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You gel more 
than sulfur 

chemicals al 
lvans...Yuu get 
more than 5 0  

years ul hair 
chemistry 
experience

Evans, pioneers in developing chemicals 
for the structural modifications of hair, 

offers a complete range of thioglycolates 
and other sulfur chemicals for the 

cosmetic industry: For Cold Waves and 
Heat-Activated Acid Waves: THIOGLY- 

COLIC ACID, AMMONIUM THIOGLYCO- 
LATE, GLYCERYL MONOTHIOGLYCOLATE, 
MONETHANOLAMINE THIOGLYCOLATE 

and EMULSIFIER K-700 (a lanolin 
clouding agent for PERMS).

For Depilatories: THIOGLYCOLIC ACID 
for volume economical production • 

CALCIUM THIOGLYCOLATE for ease of 
formulation • EVANOL® for a stable, 

cream base.

Write for samples and suggested 
formulations available.

C H e m e n c s ,  i r v c .

90 Tokeneke Road, Darien, Ct. 06820 
Phone: 203-655-8741 

Cable: EVANSCHEM 
TWX: 710-457-3356
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. F r a g r a n c e s
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(212) 932-1200
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61-12 32nd AVENUE • WOODSIDE, NEW YORK 11377 
O ffices  in  P r in c ip a l Citi-es



Id e a s
f o r

P r o d u c t
P r o g r e s s

I d e a s : A c t i o n :
C h e c k  th is  p r o d u c t l is t:

AR LAC EL sorbitan fatty acid esters, 
glycerol m onostearates

A R LAM O L E em o lllen t/so lvent

AR LASO LVE 200 so lub ilizer/em u ls ifle r

AR LATO N E products

ATLAS Mannitol USP and surfactants

A TM U L glycerol m onostearates

BRIJ polyoxyethylene fatty ethers

MYRJ polyoxyethylene fa tty acids

SO RBO Sorbitol Solution USP

SPAN sorbitan fatty acid esters

TW EEN polysorbate esters

U nique em olliency and  superior solvency with 
A R L A M O L  E; tasty , chewable tablets with 
A TLA S M annito l ; ready access to  da ta  on the 
physiological suitability o f  A TLA S 
surfac tan ts; an innovative form ulation  for a 
nonionic aerosol shaving cream —these are 
ju s t a few ideas th a t have been generated 
th rough  IC1 A m ericas expertise in form ulation  
with A TLA S surfactan ts and polyols.

T h e n , f o r  f u r th e r  in fo rm a tio n ,  
w rite  o r  c a ll D ic k  A b b o t t  in W ilm in g to n ,  

D E  1 9 897  o r  a t  (3 0 2 -5 7 5 -3 5 2 1 )

ICI Americas Inc.

Trademarks of 
ICI Americas Inc.include ARLACEL, ARLAMOL, ARLASOLVE, 
ARLATONE, ATLAS, ATMUL, BRIJ, MYRJ. 
SORBO, SPAN, TWEEN



The white oil that's in every home in America.
Almost.

M o r e  c o s m e t i c  a n d  p h a r m a c e u t ic a l  

m a n u f a c t u r e r s  s e le c t  S o n n e b o r n  w h i t e  o i ls  f o r  

t h e i r  p r o d u c t s  t h a n  a n y  o t h e r  b r a n d .  F o r  a  lo t  o f  

g o o d  r e a s o n s .  T h e y  k n o w  t h a t  p r o d u c t  

d e v e lo p m e n t  is  r is k y  e n o u g h  w i t h o u t  t a k in g  

c h a n c e s  o n  j u s t  a n y  w h i t e  o i l .  T h e y  k n o w  t h e  

p u r i t y  a n d  c o n s is t e n c y  t h e y  g e t  w i th  

S o n n e b o r n  w h i t e  o i ls .  A n d  t h e y  k n o w  th e

s u p e r io r  s e r v ic e s  S o n n e b o r n  p r o v id e s .

N e x t  t o  y o u ,  n o b o d y  k n o w s  m o r e  a b o u t  

y o u r  n e e d s  t h a n  t h e  p e o p le  w h o  h a v e  b e e n  

p r o d u c in g  w h i t e  o i ls  s in c e  1 9 1 5 .  F o r  in f o r m a t io n  

o n  h o w  S o n n e b o r n  p r o d u c t s  a n d  t e c h n ic a l  a id  

c a n  h e lp  y o u  w i t h  y o u r  m a r k e t in g  g o a ls ,  w r i t e :  

D e p t .  A6, W itc o  C h e m ic a l ,  S o n n e b o r n  D iv is io n ,  

2 7 7  P a r k  A v e n u e ,  N e w  Y o rk  N Y  1 0 0 1 7 .

W h e n  y o u  f o r m u la t e  s o m e t h in g  s p e c ia l ,  

s t a r t  w i t h  s o m e t h in g  s p e c ia lA ^ l t O O

Chem ical
Sonneborn Division







Look to Stepan 
fo r excellence 
in surfactants 
and fragrances...
A s  t h e  n u m b e r  o n e  " i n d e p e n d e n t "  

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

b r o a d e s t  l in e  in  t h e  i n d u s t r y ,  w e  

c a n  a s s is t  p r o d u c e r s  o f  c o s m e t i c s  

a n d  t o i l e t r i e s  in  t h e  i m p r o v e m e n t  

o f  p r e s e n t  p r o d u c t s  a n d  t h e  

d e v e l o p m e n t  o f  n e w  o n e s .

Stepan S u rfa c ta n ts :
S t e p a n o l  “
A lky l Sulfates
S t e o P
A lky l E ther Sulfates
N i n o P
A/kylolamides
L a t h a n o l 8
A lky l Sulfoacetate
M a y p o n 8
Protein Surfactants
S u p e r - P r o 8
Polypeptide
S t e p a n  I s o p r o p y l  E s t e r s

C a l l  o r  w r i t e :

S u r f a c t a n t  D e p a r t m e n t  

S t e p a n  C h e m ic a l  C o m p a n y  

N o r t h f i e l d ,  I l l i n o is  6 0 0 9 3  

T e l:  ( 3 1 2 )  4 4 6 - 7 5 0 0

Stepan Fragrances:

C a l l  o r  w r i t e :

F la v o r  &  F r a g r a n c e  D e p a r t m e n t  

S t e p a n  C h e m ic a l  C o m p a n y  

5 0 0  A c a d e m y  D r iv e  

N o r t h b r o o k ,  I l l i n o is  6 0 0 6 2  

T e l:  ( 3 1 2 )  5 6 4 - 0 4 0 0
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Found in  all the best places.

Flohasynth
W ere  rig h t u n d e r  y o u r nose.

Executive offices: 410 E .6 2 n d  S tree t, N ew  York, N ew  York 10021 
B uenos A ires • C aracas • C hicago  • G rasse • L on d o n  • Los A ngeles ■ M exico • M ilano 

M ontreal • Paris • Rio de  Jan e iro  • S an  Francisco • Tokyo • Toronto .
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1 0 T H
I F S C C
C O N G R E S S
SYDNEY, AUSTRALIA 
OCTOBER 24-28,1978

C
I.RSC^^ASGC.

COSMETIC HORIZONS

“ C O S M E T IC  H O R IZ O N S ”

T H E  P R O G R A M M E  Sc ie n t if ic  Se s s io n s

W ENTW ORTH HOTEL CONGRESS CENTRE, 
October 25 through October 27, 1978.

Instantaneous interpretation from and to the official lan
guages, English, French, German and Spanish.

Original papers will be presented on the following topics: 
sunscreening and the effect o f climate on skin; dermato
logical topics; perfumery ingredients and formulations; 
new products and raw materials.

So c ia l  P r o g r a m m e

Relaxed, informal, friendly programme of events and func
tions, including:

•  Reception at the famous Sydney Opera House
•  Australiana Barbecue and Award Presentation
•  Excursions to Sydney’s surfing beaches, koala park, the 

Blue Mountains— to mention but a few places o f  scenic 
and historic interest.

T R A V E L  For information on package tours, contact your local So
ciety— details are available from the U .S., British, French, 
Swiss and Chilean Societies.

H O W  T O  R E G I S T E R  For registration form and Advance Programme contact
your local SCC office or send your name and address now  
to:

THE CONGRESS SECRETARIAT 
G.P.O. B O X  2609  
SY D N EY  N.S.W .
AUSTRALIA 2001



M irapol A- 1 5  polymer w ith amphoteric- 
anionic surfactants

Mirapol A-15 is the highest active cationic polymer available that is pourable. In sham
poos it acts as a coupling agent between fatty anionic surfactants and the hair. It is a 
moisturizer for skin and hair as well as being easier and more economical to use than 
other polymers.

Mirapol A-15 confers excellent hair manageability, reduction of static, wet and dry 
combability and, like all Miranol products, is safe, non-toxic and non-irritating.

We invite you to send for our Technical Data Sheet.

C H E M IC A L  C O M P A N V ,  INC

277 COIT STREET .  IRVINGTON, N. J. 07111 
PHONE. Area Code 201 •  399-7000 

A gen ts  in p rin c ipa l c it ie s  th rou gh ou t th e  w orld

MIRANOL CHEMICAL COMPANY 
277 COIT STREET •  IRVINGTON, N.J. 07111

Please send your Technical Data Sheet on 
Mirapol A -1 5 ..............................................................

NAME 

TITLE .

Please attach to your letterhead



Substitutes 
are a sad excust 
for Dowicil 200 
preservative.
I t ’s d o w n r i g h t  s o d  h o w  a  fre s h  fo e  

c o n  b e  r u in e d  b y  c o s m e t ic s  g o n e  

s ta le .  T h e r e 's  f o r  le ss  c h a n c e  o f  

t h a t  h a p p e n in g  w i t h  p r o p e r  u s e  c 

Dowicil* 2 0 0  p r e s e r v a t iv e .  

E f fe c t iv e  a t  l o w  c o n c e n t r a t io n s ,  

t o o ?  Y o u  b e t .  I t 's  t w o  t o  e ig h t  t im e  

m o r e  e f fe c t iv e  t h a n  a lm o s t  a n y  

o t h e r  s h e lf  p r e s e r v a t iv e .  T h is  

m e a n s  p s e u d o m o n a s  a n d  o t h e r  

m ic r o o r g a n is m s  w o n ’ t  b e  m a k in c  

y o u r  w e l l - d e s ig n e d  m o k e u p  o ld  

b e f o r e  its  t im e .

D o w ic il  2 0 0  is c o m p a t ib le  w i t  

c o m m o n  f o r m u la t io n  c o m p o n e n l  

a ls o ,  in c lu d in g  n o n io n ic  e m u ls i f ie r  

A n d  it  h a s  a  f a v o r a b le  t o x ic i t y  

p r o f i le ,  s u p p o r t e d  b y  f o x  d a t a ,  o n  

is f u l ly  r e g is te r e d .  ( E P A - 4 6 4 - 3 7 5  

a n d  o n  F D A  M a s te r  F ile ).

W h e r e  e ls e  c a n  y o u  u s e  

D o w ic il  2 0 0 ?  G la d  y o u  a s k e d .  

H a n d  c r e a m s ,  fa c e  c r e a m s  a n d  h a  

d re s s in g .  S h a v in g  p r o d u c ts ,  s u n ta  

p r o d u c ts ,  s h a m p o o s ,  d e r m o t o lo c  

ic a ls  a n d  w a te r le s s  h a n d  c le a n s e r  

S u rg ic a l s c ru b s  a n d  t o p ic a l  s te ro i<  

o in tm e n ts ,  t o o .

So c o m e  o n .  H e lp  th o s e  w h o  

b u y  y o u r  c o s m e t ic s  p u t  o n  a  h a p p  

fa c e .  T a lk  t o  y o u r  D o w  r e p r e s e n t  

f i v e  s o o n .  D e s ig n e d  P r o d u c ts  

D e p a r t m e n t ,  M id la n d ,  M l 4 8 6 4 0 .

DOW CHEM ICAL U.S.A.
* Trademark of The Dow Chemical Company



C re a m s , lo t io n s  a n d  g e ls  
ta k e  on  n e w  c h a ra c te r is t ic s  as 
A llie d  C h e m ic a l's  lo w  m o le c u la r  
w e ig h t p o ly e th y le n e  a n d  e th y le n e -  
o rg a n ic  a c id  c o p o ly m e rs  p u t fo rm  
in to  fo rm u la s  -  re p la c in g  c o s tly  
n a tu ra l w a x e s , im p ro v in g  m o is 
tu re  re p e lle n c y , lu b r ic ity  a n d  
e m o llie n c y  a c ro s s  a  b ro a d  s p e c 
tru m  o f c o s m e tic  a p p lic a t io n s .

J u s t a to u c h  c a n  m a k e  an  
im p o r ta n t d if fe re n c e  a t th e  p o in t 
o f to u c h  -  im p ro v e  th e  s ta b ility  
a n d  th ix o tro p y  o f a n h y d ro u s  
g e ls  a n d  e m u ls io n s , ra is e  th e

s o fte n in g  p o in t o f s tic k  p ro d u c ts  
a n d  c o s m e tic  c ra y o n s , w ith o u t 
r is k in g  v a r ia t io n s  in s h a d e  
o r co lo r.

A-C POLYETHYLENE
. . . t h e  e s s e n t i a l  i n g r e d i e n t

In fact, A-C Polyethylene 
grades are versatile enough to 
challenge your imagination -  and 
that may be the most important 
contribution they make to your 
product success story. It's worth 
investigating.

Call or write: Product 
Manager, A-C Polyethylene, 
Allied Chemical Corporation, 
Specialty Chemicals Division, 
PO. Box 1087R, Morristown, 
New Jersey 07960,
(201) 455-3567.

¿ ^ ¡1  Allied^ J| Chemical



Chemical Specialties Division

¿ m u  H enkel Inc
185 CROSS ST. FORT LEE, N J 07024

NEW P R ESER V A T IV E  FO R CO SM ETICS  
IS HIGHLY E F F E C T IV E  AGAINST GRAM POSITIVE  

AND GRAM N EGATIVE B A CTER IA

NO2

o

C4HeBrN04

CTFA Designation: 5-Bromo-5-Nitro-
1,3 Dioxane (and) 
Propylene Glycol

With Bronidox®L, Henkel’s new multi-functional preservative for personal care products, 
adequate preservation is normally obtained at 0.2% level (0.02% active ingredient). Preserva
tive testing of Bronidox L, using the CTFA Antimicrobial Challenge Procedure over a 13-week 
challenge and rechallenge program, showed excellent efficacy. Bronidox L also proved to be 
effective against yeast and fungi. It does not function as a formaldehyde donor! It is not 
deactivated in the presence of non-ionic surfactants or emulsifiers.

Bronidox L does not cause odor or discoloration in finished products and is heat and light 
stable. It is a clear liquid, easy to handle and promptly soluble in aqueous systems. It is 
effective over a pH-range of 5-9. Extensive laboratory and clinical tests on animals (mice, rats, 
rabbits, guinea pigs) and humans have shown Bronidox L to be safe. Complete data are 
available upon request.

Mutagenicity test using the “ Ames method” showed no indication of carcinogenesis. Ac
cording to an expert’s statement, the 3 (three) metabolites of Bronidox L are not suspect to 
form nitros amines.

The Henkel laboratories will gladly offer suggestions on how to best utilize this new preser
vative in your cosmetics or toiletries program.

W r ite  o n  y o u r  le t te r h e a d  f o r  s a m p le s ,  in fo r m a tio n  a n d  te c h n ic a l  d a ta .

A n y  information given is, to the best o f our knowledge, the best currently available, w ith respect to our products and their use but is 
subject to revis ion as additional know ledge and experience is gained. It is offered as a guideline for experimentation and application 
but is neither an express nor im plied warranty o f merchantability o f the described product or o f its fitness for any particular purpose. 
Confirm ing tests in your plant or laboratory are recommended. Henkel makes no guarantee o f results and assumes no obligation or 
lia b ility  whatsoever in connection w ith this information. Th is information is not a license to operate under, nor is it intended to 
suggest infringement o f any patent rights.

Alkanolamides, Alkyl Sulfates and Ether Sulfates, Amine Oxides, Amphoterics, Fatty Alcohols, Fatty Alcohol Sulfates, 
Fatty Alcohol Ether Sulfates, Fatty Alcohol Polyglycol Ethers, Fatty Acid Esters, Fragrance Raw Materials Organo 
Phosphates, Preservatives, Sulfosuccinates and Half-Esters, Sulfonated Oils.

Ref. CC578



t i
S H A W  M U D G E  S  C O M P A N Y
P . O . B O X  1 3 7 5  S T A M F O R D  C O N N E C T I C U T  0 6 9 0 4  

( 2 0 3 ]  3 2 7 - 3 1 3 2  

T E L E X :  9 9 6 - 3 3 3

P e r f u m e  C o m p o u n d e r s

A T L A N T A  •  A U C K L A N D  •  B A R C E L O N A  •  B O S T O N  •  C H I C A G O  •  D A L L A S  

L O N D O N  •  L O S  A N G E L E S  •  M E X IC O  C IT Y  •  M O N T R E A L  •  P H IL A D E L P H IA  

P H O E N IX  •  S A O  P A U L O  •  S IN G A P O R E  •  S R IL A N K A  •  S T . L O U IS  •  S Y D N E Y  •  T O R O N T O

Basic manufacturers of:
•Lanolin U.S.P.
•Lanolin Derivatives
Lanalol® (alcohols)
Lanalox® (ethoxylates)
Lanalene® (ester; bases; etc.)

• Cosmetic Proteins
Hydrolysates
Specialties

Form ulators o f new product 
concepts fo r skin ana hair.

A dynamic new company dedicated 
exclusively to the cosmetic trade.

Featurinq an advanced technical service.
Try us. we’re eager to help!

Sales, Technical & Administration—
P.6. Box "11, Oradell, N.J. 07649
Tele: (201) 262 1822...ask for Rock Riso.

Plant—
600 Broadway, Lawrence, Mass. 01842

MAYBROOK INC. THE BEAUTY PEOPLE
S p e cia liz in g  in  h ighest q u a lity  in g re d ie n ts  fo r
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HYDROLYZED ANIMAL PROTEIN. 
YOU’RE SEEING IT MORE AND MORE

. . .  because protein’s moisture binding, film forming, stabilizing and 
conditioning effects are real!

In today’s competitive market place, product claims must match consumer 
perception. The FTÒ  just won’t have it any other way.

It ’s our contention that the inclusion of protein in your shampoos, condi
tioners and skin treatment products is one of the easiest ways to provide 
p e rc e p tib le  performance. This is why hydrolyzed animal protein is appearing

on the ingredient listing of so many 
cosmetics and toiletries... and pretty high 
up at that.

Crotein Q. Croda’s advanced protein 
research has created a unique molecule by 
grafting a quaternary ammonium group 
directly on a functional protein skeleton. 
The quat groups that have been added are 
more intensely cationic than the amino 
groups they replace, so that Crotein Q will

r  kuM  AL PROTEIN, bind more tightly anionic groups such as 
A N IM A I- . . .  , ,  niifc the carboxyl groups of skin and hair. Most 

importantly, Crotein Q retains its positive charge even at alkaline pH ’s at which 
amino groups will have lost their substantivity.

But you don’t have to be a post-doctoral fellow in organic chemistry to 
specify protein performance, just remember these names for the broadest 
range of these versatile materials: CROTEIN, CRODYNE AND COLLASOL from 
Croda— of course!

,m. Leave oneusecuuu  
arm water.
FORE U S IN G .

S S S '
PROTEIN, HYDROUZE

Croda
W '  " Crotein SPC, SPA, SPO (molecular weight 10,000 — 1,000), Crodyne BY-19 (molecular weight 25,000), Crotein HKF 

■ 'iit' Am'no Acid Mixtures (molecular weight 100), Collasol Whole Soluble Collagen (molecular weight 300,000).
Croda Inc., 51 Madison Avenue, New York, New York 10010 (212) 683-3089
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SYNOPSES FOR CARD INDEXES

The following synopses can be cut out and mounted on 3 x 5 index cards for reference, without 
mutilating the pages of the Journal.

Rheological properties of soap foam: I. apparatus for viscoelastic measurement on foam: H.
Komatsu, H. Yamada and S. Fukushima. Journal o f the Society o f Cosmetic Chemists 29, 237 (May 
1978)

Synopsis—An apparatus was devised to measure the rheological properties of toilet soap foam. 
The principle of the measurement was based on the analysis of oscillation damped by foam.

The measurements by this apparatus were conducted at about 2.5 Hz (cycles/sec) on the soap 
foams obtained from a 5% (wt/wt) toilet soap aqueous solution at 40°C. The diameter of each bub
ble remained about 100/z while the specific volume varied widely with varying condition of the 
preparation.

The storage shear modulus increased from 500 to 850 dynes/cm2, as the specific volume of foam 
increased from 10 to 25 cm3/g. On the other hand, the dynamic viscosity was not much affected by 
the specific volume and was about 15 to 20 poise. The loss tangent, a parameter expressing energy 
dissipation, for the foams was calculated to be about 0.3.

The quantitative analysis o f bergapten in perfumes: S. T. Z.&ynoun.Journal o f  the Society o f  Cos
metic Chemists 29, 247 (May 1978)

Synopsis—The Candida albicans phototoxicity test of Daniels and the spectrophotometric method 
of Cieri were adapted for the quantitative analysis of bergapten (5-methoxypsoralen) and other 
photoactive psoralens in solutions such as perfumes. The C andida albicans test is simple and repro
ducible and has important advantages over the spectrophotometric method. Of a total of 108 
perfumes investigated 57.4% contained bergapten in concentrations ranging from 0.00004 to 
0.01080%. The significance of the presence of bergapten in perfumes and its relationship to skin 
hyperpigmentation is discussed.

Autoradiographic study on percutaneous absorption of several oils useful for cosmetics: M.
Suzuki, K. Asaba, H. Komatsu and M. Mochizuka .Journa l o f the Society o f Cosmetic Chemists 29, 
265 (May 1978)

Synopsis—Percutaneous absorption of five 14C-labelled oils, n-octadecane, decanoxy decane, 2- 
hexyldecanoxy octane, isopropyl myristate and glyceryl tri-(oleate), generally used in cosmetics 
were studied from the point of view of their safety. In whole body autoradiography with hairless 
mice, there was no visible penetration into the skin and organs, whereas microautoradiography 
with guinea pigs showed local penetration. Isopropyl myristate penetrated to the greatest extent, 
whereas 2-hexyldecanoxy octane was hardly absorbed.
Percutaneous absorption of these two oils, therefore, was examined in Angora rabbits by microau
toradiography simultaneously with skin irritation potential by histological method from the 
following aspects: 1. patterns of penetration and irritation according to application time and 2. fate 
within the skin and pattern of irritation after application. In addition, intradermal metabolic fate 
was also studied in vivo.

Noninvasive, rapid characterization of human skin chemistry in situ: R. E. Baier. Journal o f  
the Society o f  Cosmetic Chemists 29,283 (May 1978)

Synopsis—The experimental yield of internal reflection spectroscopic and contact angle tech
niques applied to living human skin is demonstrated for natural, cosmetically treated and w'ounded 
epidermis. The critical surface tension, and chemical composition, of clean human skin surfaces is 
provided, along with spectral data bearing on the efficacy and quality of cosmetics, the depth 
profile of skin moisture, and the chemical nature of exudates from epidermal wounds.
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Synthesen in der isocamphanreihe, IX. liber den geruchseindruck von isocamphande- 
rivaten: G. Buchbauer and M. Wiltschko. Journal o f  the Society o f Cosmetic Chemists 29, 307 (May 
1978)

Synopsis— A total of 55 isocamphane derivatives was studied in order to establish a correlation 
between the shape of the molecule and its odor as postulated by the theory of Amoore. The 
molecules were measured by use of the shadow matching method and compared with cineole, the 
camphoraceous odor standard. The agreement of the results of these measurements with other 
molecular parameters, e. g. boiling point, was also examined. Isocamphane derivatives with 
spherical shape exhibit a distinct camphoraceous odor, and this characteristic is reduced as the 
asymmetry of the isocamphane molecule increases.

Interaction of keratinous substrates with sodium lauryl sulfate: I. sorption: J. A. Faucher 
and E. D. Goddard .Journal o f the Society o f  Cosmetic Chemists 29, 323 (May 1978)

Synopsis—Use was made of radiotagged sodium lauryl sulfate (SLS) to determine its sorption by 
skin and hair. In the initial stages uptake is linear in square root of time, indicative of a diffusion 
process. The uptakes determined by radiotagged SLS were successfully correlated with data from a 
simple gravimetric method and showed that the latter procedure can be used satisfactorily under 
certain conditions when radiotagged compounds are not available. The influence of some additives 
on the sorption of SLS was studied. Salt increases the sorption, while nonionic surfactants (which 
are not themselves sorbed) substantially depress it. Finally, the relation of the sorbed SLS to water 
of hydration of keratin is examined. It is concluded that most, if not all, the sorbed material is 
bound to keratin, rather than existing in an “¡nternal” solution.

Interaction of keratinous substrates with sodium lauryl sulfate: II. permeation through 
stratum corneum: J. A. Faucher and E. D. Goddard. Journal o f the Society o f  Cosmetic Chemists 
29, 339 (May 1978)
Synopsis— Neonatal rat stratum corneum was used as a model membrane to investigate permea
tion through mammalian skin. Passage of materials through these membranes was determined by 
use of radiotagged compounds and by spectrophotometric analysis. The anionic surfactant sodium 
lauryl sulfate penetrates the stratum corneum even at low concentrations. The diffusion constant 
for this process is about 10-10 cm2/sec, compared to 10~6 cm2/sec for free diffusion in water. This 
surfactant is bound to the skin in large amounts, up to 50% by weight at high concentrations. Pre
treatment of the membrane by a cationic cellulose polymer (which is itself strongly sorbed) greatly 
reduced the amount of surfactant which passed through the membrane.
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Rheological properties of soap foam: I. apparatus for 
viscoelastic measurement on foam

H. KOM ATSU, H. Y A M A D A  and S. FUK USH IM ASA w k /o 
Laboratories, 1 0 5 0  N ip p a -ch o . K o h o k u -k u . Y o ko h a m a  .J a p a n  2 2 5 .

Received M a rc h  3 1 , 1977■ Presented a t  2 4 th  M eeting , Society o f  

Rheology, October 1 9 7 6 . M aebash i, G u n m a ,J a p a n .

Synopsis

An apparatus was devised to measure the RHEOLOGICAL PROPERTIES of toilet SOAP FOAM. The prin
ciple of the measurement was based on the analysis of oscillation damped by foam.

The MEASUREMENTS by this APPARATUS were conducted at about 2.5 Hz (cycles/sec) on the soap 
foams obtained from a 5% (wt/wt) toilet soap aqueous solution at 40°C. The diameter of each bubble 
remained about 100/U while the specific volume varied widely with varying condition of the preparation.

The storage shear modulus increased from 500 to 850 dynes/cm2, as the specific volume of foam increased 
from 10 to 25 cnr'/g. On the other hand, the dynamic viscosity svas not much affected by the specific volume 
and was about 15 to 20 poise. The loss tangent, a parameter expressing energy dissipation, for the foams was 
calculated to be about 0.3.

IN T R O D U C T IO N

Foam is one o f  the dom inant factors that determ ine the com m ercial value o f such cos
metic products as soap, sham poo, shaving foam, cleansing foam, tooth  paste, etc. For 
the purpose o f  offering those cosm etic products being favorably accepted by the 
consum er, it is necessary to evaluate various properties o f foam such as foaminess, 
foaming capacity, foam stability and its mechanical properties. Am ong those 
properties, the mechanical property  has been, to the best of our know ledge, rarely 
studied (1 -4 ). The review in this area is given by Bikerm an (5). The assessm ent ot the 
mechanical p roperties o f a products' foam has been mainly through sensory evaluation.

For this reason, we attem pted in our present w ork to devise an apparatus to m easure 
the rheological properties o f foam. The principle o f  the m easurem ent is based on the 
analysis o f  the oscillation o f a coil spring dam ped by foam. This paper reports the 
design o f  the apparatus and the m ethod o f analysis, together with some experim ental 
results obtained on to ilet soap foam.

237
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Figure 1. The photograph of the apparatus

D E SC R IPT IO N

APPARATUS

A photograph o f the apparatus is shown in Figure 1. Figure 2 shows a schematic draw 
ing o f  its principle parts. T he top end o f a coil spring was fixed, and a differential 
transducer core, an air bearing core, a solenoid core, a weight vessel and a disk w ere 
suspended in that o rder to the lower end.

A foam sample placed in a m easuring vessel was leveled up so as to come into contact
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Figure 2. Schematic drawings of principal parts of the apparatus

with the disk (12 mm in diam eter, 1 mm in thickness). A free oscillation o f a given am
plitude and frequency was applied to the sample with the aid o f the solenoid. The os
cillation dam ped by the sample was changed into an electrical signal. The signal taken 
from  the differential transducer was passed to a transducer m eter and, after amplifica
tion and filtration, was recorded by a recorder. A t the same tim e, a period o f the os
cillation was m easured by a digital period m eter. The air bearing was used to prevent 
the eccentric m otion o f the oscillating system ’s axis.
An exam ple o f  the oscillation dam ped by foam is shown in Figure 3 together w ith a 
control-free oscillation. The top pattern  o f  the figure is w ithout foam and the bottom  
pattern  is with foam. The decrem ent o f  the oscillation was apparent with foam, 
how ever the oscillation was dam ped slightly even w ithout foam. The decrem ent o f  the 
free oscillation, possibly caused by the viscosity o f  air, was taken into account w hen cal
culating the true decrem ent o f  the oscillation dam ped by foam.

THE DEVICE FOR SAMPLE PREPARATION

A com m ercial foam -generator (Jo h n  O ster M anufacturing Co., Latherservice M a
chine®) was adapted by im proving the following defects. First, we were unable to main-
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5 sec .---- *\

Figure 3. An example of the oscillation damped by foam, with control-free oscillation

tain the solution at a constant tem perature; by the circulation o f w ater at a constant 
tem perature through a spiral glass tube inserted in the solution, we w ere able to solve 
this problem . Second, the machine m otor’s rotational frequency was hardly stabilized 
because o f  pow er insufficiency; the m otor was replaced by a pow erful one. T hird , the 
flow rate o f  a solution to the foam -generating part o f the machine was variable; using a 
tubing pum p, a solution at a constant flow rate was injected.

A 5 %  (w/w) to ilet soap aqueous solution was foamed by the use o f the im proved ma
chine. Foam was taken into a m easuring vessel that was then quickly transferred to the 
apparatus. The diam eter o f each bubble rem ained about lOO/a whereas the specific 
volum e o f foams varied much with varying condition o f the preparation. W ater with a 
hardness o f 70 ppm  (as CaCCU) was prepared for use in our presen t work by dissolving 
calcium chloride in deionized water.

T H E O R E TIC A L

A mechanical m odel for the m easuring system was assum ed, as shown in Figure 4. The 
equation of m otion for the m odel is given by

Mx + Rx + (K + k)x = 0 [1]
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y, m o d u lu s  o f  
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Figure 4. Mechanical model corresponding to the measurement by the apparatus

w here M is the mass o f  mechanical system, k is the m odulus o f elasticity o f the coil 
spring, K is the elastance o f foam, R is its resistance and x is an axial displacem ent. 
There are th ree cases o f the solution for eq [1].

(a) R /2 M > { (K  + k)/M } ,/2
x =  A e-“1' +  B e '“1' 2J

(b) R /2M  =  { (K  +  k ) /M } 1/2
x =  e -Rt/2M(Ct + D) L3J

(c) R / 2 M < { ( K  +  k ) /M } ^
x  =  E e“Rt/2M sin {t V ( K  +  k)/M  -  R 7 4 M 2 +  <p} L4J

w here a u a -,, A, B, C, D  and E are positive constants, t is tim e and <p is phase dif
ference.

A dam ped sinusoidal m otion can be defined; both the period of the oscillation T d and 
the logarithmic decrem ent S T are provided. T (i and 8 T are defined as eqs [5] and [6], 
respectively.

T d =  2 tt/{ (K  +  k )/M  -  R2/4 M 2} [5]

8 T =  R T (|/2 M  [6]

From eqs [5] and [6 ], therefore , the elastance K and the resistance R  of foam can be ob
tained experim entally. Provided the shape factor o f the apparatus is represen ted  by S, 
the m odulus o f elasticity y  and the m odulus o f  viscosity 17 o f foam can be w ritten as

y  =  SK
=  SM  { 4 tt2 (1 /T d2 -  1 /T 2) +  8 T2/T d2}
=  Sk {(1  +  St2/4 t72) T 2/T d2 -  1}

[7]
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=  SR
= SM (25X/T d) [8]
=  Sk (8 t/2 t72) (T2/T d)

w here T  is the period o f  free oscillation and is given by

T =  2 7 r V M / k  [9]
M and k w ere determ ined from  eq [91 by m easuring T  at various weights. T he shape 
factor S was calculated from  eq [8] by using the experim ental values obtained on a stan
dard viscosity sample (Showa Petro leum  Co., JS 2000).

W e should point out that such an indirect determ ination  o f S involves the risk o f allow
ing an e rro r in m easurem ent. T he reason for having to adopt the indirect way to de
term ine S can be sum m arized as follows. A large volum e o f foam sample was required  
for the m easurem ent in o rder to satisfy the condition of the flow betw een parallel 
plates under which S is theoretically obtained, since foam is generally a coarse disperse 
system. O n the o ther hand, if such a large volum e o f foam is used in m easurem ent, it is 
unavoidable that the foam becom es m ore heterogeneous in film thickness because o f 
drainage in the film. This problem  is expected to  be solved by devising an entirely new 
type foam -generator providing a hom ogeneous foam to a m easuring vessel w here the 
condition o f  the flow betw een parallel plates is taken into consideration; it is an im 
portan t subject for fu rther study.
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Figure 5. Dependence of the viscoelasticity of the foam on the toilet soap concentration. The specific 
volume of the foam sample is designated in brackets
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r o t a t io n a l  f r e q u e n c y ,  rp m

Figure 6. Effect of rotational frequency of the foam-generator on the viscoelasticity of the soap foam ob
tained from a 5% (wt/wt) toilet soap aqueous solution. The specific volume of the foam sample is designated 
in brackets

A P P L IC A T IO N  OF T H E  D EV ELO PED  SY STEM  T O  T H E  M E A SU R E M E N T  
O N  T H E  FO A M  FROM  T O IL E T  SO A P

A commercial toilet soap was used. A to ilet soap aqueous solution was prepared  by 
dissolving the to ilet soap at 70°C in the artificial tap water described above. A fter disso
lution, the solution was cooled to 40°C in a bath containing iced water. The solution 
was then allowed to stand for 1.5 hr at 40°C in the foam -generator before testing. 
M easurem ents w ere conducted at about 2.5 Hz on the foam at 40°C.

T he dependence o f the viscoelastic m oduli o f  foam on soap concentration is shown in 
Figure 5. The foams w ere prepared under such condition that a flow rate o f solution to 
the foam -generator is 6.2 cm 3/m in and a rotational frequency is 10,000 rpm . A specific 
volum e (cm 3/g) o f a foam sample is designated in brackets. The elasticity decreased 
with increasing soap concentration, whereas the viscosity was not m uch affected by the 
soap concentration.

In Figures 6 and 7, the influence o f a foaming condition on the viscoelastic m oduli o f 
the foam is shown. T he soap concentration was 5%  (wt/wt). T he effect o f a rotational 
frequency on the viscoelastic m oduli o f  the foam is shown in Figure 6 . The elasticity 
decreased from  about 850 to 500 dynes/cm 2 as the rotational frequency increased, 
while the viscosity increased slightly. The effect o f  a flow rate o f  solution on the vis
coelastic m oduli o f  the foam is shown in Figure 7. The elasticity increased from  about
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Figure 7. Effect of flow rate of the soap solution (to the foam-generator) on the viscoelasticity of the soap 
foam obtained from a 5% (wt/wt) toilet soap aqueous solution. The specific volume of the foam is designated 
in brackets

500 to 800 dynes/cm 2 with increasing flow rate, while the viscocity scarcely depended 
on the flow rate.

O n the o ther hand, a close relationship is probable betw een elasticity o f  foam and its 
specific volum e, as is evident from  Figures 5, 6 and 7.

The com parison o f the viscoelastic m oduli o f the foam prepared  by using deionized 
water with those o f the foam prepared by using the aforem entioned w ater is shown in 
Figure 8 . The elasticity o f the foam was much larger with the deionized w ater than that 
with the artificial tap water.

Figure 9 shows the influence o f a soap com position on the viscoelastic m oduli o f the 
foam. The elasticity o f  the foam prepared from  soap m anufactured by mixing coconut 
oil with tallow in the ratio o f  20 to 80 was larger than that o f the foam from soap in 
which the ratio o f  coconut oil to tallow was 15 to 85.

C O N C L U SIO N

The storage shear m odulus increased from  about 500 to 850 dynes/cm 2 as the specific 
volum e o f the foam increased from  about 10 to 25 cm 3/g. O n the o ther hand, the dy-
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Figure 9. Influence of soap composition on the viscoelasticity of the foam from toilet soap



246 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

namic viscosity was not much affected by the specific volum e and was approxim ately 15 
to 20 poise. The loss tangent for the foams, a param eter expressing energy dissipation, 
was calculated to be about 0.3. The interrelation  betw een the viscoelasticity o f  the 
foam and the specific volum e suggests that the viscoelasticity o f  soap foam is de
penden t on the diam eter o f  bubble and film thickness.
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The quantitative analysis of bergapten in perfumes
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Synopsis

The Candida albicans phototoxicity test of Daniels and the spectrophotometric method of Cieri were 
adapted for the QUANTITATIVE ANALYSIS of BERGAPTEN (5-methoxypsoralen) and other photoac
tive psoralens in solutions such as PERFUMES. The Candida albicans test is simple and reproducible and has 
important advantages over the spectrophotometric method. Of a total of 108 perfumes investigated 57.4% 
contained bergapten in concentrations ranging from 0.00004 to 0.01080%. The significance of the presence 
of bergapten in perfumes and its relationship to skin hyperpigmentation is discussed.

IN T R O D U C T IO N

In a previous study, Zaynoun, Johnson  and Frain-Bell (1) have shown that a num ber of 
bergam ot-containing perfum es produced erythem a and subsequent hyperpigm entation 
following application to  normal hum an skin and irradiation with long wave ultraviolet 
light (UVA). The bergam ot response is due to a phototoxic reaction induced by 
bergapten o r 5-m ethoxypsoralen (5-M OP), the only significant photoactive com ponent 
o f bergam ot oil (2,3). Positive responses to perfum es and small concentrations of 
bergam ot oil w ere reported  in patients with Poikiloderm a o f Civatte and a possible 
relationship betw een the hyperpigm entation on the sides o f face and neck and the use 
o f  perfum es containing significant quantities o f  bergam ot oil was suggested ( 1).

As occurs with o ther psoralens, the response to bergapten is related to several factors, 
primarily the quantity applied and the dose o f U V A  delivered to the skin (4). H ence, it 
is considered im portant to determ ine the presence and concentration o f 5-M O P in 
perfum es and advise against the use o f those containing significant quantities o f 
5-M OP, particularly in individuals who have a tendency to develop a phototoxic 
response to small concentrations o f  the psoralen. In this paper, two m ethods for the 
quantitation o f  5-M O P in perfum es are described and the 5-M OP con ten t o f  108 
perfum es reported .

M A TE R IA L S A N D  M E T H O D S

Oil o f  bergam ot (Coty), pure 5-M O P (U nilever Research Laboratories) and pure 
xanthotoxin o r 8-m ethoxypsoralen (8-M OP) (Sigma Chemical Com pany) w ere ob

247
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tained. T he 5-M O P content o f this sample o f  bergam ot oil was previously determ ined 
with the use o f  a spectrophotom etric technique and was found to be 0.27 g/100 ml (2). 
R andom  samples o f perfum es w ere supplied by local stores during the years 1974 to 
1976.

Two m ethods for the quantitative analysis o f 5-M O P in perfum es were used: the 
Candida albicans phototoxicity test (5) and the spectrophotom etric test (6 ).

T H E C A N D ID A  A L B IC A N S P H O T O T O X IC IT Y  TEST

The test consists o f the application o f test substances to Sabouraud’s dextrose agar 
p la tes1 (2.5 to  3 m m  uniform  agar thickness) streaked with C a n d id a  a lb ic a n s  and sub
sequent exposure to UVA; duplicate plates were kept in the dark as control. 
Phototoxic substances are then identified by the presence o f a clear zone o f killing of 
the yeast around the discs in the irradiated plate greater than that obtained in the con
trol nonirradiated plate.

DOSE-RESPONSE RELATIONSHIP

It was first o f all im portant to find out w hether the test was useful for the quantitative 
assay o f  5-M OP and o ther psoralens. An attem pt was made, therefore , to derive dose- 
response curves which relate the concentration o f the psoralen used to the diam eter o f 
the killing zone. Various concentrations o f the bergam ont oil, pure 5-M OP and pure 
8-M O P in ethanol were prepared. Aliquots o f 2 /x 1 o f each o f these solutions were 
spotted on 20 X  20 cm alum inium -backed, thin-layer chrom atography silica gel plates, 
thickness 0.25 mm (E. M erck). The plates were processed by the ascending m ethod 
with hexane-ethyl acetate (75:25) to  a distance o f  8 cm from  the origin, allowed to dry 
and viewed under ultraviolet light (Camag ultraviolet viewer, peak 366 nm). The 
fluorescent 5-M OP band in bergam ot oil was identified by its yellow ish-green 
fluorescence and its Rf, which was identical to that o f standard 5-MOP. The 5-M OP 
fractions o f bergam ot oil spots were m arked and the silica gel containing them  was 
scraped onto clean paper and added to Sabouraud's dextrose agar plates freshly seeded 
with C . a lb ica n s', each spot occupying a circle 8 to 10 mm in diam eter. Since the size of 
the killing zone varies with the thickness o f  the agar (5,7) and possibly with o ther fac
tors as well, it was considered im portant when com paring the phototoxic effects of 
psoralens to apply similar quantities o f  each com pound to the same agar plate. In these 
experim ents, therefore , concentrations w ere chosen so that a similar range o f  quan
tities o f  5-M OP derived by TLC from bergam ot oil, pure 5-M OP and 8-M O P were ap
plied to each agar plate (Table I). For example, 0.00025 to 0 .001%  solutions o f  pure 
5-M OP and 8-M O P and the equivalent o f 0 .00034 to 0 .00135%  5-M O P present in
0.125 to 0 .5%  bergam ot oil (which contains 0 .27%  5-M OP) were used in plate 1. 
Similarly, 0.0025 and 0 .005%  pure 5-M O P and 8-M O P and 0.0027 and 0.0075%  
5-M OP in bergam ot oil were applied to plate 2. C oncentrations o f 40%  bergam ot oil 
and 0 .1%  pure 5-M O P and 8-M O P w ere applied to two separate plates because o f  the 
large killing zones produced. O ne set o f plates was kept in the ddrk and another set,

'Myocological peptone (Oxoid L 40) 10 g, Agar No. 1 (Oxoid L 11) 15 g, Dextrose 40 g/litre; pH ap- 
proximately 5.6.
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Table I
The Concentration of Bergamot Oil (Coty), 5-MOP and 8-MOP Applied 

to Each Sabouraud's Dextrose Agar Plate

Bergamot Oil 
ml/100 ml

5-MOP 
g/100 ml

8-MOP 
g/100 ml

Plate No. 1 0.125 0.00025 0.00025
0.25 0.0005 0.0005
0.5 0.001 0.001

2 1 0.0025 0.0025
2.5 0.005 0.005

3 5 0.01 0.01
4 10 0.025 0.025
5 20 0.05 0.05
6 40 0.1 —

7 — — 0.1

with the plate covers on, was irradiated for two days with UVA from  two fluorescent 
tubes (Philips Blacklight TW  20 W /08, wave-length range 300-355-400nm ), placed 7 

cm apart and 20 cm above the plates. The experim ent was repeated  six tim es and the 
diam eter o f the killing zone was m easured, the m inim um  m easurable zone being the 
diam eter o f  the silica gel spot.

In com paring the efficacy o f various photoactive psoralens, using this test, it was 
necessary to ensure that any difference in phototoxic effects based on the size o f  the 
killing zone is not due to a relative diffusion o f the psoralens in the agar layer. A tur- 
bidim etric test using Sabouraud's liquid m edium  was devised.2 In this test, 3 ml o f the 
m edium  w ere delivered to 35 X  10 mm sterile tissue culture petri dishes (Flow Labora
tories). The inoculom  consisted of a suspension o f  C . a lb ic a n s  prepared  by transferring 
2 to 3 dabs from a two-day slant culture on a sterile cotton  swab to 6 ml sterile w ater, to 
obtain an optical density o f the suspension o f approxim ately 1.2 at 600 nm. A volum e 
o f 0.1 ml was added to each o f the petri dishes and a total o f 20 dishes w ere prepared. 
Fresh solutions o f 0 .005%  5-M O P and 8-M O P in ethanol (w/v) w ere made and 0.1 ml 
o f each added separately to each culture followed by gentle swirling to mix the 
contents. Five petri dishes containing 5-M O P and another five containing 8-M O P were 
exposed for 24 hr to UVA as previously described. D uplicates w ere covered with light- 
excluding m aterial as controls. W ith the use o f a glass rod , the contents o f  each culture 
plate were then mixed and any yeast grow th on the walls o f the petri dish brought into 
suspension. The optical density was then recorded at 600 nm.

THE 5-MOP CONTENT OF PERFUMES

As the presence o f 5-M OP in perfum es is a result o f the addition o f 5-M O P containing 
bergam ot oil, it was considered im portant in the assessm ent o f 5-M O P concentration 
in perfum es to use bergam ot oil o f known concentration o f 5-M O P as reference 
instead of pure 5-MOP. Aliquots o f 5 /r 1 o f the perfum es and 5 o f each 0.25, 0.5 and 
1% bergam ot oil Coty (contains 0.27 g/100 ml 5-M OP) in ethanol were

-Pancreatic digest of casein (Oxoid L 42) 5 g, Peptic digest of fresh meat (Oxoid L 49) 5 g, Dextrose 20 g per 
litre; pH approximately 5.7.
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Table II
The Relationship of the Volume of Bergamot Oil (Coty) and Perfume Used in Each Agar Plate to the 

Concentration of Bergamot Oil Present in the Perfume

Concentration of 
Bergamot Oil 

ml/100 ml
Volume of Bergamot Oil 

and Perfumes Applied (/al)

Plate No. 1 1
0.5 5
0.25

2 0.125
0.062 25

3 0.031
0.016 100

chrom atogram m ed as before. The silica gel containing the 5-M OP fractions was 
scraped from  the TLC sheet and added in duplicates to agar plates innoculated with C .  

a lb tc a n s . O ne plate was irradiated as before and the control was kept in the dark. The 
diam eters of the killing zones w ere com pared and the concentration o f  bergam ot oil 
producing an inhibition zone equal to that o f the perfum e was recorded as the 
concentration o f bergam ot oil presen t in that perfum e. W hen the zone o f inhibition 
was greater than that o f 1%  bergam ot oil, dilutions o f the perfum e in ethanol w ere p re 
pared and the procedure repeated  as above. O n the o ther hand, when a zone smaller 
than that produced by 0.25%  bergam ot oil was obtained, 25 Ml or m ore o f the perfum e 
and 0.016, 0.031, 0.062 and 0 .125%  bergam ot oil w ere used. A rough guide to the 
am ount and concentration o f bergam ot oil applied to each plate is shown in Table II. 
For a m ore precise m easurem ent o f  bergam ot oil concentrations in some perfum es, 
further dilutions o f bergam ot oil such as 0.75, 1.5 and 2 .5% w ere also used.

The concentration o f  5-M O P in each perfum e was then calculated as follows:

0 27C oncentration of 5-M O P (w/v) = C oncentration o f  bergam ot oil X ——
100

RECOVERY EXPERIMENTS

The concentration o f  5-M OP in Agua Brava aftershave and Paco Rabanne toilet water 
(for males), Caprice Cologne and W ind Song toilet water (for females) was determ ined 
as outlined above. A volum e o f 0.25 ml o f 10%  begam ot oil (Coty) was mixed with 
4.75 ml o f  each perfum e, to give an additional concentration o f 0 .00135%  and the 
5-M OP conten t o f the resultant solutions o f  perfum es was reassessed. In addition, the 
absorption spectrum  o f the bergapten TLC fraction o f the prepared solutions was 
recorded and com pared with that o f the bergapten TLC fraction o f bergam ot oil.

THE IMPORTANCE OF TLC IN THE QUANTITATIVE ESTIMATIONS OF 5-MOP

In the original phototoxicity test (Daniels, 1965), the substances w ere applied to 
seeded agar plates as pure crystals, fresh plant materials o r as dried concentrates in 
filter paper discs. The value o f  TLC in this study was therefore  assessed by com paring 
the phototoxic effects o f  bergapten TLC fraction o f perfum es with those o f the whole
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perfum e applied to filter paper discs and also to silica gel. Yves Saint Laurent (YSL) 
toilet w ater (for males) was chosen as an example. A liquots o f 5 /tt 1 were 
chrom atogram m ed as before and a similar volum e was added to 10 mm W hatm an N o. 
1 filter disc and also to TLC plate. A total o f ten agar plates were inoculated with C . a l 

b ic a n s  and to  each plate a 10 mm disc, silica gel containing bergapten TLC fraction and 
silica gel containing the whole perfum e (not chrom atogram m ed), was added. Five 
plates w ere exposed to  UVA and the rest w ere kept in the dark. The killing zones were 
m easured and the results subjected to statistical analysis. In addition to  these experi
m ents, all perfum es were tested for direct toxicity to the yeast by p ipetting  25 £tl o f 
each perfum e to 10 mm filter paper discs and dried under a stream o f warm air from  a 
hair dryer. The discs w ere added to seeded agar plates which w ere then grown in the 
dark. Any inhibition o f the yeast grow th around the discs was taken as a sign o f  toxicity. 
The toxic effects o f each perfum e w ere later com pared with its phototoxic effects by 
growing one plate under UVA illum ination and a duplicate in the dark.

T H E  SPE C T R O PH O T O M E T R IC  TEST

The technique used is a modification o f  the m ethod described by Cieri (6) and later 
used for the estim ation o f the 5-M O P content o f bergam ot oil (2). In this technique, 
sixteen 25 /-U aliquots o f each perfum e and a similar num ber o f 25 /a 1 aliquots o f 1% 
bergam ot oil in ethanol along with 25 /ul o f 0 .05%  pure 5-M OP in ethanol used as 
reference w ere chrom atogram m ed as previously described. The silica gel containing 
the 5-M O P fractions was scraped from the plates onto  clean paper. All 5-M O P frac
tions o f  bergam ot oil w ere transferred to a glass-stoppered tube and those o f  the 
perfum e com bined in another tube. 5-M O P was then extracted in 10 ml chloroform , 
centrifuged at 2000 rpm  for 5 min and the absorption spectrum  o f the clear supernate 
obtained using an SP 8000 recording spectrophotom eter (Unicam) with chloroform  in 
the reference cell. The absorption at 310 nm was recorded and the concentration o f 
bergam ot oil and 5-M O P in each perfum e was calculated as follows:

1. Percentage bergam ot oil (v/v) =  perfum e absorption/bergam ot oil absorption

w here perfum e absorption = absorption o f supernate containing bergapten TLC frac
tion o f perfum e, and bergam ot oil absorption = absorption of supernate containing 
bergapten TLC fraction o f bergam ot oil.

0.27
2. Percentage 5-M OP (w/v) = Percentage bergam ot oil x ------

RESULTS

THE CANDIDA ALBICANS PHOTOTOXICITY TEST

T L C  P a tte r n s . O n TLC, bergam ot oil showed five main fluorescent bands (Figure 1). 
Band 1, 2 and 3 are known as bergam ottin, 7-geranoxycoum arin and citropene respec
tively, while band 4, which has a yellow ish-green fluorescence, is 5-M O P (2,6). The 
TLC pattern  o f  perfum es containing bergam ot oil was variable and for the sake o f  sim
plicity these perfum es were divided into two groups. G roup A (e . g YSL toilet water) 
had five and som etim es six main fluorescent bands similar to those o f bergam ot oil
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BERGAMOT YVES ST. LAURENT 
OIL TOILET WATER

Solvent front

1
2

3

4

Origin 5

Figure 1. Thin layer chromatogram showing 1% bergamot oil in ethanol and Yves Saint Laurent toilet 
water as observed under UVA illumination. The perfume shows six main fractions, five of which are similar 
to those of bergamot oil. Band 4 is 5-MOP

(Figure 1). The bergapten TLC band of these perfumes was adequately separated from 
the adjacent TLC bands and had a yellowish-green fluorescence similar to that of the 
5-MOP fraction of bergamot oil. However, the fluorescence of the 5-MOP band of this 
group of perfumes and of bergamot oil was not as bright and clear as that of pure 
5-MOP. Perfumes belonging to Group B (e.g., Brut aftershave), which formed the 
larger portion of the perfumes tested, had more than five to six main fractions and the 
5-MOP band of most of these perfumes did not show a good separation from the ad
jacent bands and had a dull yellowish fluorescence indicating the presence of im
purities. This was further confirmed by the absorption spectrum which was different 
from that of pure 5-MOP (Figure 2). Steam distillation, which was used in Cieri’s 
method, was carried out to separate the steam-volatile portion of the perfume and
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Figure 2. The ultraviolet absorption spectrum of the bergapten TLC fraction of bergamot oil, Yves Saint 
Laurent toilet water and Brut aftershave lotion compared with that of pure 5-MOP. The absorption spectra 
of bergamot oil and the toilet water are similar and resemble that of pure 5-MOP, whereas the absorption 
spectrum of Brut aftershave is different. The apparent lack of absorption characteristics below 240 nm is due 
to absorption of these wavelengths by chloroform itself. It should be noted that the absorption scale is from 0 
to 0.20 rather than the usual 0 to 1.00

bergamot oil but did not significantly alter the absorption spectrum of the 5-MOP frac
tion.

Dose-Response Curves: Bergam ot O il. Using 2 /ul aliquots and TLC, the minimal effective 
concentration of bergamot oil on the yeast was 0.25% (0.005 m1). Normal growth was 
obtained in all control plates. The dose-response curve showed a sharp rise with the 
smaller concentrations but tended to flatten out with higher concentrations (Figure 3). 
The results of 20 and 40% concentrations were not significantly different at 5% level 
when the Student’s “t” was applied for comparing adjacent means. A significant dif
ference, however, was obtained between the other adjacent means, the level of 
significance increasing when the means on the steeper part of the curve were com
pared. For example, the results of 10 and 20% concentrations were different at 5% 
level: 5 and 10% at 1%; 2.5 and 5% at 0.1% level.

Dose-Response Curves: 5 -M O P . The dose-response curve of pure 5-MOP showed a pat
tern similar to that of bergamot oil (Figure 4). The concentrations of pure 5-MOP used 
for deriving the dose-response curve were 0.00025, 0.0005, 0.001, 0.0025, 0.005, 
0.01, 0.025 and 0.1%. The concentrations of bergamot oil containing an equivalent 
amount of 5-MOP would therefore be 0.09, 0.19, 0.37, 0.93, 1.85, 3.71, 9.26, 18.52 
and 37.04% (v/v) respectively. When the diameters of the killing zones produced by 
the various dilutions of pure 5-MOP shown in Figure 4 were plotted against the calcu
lated concentrations of bergamot oil, a curve similar to that of bergamot oil was ob-
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Figure 3. The effect of increasing concentrations of bergamot oil (Coty) on the diameter of the killing zone 
of the yeast, presented as the mean ± S.E.M. A sharp increase in the zone diameter is noted with the smaller 
concentrations, and a levelling-off of the response with the higher concentrations. The curve with the inter
rupted lines shows the relationship of the diameters of killing zones produced by known concentrations of 
pure 5-MOP (shown in Figure 4) to the concentrations of bergamot oil calcalulated from these concentra
tions, assuming the 5-MOP content of bergamot oil to be 0.27 g/100 ml

tained (Figure 3). The killing zones obtained with the calculated concentrations were, 
however, slightly larger than those produced by known concentrations of bergamot oil.
Dose-Response Curves: 8 -M O P . The minimal effective concentration of 8-MOP to 
produce killing of the yeast was 0.0025%, concentrations of 0.00025, 0.0005 and
0.001% being ineffective. Higher concentrations were much less effective than similar 
concentrations of 5-MOP (Figure 4). Furthermore, the dose-response curve did not 
show a steep rise with the smaller concentrations as it did with 5-MOP. The results of 
the turbidimetric test are shown in Table III. Marked inhibition of yeast growth was

Table III
The Optical Density at 600 nm of Yeast Growth in Sabouraud’s Liquid Medium 24 hr 
After Incubation with 0.1 ml of 0.005% Ethanolic Solutions of 5-MOP and 8-MOP. 

The Values in the Irradiated Petri Dishes Differ Significantly With ap Value of 0.001 
Using Student’s "t" Test

Irradiated Control

5-MOP 8-MOP 5-MOP 8-MOP

OPTICAL Mean 0.114 0.282 0.830 0.860
DENSITY S.E.M. 0.004 0.004 0.011 0.006
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Figure 4. The effect of increasing concentrations of 5-MOP and 8-MOP on the diameter of the killing 
zones of the yeast (Mean ± S.E.M.) 5-MOP is noted to be more photoactive than 8-MOP and its dose- 
response curve is similar to that of bergamot oil

Figure 5. The results of the phototoxic effects of the bergapten TLC fraction of 0.25, 0.5 and 1% bergamot 
oil and Yves Saint Laurent toilet water
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obtained in the irradiated cultures and the inhibition induced by 5-MOP was 
significantly greater than that of 8-MOP.
T h e  C oncentration  o f  5 -M O P  in  Perfumes. The 5-MOP content of a total of 108 
perfumes was determined. Taking YSL toilet water as an example, the killing zones ob
tained with 5 g-1 of 0.25, 0.5 and 1%  bergamot oil and a similar volume of YSL toilet 
water are shown in Figure 5. It is noted that the clear zone obtained with YSL toilet 
water is slightly smaller than that of 1% bergamot oil. To determine, therefore, the 
exact concentration of bergamot oil in this toilet water the experiment was repeated us
ing 5 /xl of 0.5, 0.75 and 1%  bergamot oil and the toilet water. The clear zone 
produced by the toilet water was greater than that of 0.75% and less than that obtained 
with 1% bergamot oil, indicating that YSL toilet water contains 0.75 to 1%  bergamot 
oil. The concentration of 5-MOP would therefore be 0.00203 to 0.00270 g%. A 
similar approach was used in the determination of the concentration of bergamot oil in 
the remaining perfumes. The test was most accurate when quantities of bergamot oil 
smaller than 0.1 /xl (0.27 /xg 5-MOP) per TLC spot were used. Normal growth was ob
tained in all control plates. The 5-MOP content of a total 108 perfumes tested is shown 
in Table IV. The concentrations ranged from <0.00004 to 0.01080% (<0.016 to 4%

Table IV
The 5-MOP Content of Random Samples of Perfumes as Determined 

By the Candida Albicans Phototoxicity Test and the Estimated Bergamot Oil Equivalent Based 
Upon a 5-MOP Concentration of 0.27 g/100 ml Bergamot Oil (Coty)

Manufacturer Perfume

Estimated Bergamot 
Equivalent Based Upon 
0.27 g/100 ml 5-MOP 

(ml/100 ml)

Estimated 5-MOP 
Concentration 

(g/100  ml)

Avon Charisma Cologne 0.062 to 0.125 0.00017 to 0.00034
Deep Woods Aftershave 0 0
Elegance Cologne 0 0
Field Flowers Cologne 0 0
FleurD’Avon Cologne 0 0
Nearness Cologne 0 0
New World Aftershave 0 0
Oland Aftershave 0 0
Promise of Heaven Cologne 0 0
Roses Roses Cologne 0 0
Tai Winds Aftershave 0 0
Unforgetable Cologne < 0.016 <0.00004
Windjammer Aftershave 0 0

Balenciaga Ho Hang Toilet Water < 0.016 <0.00004
Le Dix de Balenciaga < 0.016 <0.00004
Quadrille Perfume 4 0.0108

Balmain Miss Balmain Perfume 0.25 to 0.5 0.00068 to 0.00135
Boots Boots 7 IF Cologne 0.5 0.00135

Jade East Aftershave 0.25 0.00068
Caron Bellodgia Perfume 0 0
Carven Variation Perfume 0.25 0.00068
Chanel Chanel Aftershave 0 0

Chanel 5 Cologne 0.75 0.00203
Chanel 5 Perfume <0.016 <0.00004
Chanel 19 Perfume 0.125 to 0.25 0.00034 to 0.00068

(Continued on Page 257.)
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Table IV (Continued)

Manufacturer Perfume

Estimated Bergamot 
Equivalent Based Upon 
0.27 g/100 ml 5-MOP 

(ml/100  ml)

Estimated 5-MOP 
Concentration 

(g/100 ml)

Charles of the Ritz Ritual Cologne 0.25 0.00068
Ritz Perfume 0.25 to 0.5 0.00068 to 0.00135

Christian Dior Diorescence Toilet Water 0.25 to 0.5 0.00068 to 0.00135
Eau Sauvage Toilet Water 0.75 to 0.1 0.00203 to 0.00270
Miss Dior Cologne 0.062 to 0.125 0.00017 to 0.00034
Miss Dior Toilet Water 0.25 0.00068

Coty Complice Cologne 0 0
Imprévu Perfume 0.5 0.00135
Masumi Parfum de Toilet 0.062 to 0.125 0.00017 to 0.00034

Cussons Imperial Lather After Shave 0 0
Cyclax Joie Vivre Cologne 0.125 to 0.25 0.00034 to 0.00068

Vivaldi Cologne 0.5 to 0.75 0.00135 to 0.00203
D’Albert-Orlane Casaque Cologne 0 0
Dana Canoe Cologne 0.062 to 0.125 0.00017 to 0.00034

Canoe Aftershave 0.062 to 0.125 0.00017 to 0.00034
Canoe Toilet Water 0.062 to 0.125 0.00017 to 0.00034
Tabu Toilet Water 0.125 0.00034

Dorothy Gray Mon Secret Toilet Water 0 0
Elizabeth Arden Blue Grass Toilet Water 0 0
Estee Lauder Alliage Perfume 0.25 to 0.5 0.00068 to 0.00135

Estee Perfume 0 0
Youth Dew Perfume 0.031 to 0.062 0.00008 to 0.00017

Eyelure Tabac Aftershave 0 0
Faberge' Brut Aftershave 0.25 0.00068

Brut 33 Splash-On Lotion 0.125 to 0.25 0.00034 to 0.00068
Brut Toilet Water 0.5 0.00135
Faberge' West After Shave 0.125 to 0.25 0.00034 to 0.00068

Le Gallion Sortilege Parfum de Toilet 0 0
Germain Montel Royal Secret Spray Perfume 1.5 0.00405

Royal Secret Cologne 1 0.00270
Givenchy Givenchy 3 Toilet Water 0 0

Le De Givenchy Toilet Water 0.016 to 0.031 0.00004 to 0.00008
Givenchy Gentleman 0 0
L’Interdit Toilet Water 0.031 to 0.062 0.00008 to 0.00017

Guerlain Mitsouko Toilet Water 1 0.00270
Guy Laroche Drakkar Toilet Water 0.125 to 0.25 0.00034 to 0.00068
Helen Rubenstein Apple Blossom Toilet Water 0 0

Courant Toilet Water 0 0
Heavensent Toilet Water 0.125 0.00034

Hermes Caleche Parfum de Toilet 0.75 0.00203
Calèche Perfume 1 to 1.5 0.00270 to 0.00405

Houbigant Chantilly Cologne 0 0
Quelques Fleurs perfume 0.031 0.00008

Lancome Magie Perfume 0.016 to 0.031 0.00004 to 0.00008
Lanvin Eau Arpège 0 0
Lenthric Onyx Aftershave 0 0
Leonard Fashion de Leonard Perfume 0.125 to 0.25 0.00034 to 0.00068
Max Factor Citrus Music Aftershave 0 0
Molyneux Fête Perfume 0 0
Nina Ricci Farouche Perfume 0.125 0.00034

L Air du Temps Toilet Water 0.031 to 0.062 0.00008 to 0.00017

( C o n t i n u e d  o n  P a g e  2 5 8 . )
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Table IV  (Continued)

Manufacturer Perfume

Estimated Bergamot 
Equivalent Based Upon 
0.27 g/100 ml 5-MOP 

(ml/100  ml)

Estimated 5-MOP 
Concentration 

(g/100 ml)

Paco Rabanne Calandre Perfume 0.5 0.00135
Paco Rabanne Toilet Water 0.062 0.00017

Prince Matchabelli Cachet Cologne 0 0
Wing Song Toilet Water 0 0

Puig Aqua Brava Aftershave < 0.016 <0.00004
Puig Aftershave <0.016 <0.00004

Revlon Aquamarine Toilet Water 0 0
Charlie Cologne < 0.016 <0.00004
Intimate Toilet Water <0.016 <0.00004

Rochas Audace Perfume 2 to 2.5 0.00540 to 0.00675
Eau de Rochas 1 0.00270
Femme Cologne 0.125 0.00034
Femme Toilet Water 0.125 0.00034
Femme Perfume 1 to 1.5 0.00270 to 0.00405
Madame Rochas Parfum 0.031 to 0.062 0.00008 to 0.00017

de Toilet
Monsieur Rochas Cologne 0.031 to 0.062 0.00008 to 0.00017

Shulton Old Spice Aftershave 0.031 0.00008
Vanda Si Jolie Cologne <0.016 <0.00004
Vidal Pino Sylvestre Cologne 0.75 to 1 0.00203 to 0.00270
Yardley Bond Street Cologne 0.25 to 0.5 0.00068 to 0.00135

Caprice Cologne 0 0
Cougar Aftershave < 0.016 <0.00004
Flair Cologne 0.125 to 0.25 0.00034 to 0.00068
Khadine Cologne 0.062 0.00017
Reverie Cologne 0.016 0.00004
Sea Jade Cologne 0 0
Shanida Cologne 0.125 0.00034

Yves Saint Laurent Rive Gauche Cologne 0.125 0.00034
(Y.S.L.)

Y.S.L. After shave 0.75 to 1 0.00203 to 0.00270
Y.S.L. Toilet Water (Males) 0.75 to 1 0.00203 to 0.00270
Y.S.L. Toilet Water (Females) 0.062 to 0.125 0.00017 to 0.00034
Y.S.L. Perfume 0.25 to 0.5 0.00068 to 0.00135

bergamot oil). It was impossible to predict the presence or absence of 5-MOP from the 
price, kind or manufacturer of the perfume.
Recovery experim ents. As shown in Table IV, the concentration of 5-MOP in Paco 
Rabanne toilet water and Agua Brava aftershave, as determined by the C. albicans test, 
was 0.00017 and <0.00004% respectively, whereas Caprice cologne and Wind Song 
toilet water did not contain any 5-MOP. Following the addition of a known quantity of 
bergamot oil and using the same test, the concentration of 5-MOP in the resultant solu
tions was shown to be approximately 0.00135%. The recovery of bergamot oil from 
these perfumes was, therefore, virtually complete. Of the four resultant solutions, only 
Agua Brava aftershave had a TLC pattern similar to that of bergamot oil and Group A 
perfumes. The TLC pattern of Paco Rabanne toilet water, Caprice cologne and Wind 
Song toilet water was similar to that of Group B perfumes, which showed a poor 
separation of 5-MOP from the adjacent TLC bands. This was further confirmed by 
spectrophotometry where the absorption spectrum of the 5-MOP band of Agua Brava
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Table V
A Comparison of the Phototoxic Activity of Yves Saint Laurent Toilet Water 

Using Bergapten TLC Fraction, Filter Paper Disc and Silica Gel 
to Which the Perfume Was Added

Bergapten TLC 
Fraction

Whole Perfume On 
Filter Paper Disc

Whole Perfume 
On Silica Gel

Diameter of Killing
Zone (mm) 26.8 25.2 23.6

S.E.M. 0.37 0.20 0.40

aftershave was similar to that of bergamot oil and different from that of three other 
perfumes.
T h e  im portance o f  T L C . The results of the phototoxic effects of YSL toilet water using 
the bergapten TLC fraction, 10 mm filter paper discs and silica gel containing the whole 
perfume, are shown in Table V. The killing zone was largest with the bergapten TLC 
fraction and smallest with the silica gel containing the whole perfume; the filter paper 
disc produced an intermediate result. The values obtained for the filter paper discs and 
silica gel differed significantly from the result of the bergapten TLC fraction at the 1 
and 0.1% levels of probability respectively, when the Student’s “t” test was used. A 
number of perfumes produced killing of the yeast in the nonirradiated plates when the 
whole perfume was applied to filter paper discs. The perfumes, which on TLC were 
shown to contain 5-MOP (Chanel 5, Quelques Fleurs and Fête perfumes, Charlie 
Cologne and Cougar aftershave), produced an inhibitory zone in the control plate 
smaller than that obtained in the irradiated plate. Others which did not show a definite 
5-MOP fraction on TLC (Bellodgia, Youth Dew, Ritz and Estee Lauder perfumes and 
Aquamarine toilet water) produced an inhibition zone in the control plate equal to that 
obtained in the irradiated plate.

THE SPECTROPHOTOMETRIC TEST

The results of the determination of 5-MOP concentration in some of the perfumes 
tested using this technique are shown in Table VI.
It was impossible to perform accurate quantitative analysis of 5-MOP in Group B 
perfumes because the method was based on a comparison of the absorption of the 
5-MOP TLC fraction of perfumes with that of bergamot oil and a significant contami
nation of this fraction was expected to yield higher results. This was indeed the case

Table VI
The Estimated 5-MOP Concentration in Perfumes Using the Spectrophotometric Test. 
Group A Represents Perfumes Which Have a Relatively Clear Bergapten TLC Fraction. 

In Group B Perfumes, the Bergapten TLC Fraction Shows Significant Impurities

Manufacturer Perfume Group

Estimated Bergamot 
Equivalent Based Upon 
0.27 g/100 ml 5-MOP 

(ml/100 ml)

Estimated 5-MOP 
Concentration 

(g/100 ml)

Christian Dior Eau Sauvage Toilet Water A 0.90 0.00243
Faberge' Brut Aftershave B 2.70 0.00729
Rochas Eau de Rochas A 1.00 0.00270
Vidal Pino Sylvestre Cologne A 0.90 0.00243
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with Brut aftershave, which was shown to contain 0.00729% 5-MOP using the spec- 
trophotometric test and only 0.00068% with the C. albicans test. The results of Group 
A perfumes, on the other hand, were similar to those obtained with the C. albicans test 
in the samples tested. The bergapten TLC fraction of this group of perfumes showed 
only a slight impurity and the absorption spectrum was very close to that of 5-MOP 
fraction of bergamot oil used as reference. The spectrophotometric test was impractical 
for the assessment of Group A perfumes which contained very small concentrations of 
5-MOP since a large number of 25 /til TLC spots would have been required for a reli
able estimate to be made. For example, approximately 60 aliquots (25 /u.1) of Ritual 
Cologne and 500 aliquots of Intimate toilet water would have been required to obtain 
an adequate amount of 5-MOP in order to make a determination feasible. Attempts to 
concentrate these perfumes by chloroform extraction did not yield encouraging results 
and the use of a larger volume such as 100 p-l TLC spots resulted in a poor separation of 
5-MOP from the adjacent bands.

DISCUSSION

Fowlks, Griffith and Oginsky (8) described the photosensitization of bacteria by 
psoralens and related compounds using paper-disc diffusion method on agar plates. 
Filter paper discs were impregnated with the test compounds and arranged uniformly 
on freshly solidified agar layer in a Petri dish. Another agar layer with bacteria was 
poured over the discs, left to solidify and incubated at 37°C. Activity of the compound 
was determined by measuring the diameter of bacteria-free zones surrounding the 
discs.
Daniels' use of C. a lbicans (5) made this procedure much simpler, since the yeast has 
the advantage of growing rapidly at room temperature after direct inoculation onto 
the surface of agar plates. The need for incubation at 37°C and the addition of another 
layer of agar containing the microorganisms thus became unnecessary. Lethal photo
sensitization of the yeast was assumed to have occurred since many attempts to replate 
organisms from the clear zone had failed. Although the technique was designed pri
marily for screening purposes, preliminary studies of quantitative relationship between 
furocoumarins were performed and the possible use of the test in quantitative estima
tions of psoralens was suggested.
The spectrophotometric method was used by Cieri (6) for the determination of 5-MOP 
content of bergamot oil and some other essential oils. The procedure, however, was 
lengthy and tedious and a number of modifications were introduced which simplified 
the method, making it easier for ordinary day-to-day laboratory determinations (2). 
The test is based on a comparison of the ultraviolet absorption of bergapten TLC frac
tion of the perfume and a known concentration of bergamot oil. Any impurities 
present in the bergapten TLC band of the perfume would lead, therefore, to a greater 
ultraviolet absorption and a higher concentration. The bergapten TLC fraction of 
Group B perfumes showed a significant degree of contamination and the absorption 
spectrum was very different from that of pure 5-MOP. Hence, the spectrophotometric 
test could not be used for the determination of the 5-MOP content of these perfumes. 
Even the mild impurity of 5-MOP fraction of bergamot oil produced a slight increase in 
the concentration of 5-MOP in bergamot oil as pure 5-MOP was used as a reference. 
The small degree of contamination of the bergapten TLC fraction of Group A
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perfumes did not affect the spectrophotometric determination since such an effect was 
cancelled by a similar degree of contamination of the 5-MOP band of the bergamot oil 
used as reference.
It is apparent from the results of the present experiments that the C. albicans 
phototoxicity test can indeed be useful for the determination of the concentration of 
photoactive psoralens in solutions such as perfumes. It is sensitive to 5-MOP, 8-MOP 
and bergamot oil in quantities of 0.01 gg, 0.05 gg and 0.005 /aI respectively. A greater 
degree of accuracy was obtained when quantities smaller than 0.27 gg 5-MOP (0.1 gl 
bergamot oil) were applied to each test site on the agar plate. The volume of each 
perfume chosen for testing depended therefore on the concentration of 5-MOP in that 
perfume and had to be adjusted to give a final quantity in the range of 0.0135 to 0.27 
gg (0.005 to 0.1 gl bergamot oil).
Using the yeast phototoxicity test, 5-MOP was found to be five times more photoactive 
than 8-MOP, although photopatch testing carried out on human skin showed that 
8-MOP is slightly more active than 5-MOP (2). The difference was originally suspected 
to be due to relative diffusion of the psoralens in agar. Preliminary results, using a tur- 
bidmetric test in which diffusion of the psoralens does not affect the determination, 
support these findings however. The cause of the discrepency between the in  vitro and 
in  vivo tests is not clear, although factors which affect absorption and penetration of the 
chemical into the skin may play an important role. A discrepancy between the two 
systems was also noted with quinoline methanols (9), tetramethylthiurammonosul- 
phide (10) and tribromosalicylanilide (11).
Although it is easier in the C. albicans test to avoid the use of the TLC procedure by ap
plying the whole perfume on filter discs, TLC is considered an essential step in this test 
because it uncovers the nature of the photoactive component. In addition, TLC 
improves the sensitivity of the test since the diameter of the killing zone produced by 
the bergapten TLC fraction is significantly larger than that obtained with the filter 
paper disc containing the whole perfume. The larger killing zone was originally 
thought to be due to a better diffusion of 5-MOP from silica gel than from filter paper 
discs. However, the difference became more apparent when silica gel containing the 
whole perfume was compared with silica gel containing only the 5-MOP fraction, sug
gesting that the difference in zone size might have been due to incomplete release of 
5-MOP from the other constituents of the perfume. Although no thorough investiga
tions were performed to assess the effects of the impurities of the bergapten TLC frac
tion of Group B perfumes on the results of C. albicans test, it was considered unlikely 
that the impurities could greatly hinder the diffusion of 5-MOP. The preliminary 
results of the recovery experiments support this assumption. Although TLC offers a 
number of advantages, the disc technique is useful for screening purposes when an ap
proximate estimation of the content of a known extract is required. In addition, it 
provides a good alternative where TLC cannot be adequately performed as with oily, 
greasy and semi-solid cosmetics. Direct toxicity to the yeast that has not been en
countered with bergapten TLC should always be considered when the disc technique is 
used and should be assessed by means of duplicate nonirradiated culture plates.
The 5-MOP content of different samples of bergamot oil varies significantly and pre
vious studies demonstrated the importance of determining the bergapten concentra
tion prior to its use in photopatch testing (2). Similarly, it is important in the determi
nation of the 5-MOP content of perfumes using the C. albicans test to use bergamot oil
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with a known concentration of bergapten, since the test essentially compares the 
phototoxic effects of 5-MOP fraction of known dilutions of bergamot oil with 5-MOP 
fraction of bergamot oil present in perfumes. The results are therefore best expressed 
as 5-MOP content of perfumes but could well be reported as concentration of 
bergamot oil of known 5-MOP content.
Of 108 randomly selected perfumes, 62 (57.4%) contained bergapten in concentra
tions of 0.00004% or more. The significance of the presence of 5-MOP, even in small 
concentrations in perfumes, and its relationship to hyperpigmentation of the sides of 
the face and neck have already been demonstrated (1). Photopatch testing carried out 
on the skin of the midback showed a positive response, consisting of erythema and sub
sequent pigmentation, to a number of perfumes and also to bergamot oil (Coty) in 
concentrations of 0.25% (0.00068% 5-MOP) in some normal subjects and 0.125% 
(0.00034% 5-MOP) in some patients with Poikiloderma of Civatte (1). Individual 
variation in the degree of response to 5-MOP exists and the minimal effective 
concentration to produce a response is affected by many factors such as the kind of ve
hicle used, the site of phototesting, the hydration of the skin, the repeated applications 
and irradiations and the degree of natural or sun-induced pigmentation (4). Thus, a safe 
concentration for each individual cannot always be exactly defined and it is therefore 
recommended that perfumes free from 5-MOP or those which contain an extremely 
low concentration (e.g., <0.00008%) be used by patients suffering from Civatte’s 
Poikiloderma and subjects who on photopatch testing are shown to be sensitive to 
small concentrations of 5-MOP. It is hoped that the cosmetic industry will soon realize 
the noncosmetic effects of the presence of 5-MOP in natural bergamot oil and that, 
instead, 5-MOP-free or artificial bergamot oil will be used in perfumes.
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Synopsis

PERCUTANEOUS ABSORPTION of five "C-labelled OILS, n-octadecane, decanoxy decane, 
2-hexyldecanoxy octane, isopropyl myristate and glyceryl tri-(oleate), generally used in COSMETICS were 
studied from the point of view of their safety. In whole body AUTORADIOGRAPHY with hairless mice, 
there was no visible penetration into the skin and organs, whereas microautoradiography with guinea pigs 
showed local penetration. Isopropyl myristate penetrated to the greatest extent, whereas 2-hexyldecanoxy 
octane was hardly absorbed.

Percutaneous absorption of these two oils, therefore, was examined in Angora rabbits by microautora
diography simultaneously with skin irritation potential by histological method from the following aspects: 1. 
patterns of penetration and irritation according to application time and 2. fate within the skin and pattern of 
irritation after application. In addition, intradermal metabolic fate was also studied in vito.

INTRODUCTION

Skin irritations or eruptions caused by cosmetics are very serious problems from a 
social viewpoint. Skin penetration of irritants in cosmetics used topically is a prerequi
site of their causing responses in the living cells of the epidermis and underlying 
dermis. Thus, cosmetic chemists have long been interested in percutaneous absorption 
as a very important phenomenon.
From the standpoint mentioned above, the authors have been studying percutaneous 
absorption of cosmetic constituents not only to examine their permeability, but also to 
evaluate its relationship to the occurrence of irritation and toxicity. The findings re
garding these relations are expected to improve the quality of cosmetics in terms of 
their safety.
Though percutaneous absorption has been measured on some available materials used 
in small amounts in cosmetics, e.g.. germicides (1-4), hormones (5-7), vitamins (8,9) 
and surfactants (10-12), little data have been reported on the base materials of cos
metics. In this paper, percutaneous absorption of several oils used as bases in cosmetics 
were studied in hairless mice, guinea pigs and Angora rabbits.

26 5
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Methods of measuring percutaneous absorption have been reviewed by Ainsworth 
(13), Barr (14), Tregear (15), Grasso and Lansdown (16) and Idson (17). In this study, 
the technique of microautoradiography was employed together with that of whole 
body autoradiography developed by Ullberg (18). Simultaneously, primary irritation 
potentials were observed histologically on the same substances.
In addition, intradermal metabolic fates of the oils were also examined radiochromato- 
graphically.

MATERIALS

Isopropyl myristate-14C (14C-IPM), decanoxy decane-14C (14C-DD) and 2-hexylde- 
canoxy octane-14C (14C-HDO) were synthesized from l-14C-myristic acid, l-14C-decyl 
bromide and l-14C-octanol respectively in our laboratory. The above starting materials, 
glyceryl tri-(oleate-l-14C) (14C-GTO) and l-I4C-octadecane (14C-OD) were obtained 
from Daiichi Pure Chemicals. These labelled compounds were chemically and radio- 
chemically pure as checked by thin layer chromatography using several different 
solvent systems and scanning with a radiochromatogram scanner Aloka TLC-2D. 
Specific activities of these five oils were adjusted approximately to 0.2 n-Ci/mg suitable 
for this study.
An oil-containing hydrophilic ointment was prepared in the following formula: 14C- 
labelled oil 5%, white petrolatum 30%, stearyl alcohol 15%, propylene glycol 12%, 
sodium lauryl sulfate 2% and distilled water 36%.

METHODS

WHOLE BODY AUTORADIOGRAPHY WITH HAIRLESS MICE

Male hairless mice (hr/hr strain) weighing 25 g (average) were used. Applied to the 
dorsal skin of animals under occlusion were 0.01 ml of the radioactive oils on 2.5 cm 
diameter Japanese papers backed with Lumirror® film (Toray Industries, Inc.) or 50 mg 
of the oil-containing hydrophilic ointments on 2.5 cm diameter filter papers (Toyo 
Roshi Co., Ltd.). The treated areas of skins were covered with 3M Co.’s Micropore sur
gical tape.
The mice were anesthesized with diethyl ether and immersed immediately in a dry ice- 
acetone bath ( — 78°C) at different intervals (1, 6, 24 and 48 hr). Subsequently, whole 
body autoradiography was carried out according to the Ullberg method (18). Forty /rm 
sagittal sections adhering to Scotch® Tape No. 810 (Sumitomo-3M Co., Ltd.) were 
prepared with a Jung type microtome from Yamatokoki Co., Ltd., in a freezing room 
(— 15°C). The sections were allowed to dry in that room, then brought into contact with 
Sakura X-ray film Industrial Type N (Konishiroku Photo Ind. Co., Ltd.), and exposed 
for 40 days. The film development was according to the usual procedure recommended 
by the manufacturer.

MICROAUTORADIOGRAPHY WITH GUINEA PIGS

Male guinea pigs (Hartley strain) weighing 340 g (average) were used. The hair on the 
dorsal region of animals was removed with a hair clipper and an electric shaver one day
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prior to topical application. The radioactive oils (0.01 ml on 2.0 cm diameter Japanese 
papers backed with Lumirror® film) were applied to the clipped areas of skins. These 
treated sites were covered with Micropore® surgical tape.
The animals were sacrificed at 6 and 24 hr after application. The skins were excised and 
frozen immediately by immersion in hexane cooled with dry ice-acetone. Using a Jung 
type microtome, 20 /¿m  frozen sections were cut and dried in a freezing room (— 15°C).
After drying the sections were transferred onto the glass slides, and then covered with 
Fuji autoradiographic stripping films in the dark room. After 50 to 170 days of ex
posure at 5°C, the films were developed according to the usual procedure recom
mended by the manufacturer and the sections were stained in the usual manner with 
Harris’ hematoxylin and mounted.

MICROAUTORADIOGRAPHY WITH ANGORA RABBITS

Male Angora rabbits weighing 2.5 kg were used. Two 5 X 6  cm areas were made on the 
dorsal region of an animal symmetrically with a median line by removing hair with the 
same manner mentioned above. Then, 0.02 ml of 14C-IPM or 14C-HDO on 3-0 cm 
diameter Japanese papers were applied to these sites for 2, 6 and 24 hr occlusively.
After the animals were sacrificed by air embolism, the treated skins were excised and 
divided into two pieces parallel to a median line. One was frozen in dry ice for 
microautoradiography, and the other was fixed in 10% formalin for histological 
observation. Microautoradiography was undertaken according to the usual method 
mentioned above.

HISTOLOGICAL STUDIES

For histological observation, the specimens were embedded in celloidin and paraffin. 
Serial sections cut at 5 Aim mounted on slides were processed through xylol, alcohol to 
water. The slides were stained in the usual manner with hematoxylin and eosin, and 
mounted.

OBSERVATION OF FATE W ITHIN SKIN

In the same manner described above, 0.02 ml of 14C-IPM or 14C-HDO were applied to 
the dorsal skins of Angora rabbits. After 24 hr the 14C-compounds were removed and 
wiped from the skin surfaces with sanitary cotton. The treated sites were then 
protected with occlusive dressing during this experiment. At zero, one, three, six and 
ten days after the removal, the animals were sacrificed by air embolism and the treated 

fins were excised. Then microautoradiograms and histological specimens were pre
pared by the procedure described above.

METABOLIC FATE AFTER INTRADERMAL ADMINISTRATION

Angora rabbits, whose hairs had been removed with an electric clipper one day before 
injection, were injected intradermally in their dorsal skins with 0.05 ml of 14C-IPM 
(0.14/u.Ci) or 14C-HDO (0.18/zCi). Two rabbits were employed for each substance and 
six sites were used with each rabbit. At 0, 24 and 72 hr after injection, 1-cm-punch
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specimens were taken from the injected sites of each animal. Two additional control 
specimens were obtained from each animal.
Metabolites were extracted from each specimen with 4 ml of chloroform in a vial for 
two days at —20°C in order to avoid decompositions of labelled compounds. After the 
extract was filtered with cotton wool, the filtrate was dried up quickly. Then the 
residue was redissolved in 1 ml of chloroform.
A 0.1 ml aliquot part of this solution was used for liquid scintillation counting with 
Aloka LSC-601, and the remainder was spotted on a silica gel plate. After developing, 
the plate was scanned with a radiochromatogram scanner Aloka TLC-2D in order to 
identify metabolites. After extraction, the specimen was digested and counted for ra
dioactivity by the method of Petroff et al. (19).

RESULTS

WHOLE BODY AUTORADIOGRAPHY WITH HAIRLESS MICE

The distribution of 14C-labelled IPM, DD, HDO, GTO and OD was assessed by whole 
body autoradiography with hairless mice sacrificed at 1, 6, 24 and 48 hr after topical ap
plication. Neither neat oils nor those in hydrophilic ointments penetrated into body 
organs. The oils were still localized on the applied regions 48 hr after application. The 
autoradiograms at 48 hr after application of oil-containing ointments are shown in 
Figure 1.

MICROAUTORADIOGRAPHY WITH GUINEA PIGS

The distribution of five 14C-labelled oils was observed by microautoradiography in the 
skins of guinea pigs sacrificed at 6 and 24 hr after topical application. Each oil had a 
characteristic pattern of distribution in the skin depending on application time. The 
microautoradiograms of these oils are shown in Figure 2.
IP M . After 6 hr, the transfollicular penetration was observed, which resulted in the 
concentration of silver grains into the sebaceous glands. The silver grains are derived 
from and show the distribution of radioactive substance. The grains were distributed in 
the stratum spinosum. After 24 hr, the grains were distributed densely in the hair in
fundibula, the follicles, the stratum spinosum and particularly the sebaceous glands. 
Also, the dermis adjacent to them had a slight distribution of grains.
G T O . After 6 hr, the silver grains were distributed from the stratum corneum to the 
sebaceous glands, but not so marked as those in IPM. After 24 hr, however, the grains 
spread up to the hair bulges and concentrated considerably in the sebaceous glands. 
The grains were observed slightly in the dermis under the basal layer and around the 
hair follicles and the sebaceous glands.
O D . After 6 hr, the silver grains were distributed a little from the hair infundibula to 
the sebaceous glands. After 24 hr, those were concentrated in the sebaceous glands and 
spread to the dermis around them.
D D . After 6 hr, the silver grains did not appear in the skin. After 24 hr, the grains 
were observed slightly from the hair infundibula to the sebaceous glands. This 
substance was found to be absorbed at a slow rate.
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Figure 1. Whole body autoradiograms showing the distribution of radioactivity in hairless mice at 48 hr 
after topical application of 14C-oil-containing hydrophilic ointments. No oils were penetrated into body 
organs. The radioactivities of oils were localized on the applied regions. The right of figure is head and the 
left is tail

H D O . The silver grains were not observed in the skin even after 24 hr. It was thought 
to be absorbed little or at an extremely slow rate.
From the results above, the absorbability of the oils was found reasonably in the 
following order from greatest to least: IPM, GTO, OD, DD and HDO.
Therefore, percutaneous absorption on IPM as the highest penetrant and HDO as the 
lowest was then examined in Angora rabbits by means of microautoradiography more 
deeply, simultaneously with skin irritation potential by histological method.



Figure 2. Microautoradiograms showing the distribution of radioactivity in the skin of guinea pigs after 
topical application of HC-labelled oils. 1) IPM, 2) GTO, 3) OD, 4) DD, 5) HDO and A) 6 hr, B) 24 hr (see 
text)

27 0
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Figure 3- Microautoradiograms showing the distribution of radioactivity in the skin of Angora rabbits after 
topical application of 14C-IPM. A) intact skin, B) 2 hr, C) 6 hr, D) 24 hr. Note the concentration in the se
baceous glands and epidermis

MICROAUTORADIOGRAPHY AND HISTOLOGY WITH ANGORA RABBITS

The distributions and skin irritation potentials of 14C-labelled IPM and HDO were 
examined by microautoradiography and histological method in the skins of Angora 
rabbits sacrificed at 2, 6 and 24 hr after topical application.
IP M . 1. Microautoradiography: after 2 hr, the silver grains were already observed 
sparsely in the hair follicles and the epidermis, especially centered in the sebaceous 
glands. Then the grains became concentrated during the period of application. The 
dermis adjacent to the sebaceous glands and beneath the epidermis had an increasing 
distribution of grains with the time course (Figure 3).
2. Histology: histological changes due to IPM were not intense at 2 and 6 hr. The 
infiltration of polymorphonuclear leucocytes was observed in the hair follicles and the 
collagen fibers under the epidermis were seen to become fine. Also, the infiltration of 
small mononuclear and polymorphonuclear leucocytes into the upper layers of dermis 
was slightly observed.
After 24 hr, the epidermis was thickened to three or four cell layers. The epidermal 
cells became swollen and round. Vacuolation around nuclei was also observed. The 
keratohyalin granules disappeared in a wide area so that the stratum corneum was 
thinned. The sebaceous glands became larger. In the dermis, the collagen fibers became 
fine and marked vasodilatation was seen together with partial hemorrhage (Figure 4).

H D O . 1. Microautoradiography: after 2 hr, the silver grains were observed in the se
baceous glands and the adjacent dermis. Then the grains over the sebaceous glands and
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Figure 4. Light micrographs showing the histological feature in the skin of Angora rabbits after topical ap
plication of 1JC-IPM. A) intact skin, B) 2 hr, C) 6 hr, D) 24 hr. The changes of cells in the epidermis and 
collagen fibers in the dermis and the infiltration of polymorphonuclear leucocytes were observed

the hair bulges became concentrated during the period of application and, further, the 
distribution was spread to the deep regions of the hair follicles. Simultaneously, the 
surrounding dermis had an increasing distribution of grains. Also, the diffusion of 
grains from the epidermis down to the dermis appeared increased (Figure 5).
2. Histology: marked changes in the epidermis and the dermis were scarcely observed 
at 2 and 6 hr. The epidermis was composed of two or three layers and each cell became 
swollen and round. Weak edema was seen at 24 hr together with slightly increasing 
infiltration of small mononuclear leucocytes in the upper layers of the dermis. Vasodi
latation or hemorrhage were not observed (Figure 6).
The results indicated that the irritation potential of HDO was extremely low. 

OBSERVATION OF FATE WITHIN SKIN

The patterns of the distribution and the skin irritation potentials of 14C-labelled IPM 
and HDO were observed by microautoradiography and histological method in the 
skins of Angora rabbits sacrificed at zero, one, three, six and ten days after 24 hr topical 
application.
IP M . 1. Microautoradiography: IPM was distributed into the skin both transeptider- 
mally and transfollicularly immediately after 24 hr application. The density of grains in 
the epidermis and the hair follicles was maximal at one day after the finish of applica-
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Figure 5. Microautoradiograms showing the distribution of radioactivity in the skin of Angora rabbits after 
topical application of 14C-HDO. A) 2 hr, B) 6 hr, C) 24 hr. Note the concentration in the sebaceous glands 
and epidermis
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Figure 6 . Light micrographs showing the histological feature in the skin of Angora rabbits after topical ap
plication of “ C-HDO. A) intact skin, B) 2 hr, C) 6 hr, D) 24 hr. Acanthosis and edema were observed

tion. After that, the grains disappeared gradually from these sites. This finding was 
assumed due to the removal of the isotope from the skin by the turnover of the epi
dermis and the hair growth. After six days, the grains were not found in the sebaceous 
glands and after ten days, only the stratum corneum and apart of hair lumina had a dis
tribution of grains. On the other hand, IPM in the dermis decreased abruptly from one 
to ten days, and so the grains disappeared completely from the dermis at ten days 
(Figure 7).
2. Histology: in the epidermis acanthosis increased from zero to three days and then 
decreased from six to ten days. After ten days, however, marked changes were still ob
served as compared with the intact skin. Namely, vacuolization and swelling of 
Malpighi layer cells remained and swelling of the follicular cells was also found. In the 
dermis, edema, vasodilatation and hemorrhage increased from zero to three days and 
remained high and severe from six to ten days (Figure 8).
The results showed that irritation reaction proceeded characteristically with the time 
course though IPM disappeared from the skin. Thus it was assumed that the revelation 
of irritation was influenced by the sensitivity and the repairability of a living body, not 
absolutely by the existence or remainder of an irritant.
H D O . 1. Microautoradiography: HDO was absorbed deeply along the hair follicles up 
to the hair matrixes, especially in the sebaceous glands, and in the upper layers of the 
dermis both transepidermally and transfollicularly after 24 hr application. Such a
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Figure 7. Microautoradiograms showing the distribution of radioactivity within the skin of Angora rabbits 
at various times after 24 hr topical application of 14C-IPM. A) zero day, B) one day, C) three days, D) six 
days, E) ten days. Note the changes of concentration in the sebaceous glands and epidermis

tendency continued from one to three days after the finish of application. After six 
days, however, the grains remained only slightly in the sebaceous glands and became 
decreased in the dermis. After ten days, the density of grains in the sebaceous glands 
and the dermis was extremely diminished and almost unseen (Figure 9).

2. Histology: from zero to one day after 24 hr application, edematous changes were 
mainly observed in the dermis, while acanthosis became increased gradually but quite 
weakly in the epidermis. From three to six days, acanthosis and edema were found 
decreased; they almost disappeared at ten days. Vasodilatation first appeared at three
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Figure 8. Light micrographs showing the histological feature within the skin of Angora rabbits at various 
times after 24 hr topical application of 14C-IPM. A) intact skin, B) zero day, C) one day, D) three days, E) six 
days, F) ten days. The changes of acanthosis in the epidermis and edema, vasodilatation and hemorrhage in 
the dermis were observed

days and continued until ten days. The sebaceous glands were found swollen and large 
through the period of the experiment (Figure 10).

METABOLIC FATE AFTER INTRADERMAL ADMINISTRATION

The metabolites were extracted from the skin specimens in which I4C-labelled IPM or 
HDO was injected. One tenth of the extracts for each specimen was taken for the 
liquid scintillation counting. Figure 11 shows the recovery percentage of labelled oils
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Figure 9- Microautoradiograms showing the distribution of radioactivity within the skin of Angora rabbits 
at various times after 24 hr topical application of 14C-HDO. A) intact skin, B) zero day, C) one day, D) three 
days, E) six days, F) ten days. Note the changes of concentration in the sebaceous glands and dermis

plotted against time, which indicated that radioactivity remaining in the injected site 
was reduced to 43% at 24 hr and 20% at 72 hr for IPM, while HDO remained 42 to 
43% at 24 and 72 hr.
Figure 12 shows the scanning curves of thin layer radiochromatograms of the extracts 
where no metabolites were found even after 72 hr for both oils. These results sug
gested that irritation was caused by the applied substances themselves and not by their 
metabolites in the case of IPM and HDO.
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Figure 10. Light micrographs showing the histological feature within the skin of Angora rabbits at various 
times after 24 hr topical application of 14C-HDO. A) intact skin, B) zero day, C) one day, D) three days, E) 
six days, F) ten days. The changes of acanthosis in the epidermis and edema and vasodilatation in the dermis 
were observed

DISCUSSION

Whole body autoradiography is a useful method since it can visualize the behavior of 
an applied material in the body and its possible metabolic routes then estimated. Figure 
13 from our previous paper (20) showed autoradiograms of percutaneously absorbed 
14C-hexachlorophene where the isotope was accumulated in the liver and excreted 
through the gallbladder to the small intestine at 6 hr after topical application. Such a 
well absorbed material gives a clear autoradiographic feature. However it is not avail
able for the materials of low percutaneous absorbability as shown in Figure 1. Besides,
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Figure 11. Recovery percentage of 14C-labelled oils injected intradermally, plotted against time

Figure 12. Scanning curves of thin layer radiochromatograms of extracts from skin specimens
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Figure 13. Whole body autoradiograms showing the distribution of radioactivity in hairless mice after 
topical application of l4C-hexachlorophene in hydrophilic ointment. A) 1 hr, B) 6 hr. After 6 hr, the ra
dioactivity was distributed in the liver, gallbladder and small intestine

penetration routes of chemicals into the skin or their interactions with the skin cannot 
be examined. It is not possible to compare the absorbability of cosmetic oils of low 
permeability with each other.
From these viewpoints, microautoradiography was introduced to investigate and eluci
date the percutaneous absorption of five oils with guinea pigs. The absorbability which 
could not be seen by whole body autoradiography was found to decrease in the follow
ing order by this method: IPM, GTO, OD, DD and HDO (Figure 2). The comparison 
of skin irritation potentials was attempted in this experiment by macroscopic observa
tion of erythema. As shown in Table I, the skin irritation potentials were in agreement

T a b le  I
Response of Guinea Pig Skin with Oil

substance erythema  
6 hr 24 hr

Isopropyl myristate + + - -H-
Decanoxy decane + +
n - Octadecane ± ±

Glyceryl  t r i - (o leate) ± —
2 - Hexyldecanoxy octane - —

C r i t e r i a —  no e r y t h e m a  
±  s l i g h t  e r y t h e m a  
+  m o d e r a t e  e r y t h e m a  

4 f  severe  e r y t h e m a
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with the absorbabilities observed by microautoradiography. Therefore it is assumed 
that the penetration of a material is a necessary condition, though not sufficient in it
self, for the occurrence of irritation.
More detailed investigations with Angora rabbits were made on the highest and the 
lowest absorbed oils to compare them and study the relationship between permeability 
and irritation. The relationship between accumulation or disappearance of the oils in 
the skin and occurrence or disappearance of irritation was also an interesting problem. 
Figures 3 to 6 showed that IPM revealed much more severe irritation than HDO did, 
though both of these oils penetrated into the skin. As shown in Figures 4 and 6, the ir
ritation patterns of the two were rather different. Namely, IPM induced acanthosis, 
edematous degeneration of the collagen fibers and changes in the blood vessels, while 
HDO gave rise mainly to edema in the dermis. Figures 7 and 9 suggested that IPM had 
a good affinity for the epidermis and the hair follicles and showed a distinct boundary 
between the dense and sparse distribution of grains, while HDO had a continuous dis
tribution from the epidermis or the sebaceous glands to the adjacent dermis. The 
grains of both oils increased a little after one day, but gradually disappeared from the 
skin during the experiment. IPM showed a higher skin irritation potential than HDO 
did also from the results of macroscopic observation of erythema and microscopic 
investigation of histology (Figures 8, 10). Since both oils are found to penetrate into 
the skin, the penetration of a material is not the sufficient condition for the occurrence 
of irritation. It is evident that the reaction potential of the penetrated material with the 
skin is the most important factor. The results in Figures 7 to 10 suggested that there 
existed a time lag from the arrival of the penetrated material at the living cells to the 
revelation of inflammation.
Difference in permeability between the animal species was also observed. The oils 
were more permeable into the skin of Angora rabbits than into that of guinea pigs. 
Bartek et al. showed in their comparison study of animal species (rat, rabbit, pig and 
man) that drugs penetrated most into rabbit skin and least into human skin, and that 
the permeability of the skin of miniature swine was the closest to that of human skin 
(21). IPM was found to penetrate into the skin of miniature swine by microautora
diography in our laboratory (22). According to these findings, this oil is thought to 
penetrate into human skin also, though IPM is known to generate no erythema on the 
skin of either miniature swine or man (23). Therefore observation of erythema alone is 
not sufficient for the safety of cosmetic chemicals.
Though the oils that penetrated into the sebaceous glands and the epidermis were seen 
to eject out of the skin, those in the dermis could not move out in this manner. Did 
they remain in the dermis or were they carried away by the blood circulation? Micro
autoradiography could not answer this problem clearly. Intradermal administration of 
the oils partly elucidated the problem showing that IPM became decreased gradually 
from the dermis; HDO tended to remain there, though both were not metabolized in 
»■he dermis (Figures 11, 12).
rrom the unpublished data of the authors, IPM was found to be distributed into almost 
all organs by means of whole body autoradiography when it was injected 
subcutaneously into mice. The extracts from the liver and kidney were determined as a 
fatty acid and a triglyceride. On the other hand, HDO was located in the 
subcutaneously applied site and not distributed into the body organs. These indicated
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that HDO was localized in the skin and resistant to metabolization while IPM was 
easily distributed into the organs and metabolized.
When cosmetic bases are considered relative to their safety, their reactivity with or 
their localizing nature in the skin should be studied simultaneously with their macro
scopic skin-irritation properties.
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Synopsis
The experimental yield of internal reflection spectroscopic and contact angle techniques applied to LIVING 
HUMAN SKIN is demonstrated for natural, cosmetically treated and wounded epidermis. The critical SUR
FACE tension and chemical composition of clean human skin surfaces is provided, along with spectral data 
bearing on the efficacy and quality of cosmetics, the depth profile of skin moisture, and the CHEMICAL 
NATURE of exudates from epidermal wounds.

INTRODUCTION

Professional groups, individual research chemists, consumer safety advocates and legis
lative bodies are increasingly calling attention to the potential hazards, and unverified 
claims for quality and efficacy, of cosmetic and therapeutic products applied to skin 
surfaces. Despite the pressures generated, even modern industrial research labora
tories assessing the influence of various reagents on human skin continue to assume the 
end effects of frequent skin contact with certain chemical types without proof of the 
validity of such assumptions. For example, surfactant-containing liquids are assumed to 
damage human skin by excessive removal of skin lipids, deposition of the surface-active 
agents themselves (upon or immediately subjacent to the skin surface) and dénatura
tion of the proteinaceous structures in the epidermal layers. These actions are sup
posed to lead to the abnormal features of human skin encompassed by clinical 
symptoms of roughness, scaliness, unsightly wrinkling, irritation and dermatitis.
Since many of the functional and aesthetic qualities of human skin are attributed to the 
skin moisture balance, a continuing goal of most cosmetic “moisturizing" preparations 
is to limit or prevent transepidermal moisture losses. Here, also, the in  s itu  functions 
of the main ingredients of such preparations have not been convincingly 
demonstrated—merely assumed—to play a role in moisture retention, rather than 
simply lubricating and/or plasticizing the skin through ester imbibation. It is no longer 
necessary to accept without proof such assumptions in the development and certifica
tion of benefits for cosmetic or skin-healing products. Direct, noninvasive, relatively
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inexpensive and widely applicable methods for assessing the fate and consequences of 
materials applied to human skin in  s i tu  are now available.
Some of the situations prompting wider application of these methods are the following. 
Concerns have been expressed by the American Medical Association that traditional 
vegetable and animal cosmetic products are safe but inefficient, and new products 
derived from synthetic compounds are capable of inducing dermatitis more readily (1). 
These concerns can be addressed by direct experimental techniques. Hazel Bishop has 
cautioned that, although necessarily safeguarding their existence by “the bread and 
butter techniques available to them,” manufacturers of cosmetics who wish to share in 
the continued growth of the cosmetic industry must perform additional serious 
scientific research “which holds the key to the prestige—and the profits—which go 
with the dramatic new scientific find” (2). The type of research introduced here fits one 
of Bishop’s categories “more likely to pay-off”: creation of a chemical product to which 
one can validly apply exciting, yet unexploited claims, attracting potential customers. 
Even if the motives of professional concern and enhancement of profit were not 
operating, the mounting pressures from consumer research organizations, supplying 
well documented arguments to receptive committees of federal legislators, force the 
increased attention of cosmetic and skin treatment producers to unambiguous proofs 
of their product safety and efficacy.
In particular, the generally held belief that cosmetics stay on the skin, reflecting the im
penetrable nature of the stratum corneum surface, has been convincingly challenged by 
the recitation of research results showing very high systemic absorption of topically ap
plied chemicals; the protection of cosmetic preparations from the scientific and regula
tory scrutiny that many other products have been subjected to will no longer be 
tolerated (3). Citing the routine exposure to skin-damaging strong soaps and de
tergents, one recent legislative brief also challenged the new generation of synthetic 
plastic resins (in skin-stripping agents and cosmetic “beauty masks”) as further de
teriorating already permeable skin (3), suggesting these products be banned by the 
Food & Drug Administration. Techniques for judging epidermal retention of such ma
terials are described here. Natural polymeric extracts now incorporated in various cos
metic and wound-healing preparations, including proteoglycan preparations claimed to 
have both cosmetic and wound-healing properties (4), may also be more carefully 
studied in  s itu . The subject of epidermal wound healing has received more attention 
than has the subject of cosmetic improvement of human skin (5), but advances in the in  
s itu  evaluation of chemical influence on skin quality (6) and of measurement in  vivo of 
the skin’s moisture balance (7) suggest agrowing willingness of the cosmetic industry 
to address the very real problems at hand.
The main purpose of this report is to expand the use and acceptance of two additional 
in  s itu  methods for noninvasive characterization of skin chemistry (before and after the 
application of cosmetic preparations, or in various states of damage) by demonstrating 
the actual experimental yield of these methods in both cosmetic testing and wound
healing contexts.

METHODS AND MATERIALS

All of the measurements reported here were carried out in a constant temperature— 
constant humidity, clean room, free of dust and maintained at 21°C and 40% relative
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h um id ity . V o lu n teer  hum an su b jects w h o se  skin was to  be characterized  w e re , after  
their sk in  c lean sin g  by a standardized  tech n iq u e  d escrib ed  b e lo w , a llow ed  at least 30  
m in eq u ilib ration  w ith  th e  clean  r o o m ’s a tm osp h eric  co n d it io n s  prior to  th e  in itia tion  
o f  any m easu rem en ts on  their sk in . C on tact angles w ith  d iagn ostic  fluids o f  k n ow n  high  
purity and rep resen tin g  a range o f  surface ten s io n s , m olecu lar  sizes  and relative polar- 
to -d isp ers io n -fo rce  in teraction  p o ten tia ls , w ere  m easu red  and p lo tted  accord ing  to  the  
w id e ly  accep ted  tech n iq u es o f  Z ism an (8). T h e  resu ltin g  con tact angle data p lo ts  
y ie ld ed  values o f  “critical surface te n s io n ” k n ow n  to  correlate  w e ll w ith  th e  true o u ter 
m ost atom ic co n stitu tio n  o f  organic surfaces, w ith  their  co e ff ic ien ts  o f  fr ic tion , their  
qualities o f  ad h esion  and d eg rees  o f  rou gh n ess (9)., Sim ilar stu d ies o f  a lm ost a d ecad e  
ago, w h ich  w ere  th e  p io n eer in g  e fforts u sin g  con tact angle tech n iq u es app lied  to  co s
m etica lly  m od ified  hum an sk in , w ere  m ostly  lim ited  to  m easu rem en ts w ith  d rop lets  o f  
w ater and aceton e/w ater  m ixtures. T h ese  early stu d ies sh o w ed  strik ing  re la tive  d if
feren ces in skin  quality after various co sm etic  treatm en ts or  c lean in g  p ro ced u res , but 
probab ly  did n ot y ie ld  accurate data for th e  actual surface en erg etic s  o f  “c lea n ” and 
m od ified  skin surfaces (10 ).

Surface-specific  infrared spectra o f  the natural, cosm etica lly  treated , w o u n d ed  and sub
seq u en tly  h ea led  skin o f  v o lu n teer  hum an su b jects w ere  acquired  by the internal 
reflection  sp ectro sco p ic  tech n iq u e  d escrib ed  by H arrick (1 1 ). A  specia l m irror  
assem b ly , w h ich  was m ade to  o rd er  for ou r p u rp oses (1 2 ) , a llow ed  the m o u n tin g  o f  
in ternal reflection  prism s in  a horizonta l p lane rather than in th e  vertica l p lane co m m o n  
to  all o th er  internal re flection  sp ectro sco p ic  a ccessories. T h e  necessary  in ternal reflec
tion  prism s, con stru cted  o f  the thallium  b rom id e salt, K R S -5 , or o f  pure germ an iu m , 
w ere  acquired  from  the sam e sou rce  (1 2 ). Infrared spectra w ere  record ed  on  both  
P erk in -E lm er M o d e ls  4 5 7  and 7 0 0  sp ec tro p h o to m eters , but on ly  traces p ro d u ced  on  
the latter in stru m en t are in clu d ed  h ere  to  a llow  ready in tercom p arison  am on g  the m any  
figures p rov id ed . T h e  co sm etics  that w ere  spectra lly  characterized  b oth  b e fo re  and  
after their  application  to  hum an skin w ere  o f  in ternationally  d istrib u ted  brands and  
w ere  applied  accord in g  to  the w ritten  in stru ction s p rov id ed  by th e  suppliers. T h ey  are 
rep resen ta tive  o f  products w ith  sim ilar gen er ic  fu n ction s w id e ly  d istributed  by th e  c o s 
m etic  industry. E piderm al skin profiling  in d ep th , after th e  in d u ction  o f  m ild  ep iderm al 
w o u n d s, was accom p lish ed  by th e  “S cotch  tape str ip p in g” tech n iq u e  co m m o n ly  u sed  in 
the study o f  ep id erm al w ou n d  h ea lin g  (5). Prior to  the in itia tion  o f  any exp erim en ta l 
ser ies , the skin areas to  b e tested  w ere  g en tly  w ash ed  w ith  a standard liqu id  hand soap, 
th orou gh ly  rin sed , to w e l dried  and a llow ed  to  equ ilibrate w ith  the clean  room  at
m osp h ere .

F igure 1 illustrates th e  q u ite  com fortab le  p ostu re  taken up by th e  v o lu n teers  during  
the record in g  o f  infrared sp ec tro sco p ic  signatures o f  their  natural and treated  skin  
zon es. C on tact angle m easu rem en ts w ere  ob ta in ed  on  th e  lateral reg io n s o f  th e  sam e  
su b jec ts’ fingers, or th e  ventral surfaces o f  their forearm s, su p p o rted — as in the  
sp ectro sco p ic  d e v ic e — o n  a h orizon ta l stage o f  a con tact angle g o n io m eter . F igure 2 
p rov id es schem atic  draw ings o f  th e  p o sitio n  o f  th e  h orizon ta l prism  m ou n t in a record 
in g  sp ec tro p h o to m eter , to g e th er  w ith  sk etch es o f  th e  ventral surface o f  a su b jec t’s 
forearm  up on  the prism  face during analysis, and an ind ication  o f  th e  m aterial trans
ferred  (in sen sib le  p ersp iration , co sm etic  resid u es, cellu lar debris and/or serou s ex u 
dates from  w ou n d ed  tissu e) on  th e  prism  face after the approxim ately  10-m in  p er iod  o f  
con tact required  for record in g  o f  th e  en tire  infrared spectral trace. F igure 3 illu strates,
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Figure 1. Illustration of the comfortable posture allowed for volunteer subjects during the rapid, noninva- 
sive, analysis of their skin using a horizontal mount for multiple-attenuated-internal-reflection prisms. A 
similarly comfortable pose allows contact angle measurements on living skin which reveals the true outer
most skin chemistry, before and after cosmetic application



CHARACTERIZATION OF HUMAN SKIN CHEMISTRY 287

Figure 2. Schematic drawings of (top) the position of the horizontal prism mount protruding slightly from 
the sample space of a recording spectrophotometer, (center) of the forearm of a test subject in place for 
spectral analysis and (bottom) a close-up view of the residue usually left on the prism face for further analysis 
after the in situ  skin chemistry has been ascertained
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Figure 3. Schematic views of (top) the simultaneous application of four nondestructive analytical tech
niques which sensitively characterize skin residues or cosmetic films on germanium prisms and (bottom) 
varying contact angle profiles which can be observed on living skin, on skin deposits, or with varying cos
metic preparations to measure important features of wetting and spreading phenomena

sch em atica lly , n on d estru ctive  analytical tech n iq u es w hich  can be u tilized  seq u en tia lly  
up on  such a resid u e to  characterize it by co m p o sitio n a l criteria, organizational criteria  
(th ick n ess and refractive in d ex ) and e lectrica l character, in add ition  to  the d eterm in a
tion  o f  the surface chem ical co m p o sitio n  and surface en erg etic s  by the sim p le  m easu re
m en t o f  con tact angle p rofiles (o f  se ssile  liqu id  d rop lets on  th e  residual film s or on  the  
skin surfaces th em se lv es). N u m ero u s  app lications o f  th ese  s im u ltan eou s, n o n d estru c
tive m eth o d s to b io log ica lly  re levan t surfaces have already b een  p rov id ed  in a recen t  
v o lu m e o f  th e  A d van ces in  C h em istry  ser ies (1 3 ) , in c lu d in g  specific  exam p les o f
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natural, co sm etica lly  m o d ified , o ld  and fresh ly  g en era ted  hum an sk in  i n  s i t u .  R eferrin g  
again to  F igure 3, it shou ld  be n o ted  that the in ternal re flection  prism  sh ow n  th ere  is 
lab elled  as b e in g  con stru cted  o f  germ an iu m , an im p ortan t req u irem en t n ot o n ly  for the  
application  o f  e llip so m etry  and con tact p o ten tia l m easu rem en ts to  th e  film s in q u estio n  
but a lso assuring b io log ica l safety  for th e  v o lu n teer  sub jects esp ec ia lly  w h en  delib erate  
skin w ou n d in g  was em p lo y ed . T h a lliu m  b rom id e salts, such  as em p lo y ed  in th e  m ore  
co m m o n ly  used  K R S-5 internal re flection  prism s, can cause con tact derm atitis and  
p oten tia l tox ic ity  in such cases, w h ile  th e  b io log ica l acceptab ility  o f  germ an iu m  seem s  
m uch b etter  (14 ).

R ESU LTS

WETTING AND SPREADING ON CLEAN HUMAN SKIN

T able 1 lists the variety  o f  pure d iagn ostic  liqu ids u tilized  in d eterm in ation  o f  the  
p o ten tia l w ettab ility  and spreadability  o f  co sm etic  in gred ien ts on  c lean  hum an skin. 
T h ese  sam e liqu ids are u sefu l in a ssessin g  th e  n ew  surface co n d itio n  o f  skin  after treat
m en t w ith  specific in gred ien ts  in p ro o fs  o f  efficacy  for co sm etic  or  m ed ic in a l prepara
tions. In F igure 4 , th e  average con tact angle values ob ta in ed  for th ese  liq u id s on  the  
surface o f  the skin o f  a m ale v o lu n teer , after that skin had b een  c lean sed  w ith  a liqu id  
hand soap, w ell r in sed , to w el-d r ied  and eq u ilibrated  in clean  room  c o n d it io n s , are 
p lo tted  in the standard Z ism an form at (8 , 9) to  y ie ld  a critical su rface-ten sion  in tercep t  
near 38  dyn es/cm . T h is is a typical value for u n con tam in ated , fibrous p rote in  prepara
tions and com pares w ell w ith  va lu es already p u b lish ed  for hum an sk in , keratin , 
co llagen  and gela tin  (1 5 , 16). It m ight th ere fo re  be taken as a gen era l case, for hum an  
skin treated  by sim p le  c lean in g  p roced u res as d escrib ed  h ere , that co sm etic  or  m e 
dicinal preparations having operation a l liqu id /vapor surface ten s io n s lo w er  than 35  
dyn es/cm  w ill w et and spread w ell u p on  th o se  skin surfaces. F luids w ith  lo w er  surface  
ten s io n s  w ill g iv e  e x c e lle n t  coverage  and appearance, w h ile  co sm etic  preparations w ith  
op eration a l surface ten s io n s greater  than 35 to  38  d yn es/cm  w ill tend  to  bead up, 
retract, or leave  in terstitia l vo id s on  th e  sam e skin surfaces.

Table I
Wettability of Clean Human Skin,/« Situ

Wetting Liquid 
and Surface 

Tension (yLV) 
(dynes/cm, 20°C)

Average 
Contact Angle 
(0 in degrees)

Water 72.8 65
Glycerol 63.4 66
Formamide 58.2 51
Thiodiglycol 54.0 54
Methylene Iodide 50.8 53
Sym-Tetrabromoe thane 47.5 34
1-Bromonaphthalene 44.6 25
O-DiBromobenzene 42.0 18
1-Methylnaphthalene 38.7 24
Dicyclohexyl 33.0 0
n-Hexadecane 27.7 0
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Figure 4. Contact angle data plot typifying the wettability and surface energy of human skin free of cos
metic preparations or greasy residues
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Figure 5. Infrared spectra illustrating the utility of internal reflection spectroscopy for the noninvasive 
evaluation of cosmetic preparations on human skin in  situ . Compare with spectra of the cosmetics, alone, in 
Figure 6.
@  Residue of liquid hand soap used to establish "clean” skin conditions.

(C on tinued  on Page 291 .)
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®  "Blank” prism baseline for an internal reflection plate constructed of the thallium bromide salt, KRS-5, 
20 mm x 50 mm x 2 mm. Absorption bands shown are tor trace hydrocarbon contaminant from prism 
polishing and from atmospheric C 0 2 and HaO unequally sampled between sample and reference beams of 
spectrophotometer.
©  “Clean” skin of forearm, female subject, resting upon face of "blank” prism of (Ë). Note absence of 
absorption bands which would indicate soap residues of ® .
©  Forearm skin of same subject, following use of cosmetic cleanser and skin toner rinse, according to 
instructions of supplier.
(Ê) Forearm skin of same subject, after preparation as in © ,  further treated with “skin mask” cosmetic 
preparation and "conditioner” preparation, again according to supplier's instructions.
(F) Forearm skin of same subject, finally treated with “night cream” after “cleansing” and “conditioning of 
©  and © , following supplier’s instructions.
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EVALUATION OF COSMETIC EFFICACY AND QUALITY

Figure 5 p resen ts a ser ies o f  internal re flec tio n , infrared spectra to  illustrate th e  ease  o f  
applying this tech n iq u e  for n on in vasive  a ssessm en t o f  th e  resu lts o f  co sm etics  applied  
to  hum an skin. T h e  ind iv idual spectral traces in F igure 5 m ay be com pared  w ith  the in 
d ividual signatures o f  th e  co sm etics  a lon e used  in each treatm en t step  characterized . A t 
th e  top  o f  the co lle c tio n  o f  traces in F igure 5, a spectrum  o f  the resid u e le ft  by the  
liqu id  hand soap used  to  estab lish  th e  “c lea n ” sk in  c o n d it io n  is p ro v id ed , to  
d em on stra te  th e  band p o sitio n s  w h ere  soap resid u es on  the skin m ight be d e te c te d  in 
the infrared spectra. T h e  seco n d  trace from  th e top  o f  F igure 5 p rov id es a "blank” 
ab sorption  b aselin e  for a typical in ternal re flection  p late m ade from  the translucent salt 
K R S-5 (a thallium  b rom id e m aterial), having external d im en sio n s  o f  50  m m  X 2 0  m m  
X 2 m m  (th ick). T h e  on ly  ab sorp tion  bands seen  in this “b lan k ” b aselin e  are for a trace 
hydrocarbon  contam inant w hich  b eco m es  em b ed d ed  in th e  prism  surface during its 
optica l p o lish in g , and for the atm osp h eric  carbon d io x id e  and w ater vapor o f  th e  space  
through  w h ich  the analytical infrared beam  travels. T h is beam  is fo cu sed  u p on  and 
co lle c ted  from  the b ev e lled  prism  ed g es by curved  and planar m irrors in th e  internal 
reflection  accessory  that a llow s th ese  spectra to b e record ed . T h e  third trace from  the  
top  o f  F igure 5 is a “c lea n ” skin spectrum  ob ta in ed  by d irect analysis o f  the low er  
forearm  reg ion  o f  a fem ale  su b ject. T h e  forearm  was restin g , under natural gravita
tional force , on  the face o f  th e  prism  w h o se  “b lank” b ase lin e  is g iv en  in the trace im 
m ed ia te ly  ab ove. T h e  m ajor infrared ab sorption  bands sh ow n  are clearly th ose  o f  the  
skin lip id  and p ro te in  co n stitu en ts . N o  e v id e n c e  o f  th e  fatty-acid -soap  ab sorp tion  
bands (as characterized  in th e  top  trace o f  F igure 5) is seen . In sp ectin g  th e  spectral 
trace for clean  hum an skin i n  s i t u , from  left to  right, o n e  n o tes th e  fo llo w in g  infrared  
ab sorp tion  bands: at 3 3 0 0  cm -1 for the N -H  reson an ce; tw o  sharp peaks cen tered  on  
2 9 0 0  cm -1 , correlating  w ith  C -H  grou p in gs o f  m ost organic m atter; a sharp ab sorption  
band b etw een  2 3 5 0  and 2 4 0 0  cm -1 , for th e  a tm osp h eric  carbon d iox id e  also sam pled  
by th e  infrared beam  as it reflected  from  m irror to  m irror in th e  internal reflection  ac
cessory; a sharp ab sorption  band at about 1 7 4 0  cm -1 , w h ich  is d iagnostic  for the  
p resen ce  o f  organic esters; the A m id e  I and II ab sorptions at 1 6 4 0  and 1 5 4 0  cm -1 , 
resp ective ly , w hich  are specific  indicators o f  p roteins; and, at freq u en c ies  lo w er  than  
15 0 0  cm -1 , a grou p  o f  con firm ing absorption  bands on  a gen era lly  c lim b in g  back
grou n d , for the prim ary organic grou p in gs already listed .

Just b e lo w  th e  i n  s i t u  characterization  o f  th e  clean  skin o f  our v o lu n teer  is an oth er  
trace o f  that sam e skin area as spectrally  characterized  im m ed ia te ly  fo llo w in g  the u se o f  
a co sm etic  c lean sin g  agen t and a sk in  ton er  rinse (accord ing  to  th e  in stru ction s o f  the  
co sm etic  supplier). A  significant in crease  in th e  p rop ortion  o f  hydrocarbon  
co m p o n en ts , m ost lik e ly  from  the m ineral o il fraction  o f  the skin clean ser  preparation , 
is n oted  and shou ld  be com pared  w ith  th e  to p  trace o f  th e  fo llo w in g  F igure 6. E xcep t 
for that ev id en ce  o f  im bibation  o f  aliphatic organic m atter, th ere  is no further spectral 
ev id en ce  su ggestin g  d om in an ce o f  the skin  ep id erm al layers (or m ask ing  o f  th ese  
layers) by any residual o vercoa t o f  e ith er  the c lean sin g  agent or  p o ly o l skin  toner. 
R ather, th e  ex cep tio n a l increase in ab sorp tion  strength  for the N -H  band, and for  the  
A m id e  I and A m id e  II bands, o f  the sk in ’s p ro te in , to g e th er  w ith  a relatively  con stan t  
p rop ortion  o f  fatty ester , as com pared  w ith  untreated  sk in , illustrates m ore e ffec tiv e  
con tact o f  the skin surface w ith  the analyzing prism  surface. T h is im p roved  contact, 
a llow in g  m o re  e ffic ien t analysis o f  th e  skin  layers and a greater e ffe c tiv e  “p en etra tion
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Figure 6. Internal reflection infrared spectra of cosmetic preparations as supplied. Compare with effects on 
human skin, in situ , as characterized in Figure 5. All samples applied directly to face of KRS-5 prism.
@  Skin "cleanser" (g) Skin “toner" ©  Skin "mask” ©  Skin “conditioner (E) Night cream (5) Blank 
prism baseline, after completion of a large series of both skin and cosmetic analyses. Note degradation of 
transmission, resulting from roughening of prism surface during multiple cleanings, as compared with start
ing baseline (see trace (§) of Figure 5).
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d ep th ” o f  th e  e lec trom agn etic  sen sin g  w aves, is a c o n seq u en ce  o f  use o f  th e  co sm etics . 
T h e co sm etics  app lied  assisted  in the rem oval o f  rough , lo o se ly  attached stratum  cor- 
neu m  fragm ents and also im p roved  the refractive in d ex  m atch ing  across th e  prism /sk in  
in terface by leav in g  the residual co m p o n en ts  o f  the form u lation s. It is sign ificant to  
n o te , h ere , as w ill be confirm ed  in later figures, that no  apparent change in th e  skin  
“m o istu re” lev e l is d em on stra ted  after this co sm etic  treatm ent. T h e  secon d  lo w est  
trace o f  F igure 5 characterizes o n ce  again th e  forearm  skin o f  our v o lu n teer , but n ow  
after further treatm en ts w ith  a “skin m ask” co sm etic  preparation  and a skin “co n d i
tio n er” (accord ing  to th e  suppliers' in stru ction s for th e  in ten d ed  u se  o f  th ese  p rod u cts). 
T his infrared spectrum  revea ls, w ith  th e  e x cep tio n  o f  so m e  residual hydrocarbon  and 
fa tty-ester co m p o n en ts  im b ib ed  in to  th e  ep id erm al layers, th e  return o f  the skin  quality  
to , essen tia lly , its pretreated  state. T h is su ggests that th e  p o ly o l-co n ta in in g  “m ask” and 
“co n d it io n er” form u lation s did  little  b esid es rem o v e  ex cess  h ydrocarbon  and (s e e m 
ingly  w ea k en ed ) ep id erm al layers a ffected  by th e  “c lean ser” and “to n e r ” form u lation s. 
Finally, th e  lo w est infrared sp ectrum  in clu d ed  in F igure 5 characterizes th e  forearm  
skin o f  our su b ject as treated  w ith  a “n ight cream ” after its “c lean sin g” and “co n d it io n 
in g ” accord in g  to  th e  co sm etic  su p p lier’s in stru ction s. A s th e  spectra co lle c ted  in 
Figure 6 sh ow , “m o istu r iz in g ” cream  has the h ig h est fa tty -ester  co n ten t o f  any o f  the  
co sm etics  used  in th is series. It is, in  fact, th ese  fatty esters w hich  are taken  up in to  the  
skin to  so ften , lubricate, or p lastic ize  it. T h e  on ly  ind ica tion  o f  a truly in creased  “m o is 
tu re” co n ten t (that is, add itional w ater re ten tio n ) o f  th e  skin  is th e  sligh t sk ew in g  o f  the  
N -H  ab sorption  band in  th e  lo w est trace o f  F igure 5. T h is band, norm ally sym m etrical 
about 3 3 0 0  cm “ 1, is sh ifted  tow ards th e  3 4 0 0 -c m “ 1 ab sorption  m axim um  w hich  
characterizes th e  O -H  reson an ce  o f  reta ined  h yd roxyl or w ater grou p s. T h e  con tin u ed  
ob servation  o f  in ten se  ab sorp tion  bands in the A m id e  I and A m id e  II reg ion  o f  the  
spectrum  illustrates th e  “night cream ” to  have b een  taken up in to  the ep id erm al layers 
rather than to  be ly in g  in a th in  film  ab ove  them . In th e  latter case, e v e n  a film  th ick n ess  
o f  a few  m icrons w ou ld  significantly dam p th e  analytical sen sitiv ity  to  p ro te in a ceo u s  
layers b en eath  them .

S om e ju d gm en t o f  the actual in flu en ce o f  a nu m b er o f  co sm etic  p rod u cts on  hum an  
skin i n  s i t u ,  exam in ed  w ith o u t d istress to  the v o lu n teer  su b ject and in  a rapid, non inva- 
sive m anner, is thus easily  accom p lish ed  by the internal re flection , infrared sp ectro 
scop ic tech n iq u e . T h e  seco n d  im portant feature o f  th e  m eth o d , b ey o n d  its ability to  
evaluate skin  b e fo re  and after its m od ifica tion , is the m e th o d ’s su itability  (w ith ou t  
m odification ) for the d irect analysis o f  th e  co sm etic  preparations th em se lv es . T h e  tech 
n ique d o es  n o t req u ire  their  d ilu tion , ex traction , or co m p lex  p ro cess in g  in any m anner  
b eyon d  that ex p er ie n c ed  in their norm al application  to  th e  sk in . F igure 6  co lle c ts  
internal re flection , infrared spectra  o f  neat co sm etic  preparations (as su p p lied  and ap
p lied  d irectly  to  hum an skin w ith  th e  o u tco m e  characterized  in F igure 5). A ll o f  the  
sam ples w ere  applied  d irectly  to  th e  face o f  the sam e K R S-5 prism  used  in record ing  
th e  skin spectra. T h e  top  trace o f  F igure 6 characterizes the skin “c lean ser” form ula
tion . Scanning from  le ft to  right across this trace, it is seen  that th e  m ajor infrared  
bands are for hydrocarbon  co m p o n en ts  at 2 9 5 0  and 2 8 5 0  cm -1 ; fatty e sters, at 1 7 4 0  
cm -1 ; con firm ing  ab sorp tion s for hydrocarbons at 1 4 7 0  and 1 3 8 0  cm -1 ; and confirm ing  
ab sorp tion s for the ester  co m p o n en ts  at 1 2 8 0 , 1 1 8 0  and 1 1 3 0  cm “ 1. A  final con firm ing  
ab sorp tion  band for the lo n g  chain , aliphatic h ydrocarbons p resen t in this form u lation  
appears at 7 4 0  cm “ 1. O n  the basis o f  n u m erou s sim ilar analyses, prim arily o f  pure  
k n ow n  co m p o u n d s and their  m ixtu res, th e  to p  sp ectru m  in F igure 6 w ou ld  b e com pati-
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ble w ith  th e  fo llo w in g  typical form u lation  for sk in  c lean sin g  products: m ineral o il, 
50% ; b eesw ax , 10% ; lanolin , 4% ; and fatty acid esters used  as em u lsifiers, 1% . T h e  
approxim ately  35%  fraction  o f  w ater in the orig inal form u lation  is n ot revea led  in  this 
infrared spectrum  sin ce  the sam ple was a llow ed  to  dry “naturally” on  the prism  face, as 
it w ou ld  up on  the sk in , prior to th e  analysis. Spectral traces record ed  im m ed ia te ly  after  
app ly ing  co sm etics  to  th e  prism s d o  sh o w  in ten se  ab sorp tion  bands for w ater, but th ese  
quick ly  disappear. T h e  secon d  trace from  th e to p  o f  F igure 6 characterizes th e  skin  
“to n e r ” preparation . It con ta ins, in add ition  to  th e  m ineral o il and fa tty-ester  
co m p o n en ts  co m m o n  to m any co sm etic  form ulas, a p o lym eric  in gred ien t o f  h ighly  
polar character as ind icated  by the stron g  ab sorp tion  band in the reg io n  b e tw een  11 0 0  
and 1 2 0 0  cm -1 . S im ilarly, the third and fourth  traces from  the top  o f  F igure 6 p resen t  
in ternal re flection  infrared spectra o f  th e  skin “m ask ” and “c o n d it io n e r ” p rod u cts , 
resp ective ly , actually u sed  by our v o lu n teer  su b ject. N o t in g  th e  stron g  ab sorp tion  
bands in th e  reg ion s b e tw een  3 0 0 0  cm -1 and 3 6 0 0  cm -1 , and b etw een  1 0 0 0  cm -1 and 
1 2 0 0  cm  ’, both  ind icative o f  the O -H  bon d  co n ta in in g  grou p s o f  p o ly o ls , it can be  
readily seen  that th ese  p rod u cts con ta in  h ighly hydroxy la ted  co m p o n en ts . T h e  n ex t-to - 
last spectrum  o f  F igure 6 characterizes th e  “night cream ” preparation  w h ich  w as u sed , 
sh ow in g  a band seq u en ce  and relative in ten sity  ratio w hich  in d ica tes th is typical c o m 
p o sitio n  for such products: stearates and p a lm ita tes, 3% ; m ineral o il, 3% ; fatty a lcoh o ls  
and o th er  hydroxy la ted  m aterials (such  as p o ly  p ro p y len e  g ly co l) , about 5% ; and both  
anim al and v eg eta b le  fatty esters, ab ou t 6% . T h e  rem ain in g  quantity , w ater, had dried  
from  th e preparation  b efo re  its analysis. T h e  lo w erm o st trace o f  F igure 6 p resen ts  o n ce  
again a “blank" b aselin e  spectrum  for a K R S-5 internal re flection  prism . T h is prism  was 
used  th rou gh ou t th e  skin analysis ser ies and also a ser ies o f  d irect characterizations o f  
d ifferen t co sm etics , in clu d in g  th o se  rep resen ted  in both  F igures 6 and 7. It is easily  
n oted , com paring  th is final trace o f  F igure 6 w ith  the “b lank” b aselin e  for th e  sam e  
prism  at th e  top  o f  F igure 5, that th ere  has b een  so m e degradation  in  th e  transm ission  
o f  infrared en ergy  through  the prism . T h is is e sp ec ia lly  apparent at the h igh er fre
q u en c ies  w h ich  are m o re  su b ject to  sca ttering  lo sse s  caused  by degradation  o f  the  
optical quality  o f  the p rism ’s surface. S oft K R S-5 salt prism s are m o re  easily  dam aged  
during m u ltip le , b e tw een -sa m p le  c lean in g  o p era tion s (u sin g  co tto n  sw abs and a ceto n e  
to  rem o v e  d ep osits on  the prism  face) and m o re  su scep tib le  to  “e tch in g ” by w ater than  
are th e  germ anium  prism s p referred  for this w ork .

F igure 7 co llec ts  additional infrared spectra o f  typical co sm etic  p rod u cts having  th e  
fo llo w in g  gen era l purposes: facial w ash ing  cream , hand cream , d e e p  c lean ser , suntan  
cream , m oistu re  cream  and a p erfu m ed  o in tm en t. T h e  facial w ash ing  cream  is 
characterized  by an internal re flection  spectrum  com p atib le  w ith  a form u lation  con ta in 
in g  ap p roxim ately  50%  m ineral o il, 15%  b eesw ax , 5%  em u lsifiers and 30%  w ater  
(w hich  evaporated  prior to record in g  this trace). T h e  hand cream  spectrum  p resen ted  
in F igure 7 w ou ld  be com p atib le  w ith  a form u lation  having th is typical co m p osition : 
stearic acid, 15% ; sorb ito l and fatty a lcoh o ls, 10 to  12% ; and tr ieth an o lam in e, 2% ; th e  
rem ainder (nearly 72%  w ater) dried  from  th e preparation  prior to th is analysis. T h e  
“d e e p ” c lean sin g  p rod u ct p rov id es an infrared sp ectru m  co n sisten t w ith  the fo llo w in g  
p rop ortion  o f  ingred ien ts: isop rop y lp a lm ita te , 2% ; saturated fatty acids (such  as stearic  
acid), 2% ; unsaturated  fatty acids (such as o le ic  acid); p o ly o ls  (such  as sorb ito l) , 2% ; 
tr ieth an o lam in e, 1%; and the rem ain ing  8 0  +  % o f  the p rod u ct w ater evap orated  from  
the sp ec im en  prior to  its analysis. T h e  m ost co m p lex  o f  th e  infrared spectra co lle c te d  in 
Figure 7 is for the suntan cream , w h ere  th e  n u m erou s sharp ab sorp tion  bands reflect
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Figure 7. Additional infrared spectra of typical cosmetic products, applied directly to the face of a 
KRS-5 internal reflection plate.
®  Facial washing cream (§) Hand cream ©  “Deep” cleanser© Suntan cream (E) Moisture cream (?) Per
fumed ointment.
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the p resen ce  o f  a large quantity (ab ou t 5% ) o f  an active sun screen in g  agent such as 
isobutylparaam ino b en zo a te , a lon g  w ith  about 10%  fatty esters. T h e  v eh ic le  for this 
preparation , about ev en ly  sp lit b e tw een  a lcoh o l and w ater, q u ick ly  evap orated  away. 
T h e m oistu re  cream  spectrum  reveals a form u lation  o f  fatty e ster  m aterials in an ali
phatic hydrocarbon  base. T h is sp ectrum  was c lo se ly  m atched  by a test form u lation  
con ta in in g  so m e 25%  o f  h yd rogen ated  v eg e ta b le  o il, 20%  m ineral o il, 10%  b eesw ax , 
3%  lanolin , and em u lsified  w ith su rface-active agents (p resen t to  ab ou t 7%  o f  the  
original form u lation ) in 35%  w ater. T h e  lo w erm o st trace o f  F igure 7 characterizes a 
com m ercia l, p erfu m ed  o in tm en t base con ta in in g  w hat is spectrally  id en tified  as a 
p o lym eric  in gred ien t sim ilar in m any w ays to  p o ly e th y len e  o x id e , a h igh ly  hyd rop h ilic  
film -form in g  m aterial.

ASSESSMENT OF SKIN CHEMICAL AND MOISTURE LEVELS

Figure 8 p resen ts anoth er  ser ies o f  internal re flection , infrared spectra o f  hum an skin  
i n  s i t u , to  d em on stra te  th e  u tility  o f  th e  m eth od  for rapid and n on in vasive  characteriza
tion  o f  intact and dam aged ep id erm al layers, to g e th er  w ith  th e  ex u d a tes and/or debris  
from  w ou n d ed  skin surfaces. A t the top  o f  F igure 8, th e  bow l-sh ap ed  but o th erw ise  
relatively  fea tu re less trace is for th e  “c lea n ” b aselin e  o f  a 50  m m  X 2 0  m m  X 2 m m  
germ anium  prism . T h is prism  was m o u n ted  in th e  sam e h orizon ta l attachm ent u sed  for  
the characterization  o f  co sm etics  d escrib ed  in the fo reg o in g  section . T h e  on ly  change  
m ade for sk in -profiling  w ork  has b een  to  th e  m ore b io log ica lly  safe and m o istu re  
resistant germ an iu m  internal re flection  e lem en t. T h e  seco n d  trace from  th e top  o f  
Figure 8 p rov id es th e  infrared sp ectrum  o f  th e  forearm  skin o f  a m ale v o lu n teer , after  
that skin area had b een  c lean ed  in our standard m anner w ith  hand soap (see  th e  top  
trace o f  F igure 5) fo llo w ed  by rinsing, to w e l drying, and eq u ilib ratin g  the skin w ith  the  
constant co n d itio n s o f  a clean  room  (72°F , 40 %  relative hum id ity). Im m ed ia te ly  b e lo w  
that spectral characterization  o f  hum an skin i n  s i t u  is a rerun o f  th e  spectral charac
teristics o f  the germ anium  prism  after liftin g  the arm from  con tact w ith  the prism . T h is  
trace characterizes o n ly  the resid u e  on  the prism  face, d ep o sited  during th e  ap
p rox im ately  10 m in o f  skin con tact w hich  it ex p er ie n c ed . T h e  in terp reta tion  o f  the  
sm all infrared ab sorp tion s sh ow n  on  this trace is that th ey  are hydrocarbon , e ster  and  
g ly co p ro te in a ceo u s resid u es from  th e dried  in sen sib le  p ersp iration  accum ulated  o n  the  
prism  face during the skin  analysis, a lon g  w ith  so m e sh ed  ep iderm al cells that w ere  
revea led  to be p resen t by m icroscop ic  in sp ectio n . T h e  fourth  sp ectru m  from  th e top  o f  
Figure 8 characterizes, again, the forearm  skin o f  our m ale v o lu n teer , b u t th is tim e  
after ten  “S cotch  tape str ip p in gs” o f  the ep id erm al layers. It is im m ed ia te ly  clear that 
this p rocess caused  th e  ex p o su re  o f  m ore h igh ly  hydrated  (subsurface) cellu lar zo n es  
than had characterized  the ex ternal skin  surface in equ ilib riu m  w ith  th e  r o o m ’s relative  
hum idity . N o te  particularly th e  large gen era l increase  in  ab sorp tion  in th e  reg io n  from  
3 0 0 0  to  3 6 0 0  c n Y 1, and the equally  large in crease  in  in ten sity  (and lack o f  d e fin ition , 
characteristic o f  hydrated  p ro te in s) in  th e  A m id e  I and II bands. T h e  n ex t trace (5th  
from  th e top  in F igure 8) illustrates th e  character o f  th e  resid u e  le ft  by this m ild ly  
dam aged skin w o u n d  during its p er iod  o f  con tact. A lth o u g h  sligh tly  greater in quantity  
than that le ft by th e  undam aged  sk in , th e  qualitative characteristics o f  th e  resid u e  are 
sim ilar. L ittle e v id e n c e  is sh ow n  for th ere having b een  su ffic ien t dam age to  th e  e p i
derm is by ten  sk in -stripp ings to  change its p erm eab ility  to  serou s c o m p o n en ts  o f  the



Figure 8. Internal reflection infrared spectra of human skin in situ, demonstrating the rapid, noninvasive 
characterization of both natural and damaged epidermis and the exudates therefrom.
(A) "Clean” Baseline for 50 mm X 20 mm X 2 mm germanium prism mounted in horizontal mirror attach
ment, prior to applying subject's forearm. (B) Forearm skin of male volunteer, after cleansing with liquid 
hand soap (see trace A of Figure 5), thorough rinsing, towel drying, and equilibrium with constant condi
tions of "clean room," 72°F, 40% R.H. (C) Residue left on prism after skin analysis of (6). (6) Forearm 
skin of male volunteer after 10 “Scotch-tape strippings” of epidermis. (£} Residue on prism following 
contact analysis of "stripped” skin, in situ . (F) Re-hornified skin of (J5), after overnight aging and morning 
shower.
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subjacent tissues. T h e  final infrared trace o f  F igure 8 characterizes, o n ce  again, the  
eq u ilibrated  skin ch em istry  o f  our su b ject, dried  and rehorn ified  for approxim ately  16 
hr fo llo w in g  the grou p  o f  ten  Scotch  tape strippings.

Figure 9  p resen ts spectra co lle c ted  in an o th er  in vestiga tion  o f  th e  ch an ges in skin  
chem istry  and m o istu re  lev e l w ith  d ep th  through  the ep id erm al layers, as th o se  layers 
w ere seq u en tia lly  rem o v ed  by su ccessiv e  “str ip p in gs” w ith  S cotch  tape. T h e  u p p erm ost  
trace o f  F igure 9 is th e  in ternal reflection , infrared spectrum  fo llo w in g  2 0  S cotch  tape  
strippings o f  the ep id erm al layers o f  hum an skin. T h is infrared characterization  is not 
significantly d ifferen t from  that sh ow n  in F igure 8 after on ly  ten  skin stripp ings. 
H o w e v e r , as the secon d  trace from  th e top  o f  F igure 9 sh o w s, fo llo w in g  3 0  sk in -str ip 
p in g  op eration s the ep id erm al layers under analysis w ere  significantly m ore hydrated . 
T his is illustrated  by th e  g ro w in g  infrared ab sorp tion  band in the reg ion  b e tw een  3 0 0 0  
and 3 6 0 0  cm " 1. N o  further significant ch an ges in co m p o s itio n , for exam p le  in th e  lip id  
to  p ro te in  ratio, w ere  revea led . T h e  n ex t sp ectrum  sh ow s the co n se q u e n c e s  o f  4 0  
S cotch  tape strippings o f  a forearm  skin area, it n ow  b eco m in g  clear that the m oistu re  
lev e l o f  th ese  d eep er  tissu es is consid erab ly  greater  than that nearer the skin surface. 
T h e O -H  ab sorp tion  band b e tw een  3 0 0 0  and 3 6 0 0  cm -1 b eco m es a m ajor band o f  the  
spectrum . T h e  fourth  trace from  th e top  o f  F igure 9 characterizes th e  skin ch em istry  
after 50  S cotch  tape applications had stripped  away m ost o f  the drier ep id erm al layers, 
and th e  fifth trace p resen ts the infrared characterization  o f  th e  physica lly  w et “g lis te n 
in g ” w ou n d  p rod u ced  by 6 0  such S cotch  tape stripp ings o f  the ep id erm is. T h e  final 
trace o f  F igure 9 sh ow s the return o f  th e  skin  chem istry  to its eq u ilib riu m , norm ally  
hydrated  state, after the w ou n d ed  sk in  zo n e  had h ea led  for six days. N o te  the rep rod u 
cib ility  o f  b oth  th e  p o sitio n s and relative in ten sitie s  o f  the infrared ab sorp tion  bands 
characterizing th e  “natural” state o f  a g iv en  su b jec t’s sk in , as is rep resen ted  in th e  th ree  
in d ep en d en tly  ob ta in ed  traces for that skin in c lu d ed  in F igures 8 and 9.

EXUDATES AND HEALING OF EPIDERMAL WOUNDS

Figure 10 co lle c ts  internal re flection  infrared spectra o f  the serou s exu d ates co llec tin g  
at th e  surface o f  hum an sk in , i n  s i t u ,  after its w o u n d in g  to  su ccessiv e ly  d eep er  layers. 
T h e to p  trace characterizes the ex u d a tes o f  skin “str ip p ed ” 20  tim es w ith  S cotch  tape. 
It is com parab le to  the spectrum  for in sen sib le  persp iration  and m od era te  ce llu lar d e 
bris fou n d  for natural or m ild ly  w ou n d ed  skin as already characterized  in F igure 9. T h e  
secon d  trace from  th e top  o f  F igure 10 characterizes th e  exu d ates p ro d u ced  after 30  
S cotch  tape stripp ings o f  the ep id erm al layers. T h e  n ex t trace (third from  the top  o f  
Figure 10) characterizes the m atter ex tru d ed  from  hum an skin that had b een  w o u n d ed  
by 4 0  applications to  and su d d en  rem ovals o f  S cotch  tape from  th e sam e sk in  area. 
N o te , in this 4 0 -la y er -d eep  w o u n d , th e  b eg in n in g  o f  the co lle c tio n  o f  a w ou n d  fluid. 
T h e co m p o sitio n  o f  th e  d isso lved  co m p o n en ts  o f  th is flu id , as characterized  by infrared  
ab sorp tion  bands in th e  A m id e  I and A m id e  II area, is seen  to  be d o m in ated  by 
p ro te in a ceo u s substances. T h e  p ro te in s w ere  probably  p rov id ed  by hydrostatic  
p ressu re-in d u ced  leakage o f  plasm a co m p o n en ts  through  th e  dam aged  tissu e b ed . T h e  
infrared traces for hum an skin w o u n d ed  to d ep th s o f  50  and 6 0  layers by S cotch  tape  
stripp ing  sh ow  in creasin g  am ounts o f  w ou n d  fluid co lle c ted  on  th e  face o f  germ anium  
prism s during id en tica l con tact tim es, a ttestin g  to  the in creasin g  co m p ro m ise  o f  
p erm eab ility  barriers as th e  skin layers w ere  strip p ed  away. T h e  final trace o f  F igure 10  
sh ow s that, w ith  on ly  a few  days o f  h ea lin g , th is “g lis ten in g ” ep id erm al w ou n d  exu d ed
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of epidermal layers. Compare with less damaged skin of same subject in Figure 8. ®  After third group of 
10 skin strippings. ©  After fourth group of 10 skin strippings. Note that N-H absorption band is almost 
obscured by increasing O-H band intensity. ®  After fifth group of 10 skin strippings. ©  After sixth 
group of 10 skin strippings, producing a “glistening” wound of dimensions 80 mm x 60 mm. (F) Healed 
skin, 6 days following wound production by 60 “scotch tape strippings.”
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Figure 10. Internal reflection infrared spectra of exudates from skin wounded to successively deeper layers. 
(A) Exudate upon contact with skin "stripped” 20 times with Scotch tape. Compare with skin spectrum, in  

situ, in Figure 9. (B) Exudate after 30 strippings of epidermal layers. (6) Exudate after 40 strippings. (B) 
Exudate after 50 skin strippings. Note the absence of lipid absorption bands from this spectrum of purely 
proteinaceous matter. (E) Exudate from "glistening” forearm wound produced by 60 skin strippings. (?) 
Exudate from wounded skin area after 6 days of healing.
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Table II
Wettability of Proteinaceous Film Formed by Serous Exudate From "Glistening” Wound of Forearm Skin

Wetting Liquid 
and Surface 

Tension (yLv) 
(dynes/cm, 20°C)

Average 
Contact Angle 
(6 in degrees)

Water 72.8 42
Thiodiglycol 54.0 53
Methylene Iodide 50.8 45
1-Bromonaphthalene 44.6 35
1-Methylnaphthalene 38.7 24
Dicyclohexyl 33.0 14
n-Hexadecane 27.7 7
n-Decane 23.9 0

on ly  in sen sib le  p ersp iration , con ta in in g  fa tty-ester co m p o n en ts  n ot seen  at all in the  
serou s w ou n d  fluids.

In th e  hea lin g  o f  ep iderm al w o u n d s, it is prim arily the d ried  film s form ed  by serous  
exu d ates (w ou n d  fluids) that co v er  the p ropagating  ce lls . T h ese  cells m ust m o v e  freely  
as th ey  seek  to  c lo se  th e  breach o f  th e  en v iron m en ta l seal. It b eco m es im portant,

PROTEINACEOUS EXUDATE ON THICK GE PRISM
SURFACE TENSION DVNES/CM

a 10 20 30 40 30 60 7Û 80

Figure 11. Contact angle data plot characterizing the wettability and adhesive quality of the dried, serous 
exudate from a “glistening” skin wound.
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th erefo re , to  assess the relative ad h esive  q u alities o f  such w ou n d  fluid film s. T h ese  
qualities m u st in clu d e com p atib ility  w ith  the sub jacen t ce lls , su p p ortin g  their ten d en cy  
to  m o v e  sm o o th ly  b en eath  it rather than b eco m in g  ad herent and resistant to  such  
m o v em en t. T ab le 2 prov id es con tact angle data that characterizes th e  w ettab ility  o f  a 
typical p ro te in a ceo u s film  form ed  by th e  serou s exu d ate  from  a " g listen in g” w o u n d  o f  
th e  forearm  sk in , th e  w ou n d  having already b e e n  characterized  in F igure 9 , and the  
exu d ate  characterized  in Figure 10 by sp ec tro sco p ic  criteria. F igure 11 p lo ts th ese  
con tact angle data to  y ie ld  a critical surface ten s io n  va lue in th e  m id 2 0 ’s d yn es/cm , a 
value o ften  found  to characterize ‘‘b io co m p a tib le” natural and syn th etic  surfaces and 
argued to  have th e  m in im um  ad h esive  p o ten tia l for liv in g  ce lls  (1 7 , 18). T h e  h istory  o f  
the co lle c tio n  and exam ination  o f  w ou n d  fluids g o e s  back o v er  2 0  years (1 9 , 2 0 ) , but 
the co lle c tio n  o f  adequate quantities for analysis o f  the p ro te in s, g ly co p ro te in s  and 
lip ids p resen t in such fluids has required  the u se o f  exp erim en ta l anim als and surgically
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Figure 12. Demonstration of the different baselines obtained when an internal reflection prism is mounted 
in different mirror devices for spectroscopic examination.
@  Germanium prism (50 mm X 20 mm X 2 mm) baseline obtained in vertical mirror mounting unit. Note 
flatter response over most of the spectral range.
(@) Same prism baseline obtained in horizontal mirror unit, which allows more convenient and even- 
pressured skin or liquid cosmetic contact.
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im planted  d ev ices . T h e invasive tech n iq u es for p lacem en t and rem oval o f  co lle c tin g  
recep tacles have serious draw backs w h en  the applicability  o f  the resu lts to  m ild  skin  
w ou n d s, p rod u cin g  tiny am ounts o f  exu d ates, are to  be co n sid ered . T h e  internal reflec
tion , infrared sp ectro sco p ic  m eth od  p resen ted  h ere , su p p lem en ted  by con tact angle  
m easu rem en ts o f  surface p rop erties, and further su p p lem en ted  by m easu rem en ts o f  
e llip som etr ic  and e lec tro n ic  param eters for th ese  exu d ates ( 1 3 ,3 1 ) ,  sh ou ld  p rove m ore  
u sefu l becau se  o f  the non in vasive  character, n on d estru ctive  analysis and ex cep tio n a l 
sen sitiv ity  to  thin film s o f  this m eth od .

D ISC U SSIO N

T h ere  is an im portant departure in th e  internal re flection , infrared m eth od  describ ed  
here from  the norm al practice o f  this tech n iq u e  in o th er  analytical fields. T h is is the  
utilization  o f  internal reflection  e lem en ts  in a horizonta l p o sitio n  to  a llow  com fortab le , 
gravitationally  aided  rather than h in d ered , sk in  analysis. H o r izo n ta l prism s also a llow  
th e  fascile  an' .ysis o f  flu ids, cream s and/or m ed ic in a l preparations, w hich  w ou ld  drain  
from  vertic surfaces. T h is departure from  standard m eth od s is n ot w ith o u t so m e  
sacrifice. F igure 12 d em on stra tes, for exam p le , th e  d ifferen t b aselin es ob ta in ed  for the  
sam e internal reflection  prism  m o u n ted  in a standard vertical m irror unit vs. th e  h or i
zontal m irror unit p referred  for co sm etic  and w ou n d -h ea lin g  stu d ies. T h e  “b a se lin e” 
quality for the sim p ler  vertical m o u n tin g  unit is con sid erab ly  flatter and sp ec tro sco p i
cally m ore desirab le than that for the horizonta l d ev ice . T h e  ex trem e, con cave  d ow n , 
sk ew in g  o f  the baselin e  for the horizonta l d ev ice  is a disadvantage that m ust be ac
cep ted  in order to  avoid  m ore ser iou s d ifficu lties ex p er ien ced  w h en  a v o lu n teer  is 
asked to  hold  a skin  surface, w ith  constant p ressu re , against th e  vertical face o f  an 
in ternal reflection  prism  or w h en  drainage cau ses red istr ib u tion  o f  a co sm etic  prepara
tion  on  th e  prism  face during analysis.

N e v e r th e le s s , th ere are n u m erous c ircum stances in w hich  th e  sim p ler setu p  and su p e 
rior baselin e  o f  the m ore standard internal reflection , sp ectro sco p ic  d ev ices  may b e ac
com m od ated  to th e  n eed s  o f  co sm etic  or d erm ato log ic  analyses. A s an exam p le , the  
rapid analysis o f  w ou n d  fluid co m p o n en ts  co llec ted  in th e  crev ice  b e tw een  shear- 
separated ep iderm al layers o f  friction  b listers m ay be a ccom p lish ed  by first evaporating  
the fluid to dryness on  a horizontal prism  face and then  turn ing the prism  90° for  
m ou n tin g  in a standard vertical unit. F igure 13 p resen ts  an internal reflection  infrared  
spectrum  o f  the essen tia lly  pure p ro te in a ceo u s co m p o n en ts  p resen t in th e  fluid  
b en eath  such a fr iction  b lister on  hum an skin and com p ares it w ith  the spectral b aselin e  
for th e  clean  prism  in a vertical m ou n tin g  d ev ice . A lth ou gh  friction  b listers are very  
com m on  causes o f  civilian and m ilitary d isab ilities, th ey  have rece iv ed  very little  
scientific  a tten tion  (22 ). Perhaps the availability o f  the sim p le  analytical tech n iq u e  
describ ed  here w ill a llow  their m ore carefu l exam in ation  and the d e v e lo p m e n t o f  
im proved  w ound  dressings for their m o re  rapid healing.

Finally it m ust be n oted  that as co sm etic  and m ed icinal preparations beg in  to in co rp o 
rate m ore natural p rod u cts , and esp ec ia lly  p rod u cts o f  p ro te in a ceo u s orig in  (2 3 ) , the  
d ifferen tia tion  am on g  natural sk in , dam aged skin and the p ro te in a ceo u s in gred ien ts  o f  
various co sm etics , sa lves, or o in tm en ts w ill b eco m e  a great deal m ore d ifficu lt than has 
b een  the eva luation  o f  co sm etic  or th erapeutic  agents o f  p red om in an tly  hydrocarbon  
co m p o sitio n . In the form er cases, it w ill be necessary  to  resort to  refin em en ts in the
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Figure 13. Internal reflection infrared spectra of clean germanium prism and of same prism coated with film 
formed by fluid from beneath a friction blister on human skin.

internal re flection  spectral analyses, in clu d in g  a tten tion  to  th e  sp ecific  lo ca tio n s and p o 
larizations o f  the p ro te in  ab sorp tion  bands, and to  specific  fea tu res o f  con tact angle  
data p lo ts , w h ich  have b een  d escrib ed  e lsew h ere  (2 4 , 25 ).
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B e d e u tu n g  sin d , m i t t e l s  d e s  S c h a t t e n k o r r e la t io n s te s te s  v o n  A m o o r e  
m ite in a n d e r  z u  v e r g le ic h e n  u n d  a u f d ie se  W e is e  in n erh a lb  e in e r  V er
b in d u n g s k la s s e  d ie  A b h ä n g ig k e it  d e s  G e r u c h s e in d r u c k e s  v o n  der rä u m 
l ic h e n  G e s ta lt  z u  ü b erp rü fen .

E s s o l l  g e z e ig t  w er d e n , in w ie w e i t  d ie  s te r e o c h e m is c h e  T h e o r ie  v o n  
A m o o r e  d e n  G e r u c h s e in d r u c k  der in  T a b e lle  1 a n g e fü h r te n  Iso- 
c a m p h a n d e r iv a te  z u  e rk lä re n  verm a g . D e m z u fo lg e  s o l le n  d ie  k le in e r e n  

u n d  v o r  a l l e m  k u g e lig e r  g e fo r m te n  M o le k ü le  d ie se r  R e ih e  d e n  c a m p h r ig e n  
G e r u c h s e in d r u c k  h e r v o r m fe n  u n d  e s  s o l l t e  m it  z u n e h m e n d e r  G rö ß e  u n d  
a s y m e tr is c h e r  G e s ta lt  der M o le k ü le  d ie s e r  G e r u c h s e in d r u c k  a b n e h m e n .

M aterial und M ethodik

Z u r  U n te r s u c h u n g  k a m e n  d ie  in  T a b e lle  1 a n g e fü h r te n  I so ca m p h a n -  
v e r b in d u n g e n  u n d  e in ig e  N o r is o c a m p h a n e  (N r. 1, 5 -7 , 3 0 , 42), d ie  a u s  
G r ü n d e n  d er  V o lls tä n d ig k e it  in  d ie s e  A rb e it  e in b e z o g e n  w u rd en . D ie  
S u b s ta n z e n  w u r d e n  t e i l s  v o n  u n s  s y n th e t is ie r t  (N r. 5, 7 -9 , 12, 1 5 -1 7 , 19, 
2 0 , 2 3 -2 5 ,  2 7 -3 0 ,  3 4 , 3 6 , 3 7 , 3 8 , 3 9 , 4 0 , 4 2 , 4 4 , 4 5 , 4 7 -5 0 , 53), t e i ls  v o n
E. K l i s s e n b a u e r  (2) (N r. 3 2 , 3 3 , 3 5 , 4 3 , 46 , 51 , 5 4 -5 6 )  zu r  V erfü g u n g  
g e s t e l l t .  D ie  S u b s ta n z e n  N r . 1 -4 , 6, 10, 11, 13, 14, 18, 21 , 2 2 , 2 6 ,3 1 ,  4 1 , 52 , 
s in d  in  der L itera tu r  e n tn o m m e n .

Z u m  B au  der M o le k ü lm o d e l le  w u r d e n  S tu a r t-B r ieg le b 'sch e  K a lo tte n 
m o d e l le  der F irm a  L ey b o ld -H era eu s , K öln , v e r w e n d e t. D ie  U n te r su c h u n g  
e r fo lg te  n a c h  der v o n  A m o o r e  a n g e g e b e n e n  „ s h a d o w -m a tc h in g -m e th o d "  
(1). D ie  M o le k ü lm o d e l le  w u r d e n  a u s  drei v e r sc h ie d e n e n , a u fe in a n d er  
s e n k r e c h t  s t e h e n d e n  R ic h tu n g e n  fo to g ra fier t . H ie r z u  w u r d e  e in e  K od ak 
k a m e r a , R e t in a  II F, m i t  fo lg e n d e n  E in s te llu n g e n  v e r w e n d e t:  B len d e  8, 
B e lic h tu n g s z e i t  Vsoo se c . N a c h  e in ig e n  P r o b e a u fn a h m e n  z e ig te  s ic h , d aß  e in  
s c h w a r z -w e iß -F i lm  m it  D I N  21  für d ie s e  A r b e it  a m  b e s te n  g e e ig n e t  w ar. 
In  A n le h n u n g  an  d ie s e n  S c h a t t e n k o r r e la t io n s te s t  w u rd e  z u n ä c h s t  v e r su c h t , 
d ie  M o le k ü lm o d e l le  so  z u  fo to g r a fie r e n , daß  d ie  K am era 1 m  v o m  O b jek t  
e n tf e r n t  w ar . D a s  M o le k ü lm o d e l l  la g  auf e in e r  M ilc h g la s p la tte , u n ter  
w e lc h e r  e in  B l i t z l ic h t  a n g eb ra ch t w ar. Es w u r d e n  a u c h  A u fn a h m e n  
g e m a c h t , b e i w e lc h e n  d a s  B li t z l ic h t  u n m it te lb a r  n e b e n  der K am era  
a n g e b r a c h t  w a r  u n d  s c h l ie ß l ic h  w u r d e  a u ch  n o c h  au sp ro b iert, ob  b essere  
R e s u lt a te  d u rch  d ie  A r b e it  in  der D u n k e lk a m m e r  od er b e i T a g e s lic h t  e r z ie lt  
w e r d e n  k o n n te n . In  A b ä n d e r u n g  der " s h a d o w -m a tc h in g -m e th o d "  w u rd en  
s ä m t l ic h e  M o le k ü lm o d e l le  d ir e k t u n d  n ic h t  ih r  S c h a tte n  fo to g ra fiert. 
D u r c h  e in e  b e so n d e r e  M o n ta g e  d es  B li t z l ic h te s  u n m itte lb a r  n e b e n  der
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K a m era  w a r  aber g e w ä h r le is te t ,  daß  der U m r iß  d e s  B ild es  g e n a u  d e m  S c h a t
t e n  d e s  fo to g r a f ie r te n  O b je k te s  e n tsp ra ch . D u r c h  d ie  W a h l d ieser  A r b e its 
m e t h o d e  w a r  e s  m ö g l ic h , m i t  e in fa c h e r e n  M it t e ln  e in  o p t im a le s  E rgeb n is  
z u  e r z ie le n . U m  d ie  M o le k ü lm o d e l le  e x a k t  fo to g ra fieren  z u  k ö n n e n , w a r  es  
a u ß e r d e m  n ö tig , d ie  O b je k te  m i t t e l s  k le in e r  S ty r o p o r s tü c k c h e n  z u  s tü tz e n .  
M o le k ü le  m i t  e in e m  lä n g e r e n  a lip h a t is c h e n  R est w u r d e n  z u m  F o to 
g r a fie r e n  in  der s t e r is c h  a m  w e n ig s t e n  b e h in d e r te n  Form  a n g eo rd n e t. A u c h  
w u r d e  d a ra u f g e a c h te t , d aß  s ic h  d ie  e in z e ln e n  W a ss e r s to ffa to m e  in  g e 
s ta f fe l te r  S te l lu n g  z u e in a n d e r  b e fa n d en . D ie  A n n a h m e , d aß  d ie s  d ie  w a h r 
s c h e in l i c h s t e  M o le k ü lfo r m  is t ,  lä ß t  d ie  o b z it ie r te  A n o r d n u n g  b e r e c h tig t  
e r s c h e in e n .

D ie  F i lm e  w u r d e n  e n t w ic k e l t  u n d  d ie  A u fn a h m e n  so  vergröß ert, d aß  e in  
m itfo to g r a f ie r te r , 1,5 c m  la n g e r  M e ß s tr e ife n  w ie d e r  d ie se r  G r ö ß e  e n t 
sp ra ch ; n a c h  A n g a b e n  der F irm a  L e y b o ld -H e r a e u s  e n ts p r ic h t  der A b sta n d  
v o n  1 ,5  c m  b e i d e n  K a lo t te n m o d e lle n  e in e m  Ä . D ie  M o le k ü lb ild e r  
w u r d e n  a u s g e s c h n it t e n  u n d  d a n n  der S c h w e r p u n k t d ie se r  B ild er  au f der 
F ig u r  e r m it t e l t .  V o m  S c h w e r p u n k t  a u sg e h e n d  w u r d e n  v o n  0 °  b is  3 6 0 °  a lle  
10 G ra d e  L in ie n  g e z o g e n , w e lc h e  zu r  V e r m e ssu n g  g eg en ü b er  der S tan d ard 
s u b s ta n z  d ie n te n . A ls  V e r g le ic h s m o d e l l  d ie n te  C in e o l für d en  c a m p h r ig e n  
u n d  3 - M e t h y l - l-p h e n y lp e n ta n -3 -o l  fü r  d en  b lu m ig e n  G eru ch . D ie  V er
m e s s u n g  e r fo lg te  d u r c h  V e r g le ic h  der B ild er  d es  b e tr e ffe n d e n  M o le k ü ls  u n d  
d er  S ta n d a r d s u b s ta n z e n . D ie  B ild er  w u r d e n  so  S c h w e r p u n k t a u f S c h w e r 
p u n k t  g e le g t ,  d a ß  d ie  1 0 ° -L in ie n  d e c k u n g s g le ic h  w a r e n  u n d  d ie  U n te r 
s c h ie d e  —  ob  lä n g e r  o d er  k ü rzer  —  m it  e in e m  L in e a l a b g e m e s se n  
w e r d e n  k o n n te n . A n s c h l ie ß e n d  w u r d e  d ie  S u m m e  der m e tr is c h e n  W erte  
in  Ä -W e r te  u m g e r e c h n e t  u n d  a ls  A b s o lu tw e r te  in  d ie  T a b e lle  3  e in g e s e tz t .  
D ie s e  S u m m e  d er  A -W e r te  fü r  jede der drei R a u m r ic h tu n g e n  erg ib t d ie  
Ä h n l ic h k e i t  m i t  d e m  S ta n d a r d m o le k ü l. A  is t  das a r ith m e t is c h e  M it t e l  au s  
a lle n  g e m e s s e n e n  m o le k u la r e n  R a d ia ld iffe r e n z e n , a lso  der m it t le r e  U n te r 
s c h ie d  d e s  M o le k ü lr a d iu s  u n d  g ib t s o m it  d ie  D iffe r e n z  in  der M o le k ü lfo r m  
an . D ie  V e r w e n d u n g  d es B eg r iffe s  s im ila r ity  (1) h a t  s ic h  fü r  d ie  v o r lie g e n d e  
A u fg a b e  n ic h t  b e w ä h r t.

W e ite r  w e r d e n  in  der T a b e lle  2  d as M o le k u la r g e w ic h t , das V o lu m e n  d es  
M o le k ü ls  u n d  d ie  K o n d e n s a t io n s p u n k te  der e in z e ln e n  V e r b in d u n g e n  a n g e 
g e b e n . D a s  V o lu m e n  d es  M o le k ü ls  (=  R a u m erfü llu n g ) w u rd e  in  fo lg en d er  
W e is e  b e s t im m t:  D ie  e in z e ln e n  M o le k ü le  w u r d e n  in  e in  m i t  W a sser  
g e f ü l l t e s  k a lib r ie r te s  G e fä ß  g e g e b e n  u n d  d ie  F lü ss ig k e itsv e r d r ä n g u n g  ab 
g e le s e n .  D ie  K o n d e n s a t io n s p u n k te  w u r d e n  e b e n fa lls  in  d ie se r  A r b e it  b e 
r ü c k s ic h t ig t ,  da  n a c h  M a z z i o t t i  (3) in n e r h a lb  e in e r  S to f fk la s se  d ie  
G e r u c h s q u a li tä t  in  B e z ie h u n g  z u m  S ie d e p u n k t  s t e h e n  s o l l .  D er  S ie d e p u n k t
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s t e l l t  e in  M a ß  der in te r m o le k u la r e n  B in d u n g  e in e r  S u b sta n z  dar, so  w ä ren  
d ie s e  B in d e k r ä fte  m itv e r a n tw o r t l ic h  für d ie  G e r u c h sq u a litä t . D ie  
K o n d e n s a t io n s p u n k te  w u r d e n  n a c h  d er M e th o d e  v o n  R e c k h a r d  (4) in  
“K e lv in  u m g e r e c h n e t .

D ie  s t a t i s t i s c h e n  B e r e c h n u n g e n  w u r d e n  n a ch  d en  in  L it. (5) a n g e g e b e n e n  

F o r m e ln  d u r c h g e fü h r t u n d  für jede K o rre la tio n  d ie  A u sg le ic h sg e r a d e  b e 
r e c h n e t . B e z ü g lic h  d es  M o le k u la r g e w ic h te s  u n d  d es  V o lu m e n s  des  
M o le k ü ls  w u r d e n  a lle  55  V erb in d u n g e n  g eg en ü b er  d em  C in e o l v e r g lic h e n , 
b e i d e n  S ie d e p u n k te n  w u r d e n  52  S u b sta n z e n  b e r ü c k s ic h t ig t , da e in ig e  
V e r b in d u n g e n  n u r  d u rch  d e n  S c h m e lz p u n k t  c h a r a k te r is ie r t sin d .

T a b e lle  1 

Formelübersicht

Nummer Chemische Bezeichnung Literatur

1 2,2-Dimethyl-bicyclo|2.2.1 |heptan 
(Camphenilan)

6

2 l,2,2-Trimethyl-bicyclo|2.2.1. |-
heptan
(Isocamphan)

7

3 Camphen 8

4 2,2,3-Trimethyl-bicyclo|2.2.1.1-
hept-S-en
(endo-Isocamphen)

9

5 3,3-Dimethyl-bicyclo[2.2.1. |heptan- 
2-on
(Camphenilon)

10

6 2-Ammo-3,3-dimethyl-bicyclo[2.2.1.1- 
heptan
(Camphenilylamin)

11

7 2-Hydroxy-3,3-dimethyl-bicyclo-
[2.2.1]heptan
iCamphenilol)

10

8 2-Cyano-3,3-dimethyl-bicyclo[2.2.1.)- 
heptan
(Isocamphenilansäurenitril]

12

9 2-Formyl-3-3-dimethyl-bicyclo[2.2.1 j-heptan 
(Isocamphenilanaldehydj

12

10 2,3-Dimethyl-bicyclo[2.2.1 ]hept-5-en- 
2-yl-methanol

9
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Nummer Chemische Bezeichnung Literatur

11 3,3-Dimethyl-bicyclo[2.2.1 |hept-
2-yl-methylamin
(Isocamphenilanylamin)

13

12 3,3-Dimethyl-bicyclo[2.2.1 ] hept-
2-yl-methanol
(Isocamphenilanol)

12

13 l,3,3-Trimethyl-2-oxabicyclo[2.2.2]-
octan
(Cineol)

14

14 2-Hydroxy-2,2,3-trimethyl-bicyclo-[2.2. l]heptan 
(Camphenhydrat |

15

15 1 -(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-5-en-2-yl)-ethanon

16

16 1 -(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-5-en-2yl)-ethanol

17

17 1 -(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl )-ethanon

16

18 2-|3,3-üimethyl-bicyclo[2.2.1 ]-
hept-2-yliden]-ethanol
(Camphenilydencthanol]

18

19 1 -(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-ethanol

17

20 3,3-Dimethyl-bicyclo[2.2.1 |heptan- 
2-carbonsäure 
(Isocamphenilansäure]

12

21 l-Phenyl-3-methyl-pentan-3-ol 14

22 l-(3,3-Dimethyl-bicyclo|2.2.1]-
hept-2-yliden)-propan-2-on
(cd -Acetyl-camphen]

19

23 I (3,3-Dimethyl-bicyclo(2.2.11- 
hept-2-yl)-propanon

17

24 l-(3,3-Dimethyl-5,6-epoxy-bicyclo-
[2.2.1]-hept-2-yl)-ethanon

20

25 3-(3,3-Dimethyl-bicyclo[2.2.11- 
hept-2-yl)-propionaldehyd

21

26 3,3-Dimethyl-bicyclo(2.2.1 ]hept-
2-yl-N,N-dimethyl-methylamin
(Isocamphenilanyldimethylamin)

8

27 2-(3,3-Dimethyl-bicyclo[2.2.11-
hept-2-yl|-propan-2-ol

17

28 1 -|3,3Dimethyl-bicyclo[2.2.11- 
hept-2-yl)propanol

17

29 3,3-Dimethyl-bicyclo[2.2.1 ]heptan-
2-carbonsäuremethylester
(Isocamphenilansauremethylester)

12
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Nummer Chemische Bezeichnung Literatur

30 2-Acetoxy-dimethyl-bicyclo(2.2.11- 
heptan
(Camphenilylacetat)

9

31 3,3-Dimethyl-bicyclo(2.2.1 ]- 
hept-2-yl-nitromethan
( 10-Nitro-isocamphan)

22

32 l-(3,3-Dimethyl-bicyclo[2.2.l]-
hept-2-yl)-but-2-enon

2

33 4-|3,3-Dimethyl-bicyclo[2.2.1|- 
hept-2-yl)-but-3-en-2-on

2

34 l-(3,3"Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-butanon

17

35 3-(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-acrylsäure

2

36 3,3-Dimethyl-bicyclo[2.2.1 )hept-
2-yl-carbonsäuredimethylamid
(Isocamphemlansäuredimethylamidl

12

37 5-(3,3-Dimethyl-2-hydroxy-bicyclo-
[2.2.1]hept-2-yl)-2-methyl-pent-2-en

23

38 2-(3,3'Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-butan-2-ol

17

39 1 -(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-butanol

17

40 3-(3,3"Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-propionsäure

21

41 3,3-Dimethyl-bicyclo[2.2.1 ]hept-
2-yl-N,N-dimethyl-methylamin-N-oxid
(Isocamphenilanyldimethylamin-N-oxid)

8

42 2-Brom-3,3-dimethyl-bicyclo[2.2.1 ]- 
heptan

10

43 1 -(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept -2-yl)-penta-2,4-dienon

2

44 3-(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-2-methyl-pent-1,4-dien

21

45 5-(3,3-Dimethyl-bicyclo[2.2.1 ]-hept- 
2-yliden )-2-methyl-pent-2-en 
(Isosantalen)

23

46 l-(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-pent-2-enon

2

47 l-(3,3-Dimethyl-bicyclo[2.2.1 ]- 
hept-2-yl)-pentanon

17

48 l(3,3-Dimethyl-bicyclo[2.2.1|-
hept-2-yl]-pentanol

17
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Nummer Chemische Bezeichnung Literatur

49 3,3-Dimethyl-bicyclo|2.2.1 ] hept-
2-yl-methylbromid
(Isocamphenilanylbromid)

21

50 5-(3,3-Dimethyl-bicyclo[2.2.1]-
hept-2-yiiden)-2-methyl-pent-2-enol
(iso-Santalol)

23

51 l-|3,3-Dimethyl-bicyclo[2.2.1]-
hept-2-yl)-4-methyl-pent-2-enon

2

52 5-(3-Methyliden-2-methyl-bicyclo- 
[2.2.1 ]hept-(2-yl)-2-methvl-but-2-enol 
[ß-Santalol)

24

53 5-(3,3-Dimethyl-bicyclo[2.2.1 ]-
hept-2-yl)-2-methyl-pent-2-enol
(6-Santalol)

21

54 1 -|3,3-Dimethyl-bicyclo[2.2.1 ] hept- 
2-yl)-4-methyl-pentanon

2

55 3-(2'-Furyl)-l-(3,3-dimethyl-bicyclo-
[2.2.1]hept-2-yl)-prop-2-enon

2

56 3-Cyclohexyl-l-(3,3-dimethyl-bicyclo-
[2.2.1]hept-2-yl)-propanon

2

15 16 18
'CHCH2 0H
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6 R= NH2 23 R = COC2H5 33 r=chchcoch3

7 R = 0H 25 R = CH2CH2 CH0 34 r = coc3 h7

8 R=CN 26 R=CH2 N(CH3) 2 35 R=CHCHC00H

9 R = CH0 27 R=C(CH3)2OH 36 R=CON(CH3) 2

n R=CH2 NH2 28 R=CH(OH)C2 H5 38 R=C(0H) ( ^ 2Hh3 5

12 r=ch2oh 29 r= cooch3 39 R = CH(OH)C3 H7

17 r=coch3 30 r= ococh3 40 R=CH2 CH2COOH

19 R=CH(0H)CH3 31 r - ch2 no2 41 R = CH2 N(CH3 )2

2 0 R=COOH 32 r =cochchch3 42 R = Br 0
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43 r = c o c h c h c h c h 2 51 R =  C O C H C H C H (C H 3)2

46 r  =  c o c h c h c 2 h 5 53 R = C H 2 C H 2 C H C (C H 3)C H 2 O H

47 R = C 0 C ¿ H 9 54 R  =  C O C H 2 C H 2 C H (C H 3)2

48 R = C H ( O H ) C 4 H 9 55 R =  C 0 C H C H - f ^  

— '

49  R  =  C H 2 B r 56 R  =  C O C H 2 C H 2 C ß H n

T a b e lle  2

Physikalische Konstanten

Nummer Molekular- Siedepunkt Volumen des
gewicht in K Molekülmodells in ml

1 124 416 311,0
2 126 435 374,5
3 134 431 325,5
4 136 424 325,5
5 138 465 304,0
6 139 458 342,0
7 140 361 333,0
8 149 520 360,0
9 152 490 356,5

10 152
(Schmp.375)

374,5

l i 153 491 378,5
12 154 501 369,5
13 154 449 376,0
14 154 478 369,5
15 164 483 371,0
16 166 497 384,0
17 166 494 393,0
18 166 507 384,0
19 168 497 406,0
20 168 545 378,5
21 178 515 452,0
22 180 385 407,5
23 180 506 429,5
24 180

(Schm.316)
371,0

25 180 607 429,5
26 181 483 451,5
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Nummer Molekular
gewicht

Siedepunkt
inK

Volumen des 
Molekülmodells in ml

27 182 513 442,5
28 182 509 440,5
29 182 491 415,0
30 182 569 415,0
31 183

(Schm. 198)
397,0

32 192 633 460,0
33 192 551 460,0
34 194 519 466,0
35 194 615 445,5
36 195 553 460,5
37 195 579 546,0
38 196 553 479,0
39 196 522 479,5
40 196 705 451,5
41 197 543 468,5
42 203 409 370,0
43 204 625 479,5
44 204 517 518,0
45 204 585 502,0
46 206 649 496,5
47 208 537 502,5
48 210 543 515,5
49 217 593 397,0
50 220 607 524,0
51 220 667 533,0
52 220 595 563,5
53 222 651 546,0
54 222 648 539,0
55 244 695 555,5
56 262 701 626,0

T a b e lle  3

A in Absolutbeträgen

Nummer A Nummer A Nummer A Nummer ä

1 579 16 773 30 691 44 1122
2 506 17 776 31 553 45 1269
3 539 18 517 32 940 46 936
4 539 19 751 33 1142 47 1229
5 625 20 834 34 1036 48 1111
6 497 21 1253 35 993 49 927
7 676 22 683 36 1016 50 1362
8 819 23 845 37 1133 51 1318
9 695 24 902 38 1025 52 1243

10 543 25 781 39 915 53 1123
11 682 26 821 40 988 54 1277
12 669 27 926 41 743 55 1537
14 515 28 853 42 748 56 1545
15 747 29 843 43 1009
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T a b e lle  4

In der Literatur beschriebene Geruchseindrücke

Nummer Gemchseindruck Nummer Geruchseindruck

1 camphrig 30 camphrig/blumig
2 camphrig 31 camphrig
3 camphrig 32 blumig
4 camphrig 33 blumig
5 camphrig 34 blumig
6 camphrig mit Fischgeruch 35 schwach blumig
7 camphrig 36 schwach camphrig
8 camphrig 37 blumig
9 camphrig 38 camphrig

10 camphrig 39 blumig
11 camphrig 40 blumig/süßlich
12 camphrig 41 camphrig
13 camphrig 42 camphrig/stechend
14 camphrig 43 blumig
15 camphrig 44 zedemholzartig
16 camphrig 45 schwach santalolartig
17 camphrig 46 blumig
18 camphrig 47 blumig
19 camphrig 48 blumig
20
21

schwach camphrig 
blumig

49 camphrig/stechend
50 sandholzähnlich22

23
blumig
blumig 51 blumig

24 camphrig 52 Sandholzgeruch
25 blumig 53 schwach holzartig
26
27
28

camphrig mit Fischgeruch
camphrig
blumig

54
55
56

blumig
blumig
blumig

29 camphrig

Ergebnisse

In Abbildung 1 ist auf der Ordinate das Volumen der Moleküle 
in ml und auf der Abszisse A in Ä aufgetragen. Werte für das Cineol 
konnten in den Abbildungen nicht angegeben werden, da diese Verbindung 
als Vergleichssubstanz diente. A gibt die Abweichung in Absolut
beträgen gegenüber dem Cineol an. Bei der Angabe von Plus- und Minus
werten hätte Cineol in die Abbildungen aufgenommen werden können. 
Auf der Abbildung ist deutlich ein Bereich der camphngen Gerüche, 
ein Bereich der blumigen Gerüche sowie ein Mischbereich zu erkennen. 
Die Korrelationskoeffizienten sind ebenfalls aus den einzelnen Ab
bildungen ersichtlich.
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In Abbildung 2 sind auf der Ordinate die Siedepunkte in “Kelvin 
und auf der Abszisse A in A aufgetragen. Hier ist die Streuung im 
Vergleich zur Abbildung 1 größer, jedoch ist auch hier ein Bereich der 
camphrigen und ein solcher der blumigen Gerüche und ein Mischbereich 
zu sehen.

In Abbildung 3 ist das Molekulargewicht in g auf der Ordinate und A in 
A auf der Abszisse aufgetragen. Auch hier sind wieder die 3 Bereiche der 
camphrigen, blumigen und Mischgerüche — (dieser ist jedoch im Vergleich 
zu den anderen Abbildungen kleiner) —, zu erkennen.

Die in den Abbildungen 1 bis 3 eingekreiste Substanz ist der für die 
blumigen Gerüche gewählte Standard.

In Abbildung 4 sind Mittelwerte (x) und Standardabweichung (s) für 
die camphrigen Gerüche angegeben. Es wurden 31 Verbindungen dieser 
Geruchsklasse ohne die Standardsubstanz Cineol vermessen. Für den 
blumigen Gemch — es wurden 24 Verbindungen inklusive der Standard
substanz vemiessen — sind "x (bei 1123 A) und s (± 205) nicht extra 
hervorgehoben. Man sieht sehr deutlich, daß der Großteil der ver
messenen camphrigen Verbindungen im Bereich der Standardabweichung 
liegt.
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D ik u ssion  der Ergebnisse

Mit dieser Studie sollte gezeigt werden, daß eine Beziehung zwischen 
chemischer Konstitution und Geruch besteht. Der in Abbildung 1 
angegebene Korrelationskoeffizient (0,887) zeigt die Übereinstimmung, 
die durch die Bestimmung der Raumerfüllung der in Tabelle 1 angeführten 
Isocamphanverbindungen auf zwei voneinander unabhängigen Wegen 
(Volumsmessung und Vermessen der Unterschiede der Schattenbilder im 
Schattenkorrelationstest) erzielt wurde. Darüber hinaus ist dieser 
Korrelationskoeffizient eine Bestätigung für die Genauigkeit und 
Reproduzierbarkeit der Messungen und somit auch für die Tauglichkeit 
des Schattenkorrelationstestes. Es besteht, bedingt durch die gute Über
einstimmung der Ergebnisse, die Möglichkeit, bei zukünftigen Unter
suchungen in dieser Richtung den etwas aufwendigen Schatten
korrelationstest durch die einfachere Volumsmessung ersetzen zu können.

Ein größerer Aussagewert bezüglich der Amoore'schen Theorie ist 
durch die Abbildung 2 erkennbar. Die Siedepunkte sollen nach 
M az z io tti (3) innerhalb einer Stoffklasse in Beziehung zur Geruchs
qualität stehen. Abbildung 2 gibt einen deutlichen Beweis für diese 
Beziehung, was auch durch den Korrelationskoeffizienten zum Ausdruck
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gebracht wird. Die Irrtumswahrscheinlichkeit, daß dieses Ergebnis zu
fällig ist, beträgt weit unter 1%. Etwas überraschend ist die gute 
Korrelation von A mit dem Molekulargewicht. Denn a priori ist es 
nicht vorauszusehen, daß mit steigendem Molekulargewicht sich nicht 
auch der Geruchsemdruck ändert. Tatsächlich geben die in Abbildung 3 
angeführten Ergebnisse der Messungen einen weiteren Beweis dafür, daß 
für den „Grundgeruch" (Primärgeruch) hauptsächlich die Molekülgestalt 
und somit die Raumerfüllung verantwortlich ist.

Eine Erklärung für die weite Streuung der als blumig riechenden 
Verbindungen kann übrigens darin gefunden werden, daß unter dem 
Begriff „blumiger Geruch" auch holzige, fruchtige und andere ähnliche 
Geruchsnoten mit einbezogen werden. Die Vielfalt der unter „blumig
fruchtig" einzuordnenden Gerüche ist ja bekannt.

Y am asaki und Mitarbeiter (25) zeigten in einer Studie, daß die 
camphrig riechenden Substanzen in einem Diagramm auf einer verhält
nismäßig kleinen Fläche, die man mit einer Ellipse umschreiben 
könnte, beisammen liegen, während die blumigen Gerüche, die an die Ver
bindungen mit camphrigen Geruch in der Richtung der geringeren 
Flüchtigkeit anschließen, eine weite Streuung aufweisen. Das Gebiet 
der blumigen Gerüche ist nach diesen Angaben in sich nicht geschlossen, 
sondern umschließt auch unter anderem die minzig und faulig-fäkalartig 
riechenden Substanzen.

Jedenfalls ist — wie vor allem aus Abbildung 4 ersichtlich ist — der 
über A = 900 liegende Bereich nicht den camphrigen Gerüchen zu
zuordnen.

Die Theorie von Amoore stimmt mit dem Ergebnis der Geruchsprüfung 
bezüglich Grundgeruch der untersuchten Isocamphanverbindungen über
ein. Dies gilt jedoch nicht für Geruchsnuancen, denn es ist unwahrschein
lich, daß kleine Änderungen des Moleküls eine wesentlich andere Raum
erfüllung zeigen, womit ein anderer Primärgeruch hervorgerufen werden 
könnte. Diese Geruchnuancen werden sicherlich durch Sekundäreffekte, 
die auch im Bereich des Rezeptors liegen, und weiteren molekularen 
Parametern hervorgerufen.

Die in der Einleitung gegebene Problemstellung, derzufolge die kleine
ren, kugelig geformten Moleküle dem camphrigen Geruchstyp zuzuordnen 
sind, während die mit längerer Seitenkette ausgestatteten Verbindungen 
einen anderen Geruchseindruck hervorrufen sollten, wurde durch die 
vorliegende Arbeit voll bestätigt. Es kann also als Resümee die Gesetz
mäßigkeit gezogen werden, daß innerhalb der Isocamphanreihe mit 
abnehmender Kugelform des Moleküls auch der camphrige Geruchs
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eindruck verblaßt. Dies müßte auch für endo-konfigurierte Substanzen am 
C 2 ‘Atom zutreffen. Die Übereinstimmung der Ergebnisse mit der 
Am oore'schen Theorie ist bei der Verbindungsklasse der Isocamphane 
gegeben.

Zusam m enfassung

An Hand von verschiedenen Isocamphanverbindungen wurde gezeigt, 
inwieweit die stereochemische Theorie von Amoore zur Erklärung des 
Geruchseindruckes angewendet werden kann. Mit Hilfe des Schatten
korrelationstestes wurden die Moleküle gegenüber der Standardsubstanz 
1,8-Cineol vermessen. Die Übereinstimmung der Ergebnisse mit anderen 
Molekülparametern wurde geprüft. Die kugelig geformten Moleküle 
dieser Reihe rufen einen camphrigen Geruchseindruck hervor und es 
nimmt dieser mit zunehmender Asymmetrie der Moleküle ab.
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Synopsis

Use was made of radiotagged SODIUM LAURYL SULFATE (SLS) to determine its sorption by skin and 
hair. In the initial stages uptake is linear in square root of time, indicative of a diffusion process. The uptakes 
determined by radiotagged SLS were successfully correlated with data from a simple gravimetric method and 
showed that the latter procedure can be used satisfactorily under certain conditions when radiotagged com
pounds are not available. The influence of some additives on the SORPTION of SLS was studied. Salt 
increases the sorption, while nonionic SURFACTANTS (which are not themselves sorbed) substantially 
depress it. Finally, the relation of the sorbed SLS to water of hydration of KERATIN is examined. It is con
cluded that most, if not all, the sorbed material is bound to keratin, rather than existing in an "internal” solu
tion.

IN T R O D U C T IO N

Surfactants and soaps are known to be irritating to the skin and under extreme condi
tions can have adverse effects on hair. Scientific study of the action of these materials is 
hampered by a lack of data on their uptake by various keratin substrates. The avail
ability of sodium lauryl sulfate (SLS) in radiotagged form makes it relatively easy to 
study the kinetics of sorption of this model surfactant over a wide range of concentra
tions and times, and to explore the various effects of additives.
There are few data in the literature concerning the sorption of surfactants by human 
hair. Two studies (1,2) have dealt with long-chain quaternary ammonium halides 
(typical cationic surfactants), but both were conducted at concentrations well under 
1%. A brief radiotracer study was made of sodium acyl sarcosinates (3) in which the 
concentration was as high as 5%. However, nothing has appeared dealing with non
ionics, amphoterics or more common anionics such as sodium lauryl sulfate and its 
ethoxvlates; nor have concentrations in the range of 10% been investigated, cor
responding to the actual strength of shampoos.
The situation is similar for the substrate skin. There is a large, medically oriented litera
ture on the percutaneous absorption of surfactants-particularly anionics like SLS, but 
the uptake of surfactant by the skin is not usually considered in these works. Two not

323
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able exceptions are Harrold and Pethica (4) and Blank and Gould (3). However, both 
of these papers describe only long times (18 to 24 hr) and low concentrations. Another 
related study deserves to be cited, namely the work of Garrett (6) on the sorption of 
surfactants by hide powder. Only low concentrations were employed, but the funda
mental Vt dependence was shown at short times.
It is believed that the present study is the first to examine short times and high 
surfactant concentrations, corresponding in some degree to normal-use conditions.

E X P E R IM E N T A L

Undamaged and bleached hair samples were obtained from DeMeo Bros., New York 
City, and were used as received.
The stratum corneum from neonatal rats was used as a model for human skin. The 
details of preparation of these membranes have been given in a previous publication 
(7). This stratum corneum has well developed barrier properties, at least in respect to 
the transmission of water vapor, as has been shown by Singer and coworkers (8) and 
confirmed by our own determinations (7).
Sodium lauryl sulfate was obtained as a pure white crystalline powder from BDH 
Chemicals, Ltd., Poole, England. Tagged material was purchased from 
Amersham/Searle Corp., Arlington Hts., Illinois, in the form of small, individual 
ampoules. Each ampoule contained 2.47 mg of SLS with an activity of 110 microcuries. 
The “tag” is present as the S-35 isotope and is thus in the anion of the surfactant:

Standapol ES-2 (Henkel Co.)—sodium lauryl ether sulfate with 2 mol of ethylene 
oxide.
Standapol ES-3 (Henkel Co.)—sodium lauryl ether sulfate with 3 mol of ethylene 
oxide.
Standapol 130E (Henkel Co.)—sodium lauryl ether sulfate with 12 mol of ethylene 
oxide.
Tergitol 15-S-9 (Union Carbide Corp.)—the 9 mol ethoxylate of secondary Ci3 to 
C alcohol.

Solutions of desired concentration were made up of the nonradioactive powder and 
one ampoule of tagged material was added with stirring. Hair samples of about 100 mg 
each were placed in 20 ml of the solution for times which varied from a few minutes to 
8 hr. They were then removed and rinsed twice for a few seconds to remove entrained 
solution. For stratum corneum the sample size was approximately 2 mg and the solu
tion was 10 ml. In either case the exposed substrate was dissolved with Unisol (Isolab 
Inc.) and Unisol-Complement was added. The resulting clear solution was counted by 
the scintillation method on a Packard 3255 Tri-Carb Spectrometer to determine the 
amount of SLS sorbed. Triplicate experiments were run and averaged for each experi
mental point on the figures.

A GRAVIMETRIC PROCEDURE

The availability of accurate sorption data from the radiotracer experiments with SLS 
described below furnished a benchmark from which a simpler gravimetric technique
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has been worked out for materials not available in tracer form. In studies of hair care 
products such as proteins, polymers and conditioners it is often of interest to de
termine the amount of material which is sorbed by the hair. The high cost of human 
hair and its difficulty in handling dictate that laboratory samples be of small size, that is 
of the order of 100 to 200 mg in weight. If the sorbed quantity is in the range 1 to 10% 
(often the case), then the incremental weight is 1 to 2 0  mg, an amount that is easily de
tected with an analytical balance. For best results the hair should always be weighed 
directly, not in a container. A suitable configuration is achieved by winding the 100 mg 
strand around one’s finger and stuffing it into a 1 oz vial. Enough distilled water is 
added to wet the hair and the vial is left open overnight in a 50°C oven. By the next 
day, after drying, a well shaped curl has formed which retains its configuration and can 
easily be removed by forceps and placed on the balance pan.
Hair is very hygroscopic, a fact which creates a problem in gravimetric work. 
Thoroughly dried hair will gain several percent of its weight in moisture when it is 
exposed to the atmosphere for only a few minutes. It is thus extremely important to 
make sure that the sample being weighed is always at the same reference state relative 
to water vapor. For example, this could be a "bone dry’’ condition such as is achieved 
by drying over P2O5 or at high temperatures. However, drying by desiccants is time- 
consuming, while high-temperature drying tends to alter the hair protein irreversibly. 
On the other hand, simple equilibration for some time at ambient atmosphere is quite 
unsatisfactory, owing to changes of relative humidity. As a compromise, oven drying at 
50°C was adopted. This is low enough so that no damage seems to occur to the hair. 
The amount of time required to reach equilibrium water content is of the order of 8  to 
12 hr. Thus samples can conveniently be left overnight in the oven before weighing. (A 
1 0  min period in a desiccator to cool the sample is advisable between the oven and 
balance.) The reproducibility achieved in this way has generally been very satisfactory. 
For example, two samples of bleached hair were conditioned in a 50°C oven for a day. 
Their weights were recorded as 104.8 and 123.4 mg. The samples were then placed in 
distilled water for three days, removed and dried in the oven overnight. The following 
day their weights were, respectively, 105.0 and 123-6 mg.
For accuracy, the hair samples should be dried and weighed several times, both initially 
and after sorption, until constant values are obtained. In actual practice it was usually 
found that the weight after the first drying does not change appreciably upon further 
drying. It is always advisable to run several “controls” for each sorption experiment; 
these are hair samples which are exposed to distilled water for the same time as the du
ration of the sorption. Normally the controls will return to their initial weight; but in 
some cases systematic (i.e., more than one sample) deviations of 0.5 to 1 mg can occur. 
This is possibly related to large changes of ambient laboratory humidity. Such devia
tions should be taken into account for the sorption samples.
Some discussion about rinsing procedure is in order here. To a certain extent the 
method followed must be adapted to the material which is sorbed. Thus, for a cationic 
polymer, which is very tenaciously sorbed, the hair should be thoroughly rinsed several 
times. The polymer sorbed will not come off easily even with vigorous washings; and 
more important, the viscous polymer solution which is easily entrapped in the hair 
must be removed or erratic results will be recorded. At the other end of the spectrum 
are substances like salts (see below for results on NaBr). In this case sorption is very 
weak and thorough rinsing completely removes the salt; a different procedure must be
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followed, which consists in simply patting dry the hair fibers with tissue. This effec
tively removes entrapped liquid. The weight of a tress treated in this way is surprisingly 
reproducible and corresponds to a kind of "fully hydrated” state. The anionic 
surfactant sodium lauryl sulfate (also treated below) corresponds to an intermediate 
case. The surfactant is fairly tightly bound by the hair substrate and is located internally 
as well as on the surface. However, upon very thorough washing (15 to 30 min) a third 
or more of it will be desorbed. Hence a compromise protocol is advisable, such as two 
or three successive short rinses in distilled water to remove adhering liquid and foam.
With suitable care the gravimetric procedure outlined above has yielded results which 
are quite close to those obtained by radiotracers, as shown in the following cases:
Sod ium  brom ide, N a B r. Stam and White (9) have reported on the uptake of NaBr by 
undamaged blonde hair from aqueous solution, using a Na22 tag. Their results for 
several concentrations are given in Figure 1 and show a linear relation between sorp
tion and concentration. Our gravimetric data (also with undamaged blonde hair) done 
in duplicate at two concentrations are plotted in the same figure. The agreement is 
surprisingly good, considering that the hair samples are completely different. Note that
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this is a relatively favorable case owing to the large weight of sodium bromide; 1 milli- 
mole/g corresponds to about 10% by weight.
Sod ium  la u ry lsu lfa te  (SLS). In this instance, the uptake of SLS from 10% solution was 
measured on a single series (three samples for each time period). The solution was 
tagged with the compound described in the experimental section. First, weighing was 
done according to the gravimetric method above, yielding the open triangles of Figure 
2. The samples were then dissolved and counted for radioactivity content following the 
procedure of the experimental section. This gave the solid circles of Figure 2. The 
agreement of the two methods is excellent indeed.
Thus, for relatively favorable cases (bleached hair as substrate and large uptakes), sorp
tion of some materials by hair can be determined gravimetrically with reasonable ac
curacy. (The authors have not found it practical to adapt a similar procedure to stratum 
corneum as substrate.)

Figure 2. Sorption of 10% sodium lauryl sulfate by bleached hair; gravimetric and radiotracer determina
tions were made on the same samples of hair



3 2 8 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

R ESU LTS A N D  D ISC U SSIO N

SODIUM LAURYL SULFATE

Typical sorption curves at various concentrations are shown in Figure 3 for bleached 
hair and in Figure 4 for stratum corneum. Similar curves were obtained for undamaged 
hair and the uptakes in that case were approximately an order of magnitude less than 
found for bleached hair. For all these substrates the course of sorption follows closely a 
linear dependence on the square root of time, consistent with a diffusion process. In 
Figure 5 the data are plotted in this manner for both bleached and undamaged hair. A 
linear dependence is observed except for the first 15 to 30 min, where a sort of “lag 
time” is observed. Analogous behavior has been noted before in the dyeing of wool, a 
physically similar type of process (10,11). The initial lag is characteristic of the 
presence of a surface barrier, which in this case is postulated to be the so-called 
epicuticle (12). The data for stratum corneum (Figure 6) also shows good linearity in 
Vt but there is no evidence of a surface barrier.
The slopes of the uptake — V t lines can be regarded as a measure of the rate of sorp
tion and it is evident that these rates continually increase with concentration. Thus 
Figure 7 shows the uptakes at 1 hr (which are proportional to the slopes) plotted 
against the total surfactant concentration for stratum corneum and bleached hair. An 
interesting feature occurs in both cases: the rate function closely approximates two 
straight lines which intersect at the critical micelle concentration, CMC, i.e., the point
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HOURS
Figure 4. Sorption of sodium lauryl sulfate by stratum corneum

where micelles begin to form. (For SLS this concentration is 0.24%.) Undamaged hair 
also shows this phenomenon, but the rates are considerably lower than for bleached 
hair.
It is not surprising that the CMC is important in terms of sorption rate. The diffusion 
mechanism of sorption strongly suggests that it is the monomer species which enters 
the substrate. Above the CMC most of the added surfactant is known to exist in the so
lution as micelles, i.e., roughly spherical aggregates of 50 to 100 surfactant molecules. 
These entities do not seem to penetrate the keratin, probably because of the combina
tion of size and negative charge. Little is known about the precise monomer concentra
tion above the CMC, although it is often stated that it remains constant. There is evi
dence, however, that it may increase slowly. For example, osmotic pressure data (13) 
show a pattern of two intersecting lines similar to Figure 7, but the measurements were 
not extended very far above the CMC. Mysels (14) in some ingenious dialysis experi
ments has shown that the rate of passage of SLS through a membrane impermeable to 
micelles continues to increase above the CMC and he cites this as evidence for increas-
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Figure 5. Sorption of 10% sodium lauryl sulfate by bleached and virgin brown hair

ing activity of the monomer in this region. Unfortunately it is very difficult to make 
direct measurements that are unambiguously related to the SLS monomer concentra
tion in the region well above the CMC. Thus, while it is not clear that monomer 
concentration in fact does increase there, the sorption data shown here are consistent 
with such an interpretation and they show the same kind of phenomenon found in the 
dialysis experiments of Mysels.

THE DIFFUSION PROCESS

From the uptake vs. Vt curves a rough estimate can be made of the diffusion constant 
of SLS in the keratinous medium, either hair or skin. For hair, the formulation com
monly employed is that which represents diffusion into an infinitely long cylinder at 
short times (9):

Q(t) _ 4 /D t 
Q (°°) r V 7T
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Vt; HOURS

Figure 6 . Data of Figure 4 vs. V t

where r is the radius of the hair fiber, D is the diffusion constant and Q (°c) is the “equi
librium” uptake, i.e., at very long times. If r is taken as 25 x 1CU4 cm and a rough esti
mate is made for Q (<*) by measuring uptake after several days, one obtains for 
bleached hair D = 1 to 3 x 1CU11 cm2/sec and for undamaged hair D = 1 to 2 X 1CU12 
cm2/sec. Within the uncertainty of estimation of values for Q (oo) the magnitudes of the 
diffusion constant D were found to vary only slightly for the concentration range 
between 0.1 and 10%. They compare well with values reported by Griffith (15), 1 X 
10-11 cm2/sec, and by Chen (16), 4 X 10~n cm2/sec, in both cases for wool, a closely 
related substrate. These authors made use of the formula cited above.
In the case of skin, we prefer to use the well known formula of A. V. Hill (see 
reference 7 for a derivation):

Q(t) = 2C„
V  T T

where Q is the uptake in g j c m 1, C0 is the external concentration in g/cm!, t is the
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Figure 7. Concentration dependence of sorption rate: uptake of sodium lauryl sulfate by stratum corneum 
and bleached hair

time in seconds and D is the diffusion constant. The diffusing species is assumed to be 
the SLS monomer; hence C„ corresponds to the total solution concentration only in the 
range below the CMC (0.24%). Using data at 0.1 and 0.2% one obtains by this formula 
D = 3 to 7 X 10~9 cm2/sec, about three orders of magnitude higher than in undamaged 
hair but still considerably lower than for SLS in water.

SORPTION OF SODIUM LAURYL ETHER SULFATES

Having measured the sorption of 10% SLS by a simple weighing procedure, it was of 
interest for comparison to determine the uptakes of closely related surfactants: 
Standapol ES-2, ES-3 and 130-E. These are, respectively, the 2, 3 and 12 mol ethoxy- 
lates of SLS and they represent a chemical series which increases in ethylene oxide 
content. Radiotagged samples of these materials are not available, so the gravimetric 
procedure described above was used. In Figure 8 their uptakes vs. time are plotted and 
compared to SLS. Bleached hair was the substrate. There is clearly a reduction in sorp
tion with increasing number of ether groups in the surfactant molecule—a reduction 
which also persists on a molar plot. There are several possible explanations for this ef
fect. The simplest is that the molecules increase in size in this series and hence have 
more difficulty getting into the hair structure. Also very convincing is the fact that the 
CMC decreases markedly for these compounds as the ethylene oxide content increases
(17). Thus the monomer concentration available for diffusion will be a decreasing func-
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Figure 8 . Sorption of sodium lauryl ether sulfates by bleached hair from 10% solution

tion also. This decreased sorption correlates well with the well known milder prop
erties of highly ethoxylated anionic surfactants compared to SLS.

THE EFFECT OF ADDITIVES

A feature of SLS sorption is that it is strongly influenced by the addition of certain 
other compounds. For example, sodium chloride generally causes an increase in sorp
tion. This effect is well known from work on wool (15,16). It is even more pronounced 
with stratum corneum as the substrate, as the data in Figure 9 show. Harrold and 
Pethica (4) found the same phenomenon with finely divided epidermal keratin. Salt 
decreases the CMC of SLS, so the monomer concentration will be lowered in its 
presence. It seems, therefore, that the salt must act on the substrate in a way that makes 
it more available to the surfactant or by a nonspecific electrical screening effect.
On the other hand, the addition of a nonionic surfactant such as Tergitol 15-S-9 
considerably decreases the sorption of SLS, both for hair and skin. This is not due to 
competition between the two surfactants for sites in the keratin, because the nonionic 
material is hardly sorbed at all by itself. Instead it is known that mixed micelles of the 
two surfactants are formed. For a very similar system Schick and Manning (18) have
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shown that even small additions of a nonionic surfactant have a large effect in lowering 
the CMC of sodium lauryl sulfate. This brings about a lowering of the SLS monomer 
concentration and, hence, lower sorption. Figure 10 demonstrates the effect in a strik
ing way. This furnishes a physico-chemical explanation of the findings of Finkstein (19) 
who showed that a reduction of irritation of anionic shampoos occurs on the addition 
of nonionic surfactants in spite of the fact that the total surfactant concentration 
increased. In this case, lower irritation is attributed to decreased sorption of the anionic 
surfactant by proteins of the skin and cornea.

RELATION OF SORBED SURFACTANT TO WATER OF HYDRATION

Both hair and stratum corneum absorb water when placed in solution. It is therefore 
conceivable that some, if not all, of the sorbed surfactant may be present as a solute in 
this “internal'’ solution, rather than being truly bound to the keratin. The analytical 
method employed here does not distinguish these cases. It is not easy to decide this 
point conclusively, but the available evidence indicates that the surfactant is bound to 
the substrate.
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HOURS
Figure 10. Effect of a nonionic surfactant on the sorption of sodium lauryl sulfate by bleached hair

For undamaged hair the water of hydration amounts to about 35% by weight of the dry 
substrate; this water is absorbed in less than 1 min. However, the SLS sorption, as 
shown in Figure 1, goes on for many hours. Furthermore, at low solution concentration 
of SLS the ultimate amount of surfactant taken up by hair can amount to ten times as 
much as would be calculated solely from the “external” solution. A study has been 
made by NMR of the mobility of water in hydrated hair (20). In this work it was found 
that such water is quite immobile and tightly bound to the keratin. It seems unlikely 
that SLS can exist as a normal solute in such an environment.
The case of stratum corneum is somewhat different in that this substrate absorbs as 
much as 1000% of its own dry weight over a period of many hours when immersed in 
aqueous solution. A detailed study of this water (21) shows, however, that much of it is 
quite restricted in mobility and probably located in the interior of the keratin cells. 
Again, it seems unlikely that this water of hydration can behave like the bulk ‘external” 
solution; in particular, the existence of ordinary micelles therein is improbable because 
of exclusion effects. Figure 11 shows two curves which compare the actual measured
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Figure 11. One hour uptakes of sodium lauryl sulfate in stratum corneum: solid line, as measured experi
mentally; dotted line, calculated by assuming that water of hydration has the same composition as the 
external solution

uptakes of SLS at 1 hr with the calculated uptakes at each concentration assuming that 
the water of hydration or “internal” solution has the same concentration as the 
“external” solution. The latter curve was calculated from swelling data obtained at a 1 
hr exposure for a number of concentrations of SLS. It will be noted that the uptakes at 
low concentrations (below the CMC) are much greater than the calculated uptakes. But 
at high concentrations (above 5%) the calculated uptakes are larger than the measured 
ones. This lack of agreement clearly shows that the internal solution does not have the 
same concentration as the external one. It does not exclude the possibility, however, of 
some SLS monomer existing in free solution inside the stratum corneum. The evidence 
above suggests that this possible state is unlikely to amount to more than a small frac
tion of the measured uptake. In this connection it may be recalled that collagen and 
protein in general can bind large amounts of SLS. Nelson (22) has shown that as much 
as 1.1 to 2.2 g of SLS/g of protein can be bound under the most favorable conditions. 
Thus the inference that all of the SLS uptake reported here is bound to the keratin is 
not unreasonable. More light could be shed on this point by a detailed NMR study of 
the state of the lauryl sulfate anion in hydrated stratum corneum and hair.

C O N C L U S IO N S

It has been shown that the uptake of anionic surfactants by hair and stratum corneum 
membranes is appreciable. With sodium lauryl sulfate, SLS, the uptake increases 
markedly with concentration even above the critical micelle concentration, and it also
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increases in the presence of added salt but decreases in the presence of added nonionic 
surfactant. Lauryl ether sulfates are sorbed to a lesser extent than SLS and their uptake 
decreases with ethylene oxide content.
By comparison of sorption data obtained by radiometric and gravimetric techniques, it 
has been demonstrated that a simple weighing technique can be employed for measur
ing the uptake of surfactants and simple salts, in view of their relatively high sorption 
values.
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Synopsis

Neonatal rat STRATUM CORNEUM was used as a model membrane to investigate PERMEATION 
through mammalian skin. Passage of materials through these membranes was determined by use of radio- 
tagged compounds and by spectrophotometric analysis. The anionic surfactant SODIUM LAURYL 
SULFATE penetrates the stratum corneum even at low concentrations. The diffusion constant for this 
process is about 10~10 cm2/sec, compared to 1CT6 cnr/sec for free diffusion in water. This SURFACTANT is 
bound to the skin in large amounts, up to 50% by weight at high concentrations. Pretreatment of the 
membrane by a cationic cellulose polymer (which is itself strongly sorbed) greatly reduced the amount of 
surfactant which passed through the membrane.

IN T R O D U C T IO N

Considerable study has been made in the past of the effect of surfactants on the 
permeability of mammalian skin. For example, Bettley and Donoghue (1) showed that 
soap not only penetrates the skin barrier, but also makes the barrier more permeable to 
water and other solutes. A number of studies thereafter emphasized the increased per
meation of water or salts (2-6). Relatively little, however, has appeared on the permea
tion of surfactants themselves through skin. Perhaps the first quantitative study was by 
Blank and Gould in 1959 (7) showing that anionic surfactants in low concentration 
penetrated human epidermis with difficulty. Blank’s subsequent work on a cationic 
surfactant indicated virtually no penetration at all (8). With somewhat greater con
centrations, Scala et al. (9) and Howes (10) demonstrated more permeation by 
various anionic surfactants. All of these previous studies were quite limited in terms of 
the range of concentrations studied and the time scale investigated; yet both factors 
have been specifically recognized to be of great importance in the permeation process 
(5). The authors’ interest in the permeation of surfactants through skin arose in con
nection with a clinical study of antiirritation effects of a cationic polymer (11). A 
detailed study of both sorption and permeation of the anionic surfactant sodium lauryl 
sulfate has been made with the aim of clarifying the mechanism of action of these ob
served protective effects.

339
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E X P E R IM E N T A L

Stratum corneum of neonatal rats was used as a model for human skin. Live young rats 
one or two days old were obtained from Marland Breeding Farms, West Milford, New 
Jersey. The animals were sacrificed by being placed in an atmosphere of CO2 for 
several hours; after death the whole skin was removed by a surgical scalpel. The skin 
was placed in a desiccator jar and exposed to ammonia vapor for 1 to 3 hr. Following 
this, the skins were put in water and the epidermal layer was gently separated from the 
dermis. The epidermis so obtained was floated on the surface of a pan of water. After 
an hour the membrane was removed by bringing up a metal screen under it. The 
membrane was placed top down on a wet paper towel and the screen removed. At this 
point the Malpighian layer could be gently scraped off, leaving the desired stratum cor
neum on the towel. The paper and stratum corneum were placed again in water until 
separation occurred. The stratum corneum layer was recovered by a small Teflon 
screen and air-dried. Isolation of the stratum corneum follows a method outlined for us 
by E. J. Singer and E. Boisits of Lever Brothers Co., Edgewater, New Jersey. A typical 
piece of stratum corneum was about 25 /rm thick and 5 X 6  cm in area. It weighed 
about 2 0  mg, corresponding to a density of 0.7.
The permeability cell used was modeled after a description by Loveday (12), and is 
shown schematically in Figure 1. The temperature of the experiments was that of the 
laboratory, 23°C ± 1°C.
The surfactants used in this study were:

Tergitol 15-S-9 (Union Carbide Corp.), the 9 mol ethoxylate of a secondary Cu to
C 15 alcohol.

PERMEABILITY CELL  
AFTER LOVEDAY (1961)

Figure 1. Schematic drawing of permeability cell
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Barquat MS-100 (Lonza, Inc.), myristyldimethylbenzyl ammonium chloride.
Sodium lauryl sulfate (SLS) was obtained as a pure white crystalline powder from
BDH Chemicals.

Analyses of the first two materials were made spectrophotometrically, by absorption at 
337 nm for Tergitol and at 262 nm for Barquat. In these cases, the small amount of 
protein leached from the stratum corneum does not interfere with absorption peaks of 
the surfactants.
Radiotagged material was purchased from Amersham-Searle (Des Plaines, IL) in the 
form of small individual ampoules. Each ampoule contained 2.47 mg of SLS with an 
activity of 100 microcuries. The tag was present as the S-35 isotope and is thus in the 
anionic part of the surfactant. Solutions of desired concentration were made up of the 
nonradioactive powder and one ampoule was added with stirring. For permeability ex
periments a small sample (0.1 g) of the water in the lower part of the cell was removed 
by pipette and put in a 1-oz counting vial filled with the scintillant liquid, Instagel. Ra
dioactivity was determined by scintillation counting in a Packard 3255 Counter. For 
sorption experiments skin samples of about 2 mg each were placed in 20 ml of tagged 
solution for various set times, removed and rinsed twice for a few seconds with distilled 
water to remove entrained solution. The skin was then dissolved in UNISOL and a 
scintillant cocktail added. Radioactivity was again determined in the Packard Counter.
Polymer JR is a quaternary nitrogen-containing cellulose ether (13). The JR-400 grade 
was used for the experiments reported here. Its approximate molecular weight is 
400,000.

NOTE ON CALCULATIONS

For biological membranes such as skin, whose thickness is difficult to measure, it is 
convenient to work with the apparent permeability defined by (14)

Q/A = P Ac t, [1]
where Q is the amount of solute which penetrates through area A in time t; P is the ap
parent permeability constant and Ac is the difference in concentration between the two 
sides of the membrane. For this work Ac is taken to be simply the initial concentration 
of the upper solution, since the concentration in the stirred water is always close to 
zero. An idealized Q vs. time curve is shown in Figure 2. There is an initial slow growth 
of Q leading to a straight line portion, the extrapolation of which back to the time axis 
gives the “lag” time, T„. From this time a diffusion constant, D, can be calculated by
(14)

D = h2/6T0 [2]
where h is the thickness of the swollen membrane. The plot illustrates how both P and 
D can be derived from permeability data. For purposes of calculation h has been 
assumed here to be 50 /u., which is about twice the dry thickness of the stratum cor
neum. (It should be appreciated that individual membranes vary in thickness and that 
the swollen thickness changes slowly with time.)
In the ideal case, the apparent permeability is related to the diffusion constant, D, by 
the equation:
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T0
TIME

Figure 2. Idealized permeation curve

P = (KD)/h [3]
where K is a unitless partition coefficient, being the ratio at equilibrium of the 
concentration of solute in the membrane to the concentration of solute in solution
(15). This allows determination of K, or of P by two different methods if K is known.

RESULTS A N D  D ISC U SSIO N

In view of the fact that each permeation run uses a different individual skin, some 
general comments on reproducibility are appropriate. Generally speaking, precision 
was found to be good. For example, Figure 3 shows three separate stratum corneum 
samples treated for permeability to 10% SLS, a very aggressive environment. Better 
results could be obtained at lower concentration: Figure 4 contains data for two dif
ferent runs at 0.5% SLS. However, it was not always possible to obtain such good 
agreement, particularly at the higher concentrations where the membranes are 
substantially dissolved with time. Occasional skins showed immediate passage of
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Figure 3. Three separate runs at 10% sodium lauryl sulfate

surfactant, presumably because of a pinhole or quick breakdown. Such membranes 
were discarded and the data not used.

BARRIER PROPERTIES

Extensive studies of moisture vapor transmission have shown that the barrier function 
is well developed at birth for young rats (16) and we have confirmed these findings 
(17). In this sense the stratum corneum of such animals can be regarded as a reasonable 
model for human skin. An examination was also made of the permeability of liquid 
water (tagged by tritium oxide) through these membranes. The permeability was found 
to be 5.5 X 10-7 cm/sec. This is in satisfactory agreement with the value of 2.8 X 1CT' 
cm/sec determined for human stratum corneum by Scheuplein (15).
It should be noted that this relatively low value of permeability means that there is 
rather slow, back diffusion of water from the lower reservoir of the permeability cell
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Figure 4. Two different runs at 0.5% sodium lauryl sulfate

into the concentrated surfactant solution above the membrane (osmotic effect). This 
flow can be calculated to be something on the order of 1 to 2 mg/hr/cm2, and is a negli
gible factor for the time and concentrations described below.

PERMEATION OF SURFACTANTS

Seemingly contradictory opinions have appeared in the literature concerning the 
permeability of mammalian stratum corneum to surfactants and ionic species in 
general. The viewpoints of Blank (7,8), that both cationic and anionic surfactants 
penetrate human epidermis with great difficulty or not at all, and of Scala (9), that 
permeability of human skin continually increases with exposure to these surfactant 
types, were reconciled by Scheuplein (5) who showed the great effect of concentration. 
The data for sodium lauryl sulfate given below confirm his interpretation.
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As a preliminary it may be noted that considerable barrier strength does exist in the 
stratum corneum against nonionic and cationic surfactants. Thus the cationic, myristyl- 
dimethylbenzyl ammonium chloride (Barquat MS-100) applied at the level of 10% to 
neonatal rat stratum corneum requires about six days for penetration. Figure 5 shows 
the permeability curve, which resembles the schematic of Figure 2. Using eq 1 above, 
one can calculate from the slope an apparent permeability, P, of 2.2 X 10-6 cm/sec, and 
from the lag time of six days D = 0.8 X 10“11 cm2/sec. The permeability value is un
reasonably high since it is even greater than that for water (see above). If one now uses 
these values of P and D in eq 3 to calculate the partition coefficient K, a value of 1380 
is obtained. For the surfactant concentration of about 0.1 g/cm3 this implies a 
concentration of 138 g/cm3 of Barquat MS-100 in the swollen skin, a physical impossi
bility. It is plausible that sometime between three and six days the membrane has been 
structurally altered to permit such a high permeation. Since this change may well be 
non-uniform throughout the membrane, there is little point in the calculation of P or D 
in such a case. The same phenomenon was found for the nonionic Tergitol 15-S-9 at
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10% and also for a number of simple electrolytes such as NaCl, RbCl and CaCl-2 , all at 
1 to 2 M. In each case the lag or “breakthrough" times for these materials ranged from 
two to six days, which indicates that the stratum corneum provides a fairly good barrier 
even against concentrated salts. This is also confirmed by previous studies (18).

SODIUM LAURYL SULFATE

However, the stratum corneum is not such an effective barrier against the anionic 
surfactant sodium lauryl sulfate. At the higher concentrations a steady attack on the 
membrane appears to take place as evidenced by permeation curves with continually 
increasing slope; see for example the data of Figure 3 and Figure 4. But at the very 
lowest concentrations the permeability curves begin to resemble the idealized curve of 
Figure 2, especially for the initial stages. Furthermore, approximately the same lag time 
is obtained for different concentrations, so that an attempt can be made to calculate P 
and D. Figure 6 shows data for runs at 0.01 and 0.001%' SLS which give a P of 1.7 to
2.3 X 10^8 cm/sec and a D of 1.0 x 10“'° cm2/sec. The only study in the literature with 
which a meaningful comparison can be made seems to be the work of Howes (10); he

0 1 2 3 4 5 6 7
DAYS

Figure 6 . Permeability of 0.01 and 0.001% sodium lauryl sulfate
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HOURS
Figure 7. Normalized permeability curves for sodium lauryl sulfate permitting data at different concentra
tions to be shown on the same plot. Data at 10% were divided by 10, data at 0.1 % divided by 0.1, etc.

obtained permeability constants for SLS through human epidermis of 0.17 to 3.0 X 

10~8 cm/sec, the lower value being at 6 hr of contact and the higher at 24 hr. His 
concentration was about 0.7% SLS, which is somewhat higher than those in Figure 6.
As the concentration increases, still greater changes occur in the membranes. This can 
be conveniently shown by a series of “normalized” permeation curves in Figure 7. In 
this plot the flux has been divided by the solution concentration. Thus the slopes of the 
various curves are directly proportional to permeability. There is a continual increase 
in slope with concentration, although the effect is not large for the first 8 hr. Figure 8 
shows the same type of behavior over a wide range of concentration and time. This is 
perhaps the most impressive example from this study of the vigorous attack by SLS on 
skin.
The data of Figures 7 and 8 raise an interesting question about the mechanism of 
penetration of SLS through the skin. Above the critical micelle concentration (CMC),
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Figure 8. Normalized permeability curves at longer times. Calculation procedure is the same as in Figure 7

which is about 0.24% for SLS, the surfactant molecules in solution are thought to exist 
mainly in the form of micelles, i.e., approximately spherical aggregates of 50 to 100 
molecules. These entities presumably are too large to diffuse as such into or through 
the stratum corneum, and it is the monomer molecules of SLS which are the actual dif
fusing species; yet their concentration in solution is generally held to be nearly 
constant above the CMC. On the face of it then, the flux through the membrane might 
be expected to level off above the CMC. From Figures 7 and 8 it is clear that this is not 
the case. Undoubtedly alteration of the membrane by surfactant is responsible for 
some of the increased flux. However, a rather similar phenomenon was found by 
Mysels (19) in dialysis experiments of SLS through cellulose membranes, where no 
degradation occurred.

EFFECT OF POLYMER JR

Clinical studies with volunteers by Professor A. M. Kligman (11) have shown that 
preapplication of the cationic cellulose derivative, Polymer JR (13), is effective in
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reducing skin irritation caused by sodium lauryl sulfate. It seems likely that sorption or 
permeation (or both) of the surfactant must be influenced by the presence of the 
polymer. It is true that the polymer does interact with SLS in solution (20). However 
the amount placed on the skin in the clinical studies is too little to explain the observed 
phenomena either by interaction or by film formation.
Experiments on the effect of Polymer JR upon sorption of SLS were carried out in two 
ways: (1) with the polymer present in the SLS solution and (2) by application to the 
stratum corneum, i.e., soaking for 1 hr in a 1% solution. Neither had any effect on the 
sorption of SLS. Thus Figure 9 shows data for 0.1% SLS with pretreatment. Other 
concentrations of SLS gave the same results.
However, permeation experiments did show a pronounced effect, one that was 
concentration-dependent. Figure 10 shows data for preapplication of Polymer JR (1 hr

0.1% SODIUM LAURYL SULFATE

Figure 9. Effect of Polymer JR on sorption of sodium lauryl sulfate. Solid line: untreated. Dashed line: 
pretreatment for 1 hr with 1% Polymer JR
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Figure 10. Effect of pretreatment by Polymer JR on permeability of 0.1% sodium lauryl sulfate. Solid line: 
untreated. Dashed line: pretreated for 1 hr with 1% Polymer JR

o f  1 %  so lu t io n ) and p e rm ea tio n  o f  0 .1 %  S L S ; a t im e  o f  som e 6 0  to 7 0  h r  is necessa ry  
b e fo re  the p e rm e a b ility  o f  the u n trea ted  m e m b ran e  beg ins to r ise  sh a rp ly  above that o f  
the trea ted  s k in . T h is  e ffe c t is re p ro d u c ib le  as th e  rep ea ted  cu rv e s  sh o w . E v e n  m o re  
s tr ik in g  are  the re su lts  o f  F ig u re  11 at 1 0 %  S L S . H e re  s ig n ifican t d iffe re n c e s  are a l
re ad y  e v id e n t in  less than  10 h r . A n  exa ct co rre sp o n d e n ce  ca n n o t re a d ily  be m ade to 
the co n d it io n s  and t im es o f  the c lin ic a l testin g  c ite d  ab ove (1 1 ) ;  b u t it is  c le a r that these 
la tte r e xp e rim e n ts  in v o lv in g  p ro lo n g ed  o cc lu s io n  and la st in g  fo r  se ve ra l days m ust 
re p re se n t m any  h o u rs  o f  e ffe c t iv e  co n tac t w ith  co n ce n tra ted  su rfactan t.

T h e s e  e xp e rim e n ts  o f  so rp tio n  and p e rm e a tio n  beg in  to suggest a p lau s ib le  m e ch an ism  
fo r  the ac tio n  o f  the p o ly m e r on the stra tu m  co rn e u m . T h e  p o ly m e r does n o t act p r i
m a r ily  as a b a rr ie r  to p e n e tra tio n  o f  the su rfactan t s in ce  it has no in f lu e n ce  on  so rp t io n . 
H o w e v e r , it  does h e lp  to m a in ta in  the p h y s ica l in te g rity  o f  the m e m b ran e . T h a t  is , it  
seem s to s lo w  d ow n  the  changes in  s tru c tu re  w h ic h  cause the g re a tly  in c rease d  p e rm e a 
tio n  as t im e  goes on  (F ig u re s  7 and 8 ). T h e  exa ct m eans by w h ich  the p o ly m e r 
stren g th en s the stra tu m  co rn e u m  is no t k n o w n  at th is  t im e ; but it  has b een  e stab lish ed
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Figure 11. Effect of pretreatment by Polymer JR on permeability of 10% sodium lauryl sulfate. Solid lines: 
untreated. Dashed lines: pretreated for 1 hr with 1% Polymer JR

that P o ly m e r  J R  is it s e lf  h ig h ly  su b sta n tive  to stra tu m  co rn e u m  (1 7 ) . Its  ac tio n  m ay 
th e re fo re  be ana logous to the  g lu e - lik e  p ro p e rty  o f  c a tio n ic  sta rch es w h ic h  are  used to 
ho ld  ce llu lo se  f ib r ils  to g e th e r in  the p a p e r-m a k in g  p ro cess  (2 1 ) .

C O N C L U SIO N

D if fu s io n  stu d ies  have  sh o w n  that p e n e tra t io n  o f  (rad io tag g ed ) so d iu m  la u ry l su lfa te , 
S L S , th ro u g h  neo n ata l ra t s tra tu m  co rn e u m  is re la t iv e ly  rap id  and in c rease s  w ith  
co n ce n tra tio n  eve n  ab ove the c r it ic a l m ic e lle  co n ce n tra t io n . P e n e tra t io n  by a 
ca tio n ic  su rfa c ta n t and a n o n io n ic  su rfa c ta n t w as also  fo u n d  but re q u ire d  a p e rio d  o f  
se ve ra l days ra th e r than  h o u rs  as w as o b se rve d  fo r  S L S . I t  is p o stu la ted  that the  h igh 
so rp tio n  and d iffu s io n  o b ta ined  w ith  S L S  are d u e  in  p a rt to s tru c tu ra l chang es in  the 
m em b ran e  b ro u g h t ab out by th is  su rfa c ta n t. T h e s e  changes are m itig a ted  by the  p re a p 
p lica tio n  o f  a ca tio n ic  p o ly m e r w h ic h  w as o b se rve d  to re d u ce  m a rk e d ly  the d if fu s io n  o f  
S D S  th ro u g h  the m em b ran e .
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S P E C I A L T Y  P R O D U C T S
The N EW  in Cosm eto-derm atological R aw  M aterials

C E T I N A
Syn th etic  Sperm aceti (and ) Stearam ide D E A *  

E M U L S IF IA B L E  F R A C T IO N  O F  SPERM W A X®  
The satiny feel 

•
R O B A N E ®

Squalane*
L IQ U ID  V E H IC L E  N A T U R A L  T O  S K IN  A N D  S E B U M  

A  N A T U R A L  ad junct to cosm eto-derm atologicals

•

R O B E Y L
Squalene (and ) Hydrogenated Shark  liver o il*

A  N A T U R A L  P O L Y U N S A T U R A T E D  E M O L L IE N T  
Fo r high co lor gloss

R O B U O Y ®
Pristane*

LO W  V IS C O S IT Y  L U B R IC A N T  A N D  B U O Y A N T  
A  N A T U R A L  saturated anim al oil

•

S P E R M W A X ®
Syn thetic  Sperm aceti*

C E T Y L  E S T E R S  W A X  N .F .
D up licating  the N atural w ax properties

S U P R A E N E ®
Squalene*

T H E  N A T U R A L  P O L Y U N S A T U R A T E
A  product o f  hum an sebum

R O B E C O  C H E M I C A L S ,  I N C .
99  P A R K  A V E N U E  N EW  YO R K , N. Y. 1 0 0 1 6  
(2 1 2 ) 9 8 6 -6 4 1 0  TE LE X : 2 3 -3 0 5 3

® Reg. U .S . Pat. O ff.* C T F A  D ic t io n a ry  A d o p te d  N a m e
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M a s t e r p ie c e
F r a g r a n c e s . . .



Demonstration of Cosmetic Effects 
with Scanning Electron Microscopy

Protocols for demonstrating IN VIVO . . .
• Product substantivity on human hair and skin
• Effects of products in the oral cavity, on the scalp
• Moisturizing and cleansing effects on skin

Call Today For More Information

S T R U C T U R E  P R O B E ,  IN C .
SPECIALISTS IN MATERIALS RESEARCH 

New York Area Philadelphia Area
230 Forrest Street, Metuchen, NJ 08840 535 East Gay Street, West Chester, PA 1938
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e x p o s u r e  s y s t e m s

The Atlas Ci35 Fade-Ometer is a con
trolled irradiance llghtfastness system 
based on kilojoule measurement of light 
energy at a specific wavelength. High
capacity racks (up to 
164 samples), digital 
controls and read
outs maximize user 
convenience. Op
tional air heater and 
strip chart recorders 
available. Send for 
fact-filled bulletin 
#1360 today.

a a iL . i B S O T r 'i i& iK D M a n u fa c tu r e rs  o f  
th e  W o r ld  fa m o u s  
W e a t h e r - O  m e te r ®  
a n d  F a d e - O m e te r ®

4114 N. Ravenswood, Chicago, III., 60613, U.S.A. Phone: (312)327/4520

Please Advise

CHANG E OF ADDRESS

N o t i f y  t h e  S o c i e t y  o f  C o s m e t i c  

C h e m i s t s ,  5 0  E a s t  4 l s t  S t r e e t ,  N e w  

Y o r k ,  N . Y .  1 0 0 1 7  o f  y o u r  n e w  

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

c o n t i n u o u s  r e c e i p t  o f  t h e  J o u r n a l  a n d  

o t h e r  S o c i e t y  n e w s .
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N e x t  t o  h e r  s k i n  
t h e  m o s t  b a c t e r i a - f r e e  

b e a u t y  a i d e  

s h o u l d  b e  y o u r s .
Now talcs, colors, starches, brushes, vegetable 
gums, lashes and many other cosmetic ingredi
ents can be safely and inexpensively treated to 
elim inate contamination worries.

M icrob io log ica lly  controlled cosmetics are 
vital. VACUGAS® gas sterilization treatment is 
the answer. It's safe, sure and inexpensive.

M icro-B iotro l Company maintains seven ster
ilization facilities in key population centers 
across the country. Our service is fast and con
venient. Since M icro-B iotro l pioneered the de
velopm ent o f gas sterilization technology, we 
can answer any and all the questions you may 
have.

Call or w rite  today for more inform ation.

MICRO-BIOTRGL C0.
A DIVISION OF GPIFFiTM LABORATORIES

12200 South Central Ave., Alsip, Illinois 606 5 8  
(312) 371-0900

UNION, N. J. • UNION CITY, CALIF. 
MEMPHIS, TENN. • ATLANTA, GA. 
LEVITTOWN, PA. • CHICAGO, ILL.

LOS ANGELES, CALIF.

GROWING
COLORS

New colors. More colors. Better 
colors. Suggestions from our a va il
a b le  line to rep lace  those colors 
recently disqualified by regulations. 
These are the reasons why Clark 
has quickly b eco m e  known as the 
Innovative supplier of colors for 
cosm etic app lica tions.

Since cosmetics are our only busi
ness, we a t Clark Colors take our 
bus ness, and  yours, very seriously. 
Our m odem  laboratory Is solely 
com m itted to cosmetic color te ch 
nology. Our qua lity  control s tand 
ards are extremely high. Not only 
to m eet F.D.A. requirements, but 
also to satisfy the d e m an d in g  re
quirements of our customers for 
co lo r quality a n d  b a tch -to -b a tch  
consistency,

A growing line of colors for cos
metics...the best reason to always 
have your lab talk to our lab  before 
you m ake your final selection.

Sole Distributors:
Whittaker, Clark, & Daniels, Inc. 
1000 C oo lld ge  Street,
South Plainfield, N J. 07080 
(201 ) 561 -6100 ■ Telex 138248
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Y E A R S

F i f t v  v e a r s  o f  i n n o v a t i o n  a n d  c r e a t i v i t y  in  

t h e  f i e l d  o f  s c e n ts  a n d  f l a v o r s .

O u r  e x p e r ie n c e ,  v e r s a t i l i t y ,  s k i l l  a n d  

i m a g i n a t i o n  a r e  y o u r s  t o  a p p l y  f o r  

t o m o r r o w 's  s u c c e s s  . . . t o d a y .

J V o r d t t
m akes g o o d  scents a n d  flavors

N O R D A  INC.
140 Route 10, East Hanover, New Jersey 07936 
Telephone (201) 887-5600



C P 1 2 5  j u s t  m a d e  t h e  
i m p o s s i b l e  s h a m p o o  p o s s i b l e .

Introducing a new enhanced protein that lets you com 
bine good foaming action with excellent conditioning 
action in a single system. For the first time. So your 
shampoo does the job of both shampoo and 
conditioner, eliminating the need for a separate 
rinse.

Sound impossible?
It's not. Because Lexein" CP125™ 

combines anionic foaming attributes with 
cationic conditioning properties, so it’ll work in 
a shampoo system without interfering with the 
cleansing properties of your surfactants. It also 
provides good wet and dry combing, antistatic

characteristics and more all-over hair manageability, 
without the limp look caused by creme rinses.

What's more, since CP125 is 5 times more sub
stantive than most other conditioning proteins, your 

shampoo adds more protein for more body, luster 
and a natural feeling.

What does CP125 mean to you? An oppor
tunity for more creativity from your formulating 
chemists and a whole new horizon of sales markets 

for the high foaming shampoo that conditions.
Get the impossible today. For samples, call col

lect 312-927-4070.

Subsidiary of American Can Company 

Personal Care Division 
Inolex Corporation 
4221 South Western Avenue 
Chicago, II 60609
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V IS IT  THE

L I B R A R Y

of the

Society of 
Cosmetic Chemists

Room 96
50 East 41st Street 

New York, New York 10017

L i b r a r y  h o u r s  a r e :

M o n d a y  t h r o u g h  F r i d a y  9  a . m .  t o  4  p . m .  

H o l i d a y s : C l o s e d
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Your Lip Products 
Need Our LANOCERIN

A nd your Pot Glosses, Perfume S achets, Pan M oke-Up a n d  Shove Cream s to o

LANOCERIN is a natural lanolin wax composed of 
fatty acid esters of monohydric and dihydric alcohols, 
which imparts pliability to ceraceous compositions 
and reduces th e ir  b r itt le n e s s . LANOCERIN is 
also a m oisturizer and em ulsifier, and improves 
appearance and textural smoothness . . . important

qualities when competing for consumer acceptance. 

If you have a product that could use a little “ plus”  in 
the marketplace, talk with us. Perhaps LANOCERIN, 
or one of our many other lanolin derivatives could be 
your answer. Product Bulletins on request.

R o b in s o n  W & g n e r  C o . r In c .
Mamaroneck, New York 10543/Telephone 914-698-8550 

Manufacturing Plants at Mamaroneck. New York and Guilford, Conn.
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C O S M E T I C
G R A D E

C H E M I C A L
S P E C I A L T I E S

The most modern laboratory and process in 
strum entation assure the finest quality cos
metic grade emollients, surfactants, sun
screens and perfume compounds.

CERAPHYLSh — A series of unique, non greasy 
emollients which, at low usage levels, impart 
the elegant, velvety feel so desirable to any 
cosmetic product.

CERASYNTS -  EMULSYNTS -  FOAMOLES— A 
specialty line of esters and amides manu
factured from the finest quality fa tty acids 
that offer a complete range of emulsifiers and 
opacifiers for the most demanding formul 
lations.

PERFUME COMPOUNDS— A complete range 
of fragrance types blended to suit the specific 
requirements of any given cosmetic product.

ESCALOLS11— For over a quarter of a century 
these highest quality, most effective ultra 
violet absorbers have received world wide ac
ceptance in every type of suntan form ulation.

All o f these p roducts m eet rig id  specifica tions  

to insure th e ir u n ifo rm ity .

Since 1904 . . . QUALITY and SERVICE.

SINCE 19 0 4 \

K V a n D y k ) -
§  \  BELLEVILLE, N. J. /

V A N  D Y K / ^ C O M P A N Y ,  I N C .
MAIN AND WILLIAM STREETS, BELLEVILLE, NEW JERSEY 07109-

" m i '
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T h e  i d e a  o f  f i n e  f r a g r a n c e s  c r e a t e d  i n  B r o o k l y n  m a y  s e e m  f o r e i g n  t o  y o u !  

B u t  n o t  t o  u s .  1

W e r e  F e l t o n .  F r o m  B r o o k l y n .  j

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

b y  o u r  c o m p e t i t o r s  f r o m  a c r o s s  t h e  r i v e r .  A n d  a c r o s s  t h e  o c e a n .  1

T h e  r e a s o n  i s  s i m p l e .

F e l t o n  h a s  a  t a l e n t e d  t e a m  o f  h i g h l y  c r e a t i v e  p e r f u m e r s .  S u p p o r t e d  J 
b y  t h e  l a t e s t  i n  f r a g r a n c e  t e c h n o l o g y .  A n d  b a c k e d  b y  a n  i n t e r n a t i o n a l  

o r g a n i z a t i o n  c o m m i t t e d  t o  q u a l i t y  a n d  s e r v i c e .  I

W h e n  y o u  t h i n k  a b o u t  i t ,  t h a t ’s  a l l  i t  t a k e s  t o  c r e a t e  e x c e p t i o n a l  ]

f r a g r a n c e s .  T h a t ,  a n d  a  w h o l e  l o t  o f  h a r d  w o r k .  W h i c h  is  w h a t  y o u ’l l  g e t  

f r o m  F e l t o n .

A f t e r  a l l ,  w h e n  y o u ’r e  f r o m  B r o o k l y n ,

y o u  j u s t  h a v e  t o  w o r k  h a r d e r .  j
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Starting with natural sugar, 
we came up with a pair of nonionics 

that are real sweethearts.

We’re talking about Glucate SS® (methyl glu- 
coside sesquistearate) and Glucamate SSE-20® 
(20-mole ethoxylate of methyl glucoside ses
quistearate).

They’re derived from natural glucose and 
designed to work together as a primary emul
sifier system.

Used properly, they are superior to other 
non-ionic systems. And they help save money.

Low concentrations produce stable, elegant 
emulsions... with predictable viscosities and 
prompt recovery from work.

Functional versatility? Impressive. You get 
effective emulsification of a wide range of 
cosmetic ingredients, including natural vege
table oils of nigh polarity.

Mildness is still another advantage. And they 
function in the pH range of 5.5-6.5, which com
plements the natural acidity of the skin.

Glucate SS/Glucamate SSE-20 systems are 
flexible, too, and easy to work with. Minor 
variations in ratio and concentration are not 
critical. And they can be used in combination 
with anionic and cationic emulsifiers.

If you want to make a superior cream or 
lotion ... you must try Glucate SS/Glucamate 
SSE-20.

And to make things easier, our technical 
service staff is ready to help.

For samples and details, 
call (201) 287-1600, or write:
Amerchol Corporation, 
a Unit of CPC International Inc.
Amerchol Park, Edison, New Jersey 08817 
Cable: Amerchols

Telex: 833 472 Amerchol Edin

m e rc h o l
th è  elegance engineers
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