2 8 * w ith  1 %  o f  th e  c a ta ly s t  N  9 1 6 2 *  in  a  b ra s s  m o u ld  (Fig. 1).

F o r  s te r il is a t io n  th e  e q u ip m e n t  w a s  f lu s h e d  w it h  7 5 0  m l o f  a  0 - 3 %  C h lo r a m in e  T f  
s o lu t io n  o r  7 5 0  m l 7 0 %  e th a n o l. T o  re m o v e  re s ts  o f  c h lo r a m in  o r  e th a n o l th e  a p p a r a t u s  is

* Trade mark of Dow Corning.
t  (N-Chloro-p-toluene sulphonamido) sodium.
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r in s e d  w it h  a p p r o x im a te ly  100 0  m l o f  s te r ile  0 - 1 %  T r i t o n  X  1 0 0 *  s o lu t io n  in  0 -0 67  M  
p h o sp h a te  b u ffe r  ( p H  7 -9 ). S te r i le  T r i t o n  X  100 is  p re p a re d  b y  f ilte r in g  th e  s o lu t io n  
th ro u g h  a  0 -22  p m  m e m b ra n e  f ilte r .

F o r  o p e ra t io n  th e  s a m p le r  is  f ir m ly  p re s se d  o n  th e  s k in  a n d  th e  W a t e r - P ik  is  s ta r te d  
( ra n g e  5 ). T h e  c o lle c te d  T r i t o n  X  100 s o lu t io n  is , i f  n e c e s s a ry , d ilu te d  w ith  s te r ile  0 -8 5 %  
s a l in e . T h e  d ilu t io n  g ra d e  d e p e n d s  o n  th e  e x p e cte d  n u m b e r  o f  m ic r o -o rg a n is m s . S a m p le s  
f r o m  th e  fo re h e a d , a x il la e  a n d  th e  s c a lp  n o r m a lly  g iv e  h ig h  c o u n ts  a n d  a  d ilu t io n  o f  a  
h u n d r e d  th o u s a n d - fo ld  is  n e e d e d  (1 2 ). S a m p lin g  o f  th e  s c a lp  is  d e m o n s tra te d  in  Fig. 2.

T r y p t ic a s e  s o y  a g a r  ( B B L )  w it h  0 - 5 %  g lu c o se  w a s  u se d  a s  a  g e n e ra l m e d iu m  f o r  
a e r o b ic  o r g a n is m s ; c o u n ts  w e re  m a d e  a f te r  7 2  h  in c u b a t io n  a t  3 2 ° C .  F o r  a n a e r o b ic  g ro w th  
th e  t r y p t ic a s e  s o y  a g a r  m e d iu m  a c c o r d in g  to  J .  A .  T r o l le r  (2 2 ) is  u s e d ; in c u b a t io n  w a s  
c a r r ie d  o u t  d u r in g  6 d a y s  in  a  B r e w e r  j a r  (2 3 ) a t  3 7 ° C  in  a n  a tm o sp h e re  o f  9 0 %  n it ro g e n  
a n d  1 0 %  c a rb o n  d io x id e  ( G a s p a k  B B L ) .

E X P E R I M E N T A L  A N D  D I S C U S S I O N

T h e  in v e s t ig a t io n  w a s  s ta r te d  w ith  th e  c o n s t ru c t io n  o f  th e  a b o v e  m e n t io n e d  s a m p le r .  
T h e  ru b b e r  fo o t  o f  th e  h e a d p ie c e  h a s  a n  o p e n in g  w it h  a  d ia m e te r  o f  14 m m  a n d  th u s  
a n  a r e a  o f  a b o u t  1-5 c m 2 is  s p ra y e d  w it h  th is  m o d e l.

A  la rg e  n u m b e r  o f  o r ie n ta t in g  e x p e r im e n ts  w e re  c a r r ie d  o u t  in  th e  a x il la e  o f  tw e n ty  
a d u lt  su b je c ts . I t  w a s  s h o w n  th a t  f a i r ly  r e p r o d u c ib le  n u m b e rs  o f  v ia b le  m ic r o -o rg a n is m s  
c o u ld  b e  h a rv e s te d , a lth o u g h  th e se  n u m b e r s  w e re  h ig h ly  d e p e n d e n t o n  th e  q u a n t ity  o f  
th e  w a s h in g  s o lu t io n .

G e n e r a l ly  a  s im ila r  p a t te rn  w a s  fo u n d  b e tw e e n  th e  o b ta in e d  m ic r o -o rg a n is m s  a s  a  
f u n c t io n  o f  th e  w a s h  v o lu m e . F ig u r e  3 s h o w s  th is  p a t te rn , a v e ra g e d  o v e r  tw e n ty  e x p e r i
m e n ts . A f t e r  w a s h in g  th e  s k in  w it h  3 1 o f  th e  w a s h in g  l iq u id  h a r d ly  a n y  m ic r o -o rg a n is m  
c o u ld  b e  fo u n d . T h e  f ig u re s  fo u n d  f o r  th e  d e n s ity  o f  th e  m ic r o b ia l  p o p u la t io n  in  th e  
a x il la e  a g re e d  w it h  f ig u re s  f ro m  re c e n t  l it e r a tu r e  (1 3 , 2 4 , 2 1 , 1).

F ig u r e  3 s h o w s  th a t  th e  n u m b e r  o f  m ic r o -o rg a n is m s  in  th e  f ir s t  100  m l is  v e ry  h ig h .  
T h e  n u m b e r  o f  b a c t e r ia  in  th e  f r a c t io n  f ro m  100 to  1000 m l a re  n o t , h o w e v e r , n e g lig ib le .  
W e  a s s u m e d  th a t  th e  m ic r o -o rg a n is m s  in  th e  f ir s t  100 m l o r ig in a te d  f ro m  th a t  p a r t  o f  th e  
s k in  w h ic h  w a s  d ir e c t ly  h it  b y  th e  w a te r  je t  f ro m  th e  s p r a y  n o z z le .  T h e  m ic r o -o rg a n is m s  
in  th e  1000 m l f r a c t io n  s h o u ld  p o s s ib ly  c o m e  f ro m  th e  s u r r o u n d in g  a r e a  u n d e r  th e  
s p r a y h e a d  a n d  n o t  f r o m  p la c e s  d e e p e r  in  th e  s k in .

T o  c o n f ir m  th is  a s s u m p t io n  tw o  p la s t ic  h e a d p ie c e s  w e re  c o n s t ru c te d , w it h  a n  o p e n in g  
o f  2  a n d  5 m m  re s p e c t iv e ly . I n  Figs 4 a n d  5 th e  w a s h in g  p a t te rn s  o f  th e se  s p r a y h e a d s  o n  
th e  a x il la e  s k in  a re  s h o w n .

C o m p a r is o n  o f  th e  d ia g r a m s  w it h  th e  v a r io u s  s p r a y h e a d s  le a d s  to  th e  f o llo w in g  
c o n c lu s io n s , (a )  I f  th e  e x p o se d  a r e a  o f  th e  s k in  is  d im in is h e d  b y  a p p ly in g  a  s m a lle r  
s p r a y h e a d , th e  q u a n t ity  o f  w a s h in g  f lu id  n e c e s s a ry  f o r  r e m o v a l  o f  a l l  m ic r o -o rg a n is m s  is  
a ls o  d im in is h e d . T h i s  m e a n s  th a t  th e  e ff ica c y  o f  a  s p ra y h e a d  in c re a s e s  w h e n  th e  o p e n in g  
d e c re a s e s , (b )  T h e  e ff ica c y  d ia g r a m  o f  th e  2  m m  s p r a y h e a d  sh o w s  th a t  w ith  100 m l  
w a s h in g  l iq u id  a lm o s t  a l l  a v a ila b le  m ic r o -o rg a n is m s  a r e  h a rv e s te d . W it h  th is  s p ra y h e a d  
th e  c o m p le te  e x p o se d  s k in  is  d ir e c t ly  h it  b y  th e  w a te r  je t  a n d  th e  m ic r o -o rg a n is m s  a re  
lo o s e n e d  v e ry  fa s t  f ro m  th e  s k in .

I n  Table I  th e  w a s h in g  e ff ica c ie s  o f  th e  th re e  s p ra y h e a d s  a re  g iv e n ; f o r  p r a c t ic a l  r e a s o n s  
o n ly  w a s h  v o lu m e s  o f  50  m l a n d  100  m l a r e  c o n s id e re d .

* Octylphenoxypolyethoxy ethanol, Rohm and Haas Co.
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Figure 3. Recovery of aerobic bacteria from axilla over an area of 14<J) (mm). 
Figure 4. Recovery of aerobic bacteria from axilla over an area of 2(j> (mm). 
Figure 5. Recovery of aerobic bacteria from axilla over an area of 5rj> (mm).

Table I. Observed washing efficiencies of 
different diameter sprayheads

Diameter of 
sprayhead (mm)

Percentage washing 
efficacy

50 ml 100 ml

2 69 89
5 58 78

14 18 25
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A s  c a n  b e  see n  f ro m  th e  Table I, th e  m ic r o -o rg a n is m s , w h ic h  a re  d ir e c t ly  h it  (2  m m  
s p r a y h e a d )  a re  lo o s e n e d  v e ry  fa s t  a n d  a lm o s t  q u a n t ita t iv e ly  f ro m  th e  s k in . T h e  s u r 
r o u n d in g  a re a s  u n d e r  th e  la r g e r  s p ra y h e a d s  re le a se  th e  m ic r o -o rg a n is m s  a t  a  s lo w e r  ra te  
t h a t  w i l l  d e p e n d  o n  th e  d is t a n c e  b e tw e e n  th a t  a r e a  a n d  th e  m id d le  o f  th e  s p r a y c h a m b e r .

T h e  r e la t io n s h ip  b e tw e e n  th is  re la t iv e  e if ic a c y  a n d  th e  d is ta n c e  to w a r d s  th e  m id d le  
c a n  b e  c a lc u la t e d  f ro m  th e  a b o v e  m e n t io n e d  f ig u re s . T h e s e  re la t iv e  e ff ic ie n cy  f ig u re s  a re  
s h o w n  in  Table II.

Table II. Calculated efficiencies of micro
organism recoveries

Relative percentage
Area washing efficacy

Inner Outer
diameter diameter 50 ml 100 ml

(mm) (mm)

0 2 69 89
2 5 56 76
5 14 12-6 17-5

T h e s e  d a ta  a re  s h o w n  g r a p h ic a l ly  in  Fig. 6. W e  b e lie v e  th e  b e st in t e rp r e ta t io n  o f  th e  
d ia g r a m  sh o w s  th a t  w it h  100 m l w a s h  f lu id  th e  r e la t iv e  e ff ic ie n cy  r ig h t  in  th e  m id d le  o f  
th e  s p r a y c h a m b e r  is  a b o u t  1 0 0 % .

100 ml 
5 0  ml

Sampling area diameter (m m )

Figure 6. Percentage recovery of total aerobic 
bacteria from axilla.

I n  th e  ta p e  s t r ip p in g  e x p e r im e n ts  o f  K l ig m a n  (2 )  a n d  w ith  th e  e le c t ro n  m ic r o s c o p e  
s tu d ie s  b y  M o n t e s  a n d  W il lb o r n  (2 5 ) it  a p p e a re d  th a t  m o s t  o f  th e  b a c t e r ia  a re  lo c a te d  o n  
th e  u p p e r  la y e r  o f  th e  e p id e rm is . T h e  h ig h  w a s h in g  e ff ic ie n cy  o f  th e  2  m m  s p ra y h e a d  
s u p p o rt s  th is  s ta te m e n t .

T h r o u g h  its  h ig h  e ff ica c y  th e  2  m m  s p ra y h e a d  w ith  a  w a s h  v o lu m e  o f  100 m l is  a n  
id e a l c o m b in a t io n  f o r  th e  q u a n t if ic a t io n  o f  th e  s k in  p o p u la t io n .
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I n  p r a c t ic e ,  h o w e v e r , w e  n o t ic e d  th a t  th e  s e a lin g  o f  th e  2  m m  h e a d p ie c e  w a s  in 
su ff ic ie n t , e s p e c ia l ly  o n  h a ir y  a r e a s  o f  th e  s k in . T h e  u se  o f  a  g o o d  r u b b e r  se a lin g  w a s  a ls o  
im p o s s ib le ,  d u e  to  th e  h ig h  f le x ib il it y  in  r e la t io n  to  th e  s m a ll  o p e n in g  d ia m e te r . F o r  th is  
re a so n  a l l  fu r t h e r  e x p e r im e n ts  w e re  c a r r ie d  o u t  w it h  o u r  s ta n d a rd  14 m m  s p r a y h e a d  w ith  
a  to ta l  e ff ic a c y  o f  2 5 % .

A s  m e n t io n e d  b e fo re  th e  a x il la e  a n d  th e  s c a lp  a re  p a r ts  o f  o u r  b o d y , w h ic h  a re  
in te re s t in g  f o r  c o s m e t ic  re s e a r c h . T h e  s tu d y  o f  th e  m ic r o b ia l  p o p u la t io n  o f  th e  a x i l la  is  
im p o r t a n t  th ro u g h  th e  a p p l ic a t io n  o f  a  d e o d o r a n t  p r o d u c t  a n d  th e  m ic r o f lo r a  o f  th e  
s c a lp  c a n  b e  u se d  to  s tu d y  th e  e ffect o f  a n  a n t id a n d r u f f  p r e p a r a t io n . F o r  th is  r e a s o n  w e  
te ste d  th e  fe a tu re s  o f  th e  W a t e r - P ik  m e th o d  o n  th e se  a re a s .

T h e  m ic r o b ia l  p o p u la t io n  o f  th e  a x i l la  w a s  d e te rm in e d  b y  w a s h in g  w it h  100  m l o n  
f iv e  a d ja c e n t  lo c a t io n s  o n  e a c h  a x i l la .  T h e  c o m p le te  q u a n t ity  o f  w a s h in g  f lu id  (5 0 0  m l)  
w a s  c o lle c te d  a n d  a f te r  h o m o g e n is a t io n  a n d  d ilu t io n  th e  n u m b e r  o f  a e r o b ic  m ic r o 
o rg a n is m s  w a s  c o u n te d .

T h e  W a t e r - P ik  m e th o d  g a v e  f a i r ly  r e p r o d u c ib le  n u m b e rs  o f  m ic r o -o rg a n is m s , a s  c a n  
be seen  f ro m  Table III.

Table III. Variation between individuals of 
the recovery of micro-organisms by a 14 mm 
head using the Water-Pik method

Totally recovered number 
Subject of micro-organisms

(14 mm head)

1 L 1-5 X 108 R 1-3 X 108
2 2-2 X 104 2-5 X 103
3 1-3 X 105 8-8 X to4
4 3-9 X 104 1-0 X 108
5 7-7 X 104 6-9 X 104
6 2-5 X 104 1-7 X 104
7 5-5 X to4 5-0 X 103

I n  a c c o r d a n c e  w ith  th e  r e s u lts  o f  o th e r  in v e s t ig a to rs  (2 6 , 1), a  b ig  in d iv id u a l  v a r ia t io n  
is  s h o w n  in  th e  n u m b e r  o f  th e  m ic r o - o rg a n is m s . Table I I I  sh o w s  a  g o o d  r e la t io n s h ip  
b e tw e e n  th e  p o p u la t io n  o f  th e  le ft  a n d  th e  r ig h t  a x il la ,  r e g a rd le s s  o f  th e  m a g n itu d e  o f  
th e se  n u m b e rs .

F o r  th e  s a m p lin g  o f  th e  s c a lp  a ls o  f iv e  t im e s  100 m l w ith  th e  14 m m  s p r a y h e a d  w a s  
u se d . H e r e  th e  to t a l  n u m b e r  o f  l ip o p h y l ic  m ic r o -o rg a n is m s  w a s  c o u n te d . I n  Table IV  a  
s u r v e y  is  g iv e n  o f  th e  s c a lp  p o p u la t io n  o f  f o u r  su b je c ts  d e te rm in e d  o n  s e v e ra l o c c a s io n s .  
A s  it  is  h a r d ly  p o s s ib le  to  s a m p le  tw ic e  o n  a  s c a lp  a t  th e  sa m e  t im e  th e  r e p r o d u c ib i l i t y  
o f  o u r  m e th o d  o n  th e  s c a lp  is  d if f ic u lt  to  g iv e .

W h i le  s a m p lin g  b a c t e r ia  f ro m  s c a lp  a n d  a x il la e  b y  th e  W a t e r - P ik  m e th o d  s c a le s  w e re  
d ra g g e d  a lo n g  f ro m  th e  s k in  s u r fa c e  w it h  th e  f lu id  s tre a m  (2 7 ). T h e s e  s c a le s  d id  n o t  
in te r fe re  w it h  th e  m ic r o b io lo g ic a l  f ig u re s , a s  th e  m ic r o c o lo n ie s  in  th e  s c a le s  a p p e a re d  to  
b e  e a s ily  d is p e rs e d  in  th e  T r i t o n  w a s h  f lu id . T h i s  f in d in g  is  in  a c c o r d a n c e  w it h  th e  
e x p e r im e n ts  o f  W il l ia m s  (1 ) in  w h ic h  w a s  d e m o n s tra te d  th a t  s a m p le s  w a s h  f lu id  o n ly  
c o n t a in  d isa g g re g a te d  o rg a n is m s .

I n  o n e  o f  th e  lo n g - la s t in g  s p r a y  e x p e r im e n ts  o n  th e  a x i l la  s k in  (Fig. 3 ) , th e  m ic r o 
o rg a n is m s  in  e a c h  f r a c t io n  w e re  id e n tif ie d . T h e  ty p e s  o f  m ic r o -o rg a n is m s  a g re e d  w ith
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Table IV.

Time of sampling
Total lipophylic micro-organisms/cm2 on the scalp

Subject 1 Subject 2 Subject 3 Subject 4

After 1 week 7-1 x 106 2-6 x 106 5-4 x 105 6-9 x 105
After 2 weeks 1-9 x 10s 1-4 x 106 5-8 x 10s 4-4 x 105
After 3 weeks 4-4 x 105 1-6 x 106 F l x 105 2-9 x 105
After 4 weeks 3-8 x 105 1-7 x 106 1-9 x 10s 9-4 x 105
After 5 weeks 4-8 x 105 3 0 x 106 1-6 x 105 7-5 x 105

th o s e  g iv e n  in  th e  lite r a tu r e  (2 8 , 2 9 ) . W e  a ls o  n o t ic e d  th a t  th e  ra t io  b e tw e e n  a e r o b ic  a n d  
a n a e r o b ic  m ic r o -o rg a n is m s  d id  n o t  c h a n g e  a s  a  f u n c t io n  o f  th e  q u a n t ity  o f  w a s h in g  
f lu id .

C O N C L U S I O N

T h e  W a t e r - P ik  m e th o d  h a s  b e e n  te ste d  a s  a  m e th o d  to  q u a n t ify  th e  n u m b e r  o f  m ic r o 
o rg a n is m s  in  th e  a x i l la  a n d  o n  th e  s c a lp . I n  th e se  a re a s  o f  th e  h u m a n  s k in , w h ic h  a re  
im p o r t a n t  f o r  th e  s tu d y  o f  th e  e ffe c tiv e n e ss  o f  a  d e o d o r a n t  o r  a n t id a n d ru f f  p r e p a r a t io n ,  
th e  W a t e r - P ik  m e th o d  a p p e a re d  to  b e  a  s u ita b le  to o l.

T h e  W a t e r - P ik  m e th o d  is  e a s y  to  h a n d le  a n d  g iv e s  l it t le  d is c o m f o r t  f o r  th e  su b je c ts .  
N o t  o n ly  f o r  c o s m e t ic  r e s e a r c h  b u t  a ls o  f o r  m e d ic a l  o r  d e r m a to lo g ic a l  s tu d ie s  th e  
d e s c r ib e d  m e th o d  c a n  b e  re c o m m e n d e d  f o r  th e  q u a n t ita t iv e  s a m p lin g  o f  th e  s k in  p o p u 
la t io n .
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Synopsis

Recently devised techniques were employed to detect and measure surface changes and structural altera
tions in the stratum corneum after single applications of both oil in water emollients and a dispersion 
type of bath oil. Flattening of the surface contours of the skin and ‘plumping’ of individual corneocytes 
were apparent on replicas of the skin taken from treated areas and suggested hydration. These effects 
were most apparent when replicas were examined by scanning electron microscopy and by surface con
tour tracing. Small changes observed in skin surface biopsies from treated areas may reflect alterations 
in the internal structure of the top layers of stratum corneum. An increase in skin furrow width was 
also detected in photographs of the surfaces of treated skin.

I N T R O D U C T I O N

C o n s id e r a b le  s y m p to m a t ic  r e l ie f  fo r  p a t ie n ts  w it h  itc h in g  a n d  s c a lin g  d e rm a to se s  is  
o b ta in e d  b y  m e a s u re s  d e s ig n e d  to  in c re a s e  h y d r a t io n  o f  th e  s t r a tu m  c o rn e u m  ( S C ) .  
A p a r t  f r o m  s y m p to m a t ic  r e l ie f  th is  ty p e  o f  th e ra p y  m a y  a c tu a l ly  h a ste n  r e c o v e r y  b y  th e  
r e d u c t io n  o f  A ssu r in g , e x c o r ia t io n  a n d  s c a lin g . I n  th is  s tu d y , w e  h a v e  a t te m p te d  to  a sse ss  
c h a n g e s  in  th e  s u r fa c e  s tru c tu re  o f  s k in  a f te r  s in g le  tre a tm e n ts  w ith  e ith e r  w a te r  c o n 
ta in in g  a  d is p e rs io n  ty p e  o f  b a th  o il ,  o r  o n e  o f  tw o  o il  in  w a te r  e m u ls io n  e m o ll ie n ts  u s in g  
te c h n iq u e s  d e v e lo p e d  b y  o u r  d e p a rtm e n t .

M A T E R I A L S  A N D  M E T H O D S

Materials used

Bath Oil A. A lp h a  K e r i®  ( o i l  s o lu b le  f r a c t io n  o f  la n o l in ,  m in e r a l  o i l  a n d  n o n - io n ic  
e m u ls if ie r s ) , W e s t w o o d  P h a r m a c e u t ic a ls .  Emollient B. K e r i  lo tio n ®  (k e ro h y d r ic ®  
e m o llie n t , n o n - io n ic  e m u ls if ie r s ) , W e s t w o o d  P h a r m a c e u t ic a ls .  Emollient C. O i l  o f  U la y ®  
( l ip id  p a r t ic le s  in  a n  a q u e o u s  p h a s e ) , G a r s a l le  D iv i s io n  o f  R ic h a r d s o n - M e r r e l l ,  L t d .  
T h e  m a te r ia ls  w e re  s u p p lie d  b y  th e  m a n u f a c t u r e r s  a n d  e m p lo y e d  a c c o r d in g  to  th e ir  
in s t ru c t io n s .

Skin surface biopsies (SSBs)

S a m p le s  o f  S C  w e re  ta k e n  o n to  g la ss  m ic r o s c o p e  s lid e s  w it h  a  c y a n o a c r y la t e  a d h e s iv e

* Based on a paper read at the European Society for Dermatological Research, Amsterdam, May 
1977
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( P e r m a b o n d  S ta id e n t  L t d )  u s in g  th e  s k in  s u r fa c e  b io p s y  te c h n iq u e  to  r e v e a l th e  ru p tu re d  
in t e rn a l s u r fa c e  o f  th e  o u te r  S C  (1 ) .

Skin surface replicas

N e g a t iv e  im p re s s io n s  o f  th e  s k in  s u r fa c e s  w e re  ta k e n  w it h  s ta n d a r d  S i lf lo  im p r e s s io n  
m a te r ia l  ( J . &  S . D a v ie s ,  L o n d o n ) .  P o s it iv e s  o f  th e  s k in  s u r fa c e  w e re  s u b s e q u e n t ly  
o b ta in e d  f ro m  th e  ‘n e g a t iv e ’ b y  c o v e r in g  th e m  w ith  D P X  ( R .  A .  L a m b ,  L o n d o n )  
h is to lo g ic a l  m o u n t in g  m e d iu m  (2 ) . T h e  n e g a t iv e s  w it h  D P X  w e re  th e n  p la c e d  in  a  
d e s ic c a to r  f o r  5 o r  6 h  o r  le ft  o v e r n ig h t  a t  r o o m  te m p e ra tu re  b e fo re  s e p a ra t in g  th e  
‘p o s it iv e ’ f ro m  th e  ‘n e g a t iv e ’ .

Scanning Electron Microscopy ( S E M )

R e p l ic a s  a n d  S S B s  w e re  m o u n te d  o n  s tu b s  a n d  c o a te d  w ith  g o ld  in  a  P o la r o n  E 5 0 0 0 ,  
sp u tte r  c o a te r , a n d  e x a m in e d  in  a  C a m b r id g e  S te re o sc a n  S 2  s c a n n in g  e le c t ro n  m ic r o s c o p e  
a t  a p p r o x im a te  m a g n if ic a t io n s  o f  x  2 0 0  a n d  x  1000.

M  acrophotography
P h o to g ra p h s  o f  th e  s k in  s u r fa c e  w e re  ta k e n  u s in g  a  35 m m  c a m e ra  fitted  w ith  a  105 m m  
le n s  o n  a  b e llo w s  a t ta c h m e n t  a n d  a n  e le c t r ic  r in g  f la sh . N e g a t iv e s  w e re  p r in te d  to  g iv e  a  
f in a l m a g n if ic a t io n  o f  x  8. S k in  f u r r o w  w id th s  w e re  m e a s u re d  w ith  a n  e y e  p ie c e  g ra t ic u le  
( x  8) b y  ta k in g  m e a s u re m e n ts  in  e a c h  o f  f iv e  s ta n d a rd  a re a s  in  th e  p h o to g ra p h s  {Fig. 1) , 
a n d  a v e ra g in g  th e  v a lu e s  f o r  th e  f iv e  a re a s .

Surface contour measurement of SSBs and replicas
S S B s  a n d  re p lic a s  w e re  e x a m in e d  in  a n  a p p a r a t u s  (3 ) d e s ig n e d  f o r  m e a s u r in g  s u r fa c e  
c o n t o u r s  (S u r fo m e te r , P la n e r  P r o d u c t s ,  L t d ) .  T h e  s u rfo m e te r  e m p lo y s  a  s ty lu s  to  t r a 
v e rse  a  te s t s u r fa c e , th e  c o n t o u r s  o f  w h ic h  a re  t ra c e d  o n  m o v in g  c h a r t  p a p e r.

Skin surface biopsies {SSBs)
T h e  a re a s  u n d e r  th e  c u r v e s  o f  th e  s u rfo m e te r  t r a c in g s  w e re  m e a s u re d  w it h  a  p la n im e te r  
a n d  th e  m e a n  p e a k  h e ig h t c a lc u la t e d  f o r  a  re p re se n ta t iv e  10 c m  le n g th  o f  t ra c e .

Skin surface replicas
O n ly  v e ry  th in  D P X  p o s it iv e s  w e re  s u ita b le  f o r  s u r fa c e  c o n t o u r  t ra c in g . W h e n  se p a ra te d  
f r o m  th e  n e g a t iv e s  th e y  w e re  le ft  to  h a rd e n  a t  r o o m  te m p e ra tu re . T h e  D P X  p o s it iv e s  
w e re  th e n  f ix e d  to  g la ss  s lid e s  a n d  th e  s u r fa c e  c o n t o u r s  m e a s u re d  in  o u r  su r fo m e te r . 
T h e  a r e a  d e s c r ib e d  b y  th e  s u r fa c e  c o n t o u r  in  10 c m  le n g th  o f  t ra c e  w a s  m e a s u re d  w it h  a  
p la n im e te r . ( F o r  th e  O i l  o f  U l a y  s tu d y  ( C )  t r a c in g s  o f  8-5 c m  le n g th  o f  t ra c e  w e re  u se d  
a n d  th e  to ta l  le n g th  o f  c o n t o u r  w a s  a ls o  m e a s u re d  u s in g  a  c u rv im e te r ) .

Ambient conditions
L a b o r a t o r y  p e rs o n n e l a c te d  a s  v o lu n te e rs  f o r  th e  e x p e r im e n ts . T h e y  w e re  in s t ru c te d  to  
a v o id  a c t iv it ie s  ( s u c h  a s  p r o m o t io n  o f  sw e a t in g  a s  a  re s u lt  o f  e x e rc is e )  w h ic h  m a y  h a v e  
m a sk e d  a n y  e ffect d u e  to  th e  t re a tm e n t . R e la t iv e  h u m id it y  ( R H )  a n d  te m p e ra tu re  ( ° C )  
w e re  m o n ite re d  in  th e  la b o r a t o r y  a re a s . (5 6  ± 5 /  R H  20-5  ± 0 '5 ° C ) .



Figure 1. Macrophotography. Measurement of skin furrow width in five standard areas of the 
photograph.

i i i iv j i ' m .
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T h e  s tu d y  w a s  c o n d u c te d  o n  th e  s k in  o f  th e  la t e r a l  a sp e c ts  o f  th e  lo w e r  le g s o f  s ix  v o lu n 
te e rs . T h e  a r e a  o f  s k in  ( 5 x 1 5  c m )  o n  e a c h  leg  w a s  m a rk e d  o u t in  o rd e r  th a t  id e n t ic a lly  
tre a te d  s ite s  c o u ld  be e x a m in e d . P r io r  to  im m e r s io n  S S B s ,  s u r fa c e  r e p lic a s  a n d  m a c r o 
p h o to g ra p h s  w e re  ta k e n  f ro m  th e  te st s ite s . T h e  lo w e r  leg  w a s  th e n  im m e rse d  in  w a te r  a t  
4 5 ° C  f o r  2 0  m in . T o  o n e  o f  th e  v e sse ls  B a t h  O i l  A  w a s  a d d e d  to  th e  w a te r  to  g iv e  a  f in a l  
c o n c e n t ra t io n  o f  0 - 0 2 %  ( M a n u f a c t u r e r ’s r e c o m m e n d a t io n ) . A f t e r  2 0  m in  th e  le g s w e re  
re m o v e d  f ro m  th e  b a th s , p a tte d  d r y  a n d  th e  a b o v e  a s se s sm e n ts  w e re  re p e a te d  f ro m  
a d ja c e n t  s ite s  5 m in  a f te r  r e m o v a l a n d  a t  6 0  m in  a n d  2 4 0  m in .

Emollient B

T h e  s k in  o f  th e  la t e r a l  a sp e c ts  o f  th e  leg s o f  tw e lv e  v o lu n te e rs  w a s  e x a m in e d , s ix  w ith  
n o r m a l s k in  a n d  s ix  w ith  ‘ s o c ia l ly ’ d ry  s k in  b u t  w it h o u t  c l in ic a l ly  s ig n if ic a n t  s k in  d ise a se . 
A s s e s s m e n ts  (a s  d e s c r ib e d  f o r  B a t h  O i l  A )  w e re  p e rfo rm e d  o n  a d ja c e n t  s ite s  b e fo re  
t re a tm e n t  a n d  a f te r  E m o l l ie n t  B  h a d  b e e n  a p p lie d , a t  0  ( im m e d ia t e ly  a f te r  a p p lic a t io n )  
3 0 , 6 0 , 120 a n d  2 4 0  m in . ( A n y  e x ce ss  o il  r e m a in in g  o n  th e  s k in  s u r fa c e  w a s  w ip e d  a w a y .)

Emollient C

T h e  s tu d y  w a s  c o n d u c te d  o n  th e  f le x o r  a sp e c t  o f  th e  f o re a rm  o f  tw e lv e  n o r m a l v o lu n te e rs .  
A s s e s s m e n ts  w e re  p e rfo rm e d  b e fo re  t re a tm e n t  a n d  f ro m  a d ja c e n t  s ite s  a f te r  E m o l l ie n t  C  
h a d  b e en  a p p lie d  a f te r  6 0 , 120, 180 a n d  3 0 0  m in .

R E S U L T S

M A C R O P H O T O G R A P H Y

Table I  sh o w s  th e  e ffect o f  B a t h  O i l  A  o n  s k in  f u r r o w  w id th . Table I I  sh o w s  th e  e ffect o f  
E m o l l ie n t  B .  M a c r o p h o t o g r a p h y  w a s  n o t  d o n e  fo r  E m o l l ie n t  C .

Table I. Effect of Bath Oil A on skin furrow width

Post immersion 
time 
(min)

Oil leg width 
(mm ± SD)

Water leg width 
(mm ± SD)

Controls 1-48 ± 0-06 1-45 ± 0-18
5 1-51 ± 0-18 1-54 ± 0-22

60 1-58 ± 0-16 1-57 ± 0-13
240 1-65 ± 0-27 1-64 ± 0-23

I t  c a n  b e  see n  f ro m  Tables /  a n d  I I  th a t  a n  o v e r a l l  in c re a s e  in  s k in  f u r r o w  w id t h  w a s  
d e te c te d  su b s e q u e n t  to  t re a tm e n t  b y  b a t h  o il  o r  e m o ll ie n t .
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Table II. Effect of Emollient B on skin furrow width

Post application 
time 
(min)

‘Dry’ skin width 
(mm ± SD)

Normal skin width 
(mm ± SD)

Controls 1-41 ± 0-20 1-34 ± 0-19
0 1-51 ± 0-16 1-54 ± 0-16

30 1-80 ± 0-37* 1-54 ± 0-21
60 1-57 ± 0-11 1-45 ± 0-12

120 1-52 ± 0-16 1-37 ± 0-15
240 1-77 ± 0-40 1-43 ± 0-26

* Difference from control (P 0-05)

S U R F A C E  C O N T O U R  M E A S U R E M E N T

SSBs
T h e  e ffects o f  B a t h  O i l  A  a n d  E m o l l ie n t  B  o n  th e  s u r fa c e  c o n t o u r  o f  th e  in t e rn a l ru p tu re d  
fa c e  o f  S S B s  a re  s h o w n  in  Tables I I I  a n d  IV.

Table III. Effect of Bath Oil A. Area under surfometer tracing 
in 10 cm of trace from SSBs

Post immersion
time
(min)

Area
(cm2 ± SD)

Mean peak height 
± SD

Controls 8-5 ± 2-2 21-6 ± 6-3
5 5-6 ± 1-5* 16-4 ± 4-5

60 8-2 + 1-9 18-5 ± 1-8
240 6-9 ± 2-3 15-9 ± 5-0

* Significant difference from control 0-05 > P > 0 02

Table IV. Effect of Emollient B. Area under surfometer tracing 
in 10 cm of trace from SSBs

Post application
time Area Mean peak height
(min) (cm2 ± SD) ± SD

Controls 6-3 ± 1-5 13-0 ± 2-8
0 5-9 ± 1-8 11-2 ± 3-2

30 6-2 ± 2-2 11-8 ± 4-0
60 6-6 ± 1-4 12-2 ± 2-9

120 5-5 ± 1-7 11-4 ± 2-1
240 5-4 ± 1-5 10-9 ± 3-4

T h e r e  w e re  n o  s ig n if ic a n t  d if fe re n ce s  b e tw e e n  th e  c o n t r o l  f ig u re s  a n d  th e  v a r io u s  p o st  
t re a tm e n t  t im e  fig u re s  f o r  E m o l l ie n t  B  a lth o u g h  a  d e c re a se  in  a r e a  a n d  p e a k  h e ig h t  
m e a s u re m e n t  w a s  a p p a r e n t  in  S S B s  f ro m  tre a te d  a re a s  su b je c te d  to  B a t h  O i l  A .  T h e r e  
w e re  n o  s ig n if ic a n t  d if fe re n ce s  f o r  th e  e ffects o f  E m o l l ie n t  B  o n  d ry  s k in n e d  in d iv id u a ls  
c o m p a r e d  to  n o r m a l in d iv id u a ls .
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Skin surface replicas

Figure 2 s h o w s  a  g ro u p  o f  re p re se n ta t iv e  s u r fo m e te r  t r a c in g s  f ro m  th e  r e p lic a s  o f  a  c o n t r o l  
a r e a  a n d  a r e a s  tre a te d  w ith  E m o l l ie n t  C .  T h e s e  t r a c in g s  p r o v id e  in f o r m a t io n  a b o u t  s k in  
s u r fa c e  to p o g ra p h y . W e  h a v e  a t te m p te d  to  q u a n t ita te  th e  re s u lts  b y  m e a s u r in g  th e  a re a  
(p la n im e t r ic a l ly )  w it h in  th e  m a jo r  c o n t o u r s  in  a  k n o w n  le n g th  o f  t ra c e  a n d  d e te rm in in g  
th e  to t a l  le n g th  o f  c o n t o u r  b y  c u r v im e t ry . Tables V -V II  s u m m a r is e  o u r  f in d in g s .

Table V. Effect of Bath Oil A. Area under surfometer tracing 
in 10 cm length of trace from replicas

Post immersion 
time 
(min)

Mean area (cm2 ± SD)

Oil leg Water leg

Controls 14-3 ± 3-7 15-4 ± 5-7
5 10-9 ± 2-9 12-4 ± 2-9

60 8-4 ± 1-9* 9-3 ± 2-2f
240 8-9 ± 1-6* 10-1 ± 2-0

* Significant difference from control P < 0-01 
t  Significant difference from control P < 0-05

Table VI. Effect of Emollient B. Area under surfometer tracing 
in 10 cm of trace from replicas

Post application 
time (min) Normal skin Dry skin

Controls 9-2 ± 3-2 10-5 ± 2-0
0 7-9 ± 2-6 10-1 + 3-7

30 7-8 ± 2-8 9-1 ± 2-4
60 7-4 ± M 8-8 ± 3-2

120 6-7 ± 1-7 8-0 ± 2-4
240 6-9 ± 31 9 0 ± 1-8

Table VII. Effect of Emollient C. Length of contour of
surfometer tracings from replicas

Post application Length of contour (cm ± SD) in
time (min) 8-5 cm of tracing

Controls 38-0 ± 6-3
60 34'4 ± 6-1

120 30-6 ± 7-09*
180 32'7 ± 6-4
300 33-3 ± 4-3

* Significant difference from controls (P < 0-01)

I t  c a n  b e  seen  f ro m  Tables V a n d  VI th a t  a  d e c re a se  in  r e p lic a  a r e a  w a s  a p p a r e n t  s u b 
s e q u e n t to  t re a tm e n t  a n d  th a t  to ta l c o n t o u r  le n g th  {Table VII)  a ls o  a p p e a rs  to  d e c re a se  
a fte r  a p p lic a t io n  o f  E m o l l ie n t  C .
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SINGLE APPLICATION OF EMOLLIENT C

Figure 2. Surfometer tracings of skin surface replicas from adjacent forearm sites of a 23 year old 
male.

Scanning electron microscopy

Figures 3a a n d  b, 4a a n d  b s h o w  e x a m p le s  o f  s c a n n in g  e le c t ro n  m ic r o g r a p h s  o f  s k in  
s u r fa c e  r e p l ic a s  f ro m  u n tre a te d  fo r e a r m s  a n d  fo r e a r m s  tre a te d  w ith  a  s in g le  a p p l ic a t io n  
o f  E m o l l ie n t  C .  P h o to g ra p h s  ta k e n  a t  a p p r o x im a te ly  x  2 0 0  re v e a le d  th e  g e n e ra l to p o 
g ra p h y  o f  th e  s p e c im e n . S u r f a c e  fe a tu re s  s u c h  a s  h a ir s ,  s w e a t  o r if ic e s , la m e lla e  o f  p a r t ia l ly  
a tta c h e d  g ro u p s  o f  co rn e o c y te s  w e re  re v e a le d  in  so m e  d e ta il .  R e p l ic a s  ta k e n  f ro m  tre a te d  
s k in  a p p e a re d  to  s h o w  a  f la tte n in g  o f  th e  m a jo r  s k in  c o n to u r s . T h i s  e ffect w a s  s t i l l  e v id e n t



Figure 3 (a). SEM of a replica from untreated forearm of a 24 year old female (x 173). (b) SEM 
of a replica from an adjacent site 60 min after application of Emollient C. (x  170) showing 
considerable flattening of surface contour.

Facing p. 622



Figure 4(a). SEM of a replica from untreated forearm of a 49 year old male (x  188). (b) An 
adjacent site 300 min after application of Emollient C, again showing a flattening of contour.



Figure 5 (a). SEM of a replica from the untreated leg of a 55 year old female (x 840). (b) An 
adjacent site 120 min after application of Emollient B, ( x 894). Individual corneocytes appear 
more prominent. In some areas ‘rolled' thickened edges of the corneocytes can be discerned.



Figure 6 (a). Replicas from the leg of a 55 year old female with ‘socially dry’ skin (x  170). Fis- 
suring is apparent between areas of apparently adherent corneocytes. (b) An area 240 min after 
treatment with Emollient B ( x 168). Although a ‘smoothing’ of the surface furrows was detected, 
some Assuring of surface layers was still apparent.



Figure 7. SEM of an SSB from untreated skin (x  200).
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after 5 h but some ‘recovery’ was apparent 8 h subsequent to treatm ent. Higher magni
fications ( x  1000) of replica surfaces from  areas treated with Emollient B indicated 
that a change in corneocyte morphology had taken place subsequent to  treatm ent 
(F ig . 5 a  and b ) . The individual corneocytes often appeared thicker and the edges were 
more rounded and ‘rolled’ rather than angulated as in the controls. F ig u re  6a  and b  are 
scanning electron m icrographs of replicas from both the untreated and the Emollient B 
treated legs o f a woman with ‘dry skin’. A lthough the emollient appears to  have had a 
‘sm oothing’ effect on the surface furrows the uplifting o f layers of surface corneocytes 
characteristic o f dry skin (Nicholls, King and M arks, unpublished observations) were 
still apparent.

N o obvious changes were observed in scanning electron micrographs o f SSBs from 
treated sites. In some specimens, however, ridge patterns appeared less accentuated at 
low magnifications. F ig u re  7  shows a typical ridge pattern o f an SSB.

DISCUSSION

This study was designed to  m onitor the changes that take place a t the skin surface and 
in the superficial parts o f the horny layer following a single application of some of the 
commercially available emollients and bath oils. We have made no attem pt a t comparing 
the emollient preparations that we used although clearly comparative studies could 
easily be set up using the techniques tha t we describe.

The results obtained suggested tha t the two emollients (oil in water emulsions) and 
the bath  oil were all quite effective in ‘sm oothing’ the SC. SEM of replicas from  legs 
soaked in water only showed no obvious changes from  the control site, although a signifi
cant decrease in surface contour was detected a t 60 min post immersion. O ther workers 
have detected little change in replica appearance after soaking for 1 h in warm water 
alone, although a clinical change was detected (4). Surface contour measurements o f the 
hardened D PX  replicas in the surfometer provided us with quantitative inform ation 
about skin surface topography before and after treatm ent and dem onstrated a flattening 
o f contour after use o f the materials. Since replicas were taken from  adjacent sites 
(repeated replicas on one site may alter or remove some surface characteristic) the 
heterogeneity in surface architecture was reflected in the surface contour tracings. 
Subsequent to  treatm ent, however, the reduction in surface contour was usually greater 
than norm al site variation in each individual. These observed changes seemed to  cor
relate with the morphological appearance o f the specimen when examined by SEM, i.e. 
a filling in o f the topographical ‘valleys’.

The small area and peak height changes demonstrable in SSB surfometer tracings 
suggested that some alteration in the internal structure o f superficial corneum  had also 
taken place subsequent to  treatm ent although hardly any change could be dem onstrated 
when the SSBs were inspected by SEM. Photography o f skin sites has been used pre
viously as a subjective means of evaluating emollients (5). A final magnification o f x 8 was 
used in this study. The consistent (but non-significant) increase in surface furrow width 
on our m acrophotographs is difficult to  explain, but may be due to  an optical effect 
from  the decreasing furrow depth after application of emollient or bath  oil. We do not 
believe tha t this method has a great deal to offer and believe that more accurate data can 
be obtained by contour measurements of replicas. Furtherm ore, we suggest tha t it is 
particularly helpful when assessing ‘skin surface active m aterials’ to  use a com bination
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of replicas and SSBs for assessment. In this way it is possible to com pare what is taking 
place at the surface with changes of some cell layers down in the SC.

We hope to employ the techniques described in this study to  evaluate the effects of 
chronic application o f topical preparations thought to  have a hydrating action on the 
SC and to correlate these effects with changes in the pattern of epidermal growth and 
m aturation.
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N o tt in g h a m

R e c e iv e d  2 7  A p r i l  1 9 7 8

Synopsis

Literature reports of rates of trans-epidermal water loss through skin exposed to differing external relative 
humidities have been used to generate water diffusion coefficients by means of Fick’s law. These have been 
related, within a given series, to the diffusion coefficient at a standard average water activity to give 
relative water diffusion coefficients. These have been combined, together with literature values of water 
diffusion coefficients obtained by kinetic experiments on stratum corneum exposed to various humidities, 
to yield a correlation between the average water activity of stratum corneum and the relative water 
diffusion coefficient over the full range of water contents. The asymptotic relationship derived shows 
that the diffusion coefficient increases rapidly as the water activity approaches its maximum. The im
plications of this relationship in terms of water activity profiles of stratum corneum are discussed. A 
theoretical analysis of the subject is presented and water activity profiles of model systems are derived.

INTRODUCTION

The im portance of the water content o f the stratum  corneum in determining its ob
servable properties is well documented (1-4). Simple diffusion theory shows that the water 
content will be lower in the outer layers than in the inner layers under norm al am bient 
conditions. This variation with position will be non-linear, since the water diffusion 
coefficient will vary with water content (5, 6). A form ula correlating the diffusion co
efficient with the water content o f the stratum  corneum at that point would be useful 
and would enable a water content profile o f stratum  corneum under different external 
conditions to  be derived.

A lthough there are several reports of variations in trans-epidermal water loss (TEWL) 
with external relative humidities, no single set o f experiments has been sufficient to 
derive an empirical relationship between diffusion coefficient and water content. By 
combining the data from  several literature reports, a correlation has been derived 
between stratum  corneum  water activity and relative diffusion coefficient.

DEFINITIONS
Fick’s Law has been used extensively and successfully in relation to diffusion processes 
in stratum  corneum (7). This is the basic equation involved in the theoretical treatm ent 
o f this topic.

J  =
d G  

Di —— 
dx (1)
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where J  =  water transfer rate (TEW L) (mg cm” 2 h-1)
D \ —  diffusion constant a t point i  (cm2 h “1)
Ci =  water activity a t point i  (mg cm-3) 
x  =  distance from  the edge o f the stratum  corneum (cm)

Scheuplein and Blank (7) have shown that the water diffusion coefficient of the stratum  
corneum is the dom inant factor in determining the permeability o f whole skin and thus 
the great majority o f the water activity differential across the skin will take place across 
the stratum  corneum. For the purpose of this discussion, it will be assumed tha t any other 
water activity differential is negligible in comparison.

The definition of Ci needs further amplification. The concentration o f water vapour in 
air in equilibrium with the water at point i is a useful concept, but since the diffusion 
process in  v iv o  is generally non-isothermal, it is necessary to  define C1; in relation to  a 
standard state. This is norm ally saturated vapour at the tem perature o f point i. The 
following definition of Ci will be used in this correlation,

Ci =
4-39 x 10~2 x R.H.i

IÔÔ
(mg cm-3)

where R.H .i =  relative humidity in air, a t the tem perature of point i, which would be 
in equilibrium with the water at point i. (4-39 x 10-2 mg cm-3 is the saturated water 
vapour concentration at body tem perature (8), i.e. Cinternal).

Several investigators have reported values of TEW L at different external relative 
humidities, either in  v iv o  (9-11), or in  v i t r o  (4, 12). Diffusion coefficients are obtainable 
from  these reports. (This requires an assum ption to  be m ade about stratum  corneum 
thickness, but since the values used finally are relative to  a standard state, the accuracy 
o f tha t assumption does not affect the correlation.)

These diffusion coefficients can then be plotted against the average water activity of 
the stratum  corneum samples. In  all cases the internal relative humidity was approxi
mately 100%. I f  the initial assumption is made tha t the water activity profile is close to  
linearity, the average water activity is derived from  the average o f the internal and 
external humidities (a correction for the non-linearity of the water activity profile will 
be applied later).

C  =
4-39 x 10~2(R.H ■internal ~b ̂ ••-^•external) 

200
(mg cm-3)

In addition, El-Shimi and Princen (13) have determined diffusion coefficients at 
different humidities from  kinetic sorption, desorption experiments. In these the relative 
humidity was the same on both sides of the stratum  corneum samples, and thus

G  =
4-39 x 10-2 x R.H .

ÏÔÔ
(mg cm-3)

The data from the above references were obtained using different sources of stratum  
corneum and under different experimental conditions. In  order to attem pt a correlation, 
it is necessary to convert the results to relative diffusion coefficients (relative to a standard 
water activity state). The reference state chosen for convenience was the common 
experimental conditions o f R .H .internal =  100%, R .H .external =  0%  (i.e. C =  0-5 
x4 -3 9 x  10_2 m g cm -3). The diffusion coefficient for this condition is denoted by D 0.
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, „  J t
where D  =  —  

AC

D
R  =  relative diffusion coefficient =  —

Do

AC =  C,in ternal - C ,external

t  =  stratum  corneum thickness (cm), assumed to be 15 x 10-4 cm, a typical value for 
hum an stratum  corneum (14)

înternal =  Q  =  4'39 X 10“2 mg Cm“3

CORRELATION

The data used in the correlation is given in T a b le  I . I t was found tha t there was generally 
a linear relationship between D  and C„/(C0 — C). In those cases where the data does not 
include a value for D 0, this was obtained by extrapolation o f D  against C0/(C0 — C) 
using linear regression. The extrapolated value of D 0 was then used to obtain values o f R .

Table I. Water activity of stratum corneum versus water diffusion coefficients from literature sources

Source
(Reference)

R.H.extemal
(°/o)

C xlO 2 
(mg cm-3)

Co
C „-C

D x  103 
(cm2 h_1) R

0 2-195 2-00 28-5 1-00
29 2-83 2-81 31-2 1-09

9 55 3-40 4-43 43-7 1-53
80 3-95 9-98 91-2 3-20
88 413 16-88 125-0 4-39

15 2-52 2-34 12-5 1-02
31 2-88 2-91 13-4 1-09

4 51 3-31 4-07 16-05 1-31
75 3-84 7-94 25-95 2-11
89 415 18-20 43-5 3-55

1-5 2-23 2-04 17-3 1-00
26 2-77 2-69 20-25 1-17
28 2-81 2-75 19-95 1-15
28 2-81 2-75 20-4 1-18
32 2-90 2-94 22-05 1-27
33 2-92 2-99 19-95 1-15
33 2-92 2-99 21 9 1-27

12 34 2-94 3-03 22-8 1-32
45 3-18 3-64 23-55 1-36
49 3-27 3-92 25-5 1-47
53 3-36 4-26 29-85 1-73
56 3-42 4-55 27-15 1-57
59 3-49 4-88 32-55 1-88

2-6 2-25 2-05 12-6 1-00
11 25-0 2-74 2-67 26-4 2-10

490 3 27 3-92 31-5 2-50
760 3-86 8-33 42-75 3-40

Continued on next page
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Table I. (continued )

Source
(Reference)

R.H. external 
(%)

C x  102 
(mg cm-3)

Co
c 0- c

D  x 102 
(cm2 h_1) R

20 2-63 2-50 58-5 1-25
40 307 3-33 75-7 1-61
80 3-95 10 00 222-1 4-77
20 2-63 2-50 70-5 1-09
40 3-07 3-33 96-2 1-49
80 3-95 1000 234-1 3-63
20 2-63 2-50 47-8 1-10
40 3-07 3-33 70-6 1-62
80 3-95 1000 179-4 4-14

10 20 2-63 2-50 50-4 1-13
40 3-07 3-33 66-6 1-47
80 3-95 1000 158-9 3-53
20 2-63 2-50 49-5 1-22
40 3-07 3-33 67-2 1-67
80 3-95 1000 194-8 4-81
20 2-63 2-50 45-7 M l
40 3 07 3-33 73-5 1-81
80 3.95 1000 198-2 4-89
20 2-63 2-50 39-3 1-04
40 3-07 3-33 69-5 1-84
80 3-95 1000 182-8 4-88
20 2-63 2-50 40-1 1-04
40 3-07 3-33 62-1 1-58
80 3-95 1000 146-9 3-77

D x 1011 cm sec-1
— 0-44 1-11 2-2 0-61
— 0-88 1-25 2-5 0-69
— 1-32 1-43 2-7 0-75
— 1-76 1-67 3-3 0-92

13 — 2-20 2-00 3-6 1 00
(Guinea-pig) — 2-63 2-50 4-8 1-33

— 3.07 3-33 5-3 1-51
— 3-51 5-00 5-0 1-42
— 3-95 1000 3-3 0-92

— 0-44 111 5-6 0-63
— 0-88 1-25 7-6 0-85

13 — 1-32 1-43 8-0 0-90
(Human) — 1-76 1-67 8-6 0-97

— 2-20 200 8-9 1-00
— 2-63 2-50 10-4 1-17
— 3-07 3-33 11-5 1-29
— 3-51 5-00 11-0 1-24
— 3-95 1000 9-4 1-06

In  the case o f the data o f Grice, Salter and Baker (II) , D  versus C0/(C 0 -  C ) 
was no t linear, although the three higher humidity values are in line. The large standard 
deviation on the lowest humidity value (TEW L =  0-36 ± 0-4 mg cm-2 h_1) may be 
relevant. Linear extrapolation on the other points gives a TEW L of 0-76 for this point. 
The second exception to  the general linearity rule is the high relative humidity values
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from  the kinetic experiments o f El-Shimi and Princen (13). Rieger and Deem (4) have 
shown tha t equilibrium times in steady state flux experiments at high humidities are 
long. Therefore it is no t surprising that there are differences between steady state and 
kinetic experiments a t these high humidities. The layers o f skin with high water activities 
(the inner layers) will not be subject to  large, or rapid variations in water content and the 
steady state results seem likely to  be the m ost applicable. The El-Shimi and Princen 
data is useful, however, in extending the range o f  experimental points to  lower water 
activity (C) values, where differences between steady state and kinetic experiments will 
be less im portant.

Excluding the data o f Grice e t  a l . and the two highest humidity points o f El-Shimi 
and Princen, the following correlation is obtained by linear regression analysis:

*  =  0 '29( c ^ c ) + 0 ‘50 (2)

n  =  61; r  =  0-894.
including the data of Grice e t  a l . and all except the highest humidity points of El- 

Shimi and Princen, the correlation is

R  =  ° '29 ( c ^ c ) + 0 '51 (3)

n  =  67; r  =  0-885.
Correlations within a given set o f data are better than the above. M ost correspond 

well with linear relationships with some variation in the gradients.

WATER ACTIVITY PROFILES
In order to  examine the effect o f the above relationships on the water content profile 
o f stratum  corneum, it is necessary to  assume tha t it is possible to extrapolate from  the 
average values o f water content and relative diffusion coefficient (C  and R ) to  single 
point values (Ci and R i) . Weil and Princen (6) have illustrated one of the dangers of 
making such assumptions, in connection with the effect o f surface barrier layers on 
TEW L. The data o f El-Shimi and Princen used above, however, does not suffer from  
this disadvantage and the average gradient for their two sets of points is the same as that 
for the other sets o f data. This suggests tha t the assum ption will introduce less error than 
is inherent in the correlation itself.

Thus, from  Equation 1, , „ r,n d x  D-, R iD 0

d C i  =  l  =  ~ T

From  Equation 2,
dx 0-29jDo/  C0 \  0 -5 0 D 0

d c r  j  \ c 0- C i / +  j

dx M
—  = ---------+ N
d C i  C0- C i

where

M  =  

N  =

0-2 9 D 0C 0 

J
O-50Do

7
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F or the case of R .H .external =  0, a norm al value o f J  on hum an forearm  skin is found 
to be 0-22 mg cm-2 h“ 1 (15) (equivalent to  a value o f £>„ =  7-52 x 10-3 cm 2 h-1, assum
ing t  =  15 x 10~4 cm). Thus for these conditions:

M  =  4 -3 5 x 1 0 -“

N  =  1-71 x lO - 2

x K c ^ c d N)ic‘
X  =  N C i — M  \n ( C 0 — C \ ) + A . (4)

where A  =  integration constant.

Applying the boundary condition C \ =  0; x  =  0
A =  -1 -3 6  x 10- 3

Thus:
x  =  l-7 1 x lO -2C i-4 -3 5 x lO -“ ln (C 0- C i ) - l - 3 6 x l O - 3 (5)

W hen Equation 5 is plotted, the result is an asymptotic curve in which C \ approaches 
C0 as x  increases. C \ does no t closely approach C0, however, until x  is much greater than 
the thickness o f  the stratum  corneum (15 x 10-4 cm). A t this stage no correction has 
been applied to  the C values in T a b le  I  to  account for the non-linearity o f the water 
activity profile. This non-linearity will result in the average water activity (C) being 
higher than the simple numerical average o f  the inner and outer activities. The derivation 
of Equation 5 enables a short iterative process to  be used to correct for this non-linearity, 
since Equation 5 represents the first approxim ation to  the true water activity profile and 
indicates the nature o f the deviation from  linearity. Changes in the values o f C used to 
derive Equation 5 will change the constants in the equation, bu t no t the basic form.

In order to  derive an approxim ate C value correction function, it is necessary to 
assume that the shape o f the graph o f Equation 5 is similar to  the actual profile, except 
tha t the uncorrected constants result in a higher value o f x  when Ci closely approaches 
C„ (which it must do at the inner edge of the stratum  corneum) i.e. the graph is stretched 
in the x direction in com parison to  the true profile.

A graph o f Equation 5 shows tha t when C , approaches C0 to within 2-5% (at 
x  =  x97.5), the area under the curve (which is proportional to the average water activity, 
C) is 70% o f the rectangular area bound by the lines x  =  0; x  =  x97.5; Q  =  0; and 
C; =  C0 (which is proportional to  C0). I t can be shown tha t a similar result is obtained 
from  the equivalent equation for the situation where Cext!,rnal =  0-5 C0 (i.e. tha t the 
area between the curve and the line C { —  0-5 C0 is approximately 70% o f the area bound 
by the lines x  =  0; x  =  x97.5; C t =  0-5 C„; and C { =  C0).

The first approxim ate correction for the C values derived in this way is therefore as 
follow s:

C  =  ^externald-0’70 (Cq— C .xternal)
i.e. C =  0-7 C0 +  0-3 Cexterna[

This function has been used to  correct the C values o f T a b le  I . In fact, as will be shown 
below, this single iterative correction stage is sufficient to  yield a relationship in which 
Cj closely approaches C0 a t x  =  15 x 10~4 cm and one which would not be significantly 
improved by a second iterative stage.
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In  the case o f the data o f El-Shimi and Princen, no correction is necessary for the 
C values. The reference state for R  determ inations is, however, changed to  C  —  0-70 C„ 
and thus the values o f R  need modifying. The corrected values of C and R  are given in 
T a b le  I I .

Table II. Water activity versus diffusion coefficients, corrected data

Source
(Reference)

R .H .external
(%)

C x  10- 
(mg cm-3)

Co
C o - C

D x  103 
(cm2 h“1) R

0 3-07 3-33 28-5 1-00
29 3'46 4-72 31-2 1-09

9 55 3-80 7-44 43-7 1-53
80 4-13 16-88 91-2 3-20
88 4-23 27-44 125-0 4-39

15 3-27 3-92 12-5 1-02
31 3-48 4-82 13-4 1-09

4 51 3-75 6-86 16-05 1-31
75 4-06 13-30 25-95 2-11
89 4-25 31-36 43-5 3-55

1-5 3 09 3-38 16-2 1-00
26 3-42 4-53 20-25 1-17
28 3-44 4-62 19-95 1-15
28 3-44 4-62 20-4 1-18
32 3-50 4-93 22-05 1-27
33 3-51 4-99 19-95 1-15
33 3-51 4-99 21-9 1-27
34 3-52 5-05 22-8 1-32

12 45 3-67 6-10 23-55 1-36
49 3-72 6-55 25-5 1-47
53 3-77 7-08 29-85 1-73
56 3-81 7-57 27-15 1-57
59 3-85 8-13 32-55 1-88
2-6 311 3-43 12-6 1-00

25 3-40 4-43 26-4 2-10
11 49 3-72 6-55 31-5 2-50

76 4-08 14-16 42-75 3-40

20 3-34 4-18 58-5 1-25
40 3-60 5-56 75-7 1-61
80 4-13 16-88 222-1 4-77
20 3-34 4-18 70-5 1-09
40 3-60 5-56 96-2 1-49
80 4-13 16-88 234-1 3-63
20 3-34 4-18 47-8 MO

10 40 3-60 5-56 70-6 1-62
80 4-13 16-88 179-4 4-14
20 3-34 4-18 50-4 1-13
40 3-60 5-56 66-6 1-47
80 4-13 16-88 158-9 3-53
20 3-34 4-18 49-5 1-22
40 3-60 5-56 67-2 1-67
80 413 16-88 194-8 4-81
20 3-34 4-18 45-7 1-11
40 3-60 5-56 73-5 1-81

Continued on next page
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Table II. (con tinued)

Source
(Reference)

R-H. external 
(%)

C x  102 
(mg cm-3)

Co
C o - C

D  x 103 
(cm2 h-1) R

80 4-13 16-88 198-2 4-89
20 3-34 4-18 39-3 1-04
40 3-60 5-56 69-5 1-84

10 80 4 1 3 16-88 182-8 4-88
20 3-34 4-18 40-1 1-04
40 3-60 5-56 62-1 1-58
80 4-13 16-88 146-9 3-77

D  x 1011 cm sec-1
— 0-44 M l 2-2 0-37
— 0-88 1-25 2-5 0-42
— 1-32 1-43 2-7 0-45
— 1-76 1-67 3-3 0-55

13 — 2-20 2-00 3-6 0-60
(Guinea-pig) — 2-63 2-50 4-8 0-80

— 3-07 3-33 5-3 0-90
— 3-51 5-00 5-0 0-85
— 3-95 10-00 3-3 0-55

— 0-44 1-11 5-6 0-47
— 0-88 1-25 7-6 0-64
— 1-32 1-43 8-0 0-67

13 — 1-76 1-67 8-6 0-72
(Human) — 2-20 2-00 8-9 0-75

— 2-63 2-50 10-4 0-87
— 3-07 3-33 11-5 0-96
— 3-51 5-00 110 0-92
— 3-95 10-00 9-4 0-79

Using the data in T a b le  I I  (excluding the two highest humidity values of El-Shimi 
and Princen and the data o f Grice e t  a l . )  the correlation becom es:

* = <W75(c£ c) +0'46 <6>
n  =  61; r  =  0-902.

This correlation is illustrated in F ig . 1 and Student’s t  test shows that the correlation 
could not have arisen by chance with a confidence o f greater than 99-9%.

The water activity profile equation using Equation 6 and derived as before, for the 
case where R .H .external =  0% , is as follows:

*  =  T 5 4 x lO -2Ci-2 -6 2 x lO -M n (C 0- C i) - 8 - 2 3 x lO - 4 (7)

This profile is illustrated graphically in F ig . 2 . In this case C  approaches C0 to within
3-4% at x  =  15 x 1 0 4 cm. This is a considerable improvement on Equation 5.

For different relative humidities, a predicted value o f D  can be obtained from 
Equation 6, and hence a new value o f  J . By substituting this and the new boundary 
conditions into the corrected version of Equation 4, a new equation for the different 
condition can be derived.
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Figure 1. Plot of relative diffusion coefficient (R) versus C0/(C0 — C). O, data from ref. 10; 
A, data from ref. 12; + , data from ref. 11 ; □, data from ref. 13; • ,  data from ref. 9; A, data 
from ref. 4. The data is plotted on a log-log scale for convenience.

Figure 2. Water activity profile for normal skin. (A) 
R. 11 -externa1 = 0/£, Equation 7. (B) R-Ef-external = f 0 A, 
Equation 8.

The equation for R .H .external =  50% is as follows:

x  =  l-92x  10- 2Ci—3-21 x 10-4 In (C„— C;)—1-65 x 10~3 (8)

This is also illustrated graphically in F ig . 2  and again C; closely approaches C0 at 
x  =  15 x 10~4 cm. The area under the curve in F ig . 2 A  is 65% of the area bounded by 
the lines C; =  0; C { =  C0; x  =  0; and x  =  15 x 10 ‘4 cm. The area under the curve 
and above the line Q  =  0-5 C0 in F ig . 2 B  is 72% o f the area bounded by the lines 
C; =  0-5 C0; C; =  C0; x  =  0; and x  =  15 x  10-4 cm. Thus, the use of a second iterative
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stage in the correction o f the water activity profile to account for its non-linearity is 
unlikely to lead to  a significant improvement, and Equation 8 can be taken as the final 
equation.

SURFACE BARRIER LAYERS

Cooper and Van Duzee (5) suggested that the increase in diffusion coefficient with 
increasing water content could give rise to  a situation where a surface barrier layer 
could lead to an increased TEW L. Weil and Princen (6) have challenged this on the basis 
tha t Cooper and Van Duzee assume an average value o f the diffusion coefficient for 
whole stratum  corneum may be used, an assumption which Weil and Princen consider 
invalid. The use of calculus illustrates that no increase in TEW L can result from  a 
barrier layer application.

Using Equation 6, it is possible to derive an equation using average diffusion co
efficients, which predicts up to  a 10% increase in TEW L for the application o f a weak 
surface barrier layer. W hen the m ore complete calculus approach is used in conjunction 
with Equation 6, a considerably different result is obtained.

jB =  l f c l D(c,)dc>
w h ere  (  j: -̂external

J B =  TEW L with a surface barrier layer applied
CB =  W ater activity a t the interface o f the barrier layer and the skin surface.

J - J *

D n
° ' 4 6 (C b  -  C e)  -  175 Qln(C0-  CB) -  In (C0 -  CE)]} (12)

For the case where CE =  0:

0-46 C RD n C nD n
J - J b = ---- p 2- 0 y^O -175 [In (C0— CB) —In C0] (13)

In general:
CB> C E; ln (C o- C B) < ln ( C 0- C E) < 0

Thus /  — J B is positive and any surface barrier layer should lead to  a reduction in 
TEW L. Any applied surface layer which leads to an increased TEW L probably interacts 
with the stratum  corneum to reduce its barrier properties.

The only alternative explanation of an  increased TEW L could be tha t the applied 
surface layer changes the nature of the skin surface so as to  alter the size and effect o f 
diffusion boundary layers in the air above it. The boundary layers will increase the actual 
value of CE in comparison to  the am bient water activity. The size of this effect will 
depend on the nature of the skin’s surface, e.g. the presence of vellous hairs and loosely 
adhering skin cells. W here such surface structures are smoothed out by the surface layer, 
the boundary layers will be less im portant. It is possible to  envisage a situation where
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this effect could reverse the relative values of CB and CE, which would result in an 
increased TEW L.

It is possible to use Equation 13 to calculate CB for an observed value of J  — J B. 

This should enable the calculation of an apparent diffusion coefficient for water through 
the barrier layer (Z>B), providing the barrier layer thickness is known.

From  Ficks’ law:
D b ( C b - C e )  D(C0- C b)
--------------------------------  —  J  g ------------------------------------

t B t

where tB =  barrier layer thickness (cm).

W here CE =  0, this gives

From  Equation 6

Thus

D n =
D t B( C 0 CB)

i c i

/0 T 7 5 C 0 „ A, \  
D  "  + » •46)  

c  =  O7C0+ O 3  C B

(  0-58Cn \
D  " 9,(ô T  +0'54)

D „
l-04iBDoCo 0-46 D 0t n 

t  C„ t
(14)

Equations 13 and 14 enable the calculation of an apparent D B from  measured values of 
J , J B and /H.

DISCUSSION
In view o f the variety o f sources o f inform ation used in obtaining the correlation between 
water activity and relative diffusion coefficient (Equation 6), the degree of correlation 
obtainable is surprisingly good. This suggests that, although the value o f the gradient 
and intercept may vary according to  source o f stratum  corneum and experimental 
conditions, the general nature of the correlation, i.e. D  is proportional to C0/(C 0 — C) 
m ust be basically correct. (The confidence limit is greater than 99-9%.)

This relationship is one in which the diffusion coefficient approaches infinity as the 
water activity approaches its maximum. This is reasonable when viewed in the light of 
known facts about the stratum  corneum. As the humidity to  which it is exposed ap
proaches 100%, the stratum  corneum increases its water content several fold. It has been 
shown that water is present in at least two states (16-19) and the relative proportion 
o f unbound water will increase with the total water content (high humidity). I t is reason
able to  expect tha t when the water content o f the stratum  corneum increases consider
ably, the diffusion coefficient for water will tend to  approach that for diffusion in pure 
water. The latter is several orders o f magnitude greater than tha t for the stratum  corneum 
at m oderate hydration levels (7) and can be regarded as close to  infinity in this context. 
Thus theory would predict a relationship similar to that of Equation 6.

The water activity profiles derived from  Equation 6 (e.g. Equations 7 and 8 and 
F ig . 2 )  represent useful models, which can be used in conjunction with known water
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activity/physical property relationships for stratum  corneum (2-4, 20, 21), to extend our 
understanding of observed in  v iv o  stratum  corneum properties and appearances. In 
order to relate them to water content rather than water activity, it is necessary to combine 
them  with sorption isotherms o f water on stratum  corneum (1, 2, 21, 22). These show 
a non-linear curve with rapid increases in water content a t high humidities. F ig u re  3  

shows the results of combining the model activity profile o f Equation 7 with the sorption 
isotherm o f W ildnauer, Miller and Humphries (2). The 100% relative humidity point is 
taken to  be the water content o f the viable epidermis (7). In general, however, the curves 
of F ig . 2  will be more useful, since the physical parameters, e.g. Young’s modulus (20) 
are generally correlated with water activity, or am bient relative humidity, rather than 
actual water content.

In theory, it is possible to extend the treatm ent on water activity profiles derived 
from Equation 6, by considering models for abnorm al stratum  corneum conditions 
caused by either abnorm al epidermal metabolism, e.g. psoriasis, or external conditions, 
e.g. regular exposure to  detergents, etc. A simple model for the regular detergent ex
posure would be to assume increasing damage for the older, outer stratum  corneum 
cells, due to  longer total exposure. M athematically this may be represented by a factor 
(F;) applied to  the diffusion constant, D v  dependent on distance from  the edge o f the 
stratum  corneum :

p .  =  k (15~10!-v)

where K  is a constant and skin thickness is assumed to be 15 x 10-4 cm.
For a threefold increase in TEW L, which is observable under these conditions (15), 

the constant K has a value of 1-24.

d.v _  R jF f io  

dC,- J D

J D =  TEW L of damaged skin.
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The above equation may be integrated, incorporating the functions for F { and R .  

For the condition o f external relative hum idity =  0%  and assuming again J  (un
damaged) =  0-22 mg cm-2 h _1, and K  =  1 -2 4 , the following equation results:

1-84 x 10-5 1-2410‘,JC =  5-13x 10^3 C i-8 -7 3 x  10-6ln (C 0- C i ) - 2 - 5 4 x  10-4 (9)

This equation is illustrated in F ig . 4  and the resultant profile o f water content, incor
porating the water sorption isotherm, in F ig . 5 .

The usefulness o f models such as this m ust be assessed in relation to their ability to 
explain observed properties of skin. In  the case o f  the above model, the area o f skin 
concerned had a dry, flaky, opaque appearance and had a hard and rough texture. This

Figure 4. Model water activity profile for skin damaged 
by regular exposure to detergents derived from Equation
9. R.H.externa] =  0 /o.

Figure 5. Model water content profile for detergent 
damaged skin derived from Equation 9 and the water 
sorption isotherm of Wildnauer et at. (2). R.H.external = 
0%.
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would be expected from  the known relationships between water activity and visco-elastic 
properties (20) and light transmission (21).

The above example o f a model system for damaged skin is not intended as an ac
curate description of the actual water activity profile. It does illustrate however that, in 
general, the outer layers will have suffered m ost from  environmental insult, and tha t the 
true situation in  v iv o  is liable to deviate from  tha t depicted in F ig s  2  and 3 . The deviation 
will be qualitatively similar to  that depicted in F ig s  4  and 5 .

The effect o f a surface barrier layer will be to  reduce the water activity difference 
across the stratum  corneum, since some o f the total water activity difference between 
am bient conditions and the viable epidermis will occur across the barrier layer. In terms 
of the effect on the water activity profile, this will be similar to  raising the external 
relative humidity slightly. The size of the effect will depend on the effectiveness o f the 
barrier. As can be seen from  F ig . 2 , this will have its greatest effect on the driest outer 
layers. This will be even more apparent in damaged skin where more layers will be 
relatively dry (F ig s  4  and 5 ) . These outer layers are those responsible for the ‘dry’ ap 
pearance of damaged skin. This explains the effectiveness o f comparatively weak surface 
barrier layers in improving the appearance o f dry, damaged skin.

It is worth noting tha t the principal effect of the other main class of moisturising 
ingredients, the hygroscopic humectants, will be on the water sorption isotherm and not 
on its water activity profile.

The data presented and analysed here does not represent an exhaustive, or totally 
complete analysis of the situations occurring in hum an skin in  v iv o . N o account has been 
taken in the calculations o f the relatively less im portant diffusion barriers o f the dermis, 
the viable epidermis, or the surface air boundary layers. N or have the complicating factors 
o f expansion of the stratum  corneum, or the tem perature coefficient o f the diffusion 
constant been incorporated. The effect o f the form er means that x  in F ig s  2 - 5  should be 
regarded as being in units o f skin layers rather than absolute distance. The effect o f the 
tem perature coefficient may be significant a t low am bient temperatures, but less im
portant at around 25°C.

The treatm ent, however, is sufficiently detailed to  analyse im portant aspects of the 
water/stratum  corneum system in a fairly detailed qualitative manner. Hopefully a more 
complete, integrated experimental program m e and diffusion theory treatm ent would 
enable a more accurate quantitative analysis to be achieved.
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S t r a t f o r d  u p o n  A v o n

Synopsis

A water resistant sunscreen preparation was formulated to function during swimming, exercising and 
sunbathing. The sunscreen agent, octyl p-N,N-dimethylamino benzoate (PABA) and an ammonium 
acrylate/acrylate ester polymer were combined in a cosmetically pleasing oil-in-water, fugitive amine, 
lotion vehicle. When applied to skin, a substantive film forms which does not interfere with transepi- 
dermal water loss or normal sweat gland function. Double blind clinical studies showed that this water- 
resistant sunscreen preparation provided protection from sunburn after 60 min swimming in fresh or salt 
water. This water-resistant sunscreen preparation was found to be safe and of low irritancy, allergenic, 
sting and stain potential.

INTRODUCTION

Ultraviolet light (uvl) produces profound effects on hum an skin. This is especially true for 
the electromagnetic spectrum in the uv-B region o f  290-320 nm. This radiation produces 
excitation o f electrons which leads to  chemical changes in D N A  of epidermal cells and 
to the release of vasoactive substances, such as prostaglandins producing painful sunburn 
and cell destruction (1). This action spectrum is most likely responsible for the in
duction o f  skin cancers and ageing processes seen with prolonged solar exposure. W ith 
increased awareness o f these sequelae and the popularity of out-door recreation, there 
is now a dem and for effective products to  protect individuals from  these effects. In 
addition, there are a small num ber o f individuals who require products to  prevent 
sun-related exacerbation o f underlying diseases, such as lupus erythematosus.

M ost available sunscreen preparations are removed by active swimming because of 
the incorporation o f a water soluble sunscreen agent or a water-washable emulsifying 
system. O ur prim ary objective was to  develop a sunscreen preparation for the mass 
m arket that would resist removal and provide effective uv-B protection during conditions 
o f norm al usage, such as swimming and exercising. Even if  individuals are diligent about 
applying a sunscreen repeatedly, they may get burned while swimming, since water filters 
out very little uv-B. Therefore, the im portant feature of water-resistance is needed to 
protect people during and following swimming.

0037-9832/78/1000-0641 $02.00 ©  1978 Society o f Cosmetic Chemists o f G reat Britain
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Ideally, a sunscreen should have a proper uvl absorption and be non-sensitizing and 
non-stinging, so th a t it could be used on irritated or inflamed skin. The product should 
not stain clothing or skin and be cosmetically acceptable so that it can be used routinely 
on the face. Cosmetic acceptability includes being able to  apply the product evenly to 
provide uniform  protection.

O ur approach was to  combine a water-insoluble sunscreen agent with a water- 
resistant, skin adherent, film-forming polymer to  prevent wash-off or rub-off o f the 
sunscreen agent. A lthough the polymer had to  rem ain on the skin during swimming 
and sweating, it had to  be easily removed by soap and water, when desired. It was also 
im portant that this sunscreen preparation would not interfere w ith norm al cutaneous 
functions, i.e. sweating.

METHODS
PHYSICAL CHEMICAL STUDIES

The water solubility of sunscreen agents (/?-aminobenzoic acid (PABA), N ,N-dim ethyl 
PABA esters and benzophenones) was determ ined spectrophotometrically. Saturated 
solutions o f each sunscreen agent were prepared by mixing and equilibrating the agent 
in water at 37°C for 24 h. Solutions were centrifuged and filtered through a 0-22 p 
millipore filter. The concentration of each sunscreen remaining in solution was deter
mined by absorbance using a Beckman® model 25 spectrophotometer.

Erythemal transm ittance values o f pure sunscreen agents were determined spectro
photom etrically according to  the m ethod o f Cumpelik (2).

P O L Y M E R  A N D  V E H I C L E

A n acrylate film-forming polymer was selected as the prim ary film-former for the 
sunscreen preparation. This polymer is skin-adherent and water-resistant. W hen dried 
on the skin, however, the film is easily removed with soap and water. An oil-in-water 
emulsion containing the acrylate polymer and octyl dimethyl PABA was prepared. 
Am m onium  isostearate served as the prim ary emulsifier.

A N I M A L  S T U D I E S

The hairless mouse model system (3-4) was used to  evaluate the photoprotective 
effectiveness o f the film-forming sunscreen preparation. For comparison, a commercial 
preparation containing 5% PABA in a hydroalcoholic lotion was included in the study. 
Test m aterials (5 mg/cm 2) were applied to  the backs of the mice and allowed to dry for 
1 h. One group of mice was exposed only to  ultraviolet radiation and the second group 
was immersed in water for 30 min prior to uv exposure. The mice were irradiated for 
150 m in at a distance o f 30 cm with a W estinghouse FS 40 sunlamp. G rading was done 
120 h after irradiation.

S K I N  S A F E T Y

To test for irritation potential o f the film-forming sunscreen preparation on damaged 
skin, adhesive tape stripped wounds (1-27 x 2-54 cm) were made on the backs of hum an 
volunteer subjects. Commercial sunscreen preparations containing 5 %  PABA (lotion); 
3%  glyceryl PABA plus 3% amyl dimethyl PABA (lotion); 2-5% amyl dimethyl PABA
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(alcoholic vehicle); and 10% sulisobenzone (lotion) were included in the study. Each test 
m aterial was applied to  gauze (0-5 ml), placed on the wound, occluded for 18 h and 
evaluated on a 0-4 scale 2 h after removal o f the gauze. Standardized predictive tests, i.e. 
Draize, maximisation, cumulative irritation, phototoxicity, photoallergy and subtotal 
inunction tests were conducted on the film-forming sunscreen preparation. Also, known 
acrylate sensitive volunteers were tested for allergic sensitivity by a 48 h occlusive patch 
test.

T R A N S E P I D E R M A L  W A T E R  L OSS

A 5-08 x 5-08 cm area was outlined on the backs of six volunteer subjects. Trans- 
epidermal water loss readings were measured with an air flow hygrometer on these 
norm al skin sites. The polymeric film-forming sunscreen product was applied (0-2 ml) 
to  the outlined site and allowed to  dry for 30 min before measuring transepiderm al 
water loss.

E C C R I N E  S W E A T  S T U D Y

To determine whether the acrylate film would interfere with sweating and/or produce 
sweat retention problems, the polymeric film-forming sunscreen preparation was applied 
daily (2-5 mg/cm 2) to 10-16 x 10-16 cm sites on hum an volunteers under chronic use 
conditions (12 h per day for 7 days) and misuse conditions (continuous use for 4 days). 
A t the end o f both experiments, the films were removed with soap and water and the 
areas allowed to  dry at least 2 h before sweat prints were made. Sweat prints were obtained 
with the silastic impression technique o f H arris (5). A Saran® wrap occluded site served 
as a positive control.

C L I N I C A L  S T U D I E S

Double blind clinical investigations included the following.
1. Two fresh water swimming pool studies. W eather conditions varied from  a hot, 

dry climate in Phoenix, A rizona (100°F, 5% relative humidity) to  hot, humid conditions 
in Bradenton, Florida (90°F, high humidity).

2. One salt water ocean study conducted in Holmes Beach, Florida, with ho t and 
hum id weather conditions, (85°F, 68% relative humidity) in winds of 20 m ph and rough 
seas.

The film-forming sunscreen preparation containing 3-3% octyl dimethyl PABA and 
commercial products containing the following sunscreen agents were evaluated in these 
studies: 5-0% PABA (lotion); 3-0% amyl dimethyl PABA plus 3-0% octyl dimethyl 
PABA (lotion); and 10% sulisobenzone (lotion).

A single application o f product was applied to  the backs of each subject (2-5 m g/cm 2) 
at Phoenix and Holmes Beach and (5-0 m g/cm 2) at Bradenton. Product sites were random 
ised on each subject. Sun exposure was between 10:00 a.m. and 2:00 p.m . with 60 min 
swimming before 12:00 noon. Erythem a was graded on a scale o f 0-3 (0, none; 1, mild; 
2, m oderate; 3, severe), 6 h  after the study.

F A B R I C  S T A I N  S T U D Y

A multifibre fabric obtained from  Testfabrics, Incorporated, and approved by the
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American Association o f Textile Chemists and Colorists (AATCC) was used. This 
multifibre fabric consisted o f T5 cm strips of wool, orlon 75, dacron 54, nylon 6-6, 
bleached cotton and acetate. Fabrics were impregnated with 0-05 ml o f the following 
sunscreen preparations: 3-3% octyl dimethyl PABA plus film-former (lotion); 3-0% 
amyl dimethyl PABA plus 3-0% glyceryl PABA (lotion); and 5-0% PABA (lotion). A 
glassine paper was applied over the fabric and a 2 kg weight placed on a glass plate over 
the paper was allowed to  sit undisturbed for 60 s. Each fabric was exposed to  direct 
sunlight for 4 h  and 8 h later, washed with All® detergent in a ‘norm al’ wash of 12 min 
in a washing machine.

RESULTS AND DISCUSSION

SUNSCREEN AGENT

The sunscreen agent, octyl dimethyl PABA, was selected for the film-forming preparation 
because it fulfils many im portant features of a desired sunscreen agent. The presence of 
the octyl group and the two methyl groups (F ig . 1 ) make this derivative less reactive, less 
water soluble and m ore photostable than the parent com pound, PABA. The water 
insolubility of octyl dimethyl PABA ( T a b le  I )  prom otes its water-resistance.

H3C/  '''C H j

—c h 2 — c h2 - ch3

Figure 1. Structure of octyl dimethyl PABA.

Table I. Water solubility of pure 
sunscreen agents

Sunscreen agent Solubility
<%)

Octyl dimethyl PABA 0-0001
Homosalate 0-0003
Amyl dimethyl PABA 0-0005
Oxybenzone 0-0013
PABA 0-80
Glyceryl PABA 18-0
Sulisobenzone 40-0

F ig u re  2  shows that octyl dimethyl PABA absorbs energy in the sunburning range, 
having an absorption maximum at 312 nm, and transm its energy in the tanning range 
(320-400 nm), thus allowing the user to  obtain a gradual tan. A t 3% concentration, 
octyl dimethyl PABA transm its less than 1 %  erythemal energy (F ig . 3 ) .
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Figure 3. Erythemal transmission values of pure 
sunscreen agents.

Since staining o f fabric is a problem  with PABA compounds, a complete line of 
fabrics was impregnated with the film-forming sunscreen product and exposed to 
sunlight for 4 h. A fter washing, only a slight discolouration on cotton was observed with 
the film-forming sunscreen product, whereas, other sunscreen preparations containing 
PABA or PABA derivatives produced a strong discolouration on more fabrics ( T a b le  I I ) .

Table IT. Stain study

Fabric

Product Wool Orion Dacron Nylon Cotton Acetate

A — — — — + —

B + + + + + +
C - - - + - +

A, 3-3% octyl dimethyl PABA plus film-former (lotion); B, 3-0% amyl dimethyl PABA plus 3-0% 
glyceryl PABA (lotion); C, 5-0% PABA (hydroalcoholic lotion).
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P O L Y M E R I C  F I L M  A N D  V E H I C L E

An acrylate film-forming polymer was selected which could be solubilised by forming 
the am m oniated salt in an anionic soap emulsion. W hen the sunscreen preparation dries 
on the skin, the am m onia evaporates, fixing the insoluble polymer to  the skin. Due to  this 
‘fugitive amine’ transform ation, the film is insoluble in water and resistant to  rub-off. 
I t is easily removed, however, by washing with soap and water (F ig . 4 ) .

Physical Water
Polymer state solubility

ÎSunscrèèh'iiï Row material Insoluble
1 ..... I I
COOH COOH COOH

OO 0 0000noo ooo o o° 
cPoSun screen o °  

--------------1-------
C00"NH4 C00"NH4 C00-NH4

Ammoniated
formulation

Soluble

Fugitive amine

Sunscreen • Skin-dried Insoluble
!--------- 1--- “ "“1
COOH COOH COOH+NHj

Soap and water removes polymer by emulsification ond/or neutralisation. 
For example;

SolubleI--------- 1---------1
COO~Na+ COO“Na+ COO"Na+ Figure 4. Film-former action of polymer (fugitive 

amine).

Scanning electron microscopic examination of the skin following the application of 
this form ulation shows tha t the film has multiple small holes (F ig . 5). These minute 
holes account for the findings that the film is non-occlusive and does not interfere with 
transepiderm al water loss through the skin or hum an eccrine sweat function ( T a b le s  I I I  

and I V ) .

Table Hi. Transepidermal water loss (TWL)

Film-forming
Area No treatment sunscreen product*

TWL (Average of six subjects) 0-40 0-35
(mg h“1 cm2)

* 3-3% octyl dimethyl PABA

A N I M A L  S T U D I E S

Using a hairless mouse model, the am ount o f uvl and water immersion were carefully 
controlled. W ith no water immersion and uvl exposure, both  the film-forming prepara
tion containing 3-3% octyl dimethyl PABA and a commercial preparation containing 
5% PABA protected the mice from  severe skin damage, whereas, the untreated sites were 
severely damaged. In the group immersed in water for 30 min, followed by uvl exposure, 
only the film-forming preparation provided significant protection ( T a b le  V ) .



Figure 5. SEM of polymeric film on human skin.
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Table IV. Human sweat study

Sweat gland activity after 7-day use 
for 12 h per day

Sweat gland activity after 4 days continuous 
use

Subject

Active sweat glands/cm2

Subject

Active sweat glands/cm2

Sunscreen
treated

Untreated
control

Sunscreen
treated

Untreated
control

Saran
occluded

1 144 149 7 106 98 78
2 119 122 8 81 80 50
3 99 96 9 85 81 30
4 103 103 10 105 91 17
5 86 80 11 77 82 23
6 47 56 12 89 96 23

No significant difference between sunscreen treated and untreated control by one-way analysis of 
variance. Saran occluded and untreated control are significantly different by one-way analysis of variance.

Table V. Hairless mouse study

Average grade

Condition A B C

150 min uvl 0-7 2-3 6
30 min water immersion 

+
150 min uvl

1-6 5-6 7

A, 3-3% octyl dimethyl PABA plus film-former (lotion); B, 5-0% PABA 
(hydroalcoholic lotion); C, untreated: 0-3 mild; 3-5, moderate; 6-7, severe.

S A F E T Y  T E S T S

Safety tests including Draize (204 subjects), maximization (twenty-eight subjects), 
cumulative irritation (twenty-seven subjects), phototoxicity (ten subjects), and pho to 
allergy (twenty-five subjects) established that the film-forming sunscreen product had 
little or no allergy or irritancy potential. Only slight irritation was noted on stripped skin 
in hum an volunteers with the film-forming form ulation, whereas, other commercial 
preparations produced m oderate to  severe irritation ( T a b le  V I ) .

Table VI. Human stripped skin irritation

Sunscreen products
Mean

irritation score
Level of 
irritation

A 0-3 Slight
B 1-4 Slight to moderate
C 2-7 Moderate to severe
D 1-2 Slight to moderate
E 3-1 Moderate to severe

Untreated control 00 None

A, 3-3% octyl dimethyl PABA plus film-former (lotion); B, 3-0% amyl dimethyl 
PABA plus 3-0% glyceryl PABA (lotion); C, 5-0% PABA (hydroalcoholic lotion); 
D, 10-0% sulisobenzone (lotion); E, 2-5% amyl dimethyl PABA (hydroalcoholic 
lotion).



The film-forming product did not elicit a sensitivity response to 48 h occlusive tests 
in four subjects known to be allergic to acrylates. Clinical use tests confirmed tha t octyl 
dimethyl PABA did not produce facial irritation with sweating and swimming, a problem 
seen with amyl dimethyl PABA (6- 8). Because it is anticipated tha t patients may use the 
product repeatedly, a subtotal inunction (abuse) test was conducted on twenty-one 
subjects. In this test, the product was applied to the arms, legs and back for 28 con
secutive days. Complete physical exams and laboratory evaluations were carried out at 
biweekly intervals. N o local or systemic toxicity was noted.

C L I N I C A L  E F F I C A C Y

D ouble blind studies in Arizona (forty-seven subjects) and Florida (sixty-two subjects) 
compared the efficacy o f the film-forming product to  competitive products. Although 
no significant differences were observed in ordinary sunbathing or exercising, the film
forming sunscreen provided significantly better protection from  sunburn than the other 
commercial products after 60 min swimming in two fresh water swimming pool tests and 
one salt water test ( T a b le  V II ) .
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Table VII. Clinical sunscreen studies for sunbathing plus swimming (1 h) erythema

Study
No of 
Subjects A B C D E

Phoenix 23 1-7 2-7 2-8 2-9 2-9
Bradenton 12 1-4 2-6 2-9 30 30
Holmes Beach 25 1-9 2-5 2-8 * 3-0

A, 3-3% octyl dimethyl PABA plus film-former (lotion); B, 3-0% amyl dimethyl PABA plus 3-0% glyceryl 
PABA (lotion); C, 5-0% PABA (hydroalcoholic lotion); D, 10-0% sulisobenzone (lotion); E, placebo 
(no sunscreen). * Not tested. Erythema was graded on a scale of 0-3 (0, none; 1, mild; 2, moderate; 
3, severe).

CONCLUSIONS

Controlled laboratory and clinical studies, show tha t a sunscreen preparation containing
3-3% octyl dimethyl PABA and an acrylate film-forming polymer is highly water- 
resistant and provides sunburn protection while perm itting gradual tanning during 
swimming, sunbathing and exercising. It has little potential for irritation or adverse 
side effects and it does not unduly irritate inflamed skin or interfere with norm al water 
loss from  the skin. I t remains steadfast during swimming but is easily removed with 
soap and water. This cosmetically pleasing product can easily be applied evenly to  all 
body areas due to the oil in the water vehicle. I t is invisible on the skin when dry and 
does not strain m ost clothing. Thus, it is well suited for daily use as well as for people 
who enjoy swimming and water sports.
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T h e  l e a c h i n g  o f  F .D .  &  G . B l u e  N o  1 d y e  f r o m  i t s  l a k e  

b y  e l e c t r o l y t e s

N . A . A R M S T R O N G ,  A.  B I A L K O W S K A  a n d  J.  S M I T H  T h e  W e lsh  

S c h o o l  o f  P h a r m a c y ,  U n iv e r s i ty  o f  W a le s  I n s t i tu te  o f  S c ie n c e  a n d  T e c h n o lo g y ,  

C a th a y s  P a r k ,  C a r d i f f

P r e s e n t e d  a t  th e  S y m p o s iu m  o n  ‘P r o d u c t  F o r m u la tio n ’ 1 1  O c to b e r  1 9 7 8  a t  H a r r o g a te

Synopsis

The effect of electrolyte solutions on the alumina lake of F.D. & C. Blue No 1 dye has been studied. 
Monovalent anions and cations cause a fairly rapid leaching of the dye for a period of about 1 h, fol
lowed by a much slower elution process. Multivalent cations cause a slight increase in leaching, but a 
more marked effect is obtained with salts of multivalent acids, where the dye is virtually completely 
removed from its substrate in 2-3 h. The results are explained by reference to the postulated structure of 
the alumina substrate of the lake, and the effects of pH on and ionic penetration into this structure.

INTRODUCTION

Though the use o f water soluble dyes is common in cosmetics and pharmaceuticals, any 
process which involves the use o f a moving solvent fron t may give rise to  uneven colour 
distribution as the dye travels with the solvent. Thus, on drying for example, dye will be 
transferred progressively to  the surface from  which evaporation is taking place, resulting 
in an excess o f dye at tha t point, whilst leaving a deficiency elsewhere [Jaffe and Lipp- 
mann (1) A rm strong and M arch (2)]. The use o f the lake o f the dye, in which the dye is 
adsorbed on to an insoluble substrate, is often recommended to avoid this problem, 
and was used with some success by A rm strong and M arch in an attem pt to  produce 
uniformly coloured tablets containing F .D . & C. Blue N o 1 dye. It was noted, however, 
tha t under certain conditions, for example when the tablets contained calcium phosphate, 
no reduction in dye m igration took place. G oodhart, Everhard and Dickcius (3) found a 
similar effect using F .D . & C. Red N o 3 dye lake in the presence of calcium sulphate, 
implying tha t ionic species presence in the system may remove the dye from  its insoluble 
substrate. Accordingly, the role o f electrolytes in displacing F.D . & C. Blue N o 1 dye 
from  its substrate has been investigated.

EXPERIMENTAL
MATERIALS

F.D . & C. Blue N o 1 dye Batch X7663 D. F. Anstead Ltd, F .D . & C. Blue N o 1 lake 
Batch X8432, D. F. Anstead Ltd, pure dye content, 13%. Both substances were used 
w ithout further purification. All other reagents were o f A nalar or laboratory reagent 
quality, and solutions were prepared from  water which had been distilled from  glass 
subsequent to  deionisation.

0037-9832/78/1000-0651 $02.00 ©  1978 Society o f Cosmetic Chemists o f G reat Britain

651



6 5 2  N. A. Armstrong, A. Bialkowska and J. Smith

ELUTION STUDIES

F.D . & C. Blue No 1 lake (50 mg) was placed in a glass centrifuge tube. The electrolyte 
solution (20 ml) was added, the pH  measured (Phillips model PW 9418 pH  meter), the 
tube closed with w aterproof film and agitated in a horizontal position at 27°C. After the 
requisite time had elapsed, the tube and contents were centrifuged (3300 rpm) for 15 min, 
the pH  of the supernatant measured, and the latter then diluted appropriately with 
Teorell and Stenhagen pH  5-0 buffer. The concentration o f dye was then determined 
at 628 nm (Cecil model CE272 spectrophotometer). All experiments were triplicated 
and blank experiments using the lake suspended in water were carried out in each case. 
The am ount of dye leached from the lake is expressed as a percentage o f the total dye 
present.

RESULTS AND DISCUSSION
The elution data of F.D . & C. Blue N o 1 dye from its lake in the presence of m olar 
concentrations of the chloride and bromide salts o f sodium and potassium are shown 
in F ig . 1. W ater causes very little elution, the dye concentration reaching a plateau level 
o f about 0-3% in approximately 6 h. It is likely tha t this represents free dye unadsorbed 
on the alumina substrate, rather than dye eluted from  the substrate.

In the case o f the electrolytes, a fairly rapid increase in free dye concentration is 
obtained over the first period of about 1 h, followed by a more gradual increase. 
Throughout this period, the potassium salts are more effective eluents than the corres
ponding sodium salts, whilst the chloride is m ore effective than the corresponding

Figure 1. The elution of F.D. & C. Blue No 1 dye from its lake by molar solutions of salts of 
monovalent acids, x ,  potassium chloride; • ,  sodium chloride; O, potassium bromide; □, 
sodium bromide; ■, calcium chloride (0-5 m ) ;  a , water ( x 100).
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brom ide. Even so, the m ost effective eluent in this series, potassium  chloride, removes 
only about 40% o f the dye from  its substrate after one hour and about 80% after 8 h. 
These effects are concentration dependent, 0-01 m and 0T m potassium  chloride solutions 
causing about 2 and 25% elution respectively over a period o f 8 h.

Increasing the valency o f the cation has little effect on elution. Calcium chloride shows 
an increased degree o f elution com pared to  potassium and sodium chloride, but if a 
correction is applied for the two chloride ions contributed by each molecule o f calcium 
chloride, the elution o f 0-5 M calcium chloride is only slightly greater than that achieved 
by 1-0 M sodium chloride.

In order to  study more closely the eluting effects o f polyvalent anions, elution 
studies were carried out using 0-5 m solutions o f sodium sulphate, selenate, thiosulphate, 
and succinate. In  all cases, elution occurred m uch more rapidly, about 70-80%  being 
achieved after 0-5 h and elution being virtually complete in m ost cases within 4 h (F ig . 2 ) .  

Elution caused by magnesium sulphate is slightly quicker than  tha t achieved by sodium 
sulphate confirming th a t while increasing the cation valency increases elution, it is not a 
m ajor influence.

As part o f a comprehensive survey o f the properties of alumina, M utch (4) studied the 
eluant effect o f a num ber o f sodium salts on acidic dyes adsorbed on alumina. His 
findings contradict those o f the present study, since he reported th a t in general salts of 
m onovalent acids were ineffective as eluents, while those o f multivalent acids caused

O 1 2  3 4

Ti me ( h )

Figure 2. The eluting effect of 0-5 m solutions of salts of dibasic acids on the lake of F.D. & C. 
Blue No 1 dye (1-0 m sodium chloride is included for comparative purposes). □, sodium selenate; 
A, sodium thiosulphate; x ,  sodium succinate; O, magnesium sulphate; a , sodium sulphate; 
• ,  sodium chloride.
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elution. Exceptions were found, however. Sulphate and thiosulphate, both effective 
eluents in the present study were reported as being ineffective, as were chloride and 
bromide. N o mechanism was suggested by M utch to  support either his findings or their 
exceptions.

Structures for hydrated alum inium  hydroxides have been postulated by Thom as and 
co-workers. Individual alum ina units are joined by hydroxide ions to  give two- or three- 
dimensional polymeric structures, the process being term ed ‘olation’. Thom as and 
W hitehead (5) noted that on storage o f alum ina suspensions, changes in solubility 
occurred, and the liquid phase became more acidic, this being attributed to a hydrolytic 
process (F ig . 3 d ) . The addition o f neutral electrolytes, however, caused an increase in 
pH , the magnitude of the change being dependent on the salt used. For example, 
Thom as and Tai (6) studied the effect o f seven potassium salts, and found that the 
m agnitude o f increase in pH  was in decreasing order, oxalate, sulphate, acetate, iodide, 
bromide, chloride, nitrate. This was explained in terms of anion penetration, the anion 
displacing a hydroxo (H 20 )  or ol (OH) group, the latter causing the increase in pH 
(F ig . 3 b ) .  It was found tha t in general, salts o f multivalent acids raised pH  to a much 
greater extent than the salts o f corresponding monovalent acids (7).
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Figure 3. Proposed mechanisms for (a) hydrolysis and (b) anion penetration in hydrated alumina 
structures [derived from Thomas and Whitehead (5)].

It is probable that a similar mechanism can explain the elution of F .D . & C. Blue 
N o 1 dye from  its lake. The degree of elution depends firstly on the valency o f the anion, 
and within any valency group, the order o f elution is com parable to  tha t described by 
Thomas and Tai. This is confirmed by a study o f the pH  changes in the supernatant 
during the elution process where a high degree o f elution is associated with an increase 
in supernatant pH.

For example, water which shows negligible elution is associated with a fall in pH  of 
T4 after 4 h, whilst alm ost all electrolytes which cause elution are associated with a rise 
in supernatant p H  o f between 0-5 and 1-5 units. The only exception to  this is sodium 
succinate where a fall o f 0-9 units is obtained. This is probably explained by the high 
starting pH  C8-90) and the buffering capacity o f the electrolyte itself.

These elution effects are no t associated with the disruption o f the alum ina lattice 
structure itself, which is stable between pH  3 and pH  9 (8). I f  electrolytes are used whose 
solutions give pH  values outside this range, however, then elution will occur which is due 
to  dissolution of the alum ina substrate. Thus sodium phosphate and aluminium chloride
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(the pH values of 0-5 m solutions of which are 12-2 and 3-1 respectively) are both 
associated with the rapid appearance of a large amount of the dye in the supernatant, but 
this effect will be acheived, at least in part, by disruption of the alumina itself. This 
mechanism may also be involved with sodium succinate (pH of a 0-5 m  solution = 8-9).

Between pH values of 3 and 9, however, the pH value itself is of minor importance. 
Table I  shows the degree of elution at pH 4, 6 and 8, these pH values being achieved by 
either buffering with Teorell and Stenhagen citrate-borate-phosphate buffer, or by the 
addition of small amounts of n /1 0  hydrochloric acid or sodium hydroxide (i.e. an 
unbuffered system). The buffered suspensions show a much higher degree of elution at 
any given pH. This indicates that rather than pH per se, it is the presence of the buffer 
electrolytes used to achieve that pH which is the primary eluting factor. (Teorell and 
Stenhagen’s buffer at pH 4 for example, contains approximately 0-06 m of sodium as 
borate, citrate and phosphate, all of which are stated by Mutch to be effective eluting 
electrolytes). pH changes, also shown in Table /, are those expected if the anionic pene
tration mechanism proposed by Thomas and Tai is appropriate in this case.

Table I. Variation with pH of the elution of F.D. & C. Blue No 1 dye from its lake after 24 h, using 
(a) buffered and (b) unbuffered systems

Original pH
Buffered system Unbuffered system

Elution (% ) pH change Elution (%) pH change

4 0 98-4 +  1-35 4-4 +  0-9
6 0 96-2 4-1-00 7-9 -0 -85
8 0 940 4-0-50 9-3 -2 -55

Water pH 7-0 
(control)

1-08 — 1 65

The significance of this data in formulation is considerable. Small amounts of 
electrolyte impurities present in the dye itself or other associated solids may cause 
elution, particularly when the quantity of water present is also small, since in that case, 
reasonably concentrated electrolyte solutions may readily be achieved. Also the con
centration of electrolytes in human perspiration (0-03 m , 0-02 m , and 0-07 M with respect 
to chloride, phosphate and sulphate), may well cause a significant degree of dye elution.
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