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Too w ild. W ild hair needs proteins.
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Whenyou want surfactantsyour shape, 
call Dutton and Reinisch.

Until now, specialised organic surfactants have been 
hard to find. But now, with our new Cumberland 
factory specially designed for their manufacture, you 
can order all the surfactants you need, including 
‘tailor-made’ surfactants for your own specific 
requirements.
No import charges. No outrageous delivery dales. 
Specialised organic surfactants for carpet shampoos, 
domestic detergents, industrial lubricants and clean­
ers, skin protection products, hair shampoos, anti­
dandruff preparations and anti-corrosive materials 
are available today from Dutton and Reinisch.
N ew Amphoterics The LORAPON range of cyclic 
imidazolinium derivatives and straight-chained acyl 
amido betaines -  cosmetic applications include baby 
shampoos, bath products and cleansing lotions; in­
dustrially, ampholytes are used in acid and alkali 
metal cleaning and finishing operations.

The Loramine range of undecylenamido deriva­
tives Mild and safe to use on the skin, they show 
almost unlimited compatability with other biocidal 
agents, and are selectively effective against patho­
genic organisms.
The Condanol range of sulphosuccinates These 
have been specially developed for the avoidance of 
resoiling in liquid carpet shampoo formulations, and 
possess excellent dry residue characteristics.
If necessary, we will modify any surfactant to fit 
your own formulation
Order with confidence Our new factory at Flimby, 
Cumberland covers 22,000 sq. ft., is splendidly 
equipped with first class laboratories and plant, and 
is staffed by expert technicians. If you need quality 
surfactants, this is the place to get them.

Write for samples and further information.
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London Sales Office: 130-132 Cromwell Road, London SW7 4HB Tel: 01-373 7777 Telex: 23254 
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The generous reception accorded internationally to the first edition of this book has imposed 
the obligation on the editors to prepare a second edition considerably sooner than had been 
expected. The general plan of the book remains unchanged, but in some fields of dermatology 
very important advances have taken place in the last five years and in consequence most chap­
ters have been entirely rewritten. It has not always been possible to omit old material to give 
place to new and despite efforts to restrain its growth this edition is therefore considerably 
larger than the first. Twelve chapters have been added to the book and several new authors 
have joined the team of contributors.
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The chemistry of human hair cuticle—II: The isolation and amino acid 
analysis of the cell membranes and A-layer: J. A. Swift and B. Bews. 
Journal of the Society of Cosmetic Chemists 25 355-366 (1974)
Synopsis—Mixtures of papain and dithiothreitol have been used to effect 
the separation of the A-layer and cell membrane complex and the cell 
membrane complex alone from human hair cuticle. The course of these 
enzymatic digestions has been followed gravimetrically and by the electron 
microscope examination of digested hair sections, and it is evident that 
the components mentioned are isolated cleanly. The amino acid composi­
tions of the cell membrane complex and of the A-layer (obtained by 
difference) are quite different from the composition of the whole cuticle.
The significance of the analyses is discussed.

Use of a laboratory model to evaluate the factors influencing the performance 
of depilatories: T. J. Elliot. Journal of the Society of Cosmetic Chemists 
25 367-377 (1974)
Synopsis—The use of laboratory models to evaluate the performance of 
cosmetic and toiletry products is full of pitfalls, and subjective assessments 
nearly always give more accurate results.

However, the investigation of the comparatively large number of 
variables which influence the speed of action of depilatories cannot con­
veniently be carried out on a subjective assessment basis and requires the 
use of a suitable laboratory model.

The particular model developed (referred to as a depilometer) was 
designed to simulate practical use conditions as closely as possible and it 
enabled the more important formulation variables to be studied quickly.
In-use tests on final depilatory formulations gave good correlation with 
the depilometer findings.

Sex hormones and skin: F. J. Ebling. Journal of the Society of Cosmetic 
Chemists 25 381-395 (1974)
Synopsis—As well as its more obvious anatomical and physiological func­
tions the skin plays an important part in social communication by vision, 
touch and smell. The epidermal surface, the activity of the glands and the 
distribution of the hair are particular features of skin which are concerned 
with sexual communication, and it is thus not surprising that they are 
profoundly influenced by hormones. Steroids have been widely used in 
efforts to improve skin texture; the effect of oestrogens is equivocal, but 
androgens certainly stimulate epidermal cell division. The sebaceous 
glands are unequivocally stimulated by androgens and inhibited both by 
oestrogens and anti-androgenic steroids, though their modes of action are 
not identical. Pituitary factors appear to be necessary, at least in the rat, 
for the response of the sebaceous glands to testosterone, and it seems 
possible they may act upon the conversion of the steroid to its active 
metabolites. Human body, axillary and pubic hair is similarly androgen 
dependent. So sebum secretion, the growth of sexual hair, and hirsutism 
may be inter-related by their link with steroid metabolism within the skin.
Is it possible that one function, or at least one by-product, of cutaneous 
androgen metabolism is the manufacture of pheromones or odours?
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I I :  T h e  i s o l a t i o n  a n d  a m i n o  a c id  

a n a ly s is  o f  th e  c e l l  m e m b r a n e s  a n d

Synopsis— M ixtures o f papain and dithiothreitol have been used to effect the separation of the 
A -LA Y ER  and C ELL M E M B R A N E  C O M PLEX  and the cell m em brane complex alone from  
hum an H A IR  C U TIC LE. The course o f these E N Z Y M A TIC  D IG E ST IO N S has been followed 
gravimetrically and by the E LE C T R O N  M IC R O SC O PE exam ination of digested ha ir sections, 
and it is evident that the com ponents m entioned are isolated cleanly. The A M IN O  A C ID  com ­
positions o f the cell m em brane complex and of the A-layer (obtained by difference) are quite 
different from  the com position of the whole cuticle. The significance of the analyses is discussed.

T h e  p r e v i o u s  p a p e r  o f  t h i s  s e r i e s  (1 )  d e s c r i b e d  a  m e t h o d  f o r  t h e  

p h y s i c a l  i s o l a t i o n  o f  c u t i c le  f r o m  h u m a n  h a i r  a n d  e m p h a s i z e d  t h e  l a m e l l a r  

s u b s t r u c t u r e  o f  e a c h  c u t i c le  c e l l  s h e e t .  O u r  i n t e r e s t  is  n o w  in  t h e  f u r t h e r  

s e p a r a t i o n  o f  t h e s e  l a m i n a e  f o r  c h e m i c a l  a n a ly s i s .  V a r i o u s  c h e m i c a l  p r o ­

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

f ib r e s  (c f .  r e f e r e n c e  2 ) . M a n y  o f  t h e s e  l e a d  t o  u n c e r t a i n t i e s  a b o u t  t h e  s ig n i ­

f i c a n c e  o f  t h e  s u b s e q u e n t  c h e m i c a l  a n a l y s i s  a n d  m o s t  d o  n o t  a l l o w  th e

J .  A .  S W I F T  a n d  B .  B E W S *

I n t r o d u c t i o n

* Unilever Research Isleworth L aboratory, 455 L ondon R oad, Isleworth, Middlesex.
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a c c u r a t e  s p e c i f i c a t io n  o f  t h e  m o r p h o l o g i c a l  o r i g in  o f  t h e  i s o l a t e d  f r a c t i o n s .  

E n z y m i c  d i g e s t i o n  p r o c e d u r e s ,  b y  v i r t u e  o f  t h e i r  h i g h  c h e m i c a l  s p e c if i c i ty ,  

a r e  l ik e ly  t o  l e a d  t o  m u c h  c l e a n e r  f r a c t i o n a t i o n  a n d  i n d e e d  B r a d b u r y  a n d  

L e y  (3 )  h a v e  r e c e n t l y  u s e d  p r o n a s e  t o  d i s s o lv e  w o o l  e n d o c u t i c u l a r  c o m ­

p o n e n t s  s e le c t iv e ly .  U s i n g  m ix t u r e s  o f  p a p a i n  a n d  d i t h i o t h r e i t o l  w e  h a v e  

s h o w n  (4 ) ,  b y  t h e  e l e c t r o n  m ic r o s c o p e  e x a m i n a t i o n  o f  d i g e s te d  h a i r  s e c t i o n s ,  

t h a t  a  d i s t i n c t  l a y e r  r e m a i n s  u n d i s s o l v e d  in  t h e  v i c in i ty  o f  t h e  c u t i c l e  c e l l  

m e m b r a n e s .  T h e  p r e s e n t  p a p e r  is  c o n c e r n e d  w i t h  t h e  f u r t h e r  s t u d y  o f  t h i s  

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

h a i r  c u t i c le  t h e  c e l l  m e m b r a n e  c o m p l e x  a n d  A - l a y e r .

M e t h o d s  a n d  m a t e r ia l s  

T h e  is o la tio n  o f  h u m a n  h a ir  c u tic le

T h i s  m a t e r i a l  w a s  p r e p a r e d  b y  s h a k i n g  r o o t - e n d  p ie c e s  o f  b r o w n  

C a u c a s i a n  h a i r  i n  w a t e r  a c c o r d i n g  t o  p r o c e d u r e s  d e s c r i b e d  in  t h e  p r e v io u s  

p a p e r  o f  t h i s  s e r i e s  (1 ) .  C u t ic l e  f r a g m e n t s  o b t a i n e d  a f t e r  2  h  s h a k i n g  ( i .e .  5 %  

b y  w e i g h t  o f  t h e  o r i g i n a l  h a i r )  w e r e  s e p a r a t e d  a n d  d r i e d  in  vacuo  o v e r  

p h o s p h o r u s  p e n to x i d e .

D ig e s t io n  o f  cu tic le  fr a g m e n ts  w ith  p a p a in /d i th io th r e i to l

P r e l i m i n a r y  g r a v i m e t r i c  e x p e r i m e n t s ,  in  w h i c h  i s o l a t e d  c u t i c le  w a s  

d i g e s te d  b y  d i s p e r s i o n  in  a  s o l u t i o n  c o n t a i n i n g  1 m g / m l  p a p a i n  ( c r u d e  

p o w d e r  t y p e  2 , S ig m a )  a n d  2  m g / m l  d i t h i o t h r e i t o l  ( C a lb i o c h e m )  in  0 - 1 m 

p h o s p h a t e  b u f f e r  a t  p H  6 .7 ,  s h o w e d  t h a t  9 2 %  o f  t h e  c u t i c le  w a s  d i s s o lv e d  

a f t e r  18 h  a t  6 5 ° C .  I n  a d d i t i o n ,  f r o m  o b s e r v a t i o n s  in  t h e  t r a n s m i s s i o n  e le c ­

t r o n  m ic r o s c o p e  o f  t h i n  t r a n s v e r s e  h a i r  s e c t i o n s  d ig e s te d  u n d e r  s i m i l a r  

c o n d i t i o n s ,  i t  w a s  e v id e n t  t h a t  s o m e  c o m p o n e n t s  w e r e  a l m o s t  c o m p l e t e ly  

d i s s o lv e d  in  a s  l i t t l e  a s  15 m i n  a t  6 5 ° C . T h e  r a t e  o f  d i g e s t i o n  c o u l d  b e  

r e d u c e d  b y  w o r k i n g  a t  5 0 ° C  a n d  t h i s  l o w e r  t e m p e r a t u r e  w a s  u s e d  in  a l l  

s u b s e q u e n t  e x p e r i m e n t s .  T h e  c o u r s e  o f  t h e  d i g e s t i o n  w a s  s t u d i e d  b y  u s i n g  

t h e  f o l lo w in g  p r o c e d u r e .  W e i g h e d  s a m p le s  o f  c u t i c le  ( 3 0  m g )  w e r e  t r i t u r a t e d  

w i t h  p h o s p h a t e  b u f f e r  ( 0 .1 m , p H  6 .7 )  t o  f o r m  a  u n i f o r m  s u s p e n s io n .  A  

s o l u t i o n  o f  p a p a i n  (2 .5  m g )  a n d  d i t h i o t h r e i t o l  ( 1 0  m g )  in  b u f f e r  (2  m l )  w a s  

t h e n  a d d e d  a n d  t h e  s u s p e n s io n s  i n c u b a t e d  in  a  w a t e r  b a t h  a t  5 0 ° C . A f t e r  

a p p r o p r i a t e  t i m e  i n t e r v a l s ,  s a m p le s  w e r e  w i t h d r a w n  a n d  c h i l l e d  t o  q u e n c h  

t h e  e n z y m e  r e a c t i o n .  T h e  u n d i g e s t e d  c u t i c le  r e s i d u e s  w e r e  r e c o v e r e d  b y
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c e n t r i f u g a t i o n ,  w a s h e d  tw ic e  w i t h  d i s t i l l e d  w a t e r ,  d r i e d  in  va cu o  o v e r  

p h o s p h o r u s  p e n t o x i d e  a n d  w e ig h e d .

E x a m in a tio n  o f  m o rp h o lo g ic a l s i te s  o f  d ig e s tio n  o f  h u m a n  h a ir  c u tic le  b y  
p a p a in /d i th io th r e i to l

F o r  t h i s  w o r k ,  r o o t - e n d s  o f  b r o w n  C a u c a s i a n  h a i r  w e r e  e m b e d d e d  w i th  

S p u r r ’s r e s i n  (5 )  i n  B e e m  c a p s u le s  ( L K B  P r o d u k t e r ) .  I t  is  n o t e w o r t h y  t h a t  

t h e s e  r e s in s  a r e  u n l ik e l y  t o  d i f f u s e  i n t o  t h e  f ib r e s ,  b u t  n e v e r t h e l e s s  b o n d i n g  

o f  t h e  r e s i n  w i t h  t h e  f i b r e  s u r f a c e  is  s u f f i c ie n t ly  s t r o n g  t o  p r o v i d e  t h e  r i g id  

s u p p o r t  o f  t h e  h a i r  f o r  s u b s e q u e n t  t h i n  s e c t i o n i n g .  T r a n s v e r s e  s e c t i o n s  o f  

t h e  h a i r  a p p r o x i m a t e l y  6 0  n m  t h i c k  w e r e  c u t  o n  a  d i a m o n d  k n i f e  ( D u  P o n t  

d e  N e m o u r s )  a t  a  P o r t e r - B l u m  M T - 2  u l t r a m i c r o t o m e  ( S o r v a l l )  a n d  c o l l e c t e d  

o n  1 0 0  m e s h  g o l d  e l e c t r o n  m ic r o s c o p e  g r id s  ( P o l a r o n )  p r e v io u s ly  c o v e r e d  

w i t h  a  t h i n  c o l l o d i o n / c a r b o n  s u p p o r t  f i lm .  P a p a i n / d i t h i o t h r e i t o l  r e a g e n t ,  o f  

t h e  s a m e  c o m p o s i t i o n  a s  t h a t  u s e d  in  t h e  g r a v im e t r i c  e x p e r i m e n t s ,  w a s  p r e ­

p a r e d  a n d  f i l t e r e d  i m m e d ia t e l y  b e f o r e  u s e  t h r o u g h  0 .4 5  p m  M i l l i p o r e  d i s c s .  

T h e  g r i d s  w e r e  i m m e r s e d  in  t h e  r e a g e n t  a t  5 0 ° C ,  a n d  a f t e r  v a r i o u s  t im e s  o f  

d i g e s t i o n ,  r i n s e d  b r ie f ly  i n  a  s o l u t i o n  c o n t a i n i n g  d i t h i o t h r e i t o l  a n d  b u f f e r ,  

t h e n  in  t w o  c h a n g e s  o f  d i s t i l l e d  w a t e r  e a c h  f o r  5 m in  a n d  d r i e d .  S o m e  o f  

t h e  g r i d s  w e r e  ‘s h a d o w e d ’ b y  t h e  o b l iq u e  v a c u u m  e v a p o r a t i o n  o f  c a r b o n /  

p l a t i n u m  o n  t o  t h e  u p p e r  s id e  o f  t h e  g r i d s  ( s u b t e n d i n g  a n  a n g le  o f  3 0 °  w i t h  

t h e  g r i d  s u r f a c e s ) .  T h e  s h a d o w i n g  t e c h n i q u e  d i d  n o t  p e r m i t  t h e  d i s c r i m i n a ­

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

t i o n  in  t h e  e l e c t r o n  m ic r o s c o p e .  T h e  r e m a i n d e r  o f  t h e  g r id s  w e r e  t h e r e f o r e  

s t a i n e d  w i t h  v a r i o u s  h e a v y  m e t a l  c o m p o u n d s  a c c o r d i n g  t o  t h e  f o l lo w in g  

s c h e m e ,  d e s i g n e d  t o  y i e ld  m a x i m u m  s t r u c t u r a l  i n f o r m a t i o n :  g r i d s  w e r e  

i m m e r s e d  a t  r o o m  t e m p e r a t u r e  s u c c e s s iv e ly  in  2 %  a q u e o u s  o s m i u m  

t e t r o x i d e  f o r  2  h ,  d i s t i l l e d  w a t e r  f o r  1 h ,  s a t u r a t e d  a q u e o u s  u r a n y l  a c e t a t e  

f o r  2  h ,  d i s t i l l e d  w a t e r  f o r  1 h ,  R e y n o l d ’s l e a d  c i t r a t e  (6 )  f o r  10 m i n ,  0 -0 2  n  

s o d i u m  h y d r o x i d e  f o r  10  s , d i s t i l l e d  w a t e r  f o r  1 h  a n d  t h e n  d r i e d .

T h e  v a r i o u s  d ig e s te d  h a i r  s e c t i o n s ,  s h a d o w e d  o r  s t a in e d ,  w e r e  e x a m i n e d  

in  a  J E M  7  t r a n s m i s s i o n  e l e c t r o n  m ic r o s c o p e  a t  8 0  k V  a n d  u s i n g  a  2 0  p m  

d i a m e t e r  o b j e c t iv e  a p e r t u r e .  I n  t h e  c a s e  o f  t h e  s h a d o w e d  s e c t i o n s  i t  is  

a l r e a d y  k n o w n  (7 )  t h a t  t h e  s u r f a c e s  o f  u n d i g e s t e d  h a i r  s e c t i o n s  a r e  n o t  f l a t  

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

s t r u c t u r e  o f  t h e  s e c t io n s .  O n  t h e  o t h e r  h a n d  t h e  p r e s e n t  d i g e s t i o n s  s o  c le a n l y  

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

w i t h  t h e  o r i g i n a l  i r r e g u l a r i t i e s  o f  t h e  h a i r  s e c t i o n  s u r f a c e s .
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A m in o  a c id  a n a ly s e s  o f  is o la te d  f r a c t io n s

I n s o l u b l e  m a t e r i a l  r e m a i n i n g  a f t e r  d i g e s t i o n  o f  h a i r  c u t i c le  w i t h  p a p a i n /  

d i t h i o t h r e i t o l  r e a g e n t  f o r  4 5  a n d  9 0  m in  w a s  c e n t r i f u g e d  a t  3 0  0 0 0  g ,  t h e  

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

t i l l e d  w a t e r ,  c e n t r i f u g i n g  a f t e r  e a c h  w a s h .  M a t e r i a l  o b t a i n e d  b y  e x h a u s t i v e  

d i g e s t i o n  f o r  a  t o t a l  o f  3 d a y s  w i t h  t w o  c h a n g e s  o f  r e a g e n t ,  w a s  t r e a t e d  

s im i l a r ly .  T h e  r e s i d u e s  w e r e  d r i e d  in  va cu o  o v e r  p h o s p h o r u s  p e n t o x i d e  a n d  

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

R e s u l t s  a n d  d is c u s s io n

C o u rse  o f  d ig e s tio n  o f  is o la te d  c u tic le  w ith  p a p a in !d ith io th r e ito l

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

i s o l a t e d  c u t i c le  is  s h o w n  in  F ig . 1 ( A ) .  F r o m  t h i s  c u r v e  i t  a p p e a r s  t h a t  a t  l e a s t  

t w o  c o m p o n e n t s  a r e  d i s s o l v i n g  a t  d i f f e r e n t  r a t e s .  T h a t  t h i s  is  t h e  c a s e  is  

r e v e a le d  b y  t h e  l o g a r i t h m i c  p l o t  o f  F ig . 1 (B ) .  T h e  u n d i s s o l v e d  r e s i d u e  a t  

l o n g  t im e s  o f  d i g e s t i o n  is  a p p r o x i m a t e l y  7 %  b y  w e ig h t  o f  t h e  o r i g in a l  c u t i c le  

a n d  b y  e x t r a p o l a t i o n  o f  t h e  lo g .  p l o t  t o  z e r o  t im e  i t  w o u l d  a p p e a r  t h a t  

t h e  f a s t  d i s s o l v i n g  c o m p o n e n t s  r e p r e s e n t  a b o u t  8 2 %  a n d  t h e  s lo w  d i s ­

s o lv in g  c o m p o n e n t  a b o u t  1 1 %  b y  w e i g h t  o f  t h e  c u t i c le .
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Figure 1. G raph  showing the gravimetric course o f  digestion of hum an hair 
cuticle with papain and dithiothreitol. Curve A, axis A  show the linear plot and 
curve B, axis B the corresponding logarithmic plot. Each point shown represents 

the mean of three separate determinations.
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T h e  m o r p h o lo g ic a l p r o g r e s s  o f  d ig e s tio n  in  th e  h a ir  c u tic le

E x a m i n a t i o n  o f  d ig e s te d  h a i r  s e c t i o n s  i n  t h e  t r a n s m i s s i o n  e l e c t r o n  

m i c r o s c o p e  r e v e a le d  s ig n i f i c a n t  p r o g r e s s i o n  in  t h e  d i s s o l u t i o n  o f  t h e  v a r i o u s  

s t r u c t u r a l  c o m p o n e n t s  o f  t h e  c u t i c le .  I n  a d d i t i o n ,  s in c e  w e  b e l i e v e  t h a t  t h e  

a c c e s s ib i l i ty  t o  e n z y m e  a t t a c k  o f  t h e  s e c t i o n e d  h a i r  c u t i c le  a n d  o f  t h e  

p h y s i c a l ly  i s o l a t e d  f r a g m e n t s  a r e  p r o b a b l y  s i m i l a r ,  s o m e  c o r r e l a t i o n  c o u ld  

b e  m a d e  b e tw e e n  t h e  r e m o v a l  o f  c u t i c le  c o m p o n e n t s  o b s e r v e d  in  t h e  

e l e c t r o n  m ic r o s c o p e  a n d  t h e  v a r i o u s  s t a g e s  o f  d i g e s t i o n  r e v e a le d  b y  t h e  

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

A f t e r  d i g e s t i o n  o f  t h e  s e c t i o n s  f o r  o n l y  15 m in  t h e r e  w a s  a l m o s t  c o m p l e t e  

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

e x o c u t i c l e  {F ig . 2 ). ( I t  is  p e r t i n e n t  t o  n o t e  t h a t  F ig s  2  a n d  3 , w h i c h  a r e  

e l e c t r o n  m i c r o g r a p h s  o f  ‘s h a d o w e d  s e c t i o n s ’, h a v e  b e e n  p r e p a r e d  f r o m  

i n t e r m e d i a t e  n e g a t i v e s  s o  t h a t  s h a d o w  r e g io n s  a r e  d a r k .  I n  a c h i e v i n g  t h i s  

n o r m a l  c o n s i s t e n c y  f o r  s h a d o w s ,  r e g io n s  o f  i n c r e a s in g  e l e c t r o n  o p a c i t y  a r e  

d e p ic t e d  b y  i n c r e a s in g  b r i g h t n e s s  i n  t h e  p h o t o g r a p h s . )  E v e n  a t  15  m in  

d i g e s t i o n  i t  i s  s t r i k i n g  t h a t  a  d i s t i n c t  l a y e r  a p p r o x i m a t e l y  1 0 0  n m  w id e  

a s s o c i a t e d  w i t h  t h e  c u t i c le  c e l l  b o u n d a r i e s  e x h ib i t s  a n  e l e c t r o n  o p a c i t y  

s i m i l a r  t o  t h a t  o f  t h e  s e c t i o n e d  e p o x y  r e s in ,  i n d i c a t i n g  t h a t  t h i s  c o m p o n e n t  

is  u n a f f e c t e d  b y  t h e  d i g e s t i o n .  A f t e r  d i g e s t i o n  f o r  4 5  m in  v i r t u a l l y  a l l  t h e  

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

u n a f f e c te d  {F ig . 3 ). A t  t h i s  s t a g e  i t  w a s  n e c e s s a r y  t o  e x a m i n e  m e t a l - s t a i n e d  

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

c e l l  b o u n d a r y  l a y e r .  I t  w a s  f o u n d  t h a t  t h i s  c o n s i s t e d  o f  t h e  A - l a y e r  t o  w h ic h  

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

c e l l  m e m b r a n e  c o m p l e x  {F ig . 4 ). W i t h  f u r t h e r  i n c r e a s in g  t im e  o f  d i g e s t i o n  

t h e  w i d t h  a n d  g e n e r a l  o p a c i t y  o f  t h e  A - l a y e r  s lo w ly  d i m i n i s h e d .  F o r  p e r i o d s  

o f  d i g e s t i o n  e x c e e d in g  2 4  h  t h e  A - l a y e r  h a d  m o r e  o r  le s s  d i s a p p e a r e d  s t i l l  

l e a v in g  a  r e s i d u e  a s s o c i a t e d  w i t h  t h e  c e l l  b o u n d a r i e s .  C lo s e  e x a m i n a t i o n  o f  

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

a n d  b o u n d e d  o n  e i t h e r  s id e  b y  a  l a y e r  a p p r o x i m a t e l y  8 0  n m  t h i c k  o f  s t a in -  

a b le  m a t e r i a l  {F ig . 5 ) .  I t  i s  n o t e w o r t h y  t h a t  a t  t h i s  s t a g e  i t  w a s  d i f f ic u l t  t o  

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

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

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

e l e c t r o n  b e a m  o f  t h e  m ic r o s c o p e .  O n  t h e  o t h e r  h a n d ,  b y  e x a m i n in g  t h e  

p o i n t  w h e r e  a d j a c e n t  c u t i c le  c e l l s  o v e r l a p  t o  g iv e  a  t y p e  o f  T - j u n c t i o n  o f  

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

s e e n  {F ig . 5 ) .

F r o m  t h e  p r e s e n t  r e s u l t s  i t  is  c l e a r  t h a t  t h e  i n i t i a l  f a s t - d i s s o l v in g  c o m ­

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

e x o c u t i c l e ,  t h a t  t h e  s lo w ly - d i s s o lv in g  c o m p o n e n t  c o n s i s t s  o f  A - l a y e r  a n d  

t h a t  t h e  f i n a l  i n s o l u b le  r e s i d u e  c o n s i s t s  m a i n l y  o f  c u t i c le  c e l l  m e m b r a n e  

m a t e r i a l .  I n d e e d  t h e r e  is  g o o d  c o r r e s p o n d e n c e  b e tw e e n  t h e  p e r c e n ta g e  a r e a s  

o c c u p i e d  b y  t h e  e n d o c u t i c l e  +  e x o c u t i c l e  +  i n n e r  l a y e r ,  t h e  A - l a y e r  a n d  c e l l  

m e m b r a n e  c o m p l e x  in  h a i r  c u t i c le  s e c t i o n s  ( 8 2 - 8 5 % ,  1 0 - 1 2 %  a n d  5 - 6 %  

r e s p e c t iv e ly )  a n d  t h e  f o r e g o i n g  g r a v i m e t r i c  d e t e r m i n a t i o n s  f o r  w h a t  a r e  

a p p a r e n t l y  t h e  s a m e  c o m p o n e n t s  ( 8 2 % ,  1 1 %  a n d  7 %  r e s p e c t iv e ly ) .  L i t t l e  

m e n t i o n  h a s  b e e n  m a d e  o f  t h e  f a t e  o f  t h e  c u t i c le  i n n e r - l a y e r  i n  t h e  p r e s e n t  

w o r k  b u t  i t  i s  a s s u m e d  b e c a u s e  o f  i t s  s i m i l a r i t y  i n  s t r u c t u r e  a n d  c y s t in e  

c o n t e n t  (1 )  t h a t  i t  b e h a v e s  i n  a  m a n n e r  a n a l o g o u s  t o  t h a t  o f  t h e  e x o c u t i c l e .

T h e  p r o g r e s s  o f  d i g e s t i o n  l e a d i n g  t o  t h e  i s o l a t i o n  in  o n e  c a s e  o f  A - l a y e r  

a n d  c e l l  m e m b r a n e  c o m p l e x  a n d  in  t h e  o t h e r  o f  t h e  c e l l  m e m b r a n e  c o m p l e x  

a l o n e  is  s u m m a r i z e d  in  t h e  s c h e m a t i c  d i a g r a m  o f  F ig . 6.

Cell mem brane 
complex

9 0  min

Figure 6. Schematic diagram illustrating the course of digestion of human hair 
cuticle with papain and dithiothreitol and leading to the separation of two major 

morphological components of the cuticle.

A m in o  a c id  a n a ly s is

T h e  f i r s t  c o l u m n  o f  T a b l e  I  c o n t a i n s  t h e  a m i n o  a c i d  a n a l y s i s  f o r  i s o l a t e d  

c u t i c l e  a n d  c o l u m n s  2 , 3 a n d  4 ,  t h e  a n a l y s e s  f o r  t h e  p a p a i n / d i t h i o t h r e i t o l -  

i n s o l u b le  f r a c t i o n s  o f  t h e  c u t i c l e  o b t a i n e d  a f t e r  d i g e s t i o n  f o r  4 5  m in ,  9 0  m in  

a n d  3 d a y s  r e s p e c t iv e ly .  T h e  a n a l y s i s  i n  c o l u m n  5 w a s  o b t a i n e d  b y  c a l c u l a t ­

i n g  t h e  d i f f e r e n c e s  i n  a m i n o  a c i d  c o m p o s i t i o n  b e tw e e n  t h e  ‘9 0 - m i n u t e ’ a n d  
‘3 - d a y ’ r e s i d u e s .
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Figure 2. T r a n s v e r s e  s e c t io n  o f  h u m a n  h a ir  c u t ic le  d ig e s te d  f o r  15 m in  a n d  th en  
s h a d o w e d . C o ,  c o r t e x ;  E n , e n d o c u t i c le ;  E x , e x o c u t ic le ,  A + C M ,  A - l a y e r + c e l l

m e m b r a n e  c o m p le x .

Figure 3. A s  F ig . 2 b u t  d ig e s t io n  f o r  4 5  m in .

(Facing p .  3 6 0 )
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Figure 4. T r a n s v e r s e  s e c t io n  o f  h u m a n  h a ir  c u t ic le  d ig e s te d  f o r  4 5  m in  a n d  
s ta in e d  w ith  h e a v y  m e ta ls . A ,  A - la y e r ;  C M ,  c e ll  m e m b r a n e  c o m p le x .

Figure 5. A s  F ig . 4  b u t  d ig e s t io n  f o r  2 4  h .
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M em b ra n es

As discussed previously, the insoluble material remaining after digestion 
for 3 days consists mainly of cell membrane complex and contains approxi­
mately 39%  lipid material. The amino acid analysis for this fraction prob­
ably represents that for the membrane-associated proteins and it is interest­
ing in that it differs considerably from that for intact cuticle. The last three 
columns of Table I show the amino acid compositions of membrane frac­
tions obtained from wool by Bradbury and co-workers (8, 9) while column 
6 shows the composition of wool cuticle (3). In each case the membrane 
fractions show substantially higher concentrations of aspartic acid, glycine 
and lysine, and lower concentrations of serine, proline and cystine than the 
corresponding cuticle samples. The cuticular membrane fraction from 
human hair also contains higher proportions of isoleucine, leucine and the 
aromatic amino acids than does intact cuticle. Closer comparison of the 
human hair and wool membrane fractions is not possible since those from 
wool are prepared from whole wool rather than isolated cuticle.

The presence of high concentrations of basic amino acids in the cuticle 
membrane complex is consistent with the intense staining which is seen 
under the transmission electron microscope, in the intermembranous 
cement (8-band) and the thin layers bounding the complex in hair sections 
stained with dodecatungstphosphoric acid (1). This heteropolyacid exists 
in solution as a trivalent anion and is generally believed to bind readily to 
the basic groups of proteins (10). Electron histochemical staining of hair 
sections for cystine (7, 11) indicates that this amino acid is absent from the 
cuticle cell membrane complex. Since some cystine is present in our mem­
brane fraction, at least part of the fraction is probably derived from the 
protein on either side of the lamellated membrane complex proper and 
indeed this is consistent with our present electron microscope observations 
(F ig . 5).

The main advantage of the present method for preparing cell membrane 
fractions from human hair compared with the previously used oxidative 
procedures (8) is that the destruction of sensitive amino acids such as 
tyrosine and methionine is minimized. Furthermore the lipid components 
of the membranes are well preserved so that further study of these materials 
is possible.

T he A -la y e r

The fractions obtained after digestion for 45 and 90 min evidently
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contain mainly A-layer and cell membrane complex, with the 45-min 
fraction containing a small amount of undissolved exocuticle and the 
90-min fraction having had some A-layer removed (cf. F ig. 1). As in the 
case of the membrane fraction, the accuracy of the amino acid analyses is 
limited by the presence of non-proteinaceous components. A  more serious 
limiting factor is the difficulty of obtaining a well-characterized sample of 
the A-layer and cell membrane complex free from other contaminants such 
as exocuticle but not having lost any of the A-layer. Since digestion of the 
A-layer is essentially complete in less than 7 h, small errors in sampling 
time or inefficiency of quenching the enzyme reaction result in substantial 
variations in composition. These difficulties are reflected in the coefficients 
of variation shown in the third column of Table I. In spite of these limita­
tions the calculated differences in amino acid composition between the 
‘90-minute’ and ‘3-day’ fractions shown in the fifth column of Table I, 
approximate to the composition of the A-layer, and show major differences 
from the composition of the intact cuticle. The A-layer thus contains higher 
concentrations of aspartic acid, basic and aromatic amino acids and lower 
concentrations of serine, proline and cystine than the whole cuticle. The 
low content of sulphur-containing material in the A-layer/membrane 
residues was confirmed semiquantitatively by X-ray microanalysis where the 
sulphur peak/background ratio for the ‘90 minute residue’ was substantially 
lower than that obtained from intact cuticle or from exocuticle isolated by 
pronase digestion according to the methods of Bradbury and Ley (3).

The A-layer is probably a complex mixture of different types of proteins. 
Analysis of residues remaining after various times of digestion between 
45 min and 3 h showed that the relative concentration of aromatic amino 
acids increased as digestion proceeded, as indicated in Table II. No such 
trends were shown by the other amino acids.

Table II

Residue as % by weight
o f cuticle 27 14.3 13.3 12.4 9.8

Moles/1000 tyrosine 17.2 18.4 33.7 41.9 48.9
Moles/1000 phenylalanine 4.25 11.6 23.5 30.9 40.7

These results indicate the presence of a component rich in aromatic 
amino acids and more resistant to proteolytic enzymes than the rest of the 
A-layer, though whether or not this component forms a discrete lamella 
close to the membrane is not yet clear.
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The low cystine content of the A-layer is surprising and contrary to 
electron histochemical evidence (7, 11). It is possible that a cystine-rich 
component has been removed specifically from the A-layer during the 
enzyme digestion but this is considered unlikely since our electron micro­
scope observations indicate that the overall structural integrity and electron 
opacity of this layer is maintained for the analysed specimens. A  further 
possibility is that the electron histochemical methods are not as specific in 
their staining of cystine or cysteine residues as has been claimed. Using an 
organomercurial method, Dobb, Murray and Sikorski (11) have shown a 
near-stoichiometric uptake of mercury by cysteine in reduced wool. On 
the other hand the uptake of mercury in such minor components as the A - 
layer may not be necessarily related to the presence of cysteine, for other 
amino acids or non-proteinaceous material could be involved in the reaction. 
In this respect it is interesting to note that Levy (12) has demonstrated 
reaction between an organomercurial halide and the amino groups of 
insulin. Indeed this reaction may explain the existence of the thin layer 
stained by mercury adjacent to the cuticle cell membranes of wool and 
described by Dobb e t  al. (11). Such a reaction would be consistent with our 
observations of high lysine concentrations in the membrane-associated 
fractions and the staining of a thin layer either side of the cuticle cell mem­
branes complex by dodecatungstophosphoric acid. With respect to the 
silver-methenemine method for the electron histochemical demonstration 
of cystine, anomalous staining of the A-layer of human hair cuticle has 
been described already (7). The silver globules used in the latter method as 
a criterion for the presence of cystine (7, 13) have a physical appearance 
which is quite different in the A-layer than in the other components of the 
hair, perhaps indicating that the histochemical reaction is modified by 
groups other than cystine. In the light of these discrepancies in the electron 
histochemical demonstrations of cystine in the A-layer, we believe that our 
analyses showing the low cystine content of this component are realistic.

T he ch em istry  o f  papain /d ith ioth reitol d igestion

One striking feature of the present work is the rapidity with which human 
hair cuticle dissolves in mixtures of papain and dithiothreitol compared 
with papain alone (usually negligible) or mixtures of papain and sodium 
bisulphite (55% dissolves after 8 h rising to 70%  after 28 h). One of the 
main reasons for this is undoubtedly the high percentage reduction of the 
keratin cystine by dithiothreitol (14, 15). Whereas complete reduction of



CHEMISTRY OF HUMAN HAIR CUTICLE 365

cystine in keratins by thiols is difficult to achieve because the reaction is 
determined by the law of mass action, dithiothreitol reduction readily splits 
85%  of the disulphide bonds in wool under mild conditions with only a 
small excess of dithiothreitol (14, 15) owing to the formation of a stable 
cyclic disulphide (4,5-dihydroxy-l,2-dithiane). After reduction of the disul­
phide bonds the proteins, previously resistant to attack by proteolytic 
enzymes, are rapidly digested under mild conditions. Borenfreund, Fitt and 
Berdich (17) have used combinations of trypsin and reducing agents 
including 2-mercaptoethanol and 2,3-dimercaptopropanol to degrade 
‘proteolytic enzyme resistant, keratin-like’ components of sperm cells and 
similarly Pfau and McCrea (18) have used pronase and 2-mercaptoethanol 
to release D N A  from vaccinia virus. Preliminary experiments by us have 
shown that a combination of pronase and dithiothreitol rapidly digests 
human hair cuticle (80% being dissolved in \\ h at 37°C pH 8.0 and over 
91%  within 16 h) indicating that pronase may prove to be a valuable 
alternative to the use of papain at 50°C.

The activation of papain is dependent upon the existence of cysteinyl 
residues at the prosthetic site (16) so that the presence of dithiothreitol will 
give maximum yield of the groups and thereby maximum proteolytic 
activity.
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Use of a laboratory model to evaluate 
the factors influencing the 
performance of depilatories

T . J. E L L IO T *

P resen ted  in p a r t  on  the 14th N ovem b er  1973 in N ottingham , 
at the S ym posium  on  ‘ E valuation o f  P rod u ct P er form a n ce  
organ ized  b y  the S o c ie ty  o f  C osm etic  C hem ists o f  G rea t Britain.

Synopsis— T h e  u s e  o f  l a b o r a t o r y  M O D E L S  t o  e v a lu a te  th e  p e r f o r m a n c e  o f  C O S M E T I C  a n d  
T O I L E T R Y  p r o d u c t s  is  fu ll o f  p it fa lls , a n d  s u b je c t iv e  a ss e ss m e n ts  n e a r ly  a lw a y s  g iv e  m o r e  

a c c u r a te  resu lts .
H o w e v e r ,  th e  in v e s t ig a t io n  o f  th e  c o m p a r a t iv e ly  la r g e  n u m b e r  o f  v a r ia b le s  w h ic h  in f lu e n c e  th e  

s p e e d  o f  a c t io n  o f  D E P I L A T O R I E S  c a n n o t  c o n v e n ie n t ly  b e  c a r r ie d  o u t  o n  a  s u b je c t iv e  a sse ss ­
m e n t  b a s is  a n d  re q u ire s  th e  u s e  o f  a  s u ita b le  l a b o r a t o r y  m o d e l .

T h e  p a r t ic u la r  m o d e l  d e v e lo p e d  (r e fe r r e d  t o  a s  a  D E P I L O M E T E R )  w a s  d e s ig n e d  t o  s im u la te  
p r a c t ic a l  u s e  c o n d i t i o n s  a s  c lo s e ly  a s  p o s s ib le  a n d  it e n a b le d  th e  m o r e  im p o r ta n t  fo r m u la t io n  
v a r ia b le s  t o  b e  s tu d ie d  q u ic k ly . In -u s e  tests  o n  fin a l d e p i la t o r y  f o r m u la t io n s  g a v e  g o o d  c o r r e la t io n  
w ith  th e  D E P I L O M E T E R  f in d in g s .

I n t r o d u c t io n

The main problem of testing depilatories with a users panel on a day- 
to-day basis is the practical difficulty of the necessary time required to re­
grow the hair in between tests.

Another problem is the known variability of hair coarseness between 
individuals so that in extreme cases this can be a more significant factor in 
speed of depilation than changes in formulation.

There have been several attempts in the past to develop an in vitro  test 
for measuring the effectiveness of depilatories and these have mostly been

* B e e c h a m  P r o d u c t s ,  B e e c h a m  H o u s e ,  B r e n t fo r d ,  M id d le s e x  T W 8  9 B D .

3 67
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based on measuring the breaking time for mechanically stressed hair in 
contact with the depilatory preparations.

Yablonsky and Williams (1) criticized these methods and developed 
their own test based upon the measurement of time of maximum hair 
swelling of individual hairs suspended in the depilatory preparations.

The essential criteria for our own laboratory test model was that the 
the instrument should simulate as closely as possible the conditions under 
which the depilatory would normally be used and the important factors in 
this context were seen as follows: (a) use of leg hair and under-arm hair;
(b) application of product for predetermined time without use of mechanical 
force; (c) use of moderate force after this time to produce breakage (simulat­
ing the use of a spatula).

Procedure

The development of the instrument or ‘depilometer’ was handed over 
to Beecham Special Services laboratory, and I am indebted to Mr J. D. 
Cheshire and Mr H. Ashmore for developing this piece of equipment.

M o d e  o f  action

Ten similar hairs are tested together. After the application of the 
depilatory product to the hairs, a suitable time interval elapses before a 
mechanical force (load) is applied for 10 s at each successive minute 
until the hairs break. The procedure is automatically timed, requiring 
attention only to fit new hairs and apply the depilatory. The key observa­
tion made is the number of minutes taken to break the hairs.

A ppa ra tu s an d  op era tion s

The instrument is in two parts— the load applicator and the control 
box and timer—joined by a cable.

(1) L o a d  app lica tor. The mechanism consists of a load bar which falls 
transversely across the mounted hair sample.

The load bar is mounted on the plunger assembly which consists of a 
circular table for carrying ring weights, an axial support rod which slides 
freely in a sleeve and a guide rod to prevent rotation. The axial support 
normally rests on a platform which drops away when the solenoid is 
energized.
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Hairs

Figure 1. H a ir s  in  p o s i t io n  o n  l o a d  a p p lic a t o r .

Figure 2. L o a d  a p p lic a t o r .

CFacing p .  3 6 8 )
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Figure 3. C o n t r o l  b o x  a n d  t im er .
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Hairs are laid with minimal tension between the two rubber-lined clamps, 
and the depilatory preparation is applied where the hair rests on the nylon 
bridge.

At the programmed time intervals after depilatory application, the 
solenoid is energized rapidly, removing the platform from the plunger 
assembly which drops onto the hair under its own weight and rests there 
for the load duration. When the solenoid is de-energized, the return spring 
lifts the load off the hair. When the hair breaks under load, the guide rod 
actuates the micro-switch and arrests the timing indicator.

(2) C o n tro l b o x  and  tim er. Immediately after application of the depilatory 
preparation, a START button is depressed to zero the timer and start the 
test sequence. A  cam driven by a synchronous motor causes a stepping 
relay to move forward at regular intervals, indicating the time elapsed and 
applying a short duration loading to the hair via the solenoid.

An initial delay to the application of hair loading may be introduced if 
required.

T est con d ition s

Simple alterations to the timing mechanism enable the intervals between 
and duration of hair loading to be changed. Similarly, alterations in the 
load applicator can be made to enable different loads to be applied. We 
have adopted the following conditions for all testing:

Number of hairs 10
Length of hairs between clamps 55 mm
Length of hair treated 3-5 mm
Width of nylon bridge 3 mm
Diameter of load bar 3 mm
Distance between load bar and

nylon bridge 8 mm
Height of load bar above hair 13 mm
Total weight of plunger assembly 50 g
Time of first load application 1-5 min
Frequency of load application 1 per
Duration of load application 5 s

Although we would have preferred to use axillary hair and leg hair for 
the tests, we found that this was not easily available in the quantities we 
required, so of necessity we had to use standard untreated European head 
hair.
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However, we carried out tests to evaluate the differences in time of 
dépilation between samples of head, leg and axillary hair, using a controlled 
depilatory application.

M e n  (1 0  s u b je c ts )

D e p i la t io n  
t im e  (M e t e r ) L e g  h a ir A x i l la r y  h a ir H e a d  h a ir

R a n g e  o f  t im es 6 - 1 0 7 - 1 2 1 0 -1 5

A v e r a g e  t im e 7 9 . 5 1 2 .5

W o m e n  (1 0  s u b je c ts )

D e p i la t io n  
t im e  (M e t e r ) L e g  h a ir A x i l la r y  h a ir H e a d  h a ir

R a n g e  o f  t im e s 4 - 7 6 - 1 3 8 - 1 5

A v e r a g e  t im e 6 10 10

These results show that, although there was considerable variation in 
dépilation times between individuals, in general leg hair is easier to depilate 
than axillary hair (which is confirmed by practical experience); and that 
head hair is similar to axillary hair in dépilation time.

F orm u la tion  fa c t o r s

The factors which we were interested in evaluating with regard to their 
effect on speed of dépilation were as follows.

Nature of thio-compound.
Choice of neutralizing base.
Concentration of thio-compound.
Effect of pH.

The thio-compounds selected were as follows: (a) thioglycerol, (b) thio- 
glycollic acid, (c) thiomalic acid, (d) 2-mercapto propionic acid, (e) 3- 
mercapto propionic acid, (f) thiodiglycol, (g) 2-mercapto ethanol.

The neutralizing bases were as follows : (a) lithium hydroxide, (b) sodium 
hydroxide, (c) potassium hydroxide, (d) calcium hydroxide, (e) strontium 
hydroxide, (f) barium hydroxide.

In order to measure the speed of dépilation of the various combinations 
of thio-compounds and neutralizing bases, a basic cream depilatory formula 
was used :



LABORATORY MODELS FOR DEPILATORY PERFORMANCE 371

Cetyl alcohol 
Lanbritol Wax 
Thio-compound 
Neutralizing base 
Water to

6.00 %  w/w 
10.00 %  w/w
5.00 %  w/w 

q.s.
100

In most cases this formula gave a satisfactory cream, but even where 
separation of the product took place, for the purposes of the test it was not 
considered that this had any significance.

All determinations were carried out in duplicate at room temperature 
at 25°C. The dépilation times shown below are the mean of two readings.

R e s u l t s

T y p e  o f  th io com p ou n d  and neutra lizing  base  
T h iog lycero l.

N e u tr a l iz in g  b a s e
%  w /w

o f  c o m m e r c ia l  
m a te r ia l

p H D e p i la t io n  t im e  
(m in )

L ith iu m  h y d r o x id e 2 . 0 1 1 .6 6 . 0

S o d iu m  h y d r o x id e 1 .9 1 1 .2 4 . 5

P o ta s s iu m  h y d r o x id e 2 . 6 1 1 .5 6 .5
C a lc iu m  h y d r o x id e 1 .7 1 1 .9 6 . 0

S tr o n t iu m  h y d r o x id e 6 . 2 1 1 .0 8 . 0

B a r iu m  h y d r o x id e 7 .3 1 1 .0 8 . 0

T h iog lyco llic  acid.

N e u t r a l iz in g  b a s e
%  w /w

o f  c o m m e r c ia l  
m a te r ia l

p H D e p i la t io n  t im e  
(m in )

L it h iu m  h y d r o x id e 4 . 6 1 1 .8 5 . 0

S o d iu m  h y d r o x id e 4 . 5 1 1 .4 5 . 5

P o ta s s iu m  h y d r o x id e 6 .1 1 1 .7 7 . 0

C a lc iu m  h y d r o x id e 4 . 0 1 2 .1 7 . 0

S t r o n t iu m  h y d r o x id e 1 4 .5 1 2 .0 7 .5

B a r iu m  h y d r o x id e 1 7 .2 1 2 .0 1 3 .0
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T hiom alic acid.

%  w /w
N e u tr a l iz in g  b a s e o f  c o m m e r c ia l  

m a te r ia l

p H D e p i la t io n  t im e  
(m in )

L ith iu m  h y d r o x id e 4 . 2 1 1 .6 > 1 5 . 0

B a r iu m  h y d r o x id e 1 5 .8 1 2 .1 > 1 5 . 0

2 -m erca p top rop ion ic  acid.

N e u tr a l iz in g  b a s e
%  w /w

o f  c o m m e r c ia l  
m a te r ia l

p H D e p i la t io n  t im e  
(m in )

L ith iu m  h y d r o x id e 4 . 0 1 1 .8 8 . 0

S o d iu m  h y d r o x id e 3 . 9 1 1 .3 7 . 5

P o ta s s iu m  h y d r o x id e 5 .3 1 1 .4 1 4 .0
C a lc iu m  h y d r o x id e 3 . 5 1 2 .2 1 3 .5

S tr o n t iu m  h y d r o x id e 1 2 .5 1 1 .0 1 3 .0
B a r iu m  h y d r o x id e 1 4 .9 1 1 .2 1 0 .0

3-m erca p to p ro p io n ic  acid.

%  w /w
N e u tr a l iz in g  b a s e o f  c o m m e r c ia l p H D e p i la t io n  t im e

m a te r ia l (m in )

L ith iu m  h y d r o x id e 4 . 0 1 1 .5 6 . 0
S o d iu m  h y d r o x id e 3 .9 1 1 .9 7 . 0
P o ta s s iu m  h y d r o x id e 5 .3 1 1 .5 8 . 0
C a lc iu m  h y d r o x id e 3 .5 1 1 .3 1 4 .0
S tr o n t iu m  h y d r o x id e 1 2 .5 1 2 .7 6 . 5
B a r iu m  h y d r o x id e 1 4 .9 1 2 .7 6 .5

T h iod iglycol.

%  w /w
N e u tr a l iz in g  b a s e o f  c o m m e r c ia l p H D e p i la t io n  t im e

m a te r ia l (m in )

L ith iu m  h y d r o x id e 3 -1 1 1 .5 > 1 5 . 0
S o d iu m  h y d r o x id e 2 . 9 1 1 .0 > 1 5 . 0
P o ta s s iu m  h y d r o x id e 3 . 6 1 2 .2 1 2 .5
C a lc iu m  h y d r o x id e 2 . 7 1 2 .2 > 1 5 . 0
S tr o n t iu m  h y d r o x id e 9 . 7 1 2 .6 > 1 5 . 0
B a r iu m  h y d r o x id e 1 1 .5 1 2 .2 > 1 5 . 5
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2 -m erca p to  ethanol.

N e u tr a l iz in g  b a se
%  w /w

o f  c o m m e r c ia l  
m a te r ia l

p H D e p i la t io n  t im e  
(m in )

L ith iu m  h y d r o x id e 2 . 7 1 1 .6 3 .5
S o d iu m  h y d r o x id e 2 . 6 1 1 .2 4 . 0
P o ta s s iu m  h y d r o x id e 3 . 2 1 1 .1 4 . 0
C a lc iu m  h y d r o x id e 2 . 4 1 1 .8 5 .0
S t r o n t iu m  h y d r o x id e 6 . 4 1 1 .9 6 . 0
B a r iu m  h y d r o x id e 1 0 .2 1 1 .6 5 . 0

[ N o t e :  N o  a tt e m p t  w a s  m a d e  t o  b r in g  th e se  p r o d u c t s  t o  a  c o n s t a n t  p H  b u t  
o n l y  t o  a p p r o x im a t e ly  th e  r ig h t  r a n g e  o f  p H .]

C onclusions. O f the two factors investigated, the most significant 
one influencing the speed of dépilation is the choice of thio compound. In 
order of effectiveness based on dépilation times averaged for all the neutra­
lizing bases the results show the following.

T h i o - c o m p o u n d A v e r a g e  d e p i la t io n  t im e  (m in )

2 -m e r c a p t o  e t h a n o l 4 . 0

T h io g ly c e r o l 6 . 5

T h i o g ly c o l l i c  a c id 7 . 5

3 -m e r c a p t o  p r o p i o n i c  a c id 8 . 0

2 -m e r c a p t o  p r o p i o n i c  a c id 1 1 .0

T h i o d i g l y c o l 1 5 .0

T h i o m a l i c  a c id 1 5 .0

The influence of neutralizing base is not so significant as the choice 
of thio compound, but there is a relationship between speed of depilation 
and choice of base as follows.

B a s e A v e r a g e  d e p i la t io n  t im e  (m in )

S o d iu m 5 . 7

L ith iu m 5 . 7

P o ta s s iu m 6 .5

B a r iu m 6 . 5

C a lc iu m 7 .1

S tr o n t iu m 8 .3

In general monovalent bases would seem to give faster acting depilation 
than di-valent bases.

Based upon these experiments, and on considerations of odour, it was 
decided to eliminate at this stage certain thio compounds as follows.



374 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

Thiomalic acid— slow acting, very bad odour.
Thiodiglycol— slow acting, poor odour.
2- mercapto propionic acid— slow acting, poor odour.
3- mercapto propionic acid— moderate speed action, good odour.
The choice for retention of thioglycerol and thioglycollic acid was 

obvious as they were both fast-acting and with reasonable odour 2-mercapto 
ethanol was also retained because it gave the fastest acting depilation, 
although it has a very poor odour.

From the monovalent bases, sodium hydroxide was selected as the best 
overall; and from the divalent bases calcium hydroxide was selected.

E ffe c t  o f  p H

Using the basic depilatory cream formula previously described, depila­
tory creams were made up containing 5%  w/w of each of the following 
thio compounds: (a) 2-mercapto ethanol; (b) thioglycerol; (c) thioglycollic 
acid. Each cream was neutralized to a range of pH values with (a) sodium 
hydroxide, and (b) calcium hydroxide; the depilation times were deter­
mined for each formulation.

2 -m erca p to  eth an ol.

N e u t r a l iz in g  b a s e p H
D e p i la t io n  t im e  

(m in )

S o d iu m  h y d r o x id e 9 1 4 .0
S o d iu m  h y d r o x id e 10 5 . 0
S o d iu m  h y d r o x id e 11 < 3 . 0
C a lc iu m  h y d r o x id e 9 8 . 0
C a lc iu m  h y d r o x id e 10 3 . 0
C a lc iu m  h y d r o x id e 11 3 . 0
C a lc iu m  h y d r o x id e 12 6 . 0

T h iog lycero l.

D e p i la t io n  t im e
N e u tr a l iz in g  b a s e p H (m in )

S o d iu m  h y d r o x id e 9 > 1 5 . 0
S o d iu m  h y d r o x id e 10 7 . 0
S o d iu m  h y d r o x id e 11 5 . 0
C a lc iu m  h y d r o x id e 9 1 0 .0
C a lc iu m  h y d r o x id e 10 1 0 .0
C a lc iu m  h y d r o x id e 11 8 . 0
C a lc iu m  h y d r o x id e 12 6 . 0
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T h iog lyco llic  acid.

N e u tr a l iz in g  b a se p H
D e p i la t io n  t im e  

(m in )

S o d iu m  h y d r o x id e 9 > 1 5 . 0
S o d iu m  h y d r o x id e 10 1 2 .0
S o d iu m  h y d r o x id e 11 5 .0
C a lc iu m  h y d r o x id e 9 >  1 5 .0
C a lc iu m  h y d r o x id e 10 1 5 .0
C a lc iu m  h y d r o x id e 11 1 1 .0
C a lc iu m  h y d r o x id e 12 7 . 0

C onclusions. Depilation time is decreased as pH is increased as would 
be expected. In practical terms a pH of 9 would be too low to give a 
reasonably fast-acting depilatory.

In the range of pH of 10-12 the choice of thio compound and neutraliz­
ing base can have more effect on speed of depilation than the pH.

E ffe c t  o f  co n cen tra tion  o f  th io com p ou n d

Using the basic depilatory cream formula previously described, de­
pilatory creams were made up containing (a) 2 .5%  w/w, (b) 5.0%  w/w and
(c) 7.5%  w/w of each of the following thio compounds: (a) 2-mercapto 
ethanol; (b) thioglycerol; (c) thioglycollic acid. Each cream was neutralized 
to a pH of 11 with (a) sodium hydroxide and (b) calcium hydroxide, and 
the depilation times were determined for each formulation.

2 -m erca p to -e th a n o l.

N e u tr a l iz in g  b a s e
%  w /w  o f  th io  

c o m p o u n d
D e p i la t io n  t im e  

(m in )

S o d iu m  h y d r o x id e 2 . 5 8 . 0
S o d iu m  h y d r o x id e 5 . 0 < 3 . 0
S o d iu m  h y d r o x id e 7 . 5 < 3 . 0
C a lc iu m  h y d r o x id e 2 . 5 8 . 0
C a lc iu m  h y d r o x id e 5 . 0 3 . 0
C a lc iu m  h y d r o x id e 7 . 5 4 . 0
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T h iog lycero l.

N e u tr a l iz in g  b a se

%  w /w  o f  th io  
c o m p o u n d

D e p i la t io n  t im e  
(m in )

S o d iu m  h y d r o x id e 2 . 5 1 4 .0

S o d iu m  h y d r o x id e 5 . 0 5 . 0

S o d iu m  h y d r o x id e 7 . 5 5 .0

C a lc iu m  h y d r o x id e 2 . 5 1 0 .0

C a lc iu m  h y d r o x id e 5 . 0 8 . 0

C a lc iu m  h y d r o x id e 7 . 5 6 . 0

T h iog lyco llic  acid.

N e u tr a l iz in g  b a s e

% w /w  o f  th io  
c o m p o u n d

D e p i la t io n  t im e  
(m in )

S o d iu m  h y d r o x id e 2 . 5 1 0 .0
S o d iu m  h y d r o x id e 5 . 0 5 . 0
S o d iu m  h y d r o x id e 7 . 5 6 . 0

C a lc iu m  h y d r o x id e 2 .5 1 2 .0
C a lc iu m  h y d r o x id e 5 .0 1 1 .0
C a lc iu m  h y d r o x id e 7 . 5 1 5 .0

C onclusions. Whilst an increase in concentration from 2.5%  to 5.0%  
with all three thio compounds gives a decrease in depilation times, a further 
increase to 7 .5%  does not have any further effect (probably due to solubility 
limits having been reached).

An optimum concentration of thio compound of approximately 5%  
would seem to be indicated for practical purposes.

D i s c u s s i o n

This series of results enabled us to formulate a range of practical de­
pilatories which could then be compared with competitive products to give 
a measure of relative performance.

Although speed of depilation is probably the most important factor in 
the development of a commercial depilatory, other characteristics (particu­
larly potential irritation) have to be considered.

When skin irritation studies were carried out using the most rapid 
acting depilatories, it was found in general that speed of action and depila­
tion were inversely proportional.
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However, the factors which were most significant for speed of depilation 
did not necessarily have the same order of importance for irritation. Using 
the results obtained from the Depilometer studies together with the results 
of irritation studies a number of practical depilatory creams were formulated 
which represented different degrees of compromise between speed of action 
and irritation.

User tests with these depilatory creams then enabled the best overall 
compromise to be selected.

(R e c e iv e d : 6th S ep tem b er  1973)
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POST GRADUATE COURSE IN 
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S a t u r d a y  9 t h  N o v e m b e r  1 9 7 4

This year’s Post Graduate Course in Cosmetic Science will be 
held at the Palace Court Hotel, Bournemouth.

The Organizer will be Mr D. S. Morris of Helena Rubinstein Ltd.

Further particulars and registration forms can be obtained from the: 

General Secretary,
Society of Cosmetic Chemists of Great Britain,
56 Kingsway, London WC2, England
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ic)74 Medal Lecture
Professor J. Ebling was the recipient of the 1974 Medal of the 

Society of Cosmetic Chemists of Great Britain. The Society’s Medal was 
presented to Professor Ebling at a meeting held at the Royal Society of 
Arts on Thursday, 7th March 1974. In making the presentation, the 
President of the Society, Mr G. A. C. Pitt, expressed the great pleasure it 
gave the Society to honour one of its own members for the first time, in this 
way. Professor Ebling, who holds the chair of Zoology in the LTniversity of 
Sheffield, was a regular contributor to the scientific activities of the Society 
as well as being a major contributor to the science of dermatology. His 
lecture, ‘Sex Hormones and the Skin’ , was then delivered to the meeting, 
and Miss Anne Young, the Vice-President of the Society, proposed a vote 
of thanks.

P r o f e s s o r  F .  J. G .  E b l in g  ( l e f t )  r e c e iv in g  th e  S ilv e r  M e d a l  
f r o m  th e  S o c i e t y ’ s P re s id e n t , M r  G .  A .  C .  P itt  ( r ig h t )
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Sex hormones and skin

F . J. E B L IN G *

The 1974 M edal Lecture by Professor F. J. Ebling, Department 
o f  Zoology, University o f  Sheffield, Sheffield S10 2TN , 
delivered before the Society o f  Cosmetic Chemists o f  Great 
Britain on the 7th M arch 1974 with G. A. C. P itt Esq., 
President o f  the Society in the Chair.

S y n o p s is — A s  w e ll  a s  its m o r e  o b v i o u s  A N A T O M I C A L  a n d  P H Y S I O L O G I C A L  fu n c t io n s  th e  
S K I N  p la y s  a n  im p o r ta n t  p a r t  in  s o c ia l  c o m m u n i c a t i o n  b y  v is io n ,  t o u c h  a n d  s m e ll . T h e  e p id e r ­
m a l  s u r fa c e , th e  a c t iv ity  o f  th e  g la n d s  a n d  th e  d is t r ib u t io n  o f  th e  H A I R  a r e  p a r t ic u la r  fe a tu re s  
o f  s k in  w h ic h  a r e  c o n c e r n e d  w ith  s e x u a l c o m m u n ic a t io n ,  a n d  it is th u s  n o t  s u r p r is in g  th a t  th e y  
a re  p r o f o u n d ly  in f lu e n c e d  b y  H O R M O N E S .  S T E R O I D S  h a v e  b e e n  w id e ly  u s e d  in  e f fo r t s  t o  
i m p r o v e  s k in  t e x t u r e ; th e  e f fe c t  o f  O E S T R O G E N S  is  e q u iv o c a l ,  b u t  A N D R O G E N S  c e r ta in ly  
s t im u la te  e p id e r m a l  c e l l  d iv is io n .  T h e  S E B A C E O U S  G L A N D S  a re  u n e q u iv o c a l ly  s t im u la te d  
b y  a n d r o g e n s  a n d  in h ib ite d  b o t h  b y  o e s t r o g e n s  a n d  a n t i -a n d r o g e n ic  s te r o id s , t h o u g h  th e ir  
m o d e s  o f  a c t io n  a r e  n o t  id e n t ic a l .  P I T U I T A R Y  fa c t o r s  a p p e a r  t o  b e  n e c e s s a r y , a t  le a s t  in  th e  
ra t , f o r  th e  r e s p o n s e  o f  th e  s e b a c e o u s  g la n d s  t o  T E S T O S T E R O N E ,  a n d  it s e e m s  p o s s ib le  th e y  
m a y  a c t  u p o n  th e  c o n v e r s io n  o f  th e  s t e r o id  t o  its  a c t iv e  m e ta b o l it e s . H u m a n  b o d y ,  A X I L L A R Y  
a n d  p u b i c  h a ir  is  s im ila r ly  a n d r o g e n  d e p e n d e n t . S o  s e b u m  s e c r e t io n , th e  g r o w t h  o f  s e x u a l h a ir ,  
a n d  h ir s u t is m  m a y  b e  in te r -r e la te d  b y  th e ir  l in k  w ith  s t e r o id  m e ta b o l is m  w ith in  th e  s k in . Is  it 
p o s s ib le  th a t  o n e  fu n c t io n ,  o r  a t  le a st  o n e  b y - p r o d u c t ,  o f  c u ta n e o u s  a n d r o g e n  m e ta b o l is m  is th e  
m a n u fa c t u r e  o f  p h e r o m o n e s  o r  o d o u r s ?

I n t r o d u c t i o n

When the human skin is viewed against its evolutionary inheritance, 
certain features are clear. We do not question its functions as a sensory 
structure or as a defensive barrier against both physical injury and chemical 
assault. Its role in preventing loss of precious water has been part of verte­
brate history ever since some distant amphibious ancestor took the first 
steps to emerge from a primaeval swamp.

*  D e p a r t m e n t  o f  Z o o l o g y ,  T h e  U n iv e r s ity , S h e ffie ld  S IO  2 T N .
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The evolution of warm blood-bloodedness in the mammals was accom­
panied by the development of an insulating material known as hair. To 
adjust the pelt at intervals to seasonal changes in temperature, hair follicles 
undergo cycles of activity which appear to be linked to environmental 
changes through the endocrine system; even the human hair may retain a 
remnant of this moult cycle. But men were enabled to leave the forests and 
fan out through new fields by the development of superb mechanisms for 
keeping cool. Hair was lost, its insulating qualities being to some extent 
replaced by fat; the vascularity of skin became greatly increased, though 
heat loss could be reduced by shunting the blood through the deeper layers; 
and eccrine glands which could be brought into play for cooling developed 
over virtually the whole surface of the body.

The first men were almost certainly dark skinned; as the body hair 
became reduced, melanin pigmentation provided a protection against the 
damaging effects of ultraviolet radiation. But as man moved into areas 
where even the summer sun moved low in the sky the threat of radiation 
damage was replaced by another, namely the failure to synthesize vitamin D. 
So natural selection switched to favour pale skin. The evolutionary legacy 
is still reflected by the fact that Europeans tend to develop skin cancer in 
the tropics and West Indian immigrants to get rickets in Great Britain.

Our thinking about skin tends to be dominated by these evolutionary 
facts which concern our biological survival as individuals. But there is 
another level at which natural selection has operated, namely that of the 
social group. The survival of the group depends upon its coherence by 
communication, between the sexes, as Darwin himself realized, in the family, 
and throughout the troop. Although overshadowed by the sophisticated 
use of language, and sometimes suppressed because of its embarrassing 
inevitability, the role of skin remains important.

Much of the behaviour of our vertebrate ancestors was innate, that is 
to say it was programmed by heredity; patterns of courtship or aggression 
in one individual were automatically set in motion by so-called releasing 
mechanisms— physical structures, colours, movements, scents or sounds—  
in another. While mammalian and particularly human social interactions 
have become increasingly dependent on learned and thus much more rapidly 
modifiable patterns, the releasing features are still present, and more than 
a remnant of the innate responses still remains.

The buttocks provide a good fundamental example of a visual releaser. 
When a female ape is sexually receptive, they become red and swollen and 
she displays them to attract the male. In man they become permanently
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inflated, especially in the female, to reach their greatest natural develop­
ment in the steatopygia of the African Bushwoman, and their ultimate 
cultural exaggeration in the bustle. Desmond Morris has made the further 
interesting suggestion that since all the remaining sexual signals are in front 
of the body, the breasts have developed as a buttock mimic, thus making 
the human female equally attractive from either aspect.

I could discuss many more examples of structural releasers of sexual 
interest, such as lips, cheeks, eyes and hair, and it is hardly necessary for 
me to point out that all these are the targets of cosmetic chemistry in its 
efforts to improve on nature. I want, however, to confine myself to three 
features of the skin which are of sexual significance and which underlie the 
understanding of its hormonal connections, namely texture, smell and hair 
distribution.

At the beginning of this century, a work on pathology described skin as 
‘a tissue which is silk to the touch, the most exquisitely beautiful surface in 
the universe to the eye . . . more beautiful than velvet, softer and more 
pliable than silk, more impervious than rubber . . . ’ . The sensation of 
touch is one of the earliest of all pleasurable experiences and it becomes a 
powerful sexual stimulus; in the words of Havelock Ellis (1) ‘Touch sensa­
tions constitute a vast gamut for the expression of affection, with at one 
end the note of minimum personal affection in the brief and limited touch 
involved by the conventional hand-shake and the conventional kiss, and at 
the other end the final and intimate contact in which passion finds the 
supreme satisfaction of its most profound desire . . . .  Even the hand-shake 
of a sympathetic man is enough in some chaste and sensitive women to 
produce sexual excitement or sometimes even the orgasm’ . (He was, I 
think, writing of an age when women’s sexual feelings were severely re­
pressed.) The erotic appeal of skin is visual as well as tactile. It looks and 
feels best when it is unwrinkled, smooth or even wet— facts exploited by 
photographers as well as by cosmeticians— and for some persons it seems 
that leather or even rubber works even better than the real thing.

Odour is a characteristic of the human body. In addition to the breath, 
Havelock Ellis (1) distinguished between the odours of the general skin, the 
hair and scalp, the armpit, the perineum, the mons veneris and the prepuce, 
and pointed out that the scents were detectable even in healthy and well- 
washed persons under normal conditions. Some of these regions of the body, 
for example the axilla and the genital areas, contain aggregations of tubular 
apocrine glands opening into the hair follicles and there is little doubt that 
these are responsible for the odorous secretion. But the general body skin
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and the scalp have only holocrine sebaceous glands and the eccrine sweat 
glands; one cannot dismiss the thought that the former, if not the latter 
also, may contribute to the smell as well as to the texture of the skin.

Both the sebaceous and apocrine glands remain small during infancy 
and become active only after puberty. Body odours change at puberty, and 
characteristic odours are said to be emitted during sexual excitement by 
both men and women. Havelock Ellis (1) records the case of a woman who 
emitted a rose odour for 2 days after coitus, and mentions that in the 
seventeenth century there was a monk in Prague who was prepared to 
diagnose the chastity of women by their smell. Whatever is true of man, 
there is increasing recognition of the role of odours, or pheromones, as 
sexual or social signals in other mammals (2-4). They function not only as 
sex attractants, but also in the marking of territory and the establishment of 
social hierarchy, and they are produced by a wide variety of specialized 
skin glands, either apocrine, sebaceous, or mixed, which can occur in 
almost every region of the body. The rabbit, for example, has three pairs of 
apocrine glands (5), the chin and anal which are used for marking territory 
and appear to have similar secretions, and the inguinal which is concerned 
with sex attraction and produces a different chemical material (6).

The chemical structure of a few animal scents is known and some, 
indeed, form the classic materials of human perfumery. Such are civetone, 
from the civet cat, and muscone, from the male musk deer, which are 
macrocyclic ketones (7). The musk rat produces dihydrocivetol, a saturated 
ring alcohol, and the black tailed deer a lactone (8).

Facial and body hair are other features of the skin which develop at 
puberty, though follicles growing only a fine down have been present since 
birth. Whether male facial hair is sexually directed towards the female as 
well as serving for aggressive display to other males, I am unsure. Presum­
ably it is commonly shaved off in many cultures, not to reduce sex appeal, 
but as a contribution to social harmony. And in spite of the exploitation of 
full frontal pubic hair to arouse sexual interest in the theatre, and a recent 
study in which 50% of women admitted to being excited by male body hair, 
I suspect that the main evolutionary significance of the pubic and axillary 
hairs is to act as wicks for the dissemination of odour produced by the 
apocrine and, probably, the sebaceous glands. Whatever the function of 
facial, pubic, axillary and other body hair, it is clear that it is, whether in 
male or female, an adult character manifested only during the reign of 
male type sex hormones.

It is reasonable to expect, therefore, that at least three features of the
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skin— texture, glandular activity and body hair— should be profoundly 
susceptible to the influence of sex hormones. Steroid hormones have 
been widely used in cosmetics to improve skin texture for such circum­
stantial reasons. Is this justified? The question needs, perhaps, to be put 
precisely: ‘Are there any effects which can be objectively measured, and can 
their value be discerned in a double blind trial against a placebo?’ If, as 
only too commonly, the investigator has been asked ‘What evidence is 
there to justify the marketing of this product?’ the answer, if not invaria­
bly useless, must be somewhat less respectable!

What are the qualities of ‘skin texture’ ? Obviously, certain features can 
be loosely assessed by eye or touch, but do these reflect any anatomical 
changes which remain measurable after the skin has been assaulted by 
biopsy and histology? Are there differences in dermal constitution or in 
epidermal cell replacement, or are there more subtle changes in the kera­
tinized surface or its lipid mantle?

Attempts to answer these questions have yielded confusing and equivocal 
results. In 1949, Eller and Eller (9) reported that topical application of 
oestrogenic ointments to the backs of senile female subjects locally increased 
the size of the epidermal cells, as well as accentuating the waviness of the 
basal layer, which in senile skin normally lacks rete-pegs. Their results 
might appear reasonably informative were it not for the facts that inunction 
of oestrogen free ointment by itself had a similar— if less marked— effect, 
that the ointments were applied under occlusion, and that the effective con­
centrations of oestrogen must have been at least 100 times greater than any 
amounts normally used in hormonal cosmetics.

The conclusions can, moreover, be contrasted with those reported in 
1962 by Montagna, Formisano and Kligman (10). Three groups, each of 
10 men and 10 women, aged 65 or more, were anointed daily for 6 weeks on 
one side of the face and on the back of one hand, with 1% testosterone 
propionate, 1% progesterone, or 0 .5%  ethynyl oestradiol, respectively. The 
opposite side of the face and the other hand were treated with ointment 
base alone. In untreated senile skin the Malpighian cells were shrivelled and 
vacuolated, with irregular nuclei, but testosterone or progesterone regularly 
restored the properties of younger skin, as well as giving it increased fullness 
and producing some alleviation of wrinkles. Only a few of those treated 
with oestrogen or the ointment base alone showed any amelioration. This 
effect of testosterone is not perhaps surprising, since there is general agree­
ment that given systemically, it stimulates epidermal cell division in
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experimental animals, in spite of the disputed contention that oestrogens 
do so (for review see 11).

Clinical trials of hormonal creams have produced equally inconclusive 
results. Behrman (12) put an oestrogen on one side of the face in some 30 
women, using an oestrogen free cream on the other. Neither the observers 
nor the women themselves noticed any differences. Similarly, in a double 
blind trial carried out by the British Consumers’ Association (13), a face 
cream containing oestrogen scored no better than one without hormone.

Steroids used in face creams have not been confined to oestrogens. It 
has, for example, been claimed that pregnenolone (14), a common precursor 
of progestogens, androgens and oestrogens, will produce a degree of oedema 
in senile skin, though it must be admitted that the cosmetic results are not 
dramatic (15).

When we turn to the skin glands, the experimental results are much 
easier to interpret. In experimental animals or in man, and whether measured 
histologically or by changes in sebum secretion, it is generally agreed that 
male hormones increase, and oestrogenic female hormones decrease the 
activity of the sebaceous glands (6,16, 17). The effect of injecting testosterone 
propionate or oestradiol benzoate on the sebaceous glands of immature 
female rats was described by me in 1948 (18). Similarly, it can be shown in 
the rabbit that specialized glands of apocrine type are enlarged by testo­
sterone and diminished by oestradiol (19).

Using a simple technique in which the sebum is collected from the 
forehead on pads of cigarette papers, Strauss and Pochi (20, 21) have clearly 
shown that sebaceous secretion is influenced by similar factors in man. 
They have established that secretion is very low until puberty, when it 
rises in both males and females, that oral treatment with methyl testosterone 
prior to puberty, though not afterwards, will greatly increase it, and that 
oral oestrogens will markedly suppress it in adult males.

We have studied sebum production in rats by measuring the changes in 
the level of hair fat (22). The animals are washed in detergent and warm 
water to reduce the base level, and dried with a hair dryer. A  sample of 
hair is then clipped from one flank, and the level of fat determined gravi- 
metrically after successive extraction with di-ethyl ether. After an interval 
of days, a sample from the other flank is similarly treated. That testo­
sterone increases and oestradiol decreases secretion has been clearly demon­
strated in castrated male and in spayed female rats.

The sebaceous glands are holocrine, that is to say that their secretion 
is formed by complete disintegration of the cells, which are replaced from
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the periphery. Clearly there are two main components of secretion: the 
formation of new cells and the synthesis of sebum within them. It was 
therefore of great interest to discover whether steroid hormones act at one 
or both of these points. The rate of cell division was determined by mitotic 
counts in histological sections, the rats being injected with colchicine 5 h 
before they were killed, a procedure which arrests dividing cells in the 
metaphase. The somewhat unpredictable conclusion, confirmed a number 
of times, was that whereas testosterone does indeed greatly increase cell 
division, oestradiol has little or no effect on it, even though in low doses it 
markedly depresses secretion (23). By administering both steroids simul­
taneously, it is thus possible to produce a high rate of mitosis coupled with 
a low rate of secretion (24). It must, therefore, be concluded that oestradiol 
reduces secretion not by inhibiting cell replacement but by interfering with 
sebum synthesis within the cells themselves.

The opportunity for further testing of this hypothesis arose by the dis­
covery of steroids which were anti-androgenic but not oestrogenic. It was 
of obvious interest to see whether such compounds would, in common with 
oestrogens, reduce sebum secretion in animals stimulated by testosterone. 
But, if the compounds are anti-androgenic as distinct from oestrogenic, they 
ought, unlike oestrogens, also to reduce cell division. We were able to show 
that this was true for several anti-androgenic steroids. In an experiment on 
cyproterone acetate (25), six litter-mate groups of six castrated male rates 
were used (F ig . 1). A  dose of 2 mg per day of the anti-androgen significantly 
reduced both sebum secretion and sebaceous mitoses in rats treated with 
testosterone implants giving an uptake of 0.2 mg per day. A  dose of oestra­
diol of the order of only 2 pg per day, however, caused a much greater 
reduction in sebum secretion, without significantly affecting mitosis. If the 
two suppressing steroids are acting at different points, their effects when 
administered together should be greater than either by itself. This is so. 
When 2 pg of oestradiol was added to 2 mg of cyproterone acetate, the 
result was a further reduction in sebum secretion. If the steroids had acted 
at the same point, it is inconceivable that any effect would have been pro­
duced by increasing the dose by one-thousandth. These results ought to 
dispose of the view that oestrogen competes with androgens in any ‘anti- 
androgenic’ sense. They are also evidence against the view that oestrogens 
reduce sebaceous secretion by suppressing endogenous androgen produc­
tion, for that would inevitably result in reduced sebaceous mitosis.

Sebaceous secretion is also influenced by the pituitary (F ig . 2 ). Removal 
of the pituitary reduces sebum production in castrated rats and treatment
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Figure 1. I n d e p e n d e n t  a n d  c o m b in e d  e f fe c ts  o f  o e s t r a d io l  a n d  c y p r o t e r o n e  a ce ta te  
in  c a s tr a te d  ra ts  t r e a te d  w ith  t e s to s te r o n e . M e a n s  ±  S E M  f o r  s ix  litte rs , e a c h  o f  
s ix  ra ts . T h e  c h a n g e s  in  h a ir  fa t  w e r e  m e a s u r e d  b e tw e e n  1 6  a n d  2 4  d a y s  a f te r  th e  

s ta rt  o f  t r e a tm e n t . D e ta i ls  o f  d o s a g e  a re  g iv e n  in  th e  tex t .

Figure 2. E ffe c t s  o n  s e b u m  s e c r e t io n  o f  h y p o p h y s e c t o m y  in  c a s tr a te d  ra ts  ( le ft -  
h a n d  g r o u p ) ,  a n d  o f  t e s t o s t e r o n e  in  c a s tr a te d  ra ts  (c e n tr e  g r o u p )  a n d  in  h y p o -  
p h y s e c t o m iz e d -c a s t r a t e d  ra ts  ( r ig h t -h a n d  g r o u p ) .  T h e  n u m b e r s  o f  l it te r -m a te  

p a ir s  u s e d  f o r  th e  c o m p a r is o n s  a re  s h o w n  b e lo w  e a c h  set o f  h is to g r a m s .
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with testosterone then results in a much lower level o f secretion than when 
the pituitary is present (26, 27). There is general agreement about this, but 
considerable dispute about how the facts should be explained (28). Shuster 
and Thody maintain that the increment actually due to testosterone is the 
same whether or not the pituitary is present, but that pituitary hormones 
have an independent effect on the skin, either directly or indirectly through 
other endocrine organs. They claim that MSH is the major, indeed the only, 
pituitary hormone acting directly on the skin (29), and they suggest that 
thyrotrophic hormone, acting through the thyroid gland, indirectly but 
independently affects the sebaceous glands (30). A full response to testo­
sterone thus requires the additive effects o f all these hormones.

I do not dispute that thyroid hormone or pituitary factors may have 
direct and independent effects on sebaceous secretion. The disagreement 
arises because I believe that irrespective o f any such effects, the pituitary 
may actually potentiate the response to testosterone, producing a synergistic 
effect over and above any purely additive one. Moreover, 1 do not believe 
MSH has been established as the sole pituitary factor; growth hormone 
and prolactin are still candidates.

That pituitary factors play such a permissive role in the response to 
testosterone was indicated in experiments, performed about 20 years ago 
by Rothman and his co-workers (31) and by myself (32), using gland size 
as the criterion. The conclusion is amply borne out by hair fat measure­
ments. During the last 7 years we have measured the effect o f testosterone 
on sebum secretion in 52 castrated rats using matched litter mates as un­
treated controls, and in 44 hypophysectomized castrated rats similarly 
matched (Figs 2 and 5). The mean increment due to testosterone in the 
hypophysectomized animals was only 22% of that in those with intact 
pituitaries (27). Moreover, in somewhat smaller groups o f rats, we have 
been able to restore the full response with preparations o f growth hormone 
(Fig. 3) or prolactin (26).

The concept o f a permissive role in the response to androgens for one 
or more pituitary factors may be important. Following the evidence that 
testosterone is metabolized in its target tissues to 5a-dihydrotestosterone, 
we tested the effect o f this steroid on sebaceous secretion. In castrated rats 
the response was similar to that o f testosterone, but in hypophysectomized 
rats it was relatively greater (33). We were similarly able to demonstrate 
significant responses to androstenedione (33) and to 5a-androstane-3p, 
17P-diol (34), though a number o f other metabolites, including 5a-andro- 
stanedione and androsterone, gave insignificant responses (Fig. 3). These
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F igure 3. Increments in sebum production produced in rats by doses of 0.2 mg/ 
24 h of steroid, calculated by subtracting the increase in hair fat (expressed as 
mg/g hair/24 h) in a litter mate control from the increase in each treated animal 

STH=bovine growth hormone (Squibb).

results suggest that the response to testosterone may be dependent on its 
conversion to 5a-dihydrotestosterone and perhaps to the 5a-androstane- 
diols (Fig. 4) and that the conversion may, at least in the skin, be pituitary 
dependent. This hypothesis would be very tidy, were it not for the fact that 
androstenedione, also, appears fairly potent without further conversion.

The next stage in such an investigation is clearly to compare the meta­
bolism of testosterone in the presence and absence o f the pituitary. So we 
have attempted to identify the principal metabolites present in the skin and 
other target organs 1 h after injection o f testosterone-4-14C. In castrated 
rats, only about 5% of the total activity in the skin samples remained 
present as unchanged testosterone; about 35% was recovered as 5a- 
dihydrotestosterone and about 5% as androstenedione. In contrast, in two 
experiments each using pooled material from 25-30 hypophysectomized- 
castrated rats, 70 and 40% o f the radioactivity, respectively, was recovered 
in unchanged testosterone. The evidence is consistent with the view that the



SEX HORMONES AND SKIN 391

Castrated
Castrated and 

hypophysectomized

F ig u re  4. Recovery o f identified metabolites, expressed as percentage of total 
recovered radioactivity in skin samples, 1 h after injection of testosterone-4-14C 
into male rats. Each histogram represents results from a pool of 25-30 rats.

response o f the skin to androgens involves their conversion to active meta­
bolites which is pituitary mediated, though more results are needed to 
substantiate the hypothesis.

Finally, we come to body hair. The problem is usually not how to 
stimulate hair growth, but how to suppress it in women in which it occurs 
in culturally unacceptable amounts. While there is no doubt that the facial, 
axillary, pubic and body hair is all androgen dependent, growth o f facial 
and body hair is often abnormal in women who show no apparent endocrine 
disturbance. Is it possible that this ‘ idiopathic’ hirsutism is also related to 
peripheral androgen conversion? There is evidence that genital skin from 
both men and women is better able than general body skin to convert 
testosterone to 5a-dihydrotestosterone, and this is true for the foetus as 
well as the adult (35). But an even more interesting clue comes from a 
recent report that hirsute women excrete five times as much 5a-andro- 
stanediol as normal subjects (36). Does the growth o f sexual hair perhaps 
depend on the conversion at site o f endogenous androgens not only 5a- 
dihydrotestosterone but to the 5a-androstanediols?

I have travelled a fair distance in my discourse, and the time has come
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F igure 5. Possible pathways of androgen metabolism in rat skin. Solid circles 
indicate compounds which have been clearly shown to have significant effects on 
sebum production in hypophysectomized-castrated rats; open circles indicate 
compounds which have failed to do so; the stippled circle indicates a small effect 

significantly demonstrated only by the use of a large number of rats.

to summarize some of the details o f the journey. 1 have drawn attention to 
those qualities o f the skin, namely texture, appearance, feel and smell, 
which are concerned with sexual communication and discussed the under­
lying mechanisms especially in relation to the epidermis, the sebaceous and 
apocrine glands, and the body hair. In man, no less than in other animals, 
these structures change at puberty and are all profoundly influenced by 
both male and female hormones. Sebum secretion, the growth o f sexual
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hair and the problem of hirsutism may be interrelated by common involve­
ment in the transformation o f steroids in the skin, which is possibly, at 
least in relation to the sebaceous glands, mediated by pituitary hormones. 
Perhaps the epidermis, also, may be affected by steroids, and the application 
o f non-active precursors was not a foolish idea, even if pregnenolone did 
not produce a striking effect. To add one more facet to the problem, is it 
possible that one function, or perhaps by-product, o f cutaneous androgen 
metabolism could be the manufacture o f pheromones? When we injected 
testosterone-4-14C into rabbits, we were able to recover the label from the 
odoriferous part o f the inguinal gland secretion (6). We do not know the 
chemical nature o f the rabbit scent. But not all musk-like scents are macro- 
cyclic ketones or lactones, some are 16-unsaturated steroids; for example, 
the compound 5a-androst-16-en-3(3-ol has been identified in human urine 
as well as being responsible for the characteristic smell o f the boar (37). 
Such a compound could, in theory, be formed from an endogenous andro­
gen.

My story has included a modicum of firm evidence, a deal o f speculation, 
and even a whiff o f pure innuendo, for which I should need to ask no 
forgiveness here. Perhaps it was just a convenient way o f linking the dis­
covery, over 25 years ago, that rat sebaceous glands were influenced by 
hormones with our current study o f steroid transformations in the skin, 
taking in the work on anti-androgens and the pituitary on the way. Or 
perhaps, at least, in hindsight, and admitting the gaps in logic, there is a 
connecting thread. In either case, Mr Chairman, I present it to you as the 
1974 Medal Lecture. And may I add that I have been not only honoured, 
but more than a little overcome by your invitation to me to give it. 1 have 
been a member o f the Society for 10 years, and although I cannot be des­
cribed as a Cosmetic Chemist I have always felt, and feel now, that I am 
among friends.
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