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You get more 
thao sulfur 

chemicals at 
luans...You get 
mure than 50 
years of hair 

chem istry 
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 en c s , irvc.
90 Tokeneke Road, Darien, Ct. 06820 

Phone: 203-655-8741 
Cable: EVANSCHEM 
TWX: 710-457-3356
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We’ve amassed quite a track 
Over the past 32 years, Perry 

of customers in a host of 
products able to out-perform

''.„LATELY?

record in the fragrance field. 
Bros, has helped thousands 
industries create distinctive 
the best of them.
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So let us put some zip into your product —  go with the all-stars!
Pick Perry.
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PERRY BROTHERS
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W R I N K L E  i n
e m u ls i f i e r s  

t h a t  c a n
S M O O T H  o u t  
y o u r  c r e a m s  
and lo tio n s .

Division of C. J. Patterson Co. 
3947 Broadway, Kansas City, 
Missouri 64111 
(816) 561-9050

To help you formulate improved skin care and 
skin treatment products, Patco has developed 
a new anionic, oil-in-water emulsifier.

Patiortic SSL (Sodium Stearpyi-2-lactylate) 
chemically combines the benefits of lactic add 
(part of the skin’s NMF) and fatty acids, (natu
rally occurring, traditional cosmetic Ingredients) 
to make a strong, effldent emulsifier. Yet, it's 
mild and non-irritating to the skin and eyes.

In finished creams and lotions, the presence of 
chemically bonded lactic add produces an en
hanced emollient feel unique to the Pationic acyl 
lactylates. Pationics also offer both foaming and 
non-foaming characteristics, acidic pH control, 
viscosity control, and do not inactivate the para- 
ben preservatives.

If you’re looking for innovative ways to create 
distinctive new products... or modifications... 
with increased consumer appeal, let Patco help 
smooth the way with Pationic SSL or one of our 
other novel acyl lactylates.
Call or write for samples and literature.

PATCO
PRODUCTS



Wherever hair care is headed next, 
you can be ready with Halby thiochemicals.

T h e  p o te n tia l o f  y e s te rd a y  is  th e  re a lity  o f to d ay . 
N o w  m e n , as w e ll as w o m e n , a re  c u s to m e r's  fo r  
c o ld  o r  h e a t w a ve  fo rm u la tio n s .

H a lb y ®  th io c h e m ic a ls  is  re a d y  to  h e lp  y o u  p ro f it  
f ro m  th e  g ro w in g  h a ir  c a re  m a rk e t.  W e n o w  h a ve  a 
c o m p le te ly  n e w  th io c h e m ic a ls  p la n t  w h ic h  is 
a m o n g  th e  w o r ld ’s la rg e s t. T h is  p e rm its  u s  to  
c o m m it  d e liv e r ie s  in  a n y  q u a n t ity  as n e v e r  b e fo re .

L o w  o d o r, h ig h  q u a lity  a n d  p u r ity  c h a ra c te r iz e  
o u r  k e y  p ro d u c ts  fo r  w a v e  fo rm u la t io n s :  g ly c e ry l 
m o n o th io g ly c o la te  (G M T ), th io g ly c o lic  a c id  (T G A ), 
m o n o e th a n o la m in e  th io g ly c o la te  (M E A T ), a n d  
a m m o n iu m  th io g ly c o la te  (A T G ).

If  y o u  h a ve  a n y  o th e r  s u lfu r  c o m p o u n d  In m in d , 
c o n s id e r  us, to o . W e’re  ra p id ly  e x p a n d in g  o u r  b a s ic  
th io  c o m p o u n d  lin e , a n d  c a n  m a k e  e x a c tly  th e  
c o m p o u n d  y o u  w a n t fo r  a lm o s t a n y  a p p lic a t io n .

S o  r e m e m b e r  H a lb y  th io c h e m ic a ls  fo r  th e  n e x t 
t re n d  in  h a ir  ca re . F o r m o re  in fo rm a t io n ,  p le a s e  
s e n d  th e  c o u p o n  o r  c a ll (2 1 2 )  8 5 8 -5 6 7 8 .

Argus Chemical Corporation J b o u - 1 1  j
Subsidiary of Witco Chemical Corp.,Dept.B2,
633 Court Street, Brooklyn, N.Y. 11231

Please send me information on these Halby products: I
□  GMT DTGA □  MEAT □  ATG

Other:________________________________________________  |

N am e________________________________________________

Title____________________________ Phone________________  |

Company_____________________________________________  ,

Address______________________________________________  '

City & State______________________________ Zip___________  i
_ _ 5! ! 6;Z7_ i

Witco
Chemical
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m a tch in g ..
ATLAS
COLOR-
CHEX™

Atlas presents 
a patented new 
concept In visual W
color matching. Only
Color-Chex offers fluorescent Northlite (7500 
k), Daylight (6500 k), Chroma 50 (5000 k), 
Incandescent (2300 k) and Black Light lamps 
for maximum versatility and illumination. This 
combined with our sample holding feature, 
which reduces errors caused by viewing angle 
reflectance and distance, offers you the ulti
mate in visual color matching. Its compact 
size and light weight make the Atlas Color- 
Chex an ideal tool for office, lab., or plant.

FREE BULLETIN...
Send for bulletin #1320 
today.
Manufacturers of World-famous 
Weather-Ometer® & Fade-Ometer®

IH IL JB C T r'I i& IK O  
in > IS W H (D II2 S
<o<n>M riK ffiJ5sr2r

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



P ro to c o ls  for d e m o n s tra tin g  IN VIVO . . .

•  P ro d u c t su b stan tiv ity  on hum an  hair and  skin
•  E ffects of p ro d u c ts  in th e  oral cavity, on  th e  sc a lp
•  M oisturizing and  c le a n s in g  e ffe c ts  on skin

Call Today For More Information

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

New York Area Philadelphia Area
:30 Forrest Street, Metuchen, NJ 08840 535 East Gay Street, West Chester, PA 193

' Demonstration of Cosmetic Effects ' ' 
with Scanning Electron Microscopy



M irapol Â - 1 5  p o lym er w ith  am photeric- 
an ion ic  su rfactan ts

Mirapol A-1S 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.

277 COIT STREET .  IRVINGTON, N. J. 07111 
PHONE: Area Cede 201 .  399-7000 

Agents in principa l c ities  throughout the world

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

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

J N A M E ................................................................................................. I

I TITLE .......................................................................................  |

j Please attach to your letterhead s
i----------------------------------------------- 1



F o u n d  in  a ll th e  b e s t p la ces

Florasynth
W ere right under your nose.

Executive offices: 410 E.62nd Street, New York, New York 10021 
Buenos Aires • Caracas • Chicago • Grasse • London • Los Angeles • Mexico • Milano 

Montreal • Paris • Rio de Janeiro • San Francisco • Tokyo • Toronto.



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.

CERAPHYLSk— 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.

ESCALOLSs — 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 of these p roducts m eet rig id  specifica tions  

to  insure th e ir u n ifo rm ity .

Van D yk/
. N. J. /

¡ V A N  D Y K / ^ C O M P A N Y ,  I N C
MAIN AND JA/ILLIAM STREETS, BELLEVILLE, NEW JERSEY 0710E
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Y E A R S

F if t y  y 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 .

140 Route 10, East Hanover, New Jersey 07936 
Telephone (201) 887-5600

N o r d a

makes good scents and flavors

NORDA INC.



Ideas
for

Product
Progress

Ideas: A ction :
C h e c k  th is  p r o d u c t l is t:

ARLACEL sorbitan fatty acid esters, 
glycerol monostearates

ARLAMOL E emolllent/solvent

ARLASOLVE 200 solubllizer/emulslfier

ARLATONE products

ATLAS Mannitol USP and surfactants

ATMUL glycerol monostearates

BRIJ polyoxyethylene fatty ethers

MYRJ polyoxyethylene fatty acids

SORBO Sorbitol Solution USP

SPAN sorbitan fatty acid esters

TWEEN polysorbate esters

Unique emolliency and superior solvency with 
ARLAMOL E; tasty, chewable tablets with 
ATLAS Mannitol; ready access to data on the 
physiological suitability of ATLAS 
surfactants; an innovative formulation for a 
nonionic aerosol shaving cream—these are 
just a few ideas that have been generated 
through 1C1 Americas expertise in formulation 
with ATLAS surfactants and polyols.

T h en , 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 8 9 7  o r  a t  (3 0 2 -5 7 5 -3 5 2 1 )

ICI Americas Inc.

Trademarks ol

include ARLACEL ARLAMOL. ARLASOLV 
ARLATONE, ATLAS, ATMUL. BRIJ, MYRJ 
SORBO, SPAN. TWEEN



Creams, lotions and gels 
take on new characteristics as 
Allied Chemical's low molecular 
weight polyethylene and ethylene- 
organic acid copolymers put form 
into formulas -  replacing costly 
natural waxes, Improving mois
ture repellency, lubricity and 
emolliency across a broad spec
trum of cosmetic applications.

Just a touch can make an 
important difference at the point 
of touch -  improve the stability 
and thixotropy of anhydrous 
gels and emulsions, raise the

softening point of stick products 
and cosmetic crayons, without 
risking variations in shade 
or color.

A -C  P O L Y E T H Y L E N E
... th e  e sse n tia l ingredient

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 
Man'ager, A-C Polyethylene, 
Allied Chemical Corporation, 
Specialty Chemicals Division, 
PO. Box 1087R, Morristown, 
New Jersey 07960,
(201) 455-3567.

Allied^ || Chemical

A-C POHEIHYIENE
HUS NEW UFE INTO PERSONAL CARE PRODUCTS
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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 COSMETIC HORIZONS

“C O SM 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 of climate on skin; derm ato
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 of 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:

TH E CONGRESS SECRETARIAT 
G.P.O. BOX 2609 
SYDNEY N.S.W.
AUSTRALIA 2001



CP1 2 5  just made the 
impossible shampoo possible.
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 |0 b 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 

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

Subsidiary of American Can Company 
Personal Care Division 
Inolex Corporation 
4221 South Western Avenue 
Chicago, II. 60609
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HYDROLYZED ANIMAL PROTEIN. 
YOU’RE SEEING IT MORE AND MORE

s c a ' p t O T n 6 0 s 7 c o n d s : R t aL e a v e  o n  b u  s e o u u u

. . .  becau se  p ro te in ’s m o is tu re  b ind ing , film  form ing , s tab iliz ing  an d  
cond ition ing  effects  a re  real!

In to d a y ’s co m p etitiv e  m a rk e t place, p ro d u c t claim s m u s t m atch  c o n su m e r 
p e rcep tio n . T h e  F T Ò  ju s t  w on’t  h av e  it an y  o th e r way.

I t’s ou r con ten tion  th a t th e  inclusion  of p ro te in  in yo u r sham poos, cond i
tio n e rs  and  sk in  tre a tm e n t p ro d u c ts  is one of the  e a s ie s t w ay s  to p rov ide  
p e r c e p t i b l e  p e rfo rm an ce . T h is  is w hy  hyd ro lyzed  an im al p ro te in  is a p p e a rin g

on th e  in g re d ie n t lis tin g  of so m any  
cosm etics and  to ile tr ie s .. .an d  p re tty  h ig h  
up  a t tha t.

C ro te in  Q . C roda’s a d v an ced  p ro te in  
re sea rc h  h as  c re a te d  a  u n iq u e  m olecu le  by  
g ra ftin g  a  q u a te rn a ry  am m onium  g ro u p  
d irec tly  on a  functional p ro te in  sk ele ton . 
T h e  q u a t g ro u p s  th a t h av e  b een  a d d ed  a re ' 
m ore in ten se ly  cationic th an  th e  am ino 
g ro u p s  th e y  rep lace , so th a t C ro tein  Q will 
b ind  m ore tig h tly  an ionic g ro u p s  su ch  as 
th e  carboxy l g ro u p s  of sk in  an d  hair. M ost 

im portan tly , C ro te in  Q re ta in s  its  positive  ch arg e  ev en  a t a lka line  p H ’s a t w hich  
am ino  g ro u p s  will h av e  lo s t th e ir  substan tiv ity .

B u t you  don’t  h a v e  to  be a  post-doctoral fellow  in o rgan ic  ch em istry  to 
spec ify  p ro te in  p e rfo rm an ce, ju s t  re m e m b er th e se  n am es for th e  b ro a d e s t 
ra n g e  of th e se  v e rsa tile  m ate ria ls : CROTEIN, CRODYNE AND COLLASOL from  
C roda — of course!

a r m w a t e r -
F O R E  U S I N G .

P O N T A IN S : WATER,

K B S S S S s
S " f S ?

Croda „
Crotein SPC, SPA, SPO (molecular weight 10,000—1,000), Crodyne BY-19 (molecular weight 25,000), Crotein HI 

, CAA Amino 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.

New methods for the in-vivo assessment of skin smoothness and skin softness: Sidney 
Weinstein. Journal of the Society of Cosmetic Chemists 29, 99 (March 1978)

Synopsis—Two systems are described for the assessment, in vivo, of skin softness, and skin 
smoothness. Tests of validity and reliability are reported, as well as examples of their use in the 
evaluation of typical cosmetics employed for softening and smoothing skin. A system is described 
for the assessment of the effectiveness of shaving creams or razors by measuring closeness of 
shave.

Low-energy emulsification—I—principles and applications: T. J. Lin. Journal of the Society of 
Cosmetic Chemists 29, 117 (March 1978)

Synopsis—The amount of energy normally expended in commercial processing of a cosmetic 
emulsion is far greater than the amount theoretically required. Whether the emulsion is made by a 
batch process or semicontinuous process, thermal energy is first supplied to heat the ingredients 
and mechanical energy is then provided for mixing and emulsification. Additional mechanical 
energy is expended to cool the product and the heat removed is generally discarded.
A considerable saving in energy is made possible by a more effective usage of thermal and 
mechanical energy in emulsification. A substantial saving of thermal energy can be achieved by a 
careful determination of emulsification temperature and by a selective heating of the ingredients. 
The method discussed here basically involves making an emulsion concentrate which is later 
diluted with the remainder of the external phase at room termperature.
In addition to conserving energy, the proposed low-energy emulsification technique also offers a 
great advantage in reducing the processing time and equipment cost. In some instances, the energy 
cost for processing an emulsified lotion can be reduced by 50 per cent while the production 
efficiency can be increased by 100 per cent.

Mascara contamination: in use and laboratory studies: D. G. Ahearn, J. Sanghvi and G. J. 
Haller. Journal of the Society of Cosmetic Chemists 29, 127 (March 1978)

Synopsis—Eye area cosmetics are subject to varied levels of microbial contamination during their 
normal use. Selected mascaras with known preservative formulations were compared for their 
resistance to microbial colonization during use by study groups and following a laboratory 
challenge test. A few products supported active growth of microorganisms after less than two 
weeks of normal use and after laboratory challenge. In study groups, the establishment of repro
ducing populations of microorganisms in certain mascaras occurred consistently with select indi
viduals. Mascaras containing only parabens or imidazolidinylurea appeared to be less effective in 
retarding microbial growth than those containing formalin donors or mercurials. Effectiveness of 
preservative formulations may gradually decrease with the age of the product.

Hydagen, F, ein neuer Hautfeuchtigkeitsregulator—methoden und ergebnisse des 
wirkungsnachweises: Rainer Osberghaus, Christian Gloxhuber, Hans-Georg van Raay and Sieg
fried Braig. Journal of the Society of Cosmetic Chemists 29, 133 (March 1978)

Synopsis—Screening procedures for the in vitro testing of potential regulators of skin moisture 
are proposed. In addition, FMIR analysis has the potential for comparing the in vivo hydration 
condition of stratum corneum after the application of cosmetic emulsions.
Hydagen F, a partial sodium salt of a polyhydroxycarboxylic acid, performed positively in these 
tests. Good tolerance for this new cosmetic ingredient is expected in view of extensive toxico
logical studies.
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Further experience with a topical cream for depigmenting human skin: Otto H. Mills, Jr. 
and Albert M. Kligman, Journal of the Society of Cosmetic Chemists 29, 147 (March 1978)

Synopsis—Satisfactory lightening of hyperpigmentary skin disorders was obtained by twice-daily 
application for two to three months of a preparation containing 5.0% hydroquinone, 0.1% Vi
tamin A acid (tretinoin) and 0.1% dexamethasone, a flourinated corticosteroid.
Excellent results were secured in melasma (chloasma) of white females. Two common pigmentary 
disturbances in blacks also responded well, namely, the residual hyperpigmentation left by inflam
matory acne lesions and in bearded areas affected by ingrown hairs (pseudofolliculitis). Although 
senile lentigines were not moderated in patients over 65 years of age, good results were observed 
in patients 40 to 60 years old.

The depigmentation is completely reversible and is not attended by significant local or systemic 
side effects.

Normal cuticle-wear patterns in human hair: Mario L. Garcia, Joseph A. Epps and Robert S.
Yare. Journal of the Society of Cosmetic Chemists 29, 155 (March 1978)

Synopsis—A quantitative study of cuticle-wear patterns in human hair from six Caucasian sub
jects whose hair had only been subjected to normal wear—i.e., no chemically reactive cosmetic 
treatment—is presented. The data was collected by counting the number of cuticle cell layers at 
different positions along the length of hair fibers. The counting was done on cross-sectional cuts by 
means of a Scanning Electron Microscope. Results are analyzed in terms of a mathematical model 
of cuticle wear. The similarity among the cuticle-wear patterns from the different subjects suggests 
that, under normal wear conditions, there is a common general pattern of cuticle wear in human 
hair. A theoretical rate of cuticle wear versus distance from the scalp expression was derived. This 
expression excludes age per se as a major factor in cuticle wear, and points instead to a source of 
hair surface wear which accelerates as we get closer to the hair ends. An analysis of combing forces 
showed that the type of damage known to be produced by combing can account for the shape of 
the observed cuticle-wear patterns. It was also found that beyond a certain length human hair 
should appear to be growing slower due to a cuticle-loss-fracture mechanism, a consequence of 
this being that, under otherwise equal conditions, the care with which hair is treated and handled 
directly affects the maximum length that it can attain.

Measurement of enzyme kinetics on the intact skin—a new method to study the biological 
effects of cosmetics on the epidermis: Peter T. Pugliese. Journal of the Society of Cosmetic 
Chemists 29, 177 (March 1978)

Synopsis—A new direct fluorometric method allows the measurement of enzyme activity on the 
intact skin of various body surfaces. This permits normal physiological parameters to operate on 
the system studied. The pentose phosphate pathway (Entner-Doudoroff), previously shown to 
operate in the epidermis, provides several enzymes which are used here to assess and compare 
various dermatological conditions. Glucose-6-phosphate dehydrogenase and lactic dehydrogenase 
are measured by fluorometric determination of changes in NADPH and NADH. Other enzymes 
of the Embden Myerhoff and Krebs cycles are measured directly or indirectly by this method. 
Various cosmetic base ingredients and compounded formulations were studied to determine their 
effects on epidermal metabolism. Enzyme action was recorded as increased, decreased or not af
fected. This new method is simple and relatively inexpensive, and allows extremely wide applica
tions.
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Synopsis

TWO SYSTEMS are described for the ASSESSMENT, IN VIVO, of SKIN SOFTNESS and SKIN 
SMOOTHNESS. Tests of validity and reliability are reported, as well as examples of their use in the evalua
tion of typical cosmetics employed for softening and smoothing skin. A system is described for the assess
ment of the effectiveness of shaving creams or razors by measuring closeness of shave.

IN T R O D U C T IO N

Blank (1) observed in 1952 that one of the factors which is responsible for skin soft
ness is its moisture content. However, it is clear there are skin treatments which utilize 
procedures other than moisturization to soften the skin (2).
The term “softness” is also frequently and uncritically used as though synonymous with 
the term “smoothness,” when applied to skin. Yet it is not difficult to distinguish these 
two terms subjectively and, more importantly, operationally.
Numerous systems have been employed in evaluating the efficacy of various skin treat
ments in softening and smoothing the skin. Some employ essentially judgmental ap
proaches, e.g., rating scales (3-5). Others, which employ objective systems such as 
“surfometry” (6), require skin surface biopsies, a procedure which severely limits 
practical application and which is based upon the assumption of obtaining consistency 
of intracorneal adhesion.
Skin hardness has been measured (7) by causing “a stylus visibly to scratch the skin.” 
This method requires drawing a stylus repeatedly across the skin, with increasing force 
applied, until the scratch is visible by its “ability to scatter light.” The hardness, defined 
by the minimal force required to scratch, is detected by an individual’s ability to detect 
the scattering of light. In addition to the indirect nature of using scattering of light, this 
method also seems to have limited practical utility. Surface topography, utilizing a “sili
cone rubber replica” of the skin, has also been employed as a means of measuring skin 
smoothness (7). The disadvantages of a series of procedures which first require making 
replicas of the skin and then the determination of a surface profile by stylus displace

9 9
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ment studies are obvious in routine measures of skin smoothness to assess new cos
metic preparations.

IN D E N T A T IO N  AS A M E T H O D  OF D E T E R M IN IN G  SK IN  SOFTNESS

The development of a device for assessing skin softness was initiated by consideration 
of what consumers operationally do when asked which of various body parts are soft or 
hard. The majority were found first to prod their faces, palms, etc., with, for example, 
the tips of their index fingers, a pencil, etc. When questioned concerning what they 
were attempting to determine, a typical remark was "to see how deep the pencil would 
go." These observations are not dissimilar to industrial measurements made of hard
ness of materials.
We therefore designed an instrument comprising a piston, within a cylinder (Figure 1), 
whose vertical movements are detectable in 10-4-in. units.
The body part to be tested is kept immobile by velcro straps and the tip of the piston is 
brought to rest very lightly on a section of skin. After a load is placed on the piston, the 
depth of indentation of the skin, which is measured continuously, asymptotes at about 
3 sec. Repeated measures are taken at slightly different areas, since testing the same 
site has the tendency to modify the skin’s elasticity at that point; varying the testing site 
at points around a 1-cm circle gives consistent readings.

SKIN SOFTNESS: VALIDITY

We applied the device to inert substances varying in softness, e.g., paper, wood, soap, 
glass, toothpaste, etc., and found that degrees of indentation conformed to our concep-

Figure 1. The device for assessing skin softness
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Figure 2. Softness of surface of a balloon inflated to varying degrees

tion of softness. We next employed a quantitative index obtained by testing rubber toy 
balloons inflated to varying degrees. Figure 2 shows the inverse linear relationship of 
degree of indentation to the circumference of the balloon. As the balloon is inflated, its 
turgidity becomes greater, and the degree of indentation diminishes linearly with the 
increase in circumference.

EXPERIMENT I: SKIN SOFTNESS

Our first study assessed the effects of both immersion in water and application of a skin 
lotion on softening the glabrous skin of the fingers.

Subjects

Thirty-two subjects, men and women befween the ages of 25 and 54, were randomly 
assigned, 16 to the Water and 16 to the Lotion Group.

Procedures

There were four measures taken in each subject: two preceding and two following the 
treatment. Following the first test (Pre 1), a retest (Pre 2) was given from 1 to 10 min 
later. The treatment (Water or Lotion) was then applied, followed by two retests (Post 
1) and (Post 2). In subjects with whom water was used as the treatment, a finger, 
usually the middle one, was immersed in tepid water for 5 min. After it was removed, 
the excess was gently shaken off and the first posttreatment testing initiated. In those 
subjects with whom lotion was used, the glabrous surface of the middle phalanx of one 
finger was covered with lotion that was rubbed into the skin for 1 min. Following four 
additional minutes during which the lotion remained on the skin, any visible excess was 
gently removed with cotton wool and the first posttreatment test applied. In both
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Table I
Summary of Analysis of Variance of Skin Softness Following Application of Lotion or Water

Source df MS F

Between subjects 31 7,485.85
Between treatments 1 1,458.00 <1
Between subjects in 

same treatment group 30 15,373.56
Within subjects 96 1,328.52
Between trials 3 12,943.64 14.19**
Interaction treatment X 

trial 3 2,203.64 2.42*
Interaction pooled subjects 

x treatment x trial 90 912.17

*p < 0.07. 
f*p < 0.001.
Note: The terms “df, MS', and F" refer to “degrees of freedom, mean square, and F-ratio” respectively; df in
dicates the number of units involved in the comparison; MS is the “error term" and reflects the variance of 
the variable concerned; the F ratio determines the level of statistical significance according to published ta
bles.

groups (Water and Lotion) the second posttreatment test (Post 2) was given 5 min after 
Post 1.

Results: E xperim en t I

Table I gives the results of an analysis of variance comparing the effects of Treatment 
(Water or Lotion), Trials (2 Pre and 2 Post) and their interaction.
It can be seen that the four trials differed quite significantly and that the interaction of 
treatment and trial indicated a trend toward significance.
Follow-up t tests demonstrated that the slight decrease in softness between the means 
of both pretreatment trials was not significant; however, the differences between Pre 2 
and Post 1 and between Pre 2 and Post 2 were both significant for the average of the 
two treatments (Table II). The correlation between the measures of softness taken 
before treatment (between Pre 1 and Pre 2) was 0.754 (30 df, p < 0.0005), indicating 
good test-retest reliability.
Figure 3 shows that there was a significant, immediate increase in softness for both 
treatments; however, although the degree of softness was maintained in the Lotion 
Group, it dropped in the Water Group. The t tests between the means for the two 
groups for Pre 1, Pre 2, Post 1 and Post 2 Trials were; 0.73, 0.46, 0.55, and 2.79 
respectively. Only the Post 2 means differed significantly (p < 0.005).

Table II
t Tests Between Trials for Water and Lotion Treatment Groups

Between Trials Water Lotion Combined Water and Lotion

Pre 1—Pre 2 0.67 1.87 1.80
Pre 2—Post 1 4.34* 4.24* 6.07*
Pre 2—Post 2 1.34 4.58* 4.19*

*p < 0.0005.
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Figure 3. Skin softness in two groups treated prior to and following treatment with lotion or water

D iscussion: E xperim en t I

It is clear that soaking in water or applying a lotion has an immediate effect in enhanc
ing skin softness. After 5 min, however, the effect of the water had dropped 
significantly, whereas that of the lotion had remained. Apparently, the moisturization 
effect produced by the water had been dissipated in 5 min whereas that induced by the 
lotion lasted at least that long, as measured by this technique.

M EA SU R EM EN T OF C O E FFIC IE N T  OF F R IC T IO N  AS A M E T H O D  OF 
D E T E R M IN IN G  SK IN  SM OO TH N ESS

We applied the concept of the coefficient of friction in producing a device which 
assesses the smoothness of skin (Figures 4A and 4B). The device comprises a sled of 
deglazed thermoplastic drawn by a constant-speed (5 mm/min) motor. The force re
quired to move the sled over skin is measured by a force transducer; the resultant 
voltages from the transducer are amplified and led to a digital voltmeter, calibrated to 
read in grams. A rod with a small ball-bearing point rests constantly upon the sled, 
which is placed upon the area of skin to be tested. The skin and sled are kept hori
zontal. Measures of the maximum forces required to move the sled are continuously 
made and recorded. Several, e.g., ten, determinations can be made in the space of a few
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Figures 4A and 4B. The device for assessing skin smoothness

minutes and prove to be quite consistent for the same degrees of smoothness. The 
mean of the determinations is used as the index of smoothness.

SKIN SMOOTHNESS: VALIDITY

To assess the validity of the system, we employed five grades of sandpaper varying in 
roughness in grains per linear inch as follows (from rough to smooth): 320, 360, 400,
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Table III
Mean Forces and Coefficients of Friction for Five Grades of Sandpaper

Sandpaper
Grains/inch

Force Coefficient of Friction

(g) SD C.F. S.D.

600 5.127 0.076 0.470 0.007
500 7.621 0.110 0.699 0.010
400 9.809 0.112 0.899 0.010
360 11.577 0.155 1.062 0.014
320 12.052 0.130 1.106 0.012

500, 600. Ten determinations were taken of the force required to move the sled over 
each grade. Table III gives the means of the forces, the coefficient of friction and their 
standard deviations (Figure 5).
It can be seen that there is a linear relationship between the roughness of the 
sandpaper and the forces or coefficients of friction obtained. The S.D.’s are only about 
1 per cent of their respective means.
The question of whether the system assesses changes in the actual smoothness of skin 
or the topical lubricating aspect of the lotion, etc. (skin slip), is of interest. We 
therefore retested the forces and coefficients of friction for the five grades of 
sandpaper after first applying hand lotion to each sandpaper and then removing it with 
paper towelling. The changes in force (Pre- to Postlotion) required to pull the sled for 
the five sandpapers (320 to 600) were: —0.02, 0.01, 0.00, 0.09 and —0.57; and the 
changes (and percentage changes) of the coefficients of friction were: —0.001 (0.9 per

Figure 5. Roughness of five grades of sandpaper assessed by smoothness device
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cent), 0.000 (0 per cent), 0.000 (0 per cent), 0.011 (1.3 per cent) and —0.076 (6.9 per 
cent).
Thus it can be seen that the application of lotion had, at most, a miniscule effect on all 
but the very smoothest of sandpapers.

SKIN SMOOTHNESS: EXPERIMENT II 

R elia b ility

Twenty subjects of both sexes, ranging in age from 24-55, were tested twice for the 
smoothness of their palms with a 10-min delay between tests. The Pearson Product 
Moment Correlation was 0.947, p < 0.0005, indicating extremely high retest reli
ability.
Subjects

Twenty-seven men and women between the ages of 25 and 54 were randomly divided 
into three groups of nine each and assigned to a Water, Lotion, or Bath Solution group.
Procedure

A pretreatment measure was taken before application of Lotion (A), Bath Solution (B), 
or Water (C). Immediately following the conclusion of the treatment, the first post
treatment measure was taken (Post 1) and, following an additional 10 min, we recorded 
the second posttreatment measure (Post 2).
In all groups, one finger (usually the middle) was treated and the middle phalanx 
tested. For the Water and Bath Solution Groups, the finger was immersed in tepid so
lutions for 5 min. The Lotion was applied and rubbed over the glabrous skin of the 
middle phalanx for 1 min and then permitted to remain for an additional 4 min. The 
excess was then removed with rolling traverses of paper towelling and the visible 
excesses were removed by gentle rubbing with cotton wool. In all groups, a hair dryer 
was then employed to blow warm air to dry the skin until it visibly appeared dry.
Results: E xperim en t II

Table IV gives the summary of an analysis of variance for these data.
It can be seen that there was a significant effect of trials. The t  tests between Pre and 
Post 1 and between Post 1 and Post 2 were 1.13 and 1.59, indicating no significant dif
ferences between these conditions overall. However, the result of the t test between

Table IV
Summary Analysis of Variance for Skin Smoothness Following Treatment with Water, Bath Oil or Lotion

Source df MS F

Between subjects 26 67.74
Between treatments 2 113.18 1.77
Between S’s in same treatment group 24 63.96
Within S's 54 10.82
Between trials 2 36.06 3.76*
Interaction treatment X trial 4 12.72 1.32
Interaction pooled s’s x treatment x trial 48 9.62

*p < 0.05.
Note: See footnote to Table I for definition of statistical symbols.
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Figure 6. Skin smoothness in three groups tested prior to and following treatment with Lotion (A), Bath 
Solution (B) or Water (C)

Pre and Post 2 was 2.73 (p < 0.01), showing that all treatments combined were effec
tive 10 min after treatment.
Since Figure 6 demonstrates apparent differential effectiveness of the treatments, we 
looked for post hoc trends. We compared the changes in smoothness from pre- to post
treatment for all three treatments. The results indicate a strong tendency for the Water 
and Bath Solution treatments to produce more skin smoothness immediately after 
treatment than does the Lotion treatment.

EXPERIMENT III: EFFECT OF THREE TREATMENTS ON SOFTENING AND SMOOTHING SKIN

Subjects

Twenty subjects, 6 men, 14 women, aged 18 to 55 were tested.
Procedure

The glabrous skin of the second phalanx of the index, middle and ring fingers of the 
preferred hand was selected for treatment and testing.
P retreatm ent test. The three fingers were randomly used for the three treatments and 
were tested in random order. In all cases, softness was measured before smoothness.
Treatm ents. The three treatments were: (a) soaking the finger for 5 min in a cup of 
tepid Bath Solution, (b) soaking another finger for 5 min in the same volume of tepid 
Water and (c) rubbing a small amount of skin Lotion on the finger. Following 5 min 
of each treatment, the finger was wiped dry and the excess Lotion removed.
P osttreatm ent tests. The tests were repeated on each finger in the same order: smooth-
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Table V
Percentage Increase in Skin Softness After Three Treatments

S Age Sex Lotion Water Bath

1 23 M 20 7 24
2 23 M 1 24 22
3 21 F 51 79 22
4 43 F 22 26 32
5 32 F 39 1 13
6 47 F 14 11 34
7 44 F 12 22 4
8 42 F 5 12 6
9 34 F 2 33 38

10 20 M 13 9 19
11 19 F 16 0 0
12 26 M 36 5 18
13 22 F 19 18 48
14 25 M 31 15 26
15 18 F 10 8 8
16 41 M 33 4 19
17 33 F 14 3 -10
18 56 F 6 6 0
19 23 F 13 40 42
20 18 F 33 24 20

Mean 19.5 17.3 19.4

Note: means a decrease in softness.

ness then softness. After testing was completed for a finger, the second finger was 
treated and then tested and finally the third finger was treated and tested.
Results: E xperim en t I I I

Softness. Softness was measured as a percentage change in degree of indentation. The 
mean percentage change in softness for each treatment is given in Table V.
A Friedman Analysis of Variance was computed to evaluate the relative efficacy of the 
three treatments (x2 = 1.68, p > 0.05). The mean relative ranks (from 1-3: low to 
high effectiveness) were 1.78 for Water, 2.18 for Lotion and 2.05 for Bath Solution.
In view of the lack of significant differences among the treatments, we computed the 
number of individuals whose skin was softened, remained the same, or made harder by 
the treatment. Table VI gives the distribution of subjects and the X2 f°r each treat
ment.

Table VI
Distribution of Subjects Whose Skin Softness Changed After Each Treatment

Treatment

Softness

Better Same Worse Total V  -  2 df

Water 19 1 0 20 34.13*
Lotion 20 0 0 20 39.80*
Bath 17 2 1 20 23.98*

p< 0.001.
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Table VII
Mean Percentage Increase in Skin Softness After Three Treatments in Men and Women

Sex

Treatments

Lotion Water Bath Solution

Men 22.3 12.8 25.6
Women 18.2 20.2 18.3
Difference 4.1 7.4 7.3

It can be seen that all treatments were highly effective in softening the skin over the 
period employed.
We divided the group into men and women and compared the relative effectiveness of 
the treatments for each subgroup. Table VII gives the mean increase in skin softness 
after each treatment for men and women.
It can be seen that men showed a greater softening effect than women for Lotion and 
Bath Solution: the opposite was true for Water.
In order to assess the effectiveness of the treatments as a function of the initial state of 
softness of the skin, we divided the group (median split) into those whose initial skin 
condition was relatively hard and relatively soft.
Table VIII gives the increase in skin softness for these two subgroups.
It can be seen that for Lotion, subjects in the group with relatively soft skin had a slight 
advantage (3.2%) over those with harder skin in improving their status. However, for 
Water and for Bath Solution, those with initially harder skins improved much more 
than those with softer skins. Indeed, whereas the ratio between the groups for Lotion 
was only 1.18, the ratios between groups was 2.24 for Water and 2.62 for Bath Solu
tion. This difference between groups of different initial status of skin hardness indi
cates that those with hard skin are affected much more positively after Bath Solution or 
Water than after Lotion.
Smoothness. The effects for smoothness were measured as a percentage change in the 
force (in grams) required to move the sled across the skin. Table IX gives the subject 
number, age, sex and mean percentage increases in smoothness as a function of the 
three treatments.
The mean increase in smoothness showed that Bath Solution produced a greater mean 
percentage change (11.6) than Water (7.3) or Lotion (6.7). A Friedman Analysis of 
Variance was computed to evaluate the relative efficacy of the three treatments 
(X2 = 1.90, p > 0.05). The mean relative ranks (from 1-3: low to high effectiveness) 
were 1.85 for Water, 1.90 for Lotion and 2.25 for Bath Solution.

Table VIII
Mean Percentage Increase in Skin Softness in Subjects with Relatively Hard or Soft Skin

Pretreatment Condition Lotion Water Bath

Relatively Soft 21.1 10.3 11.2
Relatively Hard 17.9 23.1 29.3

Difference 3.2 12.8 18.1
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Percentage Increase in Skin Smoothness After Three Treatments

s Age Sex Lotion Water Bath Solution

1 23 M 22 5 0
2 23 M 1 15 6
3 21 F 1 16 10
4 43 F 0 9 19
5 32 F 22 14 21
6 47 F 9 0 7
7 44 F 4 0 0
8 42 F 10 0 31
9 34 F 0 0 0

10 20 M 20 14 43
11 19 F 20 16 24
12 26 M 0 35 22
13 22 F 15 17 29
14 25 M 25 37 39
15 18 F 0 0 0
16 41 M 8 0 0
17 33 F 0 -13 17
18 56 F 0 -9 -36
19 23 F -14 0 -6
20 18 F -5 0 0
Mean 6.7 7.3 11.6

Note: “ — ” means decrease in smoothness.

In view of the lack of significant differences among the treatments, we computed the 
number of individuals whose skin was smoothed, remained the same, or roughened by 
the treatment. Table X gives these distributions and the X2 which evaluates them.
It can be seen that Lotion and Bath Solution were significantly effective in improving 
the skin smoothness of a majority of the group, whereas Water had no such significant 
effect.
We divided the group into men and women, and compared the relative effectiveness of 
the treatments for each group. Table XI gives the mean increases in skin smoothness as 
a function of each treatment for men and women.
It can be seen that men showed a greater skin smoothing effect than women for all 
three treatments. In order to assess the effectiveness of the treatments as a function of

Table X
Distribution of Subjects Whose Skin Smoothness Changed After Each Treatment

Treatment

Smoothness

Better Same Worse Total X2 -  2 df

Water 10 8 2 20 5.17
Lotion 12 6 2 20 7.56*
Bath Solution 13 5 2 20 9.22**

*p < 0.05.
**p < 0.01.
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Mean Percentage Increase
Table XI

in Skin Smoothness After Three Treatments in Men and Women

Treatments

Sex Lotion Water Bath Solution

Men 12.6 17.6 19.3
Women 4.4 2.8 8.3
Difference 8.2 14.8 11.0

Mean Percentage Increase in
Table XII

Skin Smoothness in Subjects with Relatively Rough or Smooth Skin

Pretreatment Condition Lotion Water Bath Solution

Relatively Smooth 8.7 3.5 9.9
Relatively Rough 4.7 9.8 13.3
Difference 4.0 6.3 3.4

the initial state of smoothness of the skin, we divided the group (median split) into 
those whose initial condition was relatively rough and relatively smooth. Table XII 
gives the mean increase in skin smoothness for these two groups.
It can be seen that for Water and Bath Solution the subjects with initially rougher skin 
benefitted more than those with smoother skin; the opposite was true for Lotion.
R ela tionsh ip  between sm oothing a n d  softening. We computed a series of Pearson Product 
Moment Correlation Coefficients to determine the degrees of change for our two 
measures as affected by the three treatments. (See Table XIII.) It can be seen that the 
degrees of skin softening and smoothing were highly correlated (p < 0.001) after all 
treatments employed.
Interview data indicated that those individuals who showed little or no effect from the 
treatments as measured by us tended to utilize hand lotions very frequently, thus mak
ing efficacy of the 5-min treatment employed by us relatively minor.

Sum m ary: E xperim en t I I I

We found that: 1) Water significantly softens the skin. 2) Lotion significantly softens 
and smooths the skin. 3) Bath Solution significantly softens and smooths the skin. 4) 
These effects are nondifferential among the three treatments. 5) The effects of 
smoothing and softening the skin were highly related after all the treatments. 6) Men 
benefited more than women for skin smoothing after all treatments, and for skin 
softening after Lotion and Bath Solution. 7) a-Those whose skin was initially relatively

Table XIII
Correlations (r) Between Percentage Smoothing and Softening for Each Treatment

Treatment r

Lotion 0.87
Water 0.86
Bath Solution 0.87
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harder benefitted more than those with initially softer skin after treatment with Water 
or Bath Solution, b-Those whose skin was initially relatively rougher benefitted more 
than those with initially smoother skin after treatment with Water or Bath solution, c- 
Lotion, paradoxically, benefitted those with initially softer and smoother skin more 
than those with harder and rougher skin.

EXPERIMENT IV: EFFECTS OF EPIDERMABRASION

One question which is frequently raised in dealing with assessing the skin softening and 
smoothing effects of various products is whether the measuring instruments are sub
ject merely to the artifactitious result of measuring the properties of the product rather 
than the treated sk in  per se. Thus, we described above (under Skin Smoothness: 
Validity) the changes found in friction of sandpaper following application and removal 
of skin lotion. If the lotion were acting as a mere topical lubricant, then sandpaper 
would be found to be smoother. However, we were able to demonstrate no change in 
the smoothness of sandpaper, while enhancement of smoothness in skin was obtained, 
demonstrating that we are indeed measuring the effect of lotion on the skin.
Another approach to the question, which deals with this aspect of validity, is to utilize 
epidermabrasion. This system employs “deliberate, physical removal of th e  s tra tu m  d is- 
ju n c tu m  and other keratin excrescences of the s ta tu m  corneum " (2) by means of a 
nonmedicated “polyester fiber web.”
The purpose of this study was to determine whether physical abrasion of part of the 
stratum disjunctum would result in measurably increased smoothing and softening of 
skin as measured by us.
We studied one subject, a Caucasian female, aged 48. We took two successive 
measures of softness and smoothness of three regions on her forehead: left, central and 
right. Following these two pretreatment tests, we left one region untreated, applied a 
cotton ball soaked with tepid Water to another region for 5 min and rubbed Lotion on 
the third region for 1 min. Following the minute of Lotion application we waited 4 ad
ditional minutes and then removed the visible excess with a cotton ball. Finally, we 
continuously applied the fiber web to the entire forehead for 30 sec in a circular mo
tion, and retested all sites for smoothness and softness.

Results: E xperim en t I V

Effects o f  w a ter a n d  lotion. The Water-treated site showed an immediate, dramatic 
increase in softness in contrast to the negligible changes for Lotion-treated or 
Untreated sites. By contrast, Lotion produced an immediate, very large increase in 
smoothness, whereas Water resulted only in a moderate change, and the Untreated site 
in no change in smoothness.

Effects o f  epiderm abrasion. The differential results of epidermabrasion superimposed on 
Untreated, Lotion-treated, and Water-treated skin were not entirely expected. 
Smoothness and softness measures were not changed by epidermabrasion over the 
sites previously treated by Water or Lotion. However, the greatest enhancement for 
both the smoothness and softness measures was obtained when the abrasion was done 
on the formerly untreated site.
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D iscussion: E xperim en t I V

If Lotion or Water had only topical, surface-lubricating effects which our devices de
tect, then the removal of surface Lotion and the drying of the surface of the skin would 
have diminished the softening and smoothing effects. The fact that epidermabrasion 
did not diminish (or enhance) the results when applied to these treated sites indicates 
that the effects were already incorporated into the stratum corneum and that the 
instruments were indeed measuring actual changes in the skin and not merely artifacts 
of local surface lubrication.
This fact is further brought home by the finding that the Untreated site showed that 
epidermabrasion alone resulted in considerably softer and smoother skin after only 
one 30-sec treatment.
We thus conclude that our devices are measuring changes in skin and not mere artifacts 
of surface lubrication and further that, once treated topically, epidermabrasion does 
not diminish the effect by the removal of the potential surface lubricant.

EXPERIMENT V: AN EVALUATION OF SHAVING

In view of the demonstrated ability of the smoothness evaluation system to assess the 
enhancement in the smoothness of the skin, we applied a different probe to determine 
whether we could evaluate the effectiveness of shaving creams or razors in producing 
close shaves. We produced a new sled (a fine metal mesh) which enables the hair shafts 
to penetrate it.
The experiment comprised determining the degree of smoothness of the face in a man 
who hadn’t shaved for 24 and 48 hr. We measured his facial smoothness immediately

Figure 7. Facial smoothness prior to and following shaving
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following shaving and after 1, 2, 3, 4, 5, 23, 24, 25 and 26 hr. The results, which are 
rather clearcut, are depicted in Figure 7.
This indicates that there is differential hair growth on the two sides of the face, which is 
monotonic with time. The growth of hair can be measured almost hourly and the effec
tiveness of shaving can be assessed.

C O M P A R ISO N  OF S M O O T H IN G  A N D  SO F T E N IN G  SK IN

The series of correlations (see above) has demonstrated that three skin treatments 
produced smoothing and softening effects on the skin. This finding should not be of 
surprise. However, since the methods are operationally distinct, one can conceive of 
producing a smooth skin, e.g., by mechanically removing surface roughness, but not 
necessarily by softening it. Conversely, one might be able to soften a surface, leave it 
rough, or indeed, even roughen it additionally in the process. Comparison of the 
results of Experiments I and II illustrated that such a dissociation may have indeed oc
curred.
Thus, Figure 3 shows that water had an immediate softening effect which was dissi
pated after 5 min while the lotion maintained its effect. Figure 6, however, shows that 
even 10 min after treatment and after forced drying with heated air, the Water Treat
ment group still showed significant smoothness.
We believe moisturization of the stratum corneum to be one major cause of smoothing 
and softening the skin; epidermabrasion is another. We are, therefore, considering a 
study to assess the direct effects of varying degrees of moisturization or epidermabrasion 
on the smoothing and softening of the skin.

C O N C L U SIO N S

We have described the development of two systems for assessing, in  vivo, the softness 
and smoothness of skin. These methods have high retest reliability, precision and 
validity, and can be applied on various skin surfaces to determine the effectiveness of 
skin treatments in softening or smoothing the skin. The system for assessing skin 
smoothness has also been adapted to measure the degree of facial smoothness as a 
function of efficacy of shaving creams or razors. The two systems are capable of assess
ing the beneficial effects of various skin treatments and must be considered measures 
of separate effects.
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Synopsis

The amount of energy normally expended in commercial processing of a cosmetic emulsion is far greater 
than the amount theoretically required. Whether the emulsion is made by a batch process or semicontinuous 
process, thermal energy is first supplied to heat the ingredients and mechanical energy is then provided for 
mixing and emulsification. Additional mechanical energy is expended to cool the product and the heat 
removed is generally discarded.
A considerable saving in energy is made possible by a more effective usage of thermal and mechanical energy 
in emulsification. A substantial saving of thermal energy can be achieved by a careful determination of 
emulsification temperature and by a selective heating of the ingredients. The method discussed here basically 
involves making an emulsion concentrate which is later diluted with the remainder of the external phase at 
room temperature.
In addition to conserving energy, the proposed LOW-ENERGY EMULSIFICATION technique also offers 
a great advantage in reducing the processing time and equipment cost. In some instances, the energy cost for 
processing an emulsified lotion can be reduced by 50 per cent while the production efficiency can be 
increased by 100 percent.

IN T R O D U C T IO N

The recent natural gas shortage in the United States has again clearly demonstrated the 
importance of energy conservation. One area of cosmetic processing that has not been 
critically examined in terms of energy requirement is emulsion processing. Compared 
to the energy actually required, a considerable amount of energy is wasted in a typical 
plant operation of emulsion manufacturing.
In 1965, the author proposed a technique of emulsification referred to as “semicold 
processing” that was designed to allow manufacturing of emulsion products with a 
partial heating of the raw materials (1). Since then, the author has tested this technique 
on numerous emulsified and nonemulsified products in production scale with favorable 
results. The method allows not only a conservation of thermal and mechanical 
energies, but also a substantial increase in manufacturing efficiency and a reduction in 
operating expenses without any compromise in the product quality. In some cases, it is 
also possible to reduce the capital expenditure on process equipment when planning an 
expansion of production capacity. The main purpose of this paper is to outline the basic
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principle and to point out possible areas of application in practical processing of emul
sion products.

E N E R G Y  C O N S U M P T IO N  IN  E M U L SIO N  PR O C ESSIN G

In the conventional processing of cosmetic emulsions, the oil- and water-soluble in
gredients are usually heated in two separate kettles as illustrated in Figure 1. There are 
two forms of energy input: thermal energy (TEj, TE2) for hearing and mechanical 
energy (MEj, ME2) for mixing and homogenizing (ME:i). It can be shown by energy 
balance that, in a typical plant production, only a small fraction of the energy input is 
utilized in actual emulsification, i.e., to break up liquids into small droplets.
If city water is used for cooling the batch, the thermal energy removed during the cool
ing stage is generally discarded along with the water. If chilled water is used and recy
cled, additional energy is required by the compressor in the refrigerated system to 
remove and discard the heat. The majority of mechanical energy supplied dissipates as 
friction and turns into heat and noise.
An estimate of the total energy utilized vs. the energy wasted in a conventional process
ing of emulsions can be made by calculating the theoretical energy requirement. For 
illustration, it is assumed that one is making a 1,000 kg batch of a certain O/W emul
sion consisting of 25 per cent mineral oil, 5 per cent surfactant and 70 per cent 
deionized water.
The theoretical energy requirement for emulsification is, of course, dependent on the 
effectiveness of the surfactant as well as the droplet size distribution of the final emul-

ME, ME2

Figure 1. Energy input in emulsion manufacturing
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sion. The theoretical amount of work required to break the liquids into droplets can be 
calculated from the interfacial tension and the change in surface area given by the 
following equation:

W =y AS

where W = work done
y = interfacial tension 

AS = change in interfacial area
For illustration, it is assumed that the interfacial tension is 2 dyn/cm and the final emul
sion droplets are spherical, having a uniform diameter of lp-. Taking the specific gravity 
of mineral oil as 0.85, the minimum energy requirement calculated from the above 
equation is 0.84 Kcal per 1,000 kg of the O/W emulsion. This value represents, of 
course, a theoretical minimum assuming no internal friction. The actual requirement is 
expected to be much greater.
The amount of energy consumed in making such an emulsion in a plant scale will be 
also dependent on emulsification method, emulsification temperature, etc. For this cal
culation, the following assumptions are made:

Mixer power: one horsepower for each of the two mixers
Mixing time: 90 min per batch for both mixers
Homogenizer power: 5 hp
Homogenizing time: 20 min
Room temperature: 20°C
Emulsification temperature: 80°C
Heat capacity: 1 cal/g, °C for all raw materials and finished emulsion 
Batch size: 1,000 kg

The results of the calculation based on the above parameters are given in Table I.

The combined mechanical energy input is close to 3,000 Kcal and the thermal energy 
consumption is 60,000 Kcal or about 95 per cent of the total. Clearly, compared to the 
theoretical requirement, a typical plant processing of an emulsion consumes a far 
greater amount of energy. It should be evident that if one can devise a way to make the 
emulsion cold, 95 per cent of the energy consumption in this example can be im
mediately saved.
Hot emulsification is wasteful not only from the energy viewpoint but, even more im
portantly, from the consideration of production time and efficiency. The time required

Table I
Energy Input

Energy Source
Energy Consumption 

(Kcal) Percentage Total

(a) Two Mixers 1,920 —

(b) Homogenizer 1,067 —

Total Mechanical Energy 2,987 5
Total Thermal Energy 60,000 95

Total Energy Input 62,987 100
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Table II
Processing Time

Operation Time (minutes)

Preparation 50
Heating 30
Emulsification 30
Cooling/Mixing 60
Homogenizing/Pumping 30
Clean-up 40

Total 240 = 4 hr

for each operation in a typical batch processing of the emulsion cited in the example is 
given in Table 2.
The total processing time in this example is 4 hr, including clean-up and preparation. It 
is to be noted that 30 min is spent on introducing the thermal energy and 60 min is 
spent on removing it at a latter stage. Therefore, a total of 90 min of valuable process
ing time can be saved by adopting the use of a cold method.

LOW -ENERGY E M U L SIFIC A T IO N

Even though the advantages of a cold process are quite obvious, the popular use of 
waxy raw materials in cosmetic emulsions presents a serious problem in practical 
processing. Even with the use of a homogenizer, stearic acid and most waxy substances 
would not emulsify properly in cold water. Hence, a completely cold emulsification is 
feasible only with limited emulsions consisting solely of liquids or liquid-soluble in
gredients.
However, in most cosmetic emulsions the total amount of waxy material is generally 
below 20 per cent and sometimes only 3 or 4 per cent; a question can thus be raised as 
to the necessity of heating the entire 100 per cent of the ingredients in order to obtain 
a good emulsion. The basis of low-energy emulsification is to combine the advantage of 
cold emulsification with the practical necessity of hot emulsification by selectively ap
plying heat to a part of the ingredients.
Figure 2 illustrates the common batch processing of a cosmetic emulsion. If the final 
emulsion is an O/W type, the internal phase generally consists of oils and waxes. The 
external phase is made up of water and water-soluble components. In this figure, h and 
H represent the heat supplied to the internal and external phases respectively. After 
emulsification, the batch is generally cooled to room temperature by either circulating 
cooling water in the kettle jacket or passing the warm emulsion through a heat ex
changer. Neglecting the small amount of heat lost to the atmosphere, the frictional 
heat and the heat of mixing, the heat that must be removed from the emulsion is 
h + H.
In a low-energy method illustrated in Figure 3, instead of heating the entire external 
phase, only half of the water phase is first heated to make a concentrated emulsion; the 
remaining half is then added at room temperature. The energy supplied to the external 
phase is now half of the original value and the heat which must be removed later is only 
h + 0.5 H.



L O W -E N E R G Y  E M U L S IF IC A T IO N 121

U S U A L  METHOD

£=C>

h + H

< ¡= 3  H

Figure 2. Conventional emulsion processing

In this example, only 50 per cent of the external phase was withheld for cold dilution, 
but there is no reason why one cannot withhold 70 per cent or more to achieve an even 
greater energy conservation. In some instances, a portion of the oil phase can be with
held and added cold later if it consists of mostly liquid materials such as mineral oil. 
One limitation is that one cannot withhold too much so as to make the processing of 
the concentrate difficult or the subsequent dilution impossible.
There are many different ways to apply the low-energy emulsification technique. One 
method (Figure 4) uses two kettles and an automatic metering valve. The entire oil 
phase is heated in one of the kettles and the first portion of water and water-soluble in
gredients is heated in the other kettle. Depending upon the desirability of a phase

LOW-ENERGY METHOD

Figure 3. Low-energy emulsion processing
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D.l. WATER

Figure 4. Two-kettle low-energy emulsion processing

inversion, the oil phase can be added to the aqueous phase or vice versa to form the 
emulsion concentrate. While the concentrate is being cooled, the remainder of the cold 
deionized water can be metered in to complete emulsification.
The saving of thermal energy is quite obvious in such a technique. The mechanical 
energy, ME1; supplied to the upper kettle remains unchanged, although ME2, supplied 
to the lower processing kettle, may be somewhat different. In the low-energy method, 
the initial emulsion is more concentrated and generally more viscous. On the other 
hand, there is less material in the kettle in the first stage so that the total mechanical 
energy consumption will not be much different. If anything, the over-all mechanical 
energy consumption will be less for the new process since the cooling time is shortened 
considerably by the addition of the cold water.
The low-energy technique illustrated here involves a two-step operation. It may ap
pear, at first, that it would take longer to process a batch in comparison to the conven
tional, one-step procedure. According to the author’s experience, the low-energy 
method actually requires much less processing time and in many situations this benefit 
may be even more desirable than the conservation of energy. The reason is that the 
most time-consuming part of making a commercial emulsion is often the cooling of the 
batch. Particularly if the product is very viscous or if the cooling water is not very cold, 
the time required may be very long. In the new process, the addition of less energy at 
the beginning means removal of less heat during the cooling period, resulting in a 
substantial shortening of the heating and cooling time. Moreover, the dilution step can 
be carried out during the cooling stage by simply metering the cold, deionized water so 
that there is no extra time consumed in the second stage.

A P P L IC A T IO N  OF T H E  LOW -ENERGY M E T H O D  
IN  P R O D U C T IO N  E X PA N SIO N

In addition to saving energy and processing time, the low-energy technique described 
here may be applied in some instances to save capital expenditure in planning a produc
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tion expansion. Since only a portion of the batch is heated in the low-energy method, it 
is possible to use a smaller kettle for processing or, in some instances, use the existing 
kettle to make larger batches to save capital expenditure on expensive, jacketted ket
tles.
The economy of such a technique should become apparent by considering the follow
ing examples. Consider a company which now has a 200-gallon tank to make a certain, 
low-solids, O/W moisturing lotion. For illustration, it is assumed that the time required 
for each compounding operation is the same as the time presented in Table II. Suppose 
that it is now desired to increase the production capacity of this product by 2.5 times to 
meet the increased sales demand. One proposal calls for purchasing a new 500-gallon 
process tank and increase the batch size by 2.5 times. However, a careful engineering 
study would soon reveal that the purchase of a new kettle alone would not guarantee a 
proportional increase in the actual production if the conventional emulsification tech
nique is used.
The reason should become apparent if the time required for each operation (Table II) 
is carefully examined. The preparative time includes the time required for weighing 
the ingredients and for metering or weighing the deionized water in the aqueous phase. 
Since the batch size is now 2.5 times greater, it will take longer to catch the deionized 
water. The heating and cooling times will be much greater, not only because more ma
terial is involved but also because of the fact that the larger the kettle, the smaller will 
be the heat transfer surface per unit volume of the material. The time spent on 
homogenizing and pumping will increase proportionally to the batch size.
If it now takes 4 hr to complete a 200-gallon batch, it will likely take six or more hours 
to process a 500-gallon batch. This means that only one batch can be produced in an
8-hr work day and one can expect only a 25 per cent increase in the actual production 
capacity.
Naturally, there are ways to speed up each compounding step to allow completion of 
the 500-gallon batch within the 4-hr limit, but this will require more equipment. For 
example, the time required to catch the deionized water can be shortened by installing 
a larger ion-exchange unit. The cooling time can be shortened by using a rotary, 
scraper heat exchanger. The homogenizing/pumping time can be shortened, but larger 
equipment will be needed. It is evident that a considerable capital expenditure will be 
required for the proposed production increase.
By far the more economical way of meeting the need would be to adopt a modified, 
low-energy technique (Figure 5). The idea presented here is to make an emulsion 
concentrate in the existing 20G'-gallon kettle and then dilute it in a 500-gallon storage 
tank equipped with a mixer.
The method is particularly ideal if the emulsion has a relatively small internal/external 
phase ratio. Since only 200 gallons of the material is heated, the heating and cooling 
times will not increase. The time needed for pumping and homogenizing will be the 
same. The only operation that may require extra time is the metering of 300 gallons of 
deionized water. However, a relatively inexpensive, automatic metering valve can be 
conveniently used to meter the water while the concentrate is being processed in the 
kettle so that no extra time will be required in this operation. It should not present any 
difficulty to complete two 500-gallon batches of this emulsion in an 8-hr period using 
such a technique. The only new equipment required for this process is a 500-gallon 
storage tank. A storage tank, however, is much less expensive than a jacketted, stain-
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Figure 5. Modified low-energy emulsion processing

less steel kettle of the same capacity. Therefore, from both the production efficiency 
and equipment cost viewpoints, the low-energy method is far superior to the conven
tional method of emulsification.

L IM IT A T IO N  OF LO W -EN ER G Y  T E C H N IQ U E

There are, naturally, some limitations on the application of the proposed low-energy 
technique. One of the important points to be considered is that mixing becomes 
difficult if the viscosity of the concentrate is too high. There is therefore a limit as to 
how much of the external phase one can withhold. Fortunately, most emulsions, even 
fairly concentrated, are flowable at the elevated temperature at which emulsification is 
normally carried out.
The second limitation is that, upon dilution, a stable emulsion of desired properties 
must be obtainable. The desired properties may be the correct texture, opacity or 
certain rheological properties. This requirement is, of course, very important from the 
marketing viewpoint. However, since emulsion is an extremely complex system with 
so many physical factors which can affect its properties, it is not easy to define the con
ditions which will satisfy this requirement.
The only reliable way to determine if the method works satisfactorily would be to 
conduct carefully controlled pilot batch experiments. It is important to remember that 
there is no set way to carry out low-energy emulsification. There are many variations 
possible and with some imagination many advantages can be derived.
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In some instances, for example, the presence of a thickener can make the concentrate 
very thick and cause difficulty in mixing. Sometimes such a problem can be solved by 
dispersing the thickener in the diluting water. If the viscosity of the thickener is pH- 
dependent, it may also be possible to avoid the problem by carefully controlling the 
pH of the concentrate. Phase inversion of the concentrate can cause a problem if the 
emulsion does not invert to the desired type upon dilution. Sometimes such a problem 
can be prevented by changing the order of phase combination or the surfactant location
(3).
It should be cautioned that since cold deionized water is used in the second stage, this 
water must be sterilized to avoid microbial contamination.

CO N C LU SIO N

Although the technique described here lends itself readily to the processing of low- 
solids, O/W emulsions, there is no reason why it would not apply to W/O emulsions or 
nonemulsified products. In fact, the method works very nicely on processing most 
shampoos and even some make-up preparations. The author has successfully tested a 
W/O system by withholding parts of both the oil and aqueous phases. However, such a 
technique becomes rather involved and requires experience to handle properly.
In using the technique, it is well to reexamine the emulsification temperature used. In 
many instances it is possible to lower the emulsification temperature without affecting 
the emulsion quality. In some emulsions stabilized with nonionic surfactants, it may be 
desirable to keep the emulsification temperature above the PIT (phase inversion 
temperature) in order to facilitate emulsification.
In some cases, considerable savings in mechanical energy used in mixing or homoge
nizing can be achieved by changing emulsification method. Elimination of energy
consuming high-shear equipment can be frequently accomplished by optimizing 
emulsification conditions. For example, without changing formulation, it is sometimes 
possible to significantly facilitate emulsification by controlling the emulsifier location 
or presolubilizing the oil phase (4). In some instances, one can obtain a finer emulsion 
using the low-energy technique than using a conventional method.
The author has conducted considerable basic work on variables affecting droplet size 
distribution and stability of emulsions prepared by this low-energy technique. A paper 
dealing with these aspects will be published in the future.
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Synopsis
Eye area cosmetics are subject to varied levels of microbial CONTAMINATION during their normal use. 
Selected MASCARAS with known preservative formulations were compared for their resistance to mi
crobial colonization DURING USE by study groups and following a laboratory challenge test. A few 
products supported active growth of microorganisms after less than two weeks of normal use and after 
LABORATORY challenge. In study groups, the establishment of reproducing populations of 
microorganisms in certain mascaras occurred consistently with select individuals. Mascaras containing only 
parabens or imidazolidinylurea appeared to be less effective in retarding microbial growth than those 
containing formalin donors or mercurials. Effectiveness of preservative formulations may gradually decrease 
with the age of the product.

IN T R O D U C T IO N

Most mascaras contain antimicrobials to maintain the integrity of the product and to 
protect the consumer from the development of potentially harmful contaminants. 
Nevertheless, certain mascaras examined during use have been found to be overgrown 
with microorganisms and in some instances to be associated with eye infections (1-3). 
Ramp and Witkowski (4) have reviewed typical procedures for testing preservative 
systems in cosmetics. These involve the introduction of microorganisms, usually about 
1 X 106 cells, into a 1-ml or 1-g sample of product. Effectiveness is determined by the 
recovery of less than 0.1 per cent of the inoculum after seven days. Sampling intervals 
may be extended for several months. Bruch (5) expressed concern about the lack of 
comparative data published on the various testing procedures. Yartagi (6) recom
mended that the challenge test for cosmetics be carried out in the commercial 
containers in which they are sold to the consumer. Laboratory evaluation of the effec
tiveness of the preservatives in mascaras by the usual microbiological procedures is 
difficult as many formulations are not readily solubilized by water. Dilution procedures 
used for enumerating microorganisms in mascaras may require the use of solvents or 
emulsifiers which may be toxic to the challenge microorganisms (7,8). At present, 
there is no standard procedure for evaluating the resistance of mascara formulations to 
microbial degradation. This report compares “in use” study-group analysis with labora-
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t o r y  c h a l le n g e  te s ts  t o  d e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  p r e s e r v a t i v e  f o r m u l a t i o n s  i n  m a s 

c a ra s .

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

MASCARAS

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

1 9 7 5  a n d  1 9 7 7 .  T h e y  w e r e  s e m i - s o l i d ,  o i l y  p r o d u c t s  o f  p o o r  m i s c i b i l i t y  w i t h  w a t e r .  

T h e  p r e s e r v a t i v e s  i n c l u d e d  i n  t h e  m a s c a r a s  a r e  p r e s e n t e d  i n  T a b le  1. C o n c e n t r a t i o n s  o f  

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

b r a n d s .  T h e  t o t a l  p a r a b e n s  p e r  m a s c a r a  r a n g e d  f r o m  0 . 1 5  p e r  c e n t  t o  0 .5  p e r  c e n t ,  

i m i d a z o l i d i n y l u r e a  f r o m  0 . 3  t o  0 . 4  p e r  c e n t  a n d  D o w i c i l  2 0 0  f r o m  0 . 1 5  t o  0 . 2  p e r  c e n t .  

N o n e  o f  t h e  m a s c a r a s  c o n t a in e d  o v e r  6 0  p p m  o f  m e r c u r y .  S e v e r a l  m a s c a r a s  w e r e  

s t o r e d  a t  r o o m  t e m p e r a t u r e  f o r  u p  t o  o n e  y e a r  a n d  a t  3 7  a n d  5 6 ° C  f o r  s e v e n  d a y s  p r i o r  

t o  l a b o r a t o r y  c h a l le n g e .

CHALLENGE ORGANISMS

M a s c a r a s  w e r e  c h a l le n g e d  s e p a r a t e ly  a n d  s e q u e n t ia l l y  w i t h  S t a p h y l o c o c c u s  e p i d e r m i d i s  

a n d  P s e u d o m o n a s  a e r u g i n o s a  i n i t i a l l y  is o la t e d  f r o m  u s e d  m a s c a r a s .  T h e  b a c t e r ia  w e r e  

g r o w  a t  3 7 ° C  i n  t r y p t i c  s o y  b r o t h  ( D i f c o )  f o r  1 8  t o  2 4  h r ,  h a r v e s t e d  b y  c e n t r i f u g a t i o n  

a n d  w a s h e d  t h r e e  t i m e s  i n  p h o s p h a t e - b u f f e r e d  s a l in e  ( P B S ;  N a C l  8 . 0  g ,  K C 1  0 . 2 0  g ,  

K H . 2P 0 4 0 . 1 2  g ,  N a , H P 0 4 0 .9 1  g ,  d e i o n i z e d  w a t e r  1 1, p H  7 . 2 ) .  T h e  f i n a l  p e l l e t  w a s  

r e s u s p e n d e d  in  1 0  m l  o f  P B S ,  v o r t e x e d  f o r  1 5  s e c ,  s o n ic a t e d  a t  m a x i m u m  p o w e r  f o r  1 5  

s e c  ( R a t h e o n  5 1 2 0 A )  a n d  v o r t e x e d  a g a in  f o r  1 5  s e c . T h e  b a c t e r ia l  s u s p e n s io n  w a s  

d i l u t e d  t o  a n  o p t i c a l  d e n s i t y  ( O D )  b e t w e e n  0 . 4  a n d  0 . 7  a t  6 0 0  n m  f o r  A  e p i d e r m i d i s  a n d  

a t  5 0 0  n m  f o r  P . a e r u g i n o s a .  A p p r o p r i a t e  d i l u t i o n s  o f  t h e s e  s o lu t i o n s  w e r e  m a d e  f r o m  a  

s t a n d a r d  O D - c o l o n y - f o r m i n g - u n i t  c u r v e  t o  g i v e  a p p r o x i m a t e l y  1 0 s c o l o n y - f o r m i n g  

u n i t s  ( c f u )  p e r  m l .  V i a b l e  c o u n t s  w e r e  d e t e r m i n e d  b y  s p r e a d in g  0 .1  m l  o f  a p p r o p r i a t e  

s e r ia l  d i l u t i o n s  i n  t r i p l i c a t e  o n  t r y p t i c  s o y  a g a r  u s in g  P B S  as a  d i l u e n t .  O n e  m l  c o n t a i n 

in g  1 0 6 c f u  w a s  d i l u t e d  t o  6 m l  w i t h  P B S .  T h e  6- m l  c e l l  s u s p e n s io n  w a s  d r a w n  i n t o  a  

s y r in g e  f i t t e d  w i t h  a  S w in n y  f i l t e r  h o l d e r  ( M i l l i p o r e  C o r p o r a t i o n )  a n d  s lo w ly  f o r c e d  

t h r o u g h  a  1 3 - m m  d ia m e t e r  m e m b r a n e  w i t h  a n  a v e r a g e  p o r e  s iz e  o f  0.22 p m .

Table I
Preservative Content of Mascaras

Preservatives A B C
Mascara Code 
D E F G H

Methyl paraben - + + - - + + +
Propyl paraben + + 4- + - - - -
Butyl paraben - - - - - + - -
Dehydroacetic acid - + - - + - + -
Imidazolidinylurea + + - - - - -
Dowicil 200 - - - - + + + -
Phenylmecuric acetate + - + - - - + -
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MEMBRANE CHALLENGE

M a s c a r a  w a s  r e m o v e d  w i t h  a s e p t ic  t e c h n i q u e  f r o m  i t s  c o n t a i n e r  a n d  3 0 0  t o  4 0 0  m g  w a s  

p a c k e d  i n t o  a  s t e r i l e  g la s s  c y l i n d e r  3  m m  d e e p  w i t h  a n  i n n e r  d ia m e t e r  o f  1 3  m m .  T w o  

m e m b r a n e s  w e r e  p la c e d  o n  t h e  m a s c a r a .  T h e  m e m b r a n e  i n  d i r e c t  c o n t a c t  w i t h  t h e  m a s 

c a r a  h a d  a n  a v e r a g e  p o r o s i t y  o f  8 / t m .  T h i s  m e m b r a n e  s e r v e d  t o  r e t a in  t h e  m a s c a r a  in  

t h e  w e l l  a n d  t o  f a c i l i t a t e  s u c c e s s iv e  c h a l le n g e s  w i t h  v a r io u s  m ic r o o r g a n is m s .  T h e  

s e c o n d  m e m b r a n e  ( 0.22 / z m  p o r o s i t y ) ,  c o n t a i n i n g  t h e  c h a l le n g e  o r g a n is m  ( s id e  w i t h  

o r g a n is m  f a c in g  u p w a r d s ) ,  w a s  p la c e d  o v e r  t h e  f i r s t  m e m b r a n e .  P e r i o d i c a l l y ,  t h e  u p p e r  

m e m b r a n e  w a s  r e m o v e d ,  r e p la c e d  in  t h e  S w in n y  a n d  b a c k - f lu s h e d  w i t h  6 m l  o f  b u f 

f e r e d  s a l in e .  T h e  m e m b r a n e  w a s  r e m o v e d  f r o m  t h e  S w in n y ,  p la c e d  i n  t h e  6 m l  o f  

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

d i l u t e d  a n d  p la t e d  o n  a p p r o p r i a t e  m e d i a  f o r  e n u m e r a t i o n  o f  m ic r o o r g a n is m s .  T h e  s a m e  

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

o r g a n is m s .  D e t a i l s  o f  t h is  p r o c e d u r e  h a v e  b e e n  d e s c r i b e d  e ls e w h e r e  ( 3 ) .

CONTAINER CHALLENGE

S u s p e n s io n  o f  m ic r o o r g a n is m s  ( 1  X 1 0 (i c f u / g )  w a s  i n t r o d u c e d  d i r e c t l y  i n t o  t h e  o r i g i 

n a l  c o s m e t ic  c o n t a in e r .  T h e  m a s c a r a  w a s  c u l t u r e d  p e r i o d i c a l l y .

STUDY GROUPS

T h e  s t u d y  g r o u p s ,  e a c h  u t i l i z i n g  1 5  t o  2 5  c o l le g e  s t u d e n t s ,  w e r e  c o n d u c t e d  as p r e 

v i o u s l y  d e s c r i b e d  ( 2 ) .  B r i e f l y ,  a  s in g le  s t u d y  g r o u p  u s e d  a  m a s c a r a  o f  a n  i d e n t i c a l  l o t  o f  

f o r m u l a t i o n  f o r  9  t o  1 1  w e e k s .  T h e  m a s c a r a s  w e r e  c u l t u r e d  w e e k l y  f o r  a e r o b ic  

m ic r o o r g a n is m s  a n d  t h e  h i s t o r y  ( n u m b e r  o f  t i m e s  u s e d ,  t i m e  e la p s e d  s in c e  la s t  u s e ,  i n 

d i v i d u a l  h a b i t s ,  e t c . )  o f  u s e  w a s  r e c o r d e d .  I f  a  m a s c a r a  y ie ld e d  o v e r  5 0  c f u  o f  t h e  s a m e  

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

is s u e d .  A n  in c id e n c e  o f  c o n t a m i n a t i o n  ( I C )  w a s  r e c o r d e d  f o r  e a c h  p r o d u c t .  A  s in g le  I C  

w a s  d e f in e d  as f o u r  o r  m o r e  c o l o n y - f o r m i n g  u n i t s  o f  m i c r o o r g a n is m s  p e r  3 t o  8 m g  o f  

m a s c a r a  p r e s e n t  a t  le a s t  4  h r  a f t e r  t h e  la s t  u s e .  T h e  I C  w a s  c a lc u la t e d  f r o m  t h e  t o t a l  

s a m p l in g s  o f  a l l  m a s c a r a s  u s e d  in  t h e  s t u d y  g r o u p s .

Table II
Contamination of Mascaras During 9 to 11 Weeks of Use

«
Mascara

Incidence of 
Contamination

Number
Established Contaminants/ 

Number Mascaras*

B 61** 6/13
C 6 0/17
D 33 0/22
F 7 0/17
G 9 0/18
H 23 0/21

* Established contaminants defined as presence of microorganisms at concentrations of at least 103 cells/mg 
ten days after last use.
**Percentage of samples yielding 4 cfu per 3 to 8 mg of mascara, at least four hours after last use.
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RESULTS A N D  D IS C U S S IO N

A n  a n a ly s is  o f  s t u d y - g r o u p  r e s u l t s  w i t h  s e le c t e d  m a s c a r a s  is  p r e s e n t e d  i n  T a b le  I I .  E ig h t  

c o n t a in e r s  o f  m a s c a r a  B  y ie ld e d  h ig h  n u m b e r s  o f  S .  e p i d e r m i d i s  a f t e r  a n  a v e r a g e  o f  2 2  

u s e s . I n  e x c e s s  o f  1 0 °  c e l ls / g  w a s  is o la t e d  f r o m  s ix  o f  t h e  m a s c a r a s  t e n  d a y s  a f t e r  t h e i r  

la s t  u s e .  I n  a d d i t i o n  t o  S .  e p i d e r m i d i s ,  t h r e e  o f  th e s e  s ix  e a c h  c o n t a in e d  h ig h  n u m b e r s  o f  

e i t h e r  K l e b s i e l l a  p n e u m o n i a e ,  P s e u d o m o n a s  p u t i d a  o r  C a n d i d a  p a r a p s i l o s i s .  T h e s e  t h r e e  

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

t i c i p a n t s ,  i n  s t u d y  g r o u p s  w i t h  o t h e r  m a s c a r a s ,  u s u a l l y  d e m o n s t r a t e d  a n  I C  a b o v e  2 0 .  

T h e  t w o  m a s c a r a s  ( D ,  H )  c o n t a i n i n g  o n l y  p a r a b e n s  f r e q u e n t l y  y ie l d e d  b a c t e r ia  4  t o  8 h r  

a f t e r  u s e ,  b u t  n o  b a c t e r ia  w e r e  r e c o v e r e d  f r o m  th e s e  c o n t a in e r s  a f t e r  t h e y  w e r e  s t o r e d  

f o r  t e n  d a y s .

T h e  m e m b r a n e  c h a l le n g e  te s ts  a r e  s u m m a r i z e d  i n  T a b le  I I I .  A s  w i t h  t h e  s t u d y  g r o u p s ,  

m a s c a r a s  B ,  D ,  a n d  H  a p p e a r e d  t o  h a v e  r e l a t i v e l y  i n e f f e c t i v e  p r e s e r v a t i v e  s y s te m s .  

M a s c a r a s  B  a n d  D  s u p p o r t e d  g r o w t h  o f  t h e  c h a l le n g e  o r g a n is m s ,  w h e r e a s  e x t e n d e d  

s u r v i v a l  o f  t h e  i n o c u l u m  w a s  f o u n d  o n  m a s c a r a  H .  D i r e c t  c h a l le n g e  o f  o r g a n is m s  i n t o  

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

r e s u l t s  o n l y  f o r  m a s c a r a  D  w i t h  P .  a e r u g i n o s a .

T w o  n e w  lo t s  o f  m a s c a r a  B ,  o n e  o b t a in e d  j u s t  a f t e r  p r o d u c t i o n  a n d  o n e  f o r t i f i e d  w i t h  

D o w i c i l  2 0 0  in s t e a d  o f  i m i d a z o l i d i n y l u r e a ,  a n d  o n e  n e w  l o t  o f  m a s c a r a  D  s u p p l e 

m e n t e d  w i t h  t h i m e r s o l  w e r e  o b t a in e d .  T h e s e  m a s c a r a s  w e r e  g i v e n  t o  s m a l l  s t u d y  

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

T h e  s t u d y  g r o u p  I C  f o r  t h e  t h r e e  w a s  le s s  t h a n  s e v e n  a f t e r  2 5  u s e s  w i t h  n o n e  s h o w i n g  

e s t a b l is h e d  c o n t a m in a n t s .  N o  o r g a n is m s  w e r e  r e c o v e r e d  a t  t h r e e  d a y s  w i t h  t h e  

m e m b r a n e  c h a l le n g e  te s t .  C o n t a i n e r s  o f  th e s e  m a s c a r a s  w e r e  s t o r e d  ( c lo s e d )  f o r  s e v e n  

d a y s  a t  3 7  a n d  5 6 ° C  a n d  t h e n  c h a l le n g e d  w i t h  t h e  m e m b r a n e  te s t .  O n l y  m a s c a r a  B  

c o n t a i n i n g  p a r a b e n s  a n d  i m i d a z o l i d i n y l u r e a  ( T a b le  I )  t h a t  h a d  b e e n  k e p t  a t  3 7  a n d  5 6 ° C  

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

t o r y  a c t i v i t y  a f t e r  h e a t  t r e a t m e n t  w i t h  2 t o  3 p e r  c e n t  o f  t h e  c h a l le n g e  in o c u la  

r e c o v e r a b le  a f t e r  o n e  d a y .  A  lo s s  o f  1 t o  3  p e r  c e n t  i n  i n h i b i t o r y  a c t i v i t y  w a s  o b s e r v e d  

f o r  m a s c a r a s  A  a n d  F  a f t e r  o n e  y e a r  o f  s to r a g e  a t  r o o m  t e m p e r a t u r e .  T h e  e x a c t  a g e  o f  

m a s c a r a  B  t e s t e d  i n  T a b le  I I I  is  u n k n o w n .  M e c u r i a l s  a n d  t h e  f o r m a l d e h y d e  p r e s e r v a 

t i v e  a p p e a r e d  m o r e  s ta b le  t o  h e a t  t h a n  im i d a z o l i d i n y l u r e a .

Table III
Recovery of Challenge Organisms with Membrane Test

Challenge
Organisms Mascaras
(1 x 106) A B C D E F G H WP'

S. epidermidis <0.1** 51 0 6 0 0 <0.3 9 37
P. aeruginosa 0 3 0 >100 0 0 0 2 14
P. aeruginosa*** _*#*# >100 0 >100 0 0 0 46 15

*WP, white petrolatum control.
**Percentage of inoculum recovered after three days, mean of ten tests.

n — 1

***Sequential challenge, initial challenge with S. epidermidis. 
****—n0t done.
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R a m p  a n d  W i t k o w s k i  ( 4 )  d e f i n e d  a  w e l l  p r e s e r v e d  c o s m e t ic  as o n e  w h i c h  w o u l d  r e d u c e  

a  m i c r o b i a l  c h a l le n g e  b y  a t  le a s t  9 9 . 9 9  p e r  c e n t  i n  a  r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e .  I f  

i n t r o d u c t i o n  o f  i n o c u la  d i r e c t l y  i n t o  m a s c a r a  c o n t a in e r s  is  u s e d  t o  d e t e r m i n e  p r e s e r v a 

t i v e  e f f e c t i v e n e s s ,  t h e  99-99 p e r  c e n t  g u i d e l i n e  m a y  b e  o b t a in a b le  as w a s  s h o w n  i n  t h is  

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

c o n d i t i o n s  o f  u s e .  I n  t h is  p r e l i m i n a r y  a n a ly s is ,  t h e  m e m b r a n e  t e s t  ( T a b le  I I I )  a p p e a r e d  

t o  c o r r e l a t e  m o r e  c lo s e ly  w i t h  t h e  in - u s e ,  s t u d y - g r o u p  r e s u l t s  ( T a b le  I I )  t h a n  w i t h  t h e  

c o n t a i n e r  c h a l le n g e  te s t .

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

a ls o  t o  f u n c t i o n  w i t h  e m u l s io n  m a s c a r a s .  T h e  t e s t  p e r m i t t e d  t h e  s e q u e n t ia l  c h a l le n g e  o f  

a n  a l i q u o t  o f  m a s c a r a  w i t h  d i f f e r e n t  m ic r o o r g a n is m s .  P r e v io u s  s t u d ie s  h a v e  s u g g e s te d  

t h a t  c o n t a m i n a t i o n  w i t h  S .  e p i d e r m i d i s  m a y  m a k e  m a s c a r a s  m o r e  s u s c e p t ib le  t o  s u b 

s e q u e n t  a t t a c k  b y  p s e u d o m o n a d s  ( 3 ) .  I n  t h is  s t u d y ,  P .  a e r u g i n o s a  g r e w  o n  m a s c a r a  B  

f o l l o w i n g  b u t  n o t  p r i o r  t o  c h a l le n g e  w i t h  S .  e p i d e r m i d i s .  M a s c a r a s  a r e  a p p l i e d  f r e q u e n t l y  

i n  h u m i d  b a t h r o o m s  a n d  c o n d e n s a t io n  m a y  o c c u r  i n  t h e  m a s c a r a  c o n t a in e r .  C id a l  

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

s io n  a n d  a n h y d r o u s  m a s c a r a s .  R a p id  d e a t h  o f  t h e  c h a l le n g e  o r g a n is m s  o n  t h e  

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

t h e  m i c r o l a y e r  o f  w a t e r  o n  t h e  s u r f a c e  o f  t h e  c o s m e t ic .

A C K N O W L E D G E M E N T

T h is  s t u d y  w a s  s u p p o r t e d  i n  p a r t  b y  f u n d s  a w a r d e d  b y  t h e  F D A  ( C o n t r a c t  # 2 3 3 - 7 4 -  

2 0 1 6 )  t o  E m o r y  U n i v e r s i t y .
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H y d ag en  F, e in  n e u e r  H a u tfe u c h tig k e its 
re g u la to r  - M e th o d e n  u n d  E rgebnisse des 
W irk u n g sn ach w e ise s

R A I N E R  O S B E R G H A U S ,  C H R I S T I A N  G L O X H U B E R ,  

H A N S - G E O R G  v a n  R A A Y  u n d  S I E G F R I E D  B R A I G *

Synopsis — Screening procedures for the in vitro testing of potential regulators of skin 
moisture are proposed. In addition, FMIR analysis has the potential for comparing the in vivo 
hydration condition of stratum comeum after the application of cosmetic emulsions. 
Hydagen F, a partial sodium salt of a polyhydroxycarboxylic acid, performed positively in 
these tests. Good tolerance for this new cosmetic ingredient is expected in view of extensive 
toxicological studies.

1 . E i n l e i t u n g

D i e  E r f o r s c h u n g  d e r  G r u n d l a g e n  d e r  H a u t f e u c h t i g k e i t s r e g u l a t i o n  h a t  

A n f a n g  d e r  5 0 e r  J a h r e  d u r c h  d i e  D e r m a t o l o g i e  e n t s c h e i d e n d e n  A u f t r i e b  

e r h a l t e n .  E s  k o n n t e  n a c h g e w i e s e n  w e r d e n ,  d a ß  d u r c h  e i n  G e m i s c h  w a s s e r 

l ö s l i c h e r  V e r b i n d u n g e n ,  d a s  a l s  H a u p t k o m p o n e n t e n  2 - P y r r o l i d o n - , 5 - c a r 

b o n s ä u r e ,  A m i n o s ä u r e n ,  L a c t a t e ,  H a r n s t o f f  u n d  v e r s c h i e d e n e  Z u c k e r  e n t 

h ä l t ,  F e u c h t i g k e i t  i n  d e n  o b e r s t e n  H a u t s c h i c h t e n  f e s t g e h a l t e n  w i r d .  I n  d e r  

K o s m e t i k l i t e r a t u r  i s t  d ie s e s  S y s t e m  u n t e r  d e m  B e g r i f f  N a t u r a l  M o i s t u r i -  

z i n g  F a c t o r  ( N M F )  b e k a n n t .

W e i t e r h i n  i s t  e r w i e s e n ,  d a ß  d i e  E r s c h e i n u n g s f o r m  d e r  i m  k o s m e t i s c h e n  

S i n n e  t r o c k e n e n ,  r a u h e n  u n d  r i s s i g e n  H a u t  n i c h t  v o m  F e t t g e h a l t ,  s o n d e r n  

i n  b e s o n d e r e m  M a ß e  v o m  W a s s e r g e h a l t  d e s  S t r a t u m  c o m e u m  a b h ä n g t .

N a c h d e m  d ie s e r  Z u s a m m e n h a n g  e r k a n n t  w a r ,  h a t  e s  z a h l r e i c h e  V e r s u 

c h e  g e g e b e n ,  d u r c h  k o s m e t i s c h e  W i r k s t o f f e  i n  d i e s e n  M e c h a n i s m u s  e i n z u 

g r e i f e n .  A u f  d e m  M a r k t  w u r d e n  P r ä p a r a t e  m i t  „ F e u c h t i g k e i t s f a k t o r e n "  

u n d  " m o i s t u r i z i n g  c r e m e s "  a n g e b o t e n ,  d e r e n  A n z a h l  e in e  s t ä n d i g  s t e i g e n d e  

T e n d e n z  a u f w e i s t .

* Aus den Laboratorien der Henkel KGaA, Düsseldorf.
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D a s  H a u p t p r o b l e m  b e i  d e r  E n t w i c k l u n g  u n d  P r ü f u n g  v o n  H a u t f e u c h t i g 

k e i t s r e g u l a t o r e n  l i e g t  d a r i n ,  d a ß  d ie  M e s s u n g  i h r e r  E f f e k t e  s c h w i e r i g  i s t .  

D a  d i e  m e ß t e c h m s c h e  E r f a s s u n g  v o n  E f f e k t e n  j e d o c h  V o r a u s s e t z u n g  z u m  

A u f f i n d e n  v o n  W i r k s t o f f e n  i s t ,  b e f a ß t e n  a u c h  w i r  u n s  z u n ä c h s t  m i t  d e r  

E n t w i c k l u n g  v o n  P r ü f m e t h o d e n .  Ü b e r  d i e  R e s u l t a t e  d ie s e r  A r b e i t e n  u n d  

d i e  E n t w i c k l u n g  e i n e s  n e u e n  W i r k s t o f f e s  w i r d  i m  f o l g e n d e n  b e r i c h t e t .

2. M e ß m e t h o d e n

2.1 In  v itro -N a c h w e ise

F ü r  e i n  S c r e e n i n g  p o t e n t i e l l e r  H a u t f e u c h t i g k e i t s r e g u l a t o r e n  w u r d e n  d ie  

f o l g e n d e n  i n  v i t r o - M o d e l l e  e n t w i c k e l t :

2.1.1 E rm itt lu n g  der G le ic h g e w ic h ts fe u c h te

P r o b e n  d e r  z u  u n t e r s u c h e n d e n  S u b s t a n z e n  ( c a .  3 0 0 - 5 0 0  m g )  w u r d e n  m i t  

e i n e r  d e f i n i e r t e n  M e n g e  W a s s e r  a n g e f e u c h t e t  u n d  b e i  2 3  2 4  S t u n d e n  v e r 

s c h i e d e n e n  L u f t f e u c h t i g k e i t s g e h a l t e n  ( 1 % ,  3 0 % ,  4 7 % ,  6 5 % ,  8 9 %  u n d  

1 0 0 %  r e l a t i v e  F e u c h t i g k e i t )  a u s g e s e t z t .  D i e  W e r t e  d e r  a u f g e n o m m e n e n  

b z w .  a b g e g e b e n e n  W a s s e r m e n g e n  w u r d e n  g r a v i m e t r i s c h  b e s t i m m t  

u n d  g r a p h i s c h  a u f g e t r a g e n .  A u s  d e n  h i e r a u s  r e s u l t i e r e n d e n  K u r v e n  k a n n  

d i e j e n i g e  r e l a t i v e  F e u c h t i g k e i t  e r m i t t e l t  w e r d e n ,  b e i  d e r  w e d e r  W a s s e r 

a b g a b e  n o c h  W a s s e r a u f n a h m e  e r f o l g t .  D i e s e r  W e r t ,  d e n  w i r  a ls  G l e i c h 

g e w i c h t s f e u c h t e  b e z e i c h n e n ,  i s t  e i n  M a ß  f ü r  d a s  W a s s e r r e t e n t i o n s v e r m ö 

g e n  e i n e r  S u b s t a n z .  Je  n i e d r i g e r  d e r  W e r t  l i e g t ,  u m  s o  p o s i t i v e r  i s t  d a s  P r o 

d u k t  z u  b e u r t e i l e n .  A u s  d e r  S t e i l h e i t  d e r  K u r v e  l ä ß t  s i c h  w e i t e r h i n  d a s  

W a s s e r a u f n a h m e v e r m ö g e n  ( H y g r o s k o p i z i t ä t )  d e r  S u b s t a n z  a b le s e n .

2 .1 .2  M essu n g en  an der S ch w e in e e p id e rm is

A l s  M o d e l l  w u r d e  S c h w e i n e e p i d e r m i s  g e w ä h l t ,  w e i l  s ie  d e r  m e n s c h l i c h e n  

H a u t  i n  i h r e m  A u f b a u  ä h n l i c h  i s t .

2.1.2.1 G e w in n u n g  der S ch w e in e ep id erm is

U n m i t t e l b a r  n a c h  d e m  T ö t e n  d e r  S c h w e i n e  w u r d e n  d ie  B o r s t e n  d e r  H a u t  

m i t t e l s  e i n e r  H a a r s c h e r m a s c h i n e  ( S c h e r k o p f  0 , 1 m m )  a b g e s c h n i t t e n .  D i e  

S c h w e i n e  w u r d e n  i n  5 0 - 6 0 °  w a r m e m  W a s s s e r  c a .  3 - 5  M i n u t e n  g e b r ü h t ,  d ie  

E p i d e r m i s  a n s c h l i e ß e n d  a b g e s c h ä l t  u n d  b e i  - 2 0 ° b i s  z u m  G e b r a u c h  g e l a g e r t .
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2 .1 2 .2  B e s tim m u n g  der W a sserre ten tion  so w ie  der R eh yd ra ta tio n  
vo n  S c h w e in e e p id e rm is

A u s g e s t a n z t e  E p i d e r m i s s t ü c k c h e n  ( 1 x 2  c m )  w u r d e n  2 S t u n d e n  i n  e in e  

1 0 - p r o z e n t i g e  L ö s u n g  d e r  P r ü f  S u b s t a n z  g e l e g t ,  u n t e r  s t a n d a r d i s i e r t e n  

B e d i n g u n g e n  m i t t e l s  e i n e r  k l e i n e n  P r e s s e  a b g e t u p f t  u n d  2 4  S t u n d e n  z w i 

s c h e n  2  K l a m m e m  f r e i  h ä n g e n d  i n  e i n e m  1 0 0  m l  E r l e n m e y e r k o l b e n  b e i  

2 3 °  u n d  3 0 %  b z w .  5 0 %  r e l a t i v e r  F e u c h t i g k e i t  ( e i n g e s t e l l t  d u r c h  S c h w e f e l -  

s ä u r e - W a s s e r - M i s c h u n g e n )  g e t r o c k n e t .  D i e  A u s t r o c k n u n g  d e r  i m p r ä g n i e r 

t e n  P r o b e  a u f  X - %  d e s  A n f a n g s g e w i c h t e s  w u r d e  m i t  d e m  e n t s p r e c h e n d e n  

W e r t  e i n e r  i n  r e i n e s  W a s s e r  g e l e g t e n  E p i d e r m i s  ( B l i n d w e r t )  v e r g l i c h e n .  

D i e  V e r b e s s e r u n g  d e r  W a s s e r r e t e n t i o n  s o w i e  d e r  R e h y d r a t a t i o n  g e g e n ü b e r  

d e m  B l i n d w e r t  w u r d e  i n  Ä  %  H 2O  a n g e g e b e n .  D i e  A b w e i c h u n g e n  b e t r u g e n  

b e i  d e n  j e w e i l i g e n  D o p p e l v e r s u c h e n  m a x i m a l  ±  2  a b s o l u t e  E i n h e i t e n .  B e i  

g r ö ß e r e n  A b w e i c h u n g e n  w u r d e  d e r  V e r s u c h  w i e d e r h o l t .  D i e  R e h y d r a t a t i o n  

w u r d e  d u r c h  2 4 - s t ü n d i g e s  T r o c k n e n  d e r  i m p r ä g n i e r t e n  u n d  a b g e t u p f t e n  

S c h w e i n e e p i d e r m i s  b e i  3 0 %  r e l a t i v e r  F e u c h t i g k e i t  u n d  a n s c h l i e ß e n d e  

2 4 - s t ü n d i g e  I n k u b a t i o n  b e i  9 0 %  r e l a t i v e r  F e u c h t i g k e i t  a n a l o g  b e s t i m m t .

2 .1 .2 .3  E la s tiz itä tsm e ssu n g e n  von  S ch w e in e ep id erm is

D a s  e l a s t i s c h e  V e r h a l t e n  d e r  E p i d e r m i s  w i r d  d u r c h  d e n  H y d r a t a t i o n s 

z u s t a n d  d e s  S t r a t u m  c o m e u m  m a ß g e b l i c h  b e e i n f l u ß t .  W i r d  d i e  m i t  F e u c h 

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

f e u c h t i g k e i t  g e t r o c k n e t ,  s o  k a n n  d ie  h y d r a t i s i e r e n d e  W i r k u n g  d e r  P r ü f 

s u b s t a n z e n  d u r c h  v e r g l e i c h e n d e  E l a s t i z i t ä t s m e s s u n g e n  m i t  d e r  i n  W a s s e r  

g e l a g e r t e n  E p i d e r m i s  b e s t i m m t  w e r d e n .  H i e r z u  w e r d e n  a u s g e s t a n z t e  

E p i d e r m i s s t ü c k c h e n  ( 1 x 6  c m )  z w e i  S t u n d e n  i n  1 0 - p r o z .  w ä ß r i g e n  L ö s u n 

g e n  d e s  z u  p r ü f e n d e n  P r o d u k t e s  g e l e g t  u n d  u n t e r  s t a n d a r d i s i e r t e n  B e d i n 

g u n g e n  a b g e t r o c k n e t  ( v g l .  2 . 1 . 2 . 2 ) .  D i e  P r o b e n  w u r d e n  z w i s c h e n  z w e i  

K l a m m e r n  f r e i  h ä n g e n d  b e i  9 0 %  r e l a t i v e r  F e u c h t e  2 4  S t u n d e n  i n k u 

b i e r t  u n d  i n  e i n e r  Z u g p r ü f m a s c h i n e *  b e i  0 - 5 0  p  B e l a s t u n g  m i t  e i n e m  

V o r s c h u b  v o n  l O m m / m i n  g e d e h n t .  A l s  M a ß  f ü r  d ie  E l a s t i z i t ä t  w u r d e  

d i e  D e h n u n g  i n  m m  a n g e g e b e n ,  d ie  i m  l i n e a r e n  T e i l  d e r  K r a f t - D e h 

n u n g s k u r v e n  b e i  e i n e r  B e l a s t u n g  z w i s c h e n  5 - 3 0  p  g e m e s s e n  w u r d e .

2 .2  In  v iv o -N a c h w e is

E n t s c h e i d e n d  f ü r  d e n  W i r k u n g s n a c h w e i s  i s t  d e r  N a c h w e i s  d e r  F e u c h t i g 

k e i t s r e t e n t i o n  a m  M e n s c h e n .  B e i  d ie s e n  P r ü f u n g e n  m u ß  u n b e d i n g t  d a r a u f

* Fa. Zwick & Co., (Type 1402), Emsingen/Donau
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g e a c h t e t  w e r d e n ,  d a ß  a u c h  t a t s ä c h l i c h  a m  W i r k u n g s o r t  g e m e s s e n  w i r d ,  

d . h . ,  d a ß  b e i  B e s t i m m u n g e n  d e s  W a s s e r g e h a l t e s  n u r  d ie  F e u c h t i g k e i t  d e s  

S t r a t u m  c o r n e u m  e r f a ß t  w i r d .  H i e r f ü r  i s t  z . B .  d ie  v o n  N .  A .  P u t n a m  1 9 7 2

( 1 )  u n d  v o n  d e r  D o w  C h e m i c a l  C o r p .  1 9 7 4 ( 2 )  b e s c h r i e b e n e  F M I R - A n a l y s e *  

p r i n z i p i e l l  g e e i g n e t .

D i e  M e t h o d e  b e r u h t  d a r a u f ,  d a ß  d ie  m e n s c h l i c h e  H a u t  b e i  1 6 4 5  c m ~ l  u n d  

1 5 4 5  c m ~ l  z w e i  c h a r a k t e r i s t i s c h e  s t a r k e  A b s o r p t i o n s b a n d e n  z e i g t ,  v o n  

d e n e n  d i e  s o g .  A m i d  I - B a n d e  d e s  H a u t p r o t e i n s  m i t  d e r  O H - D e f o r m a t i o n s -  

s c h w i n g u n g  d e s  W a s s e r s  z u s a m m e n f ä l l t ,  w ä h r e n d  d ie  a n d e r e  —  A m i d

I I - B a n d e  —  d e m  P r o t e i n  a l l e i n  z u z u o r d n e n  i s t .  D u r c h  A n w e s e n h e i t  v o n  

W a s s e r  w i r d  d a s  I n t e n s i t ä t s v e r h ä l t n i s  A m i d  I / I I  e n t s p r e c h e n d  e r h ö h t .  D a s  

b e o b a c h t e t e  I n t e n s i t ä t s v e r h ä l t n i s  A m i d  I / I I  i s t  s o m i t  e i n  M a ß  f ü r  d ie  

F e u c h t i g k e i t  d e r  H a u t .

W i r  v e r w e n d e t e n  e i n e n  " S k i n  A n a l y z e r "  d e r  W i l k s  S c i e n t i f i c  C o r p . ,  N o r -  

w a l k / U S A ,  m i t  w e i t  h e r a u s g e f ü h r t e r  K r i s t a l l h a l t e r u n g  u n d  z w e i  s p i e g e l 

b i l d l i c h  a n g e o r d n e t e n  F M I R - E i n h e i t e n ,  d ie  a u f  e i n e m  R a h m e n  i n  e i n e m  

I R - G i t t e r s p e k t r o m e t e r  ( P e r k i n - E i m e r ,  M o d .  6 2 1 )  m o n t i e r t  w a r e n .  B e i  d e r  

p r a k t i s c h e n  D u r c h f ü h r u n g  d e r  M e s s u n g  w u r d e  d ie  U n t e r a r m i n n e n s e i t e  

d e r  T e s t p e r s o n e n  m i t t e l s  e i n e r  e n t s p r e c h e n d e n  V o r r i c h t u n g  m i t  e i n e m  

k o n s t a n t e n  D r u c k  v o n  0 , 3  k p / c m 2  g e g e n  d e n  G e r m a n i u m k r i s t a l l  ( A u ß e n 

f l ä c h e  2 x 5  c m )  d i e s e r  F M I R - A n o r d n u n g  g e p r e ß t .

A n  d e r  m i t  d e r  H a u t  d e s  U n t e r a r m s  i n  d i r e k t e r  B e r ü h r u n g  s t e h e n d e n  

G e r m a n i u m o b e r f l ä c h e  w i r d  b e i  d e n  F r e q u e n z e n ,  d ie  d ie  P r o b e  z u  a b s o r 

b i e r e n  v e r m a g ,  d i e  i n n e r e  T o t a l r e f l e x i o n  v e r m i n d e r t  u n d  d a d u r c h  d e r  

I R - S t r a h l u n g  d a s  S p e k t r u m  d e r  H a u t o b e r f l ä c h e  , , a u f g e p r ä g t " .

D a  d ie  E i n d r i n g t i e f e  d e r  S t r a h l u n g  b e i  V e r w e n d u n g  d e s  K r i s t a l l s  n u r  

e i n i g e  M i k r o n  b e t r ä g t ,  b e z i e h e n  s i c h  d i e  E r g e b n is s e  a u s s c h l i e ß l i c h  a u f  d ie  

o b e r s t e  H a u t s c h i c h t  ( S t r a t u m  c o r n e u m ) ,  d ie  Z i e l  d e r  U n t e r s u c h u n g  i s t .  

D a s  c h a r a k t e r i s t i s c h e  H a u t s p e k t r u m  i n  d i e s e m  I R - B e r e i c h  z e i g t  d ie  

f o l g e n d e  A b b i l d u n g  1.

FMIR = Frustrated Multiple Internal Reflection
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A b b . l :  I R - S p e k t r u m  d e r  H a u t

3 . E r g e b n i s s e  d e r  W i r k s a m k e i t s p r ü f u n g  v o n  H y d a g e n  F

B e i  d e r  S u c h e  n a c h  g e e i g n e t e n  H a u t f e u c h t i g k e i t s r e g u l a t o r e n  f ü r  k o s m e 

t i s c h e  P r ä p a r a t e  g e l a n g t e n  w i r  z u  e i n e m  P a r t i a l - N a - S a l z  e i n e r  P o l y h y d r o -  

x y c a r b o n s ä u r e ,  d e r e n  S t r u k t u r  i n  i d e a l i s i e r t e r  F o r m  w i e  f o l g t  a n g e g e b e n  

w e r d e n  k a n n :

R  R

— C H 2 - C ............. C H 2 - C —

C O O X  C H 2O H

w o b e i  R  =  H ,  - C H 2O H  o d e r  - C O O X  b e d e u t e n  

u n d  X  =  H  o d e r  N a  s e i n  k a n n  ( 3 ) . *

D i e  E r g e b n i s s e  d e r  W i r k s a m k e i t s p r ü f u n g  s i n d  i m  f o l g e n d e n  z u s a m m e n 

g e f a ß t :

* Dieses Produkt ist der Firma Henkel KGaA inzwischen unter der Bezeichnung Hydagen F 
warenzeichenrechtlich geschützt.
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3. 1 In  v itro -T es ts

3 .1 .1  M e ssu n g  der G le ic h g e w ic h ts fe u c h te

H y d a g e n  F w u r d e  i m  V a k u u m e x s i k k a t o r  ü b e r  k o n z .  H 2S O 4 b i s  z u r  

G e w i c h t s k o n s t a n z  g e t r o c k n e t .  Z u r  M e s s u n g  w u r d e n  j e w e i l s  2 0  P r o b e n  

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

F e u c h t e n ,  w i e  u n t e r  2 . 1 . 1  b e s c h r i e b e n ,  g e l a g e r t .  D i e  M i t t e l w e r t e  u n d  

S t a n d a r d a b w e i c h u n g e n  d e r  W a s s e r a u f n a h m e  b z w .  - a b g a b e ,  d ie  s i c h  n a c h  

2 4  S t u n d e n  e i n s t e l l t e n ,  s i n d  a u s  A b b i l d u n g  2  e r s i c h t l i c h .

H i e r a u s  e r g i b t  s i c h  e i n e  „ G l e i c h g e w i c h t s f e u c h t e "  v o n  4 1  %  r e l .  F e u c h t e ,  

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

h a l b  d ie s e s  W e r t e s  g i b t  d a s  P r u d u k t  a l l m ä h l i c h  W a s s e r  a b .

D e r  e n t s p r e c h e n d e  W e r t  b e t r u g  f ü r  K o c h s a l z  c a .  7 5 %  r e l .  F e u c h t e  u n d  

f ü r  e i n  d e m  N M F  n a c h e r s t e l l t e s  s y n t h e t i s c h e s  P r o d u k t  c a .  5 8 %  r e l .  F e u c h t e .

J . H .  B l a n k  (4 )  s t e l l t e  f e s t ,  d a ß  b e i  r e l .  F e u c h t e n  v o n  6 0 %  e i n  G l e i c h 

g e w i c h t s z u s t a n d  b e s t e h t ,  b e i  d e m  d e r  F e u c h t i g k e i t s g e h a l t  d e r  H o r n h a u t  

n i c h t  u n t e r  1 0 m g / 1 0 0 m g  T r o c k e n g e w i c h t  a b f a l l e n  k a n n ,  u n d  d a ß  o b e r 

h a l b  d i e s e r  r e l .  F e u c h t e  d a s  S t r a t u m  c o r n e u m  w e i c h  u n d  e l a s t i s c h  b l e i b t .  

U n t e r h a l b  v o n  6 0 %  r e l .  F e u c h t e  k a n n  d ie  H o r n h a u t  a u s t r o c k n e n  u n d  

b r ü c h i g  w e r d e n .

D e m n a c h  w ü r d e  K o c h s a l z ,  o b w o h l  e s  b e i  h o h e n  F e u c h t e n  e x t r e m  v i e l  

W a s s e r  a u f z u n e h m e n  v e r m a g ,  b e i  d u r c h s c h n i t t l i c h e n  L u f t f e u c h t i g k e i t e n  

v o n  4 0 - 6 0 %  r e l .  F e u c h t e  e h e r  a u s t r o c k n e n d  a ls  h y d r a t i s i e r e n d  w i r k e n .  

D a  d i e  G l e i c h g e w i c h t s f e u c h t e  v o n  H y d a g e n  F  b e i  c a .  4 1 7 »  r e l .  F e u c h t e  

l i e g t ,  i s t  d i e  V o r a u s s e t z u n g ,  d e r  A u s t r o c k n u n g  d e s  S t r a t u m  c o r n e u m  e n t 

g e g e n z u w i r k e n ,  p r i n z i p i e l l  g e g e b e n .

3. 1.2 B e s tim m u n g  der W asserre ten tion  u n d  R eh y d ra ta tio n  von m it  
H yd a g en  F b eh a n d e lte r  S c h w e in e ep id erm is

N a c h  d e r  i n  A b s c h n i t t  2 . 1 . 2 . 2  b e s c h r i e b e n e n  M e t h o d e  w u r d e n  W a s s e r 

r e t e n t i o n  u n d  R e h y d r a t a t i o n  v o n  S c h w e i n e e p i d e r m i s  b e s t i m m t ,  d i e  m i t  

w ä ß r i g e n  H y d a g e n  F - L ö s u n g e n  b e h a n d e l t  w o r d e n  w a r e n .  I n  T a b e l l e  1 

s i n d  d i e  E r g e b n i s s e  v o n  j e w e i l s  2 0  E i n z e l m e s s u n g e n  z u s a m m e n g e s t e l l t .  

A u c h  i n  d i e s e m  M o d e l l  z e i g t  H y d a g e n  F  g u t e  w a s s e r r e t i m e r e n d e  s o w i e  

r e h y d r a t i s i e r e n d e  E i g e n s c h a f t e n .
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î r a b g a b e  [ % Abb. 2: Gleichgewichtsfeuchte von Hydagen F
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Produkt

Wasserretention 
A% H2O nach 

Austrocknung bei
Rehydratation 

A% Wasseraufnahme bei

30% r.F. 50% r.F. 90% rel.F.

Wasser
(Vergleichswert) 0 0 0

Hydagen F 
(10-proz.Lsg.) 10,2 ±2,1 16,9 ±3,5 27,6 ± 7,9

Tabelle 1

Ergebnisse der Wasserretention und Rehydratation von Schwemeepidermis, die mit Hyda- 
gen F behandelt wurde.

3 .1 .3  E rgebn isse  der D e h n u n g sm essu n g en  der m i t  H ydagen  F b eh a n d e l
ten  S c h w e m e e p id e rm is

D a  D e h n u n g s m e s s u n g e n  m i t  b i o l o g i s c h e m  M a t e r i a l  s t e t s  u n e i n h e i t l i c h  

s i n d ,  i s t  e i n e  g r ö ß e r e  Z a h l  v o n  M e s s u n g e n  e r f o r d e r l i c h .  A u s  j e w e i l s  4 0  

E i n z e l m e s s u n g e n  r e s u l t i e r t e n  f ü r  d ie  W a s s e r b e h a n d l u n g  ( V e r g l e i c h s w e r t )  

D e h n u n g s w e r t e  v o n  0 , 3  - 0 , 5  m m ; f ü r  d i e  m i t  H y d a g e n  F  b e h a n d e l t e  E p i d e r 

m i s  h i n g e g e n  D e h n u n g s w e r t e  v o n  3 , 3  ± 0 , 7  m m .  T y p i s c h e  K r a f t - D e h n u n g s 

d i a g r a m m e  e i n e r  l e d i g l i c h  m i t  W a s s e r  u n d  e i n e r  m i t  1 0 - p r o z .  w ä ß r i g e r  

H y d a g e n  F - L ö s u n g  b e h a n d e l t e n  E p i d e r m i s  z e i g t  A b b i l d u n g  3 .

D i e  n u r  m i t  W a s s e r  b e h a n d e l t e  E p i d e r m i s  i s t  u n e l a s t i s c h  u n d  t r o c k e n ,  

w ä h r e n d  d i e  m i t  H y d a g e n  F  b e h a n d e l t e  H a u t  n o c h  g e n ü g e n d  W a s s e r  e n t h ä l t  

u n d  d a h e r  e l a s t i s c h  u n d  d e h n b a r  i s t .
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3 .2  In v iv o -P rü fu n g  von  H ydagen  F

Z u r  i n  v i v o - P r ü f u n g  d e r  h a u t h y d r a t i s i e r e n d e n  W i r k u n g  w u r d e n  3 %  

H y d a g e n  F  i n  f o l g e n d e  O / W - R a h m e n r e z e p t u r  e i n g e a r b e i t e t  u n d  a n  11  w e i b 

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

E m u l s i o n  g e t e s t e t :

P a r a f f i n ö l  4 0  c P 1 7 , 0
0/
/o

M y r i t o l  3 1 8 ®  ( H e n k e l ) 2,0 0/
/o

L a n e t t e  0 ®  ( H e n k e l ) 2 ,5 0//o

S t e a r i n s ä u r e 2,8 0//o

C a r b o p o l  9 4 0 ®  ( G o o d r i c h ) 0 ,5
0/
10

H y d a g e n  F ® 3 , 0 O//o

T  r i i s o p r o p a n o l a m m 3 , 1 6 %

P h e n o m p ®  ( N i p a  L a b . ) 0,1 0/
/o

W a s s e r 6 8 , 9 4 %

3 .2 .1  A p p lik a tio n  der C rem es

D i e  U n t e r a r m i n n e n s e i t e  d e r  T e s t p e r s o n e n  w u r d e  m i t  Ä t h e r  e n t f e t t e t ,  

m i t  e i n e r  S y n d e t - S e i f e  i n t e n s i v  g e w a s c h e n ,  1 M i n u t e  m i t  L e i t u n g s w a s s e r  

g e s p ü l t ,  d a n n  n o c h  z w e i m a l  m i t  d e r  S y n d e t - S e i f e  f ü r  j e w e i l s  1 5  S e k u n d e n  

g e w a s c h e n  u n d  s o r g f ä l t i g  m i t  W a s s e r  a b g e s p ü l t .  Z u r  T r o c k n u n g  w u r d e  

d e r  A r m  a b g e t u p f t  u n d  5  M i n u t e n  g e f ö n t .  N a c h  w e i t e r e n  5  M i n u t e n  e r 

f o l g t e  d i e  e r s t e  M e s s u n g  a n  e i n e r  z u v o r  m a r k i e r t e n  T e s t s t e l l e  v o n  1 0  c m 2  

d e r  U n t e r a r m i n n e n s e i t e .  D a r a u f  w u r d e  e i n e  e i n g e w o g e n e  M e n g e  C r e m e  

m i t  e i n e m  s t u m p f e n  P l e x i g l a s s p a t e l  a u f  d ie  m a r k i e r t e  F l ä c h e  2  M i n u t e n  

l a n g  e i n m a s s i e r t  u n d  d i e  ü b e r s c h ü s s i g e  C r e m e  s o r g f ä l t i g  a b g e s t r i c h e n  

u n d  z u r ü c k g e w o g e n .  D i e  a u f g e t r a g e n e  C r e m e m e n g e  b e t r u g  1 0  +  2 m g / c m 2 .  

N a c h  E i n z i e h e n  d e r  C r e m e  ( 2 , 5 M i n u t e n )  e r f o l g t e  d ie  z w e i t e  M e s s u n g .  

W e i t e r e  M e s s u n g e n  w u r d e n  0 , 5  S t u n d e n  u n d  1 ,5  S t u n d e n  n a c h  d e r  e r s t e n  

M e s s u n g  d u r c h g e f ü h r t .  F ü r  d i e  v e r g l e i c h e n d e n  U n t e r s u c h u n g e n  w u r d e  a n  

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

C r e m e  a p p l i z i e r t .

3 .2 .2  V o rversuche z u r  F M IR -A na lyse  Flydagen F-haltiger C rem es

B e i  d e n  M e s s u n g e n  k ö n n e n  s i c h  a u f g r u n d  v o n  Ü b e r l a g e r u n g e n  d e r  

c h a r a k t e r i s t i s c h e n  I R - B a n d e n  d u r c h  B e s t a n d t e i l e  d e r  E m u l s i o n s g r u n d l a g e n  

s o w i e  d u r c h  d e n  W i r k s t o f f  s e l b s t  S c h w i e r i g k e i t e n  e r g e b e n .  D i e s e  F a k t o r e n  

m u ß t e n  d a h e r  z u n ä c h s t  ü b e r p r ü f t  w e r d e n .
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a) C rem e o h n e  H yd a g en  F

D a s  S p e k t r u m  d e r  m i t  Ä t h e r  u n d  S e i f e  g e r e i n i g t e n  u n d  a n s c h l i e ß e n d  

g e t r o c k n e t e n  H a u t  d e s  l i n k e n  A r m e s  e i n e r  V e r s u c h s p e r s o n  z e i g t e  i m  

b e t r e f f e n d e n  I R - B e r e i c h  p r a k t i s c h  n u r  d i e  A m i d  I - B a n d e  ( 1 6 4 5  c m _ l ) ,  d ie  

A m i d  I I - B a n d e  ( 1 5 4 5  c m ~ l )  s o w i e  e i n e n  g e r i n g e n  C a r b o x y l g e h a l t  

( 1 4 0 0  c m “  1) a n .  D a s  I n t e n s i t ä t s v e r h ä l t n i s  A m i d  I  z u  A m i d  I I  ( A u s w e r t e 

v e r f a h r e n  n a c h  d e r  B a s i s l i n i e n m e t h o d e )  b e t r u g  c a .  1 ,3 .

D i e  H a u t  w u r d e  s o d a n n  m i t  d e r  w i r k s t o f f f r e i e n  C r e m e  b e h a n d e l t  ( 3 . 2 . 1 )  

u n d  2 , 5  M i n u t e n ,  3 0  M i n u t e n  s o w i e  9 0  M i n u t e n  n a c h  A p p l i k a t i o n  d e r  

C r e m e  v e r m e s s e n .  A l l e  d r e i  S p e k t r e n  z e i g t e n  p r a k t i s c h  e i n  i d e n t i s c h e s  B i l d .

D i e  e r m i t t e l t e n  I n t e n s i t ä t s v e r h ä l t n i s s e ,  A m i d  I  z u  A m i d  I I ,  e r g a b e n  

f o l g e n d e  W e r t e :

M e s s u n g  n a c h  2 , 5  m i n . :  1 ,2  

M e s s u n g  n a c h  3 0 , 0  m i n . :  1 ,4  

M e s s u n g  n a c h  9 0 , 0  m i n . :  1 ,4

I n n e r h a l b  d e r  F e h l e r g r e n z e n  s i n d  d ie  E r g e b n is s e  v o n  u n b e h a n d e l t e r  H a u t  

u n d  b e h a n d e l t e r  H a u t  g l e i c h ,  d . h . ,  e s  e r f o l g t e  k e i n e  m e ß b a r e  E r h ö h u n g  d e s  

W a s s e r g e h a l t e s  d e r  H a u t o b e r f l ä c h e .  D i e  B e s t a n d t e i l e  d e r  E m u l s i o n s g r u n d 

l a g e  s t ö r t e n  b e i  d e r  M e s s u n g  n i c h t .

b) C rem e m i t  3%  H ydagen  F

W i e d e r u m  w u r d e  d i e  z u v o r  g e r e i n i g t e ,  u n b e h a n d e l t e  H a u t  s o w i e  d i e  m i t  

H y d a g e n  F - C r e m e  b e h a n d e l t e  H a u t  a m  r e c h t e n  A r m  v e r m e s s e n .

D a s  S p e k t r u m  d e s  u n b e h a n d e l t e n  r e c h t e n  A r m s  w a r  p r a k t i s c h  i d e n t i s c h  

m i t  d e m  d e s  u n b e h a n d e l t e n  l i n k e n  A r m s .  D a s  I n t e n s i t ä t s v e r h ä l t n i s  A m i d  I  

z u  A m i d  I I  b e t r u g  w i e d e r u m  c a .  1 ,3 .

D i e  A m i d  I I - B a n d e  w u r d e  n u n  v o n  d e r  a s y m m e t r i s c h e n  C - O - V a l e n z -  

s c h w i n g u n g  d e r  v o r h a n d e n e n  C a r b o x y l a t - A n i o n e n  u n t e r l a g e r t ,  w e s h a l b  

e i n e  e n t s p r e c h e n d e  K o r r e k t u r  d e r  I n t e n s i t ä t  d e r  1 5 4 5  c m - 1 - B a n d e  e r f o l g t e .  

D i e s  g e s c h a h  d u r c h  S u b s t r a k t i o n  d e r  b e i  1 4 0 0  c m  “  1 g e m e s s e n e n  I n t e n s i t ä t  

d e s  g l e i c h e n  S p e k t r u m s ,  m u l t i p l i z i e r t  m i t  d e m  n a t ü r l i c h e n  I n t e n s i t ä t s 

v e r h ä l t n i s  d e r  a s y m m e t r i s c h e n  u n d  s y m m e t r i s c h e n  C - O - V a l e n z b a n d e  

( 1 5 0 0  b z w .  1 4 0 0  c m - ' )  d e s  C a r b o x y l a t - A n i o n s .  F ü r  d ie s e n  F a k t o r  w u r d e  i n  

u n s e r e m  F a l l  d e r  W e r t  1 ,5  f e s t g e l e g t ,  d e r  e i n e n  g u t e n  M i t t e l w e r t  f ü r  v e r 

s c h i e d e n e  C a r b o x y l a t e  d a r s t e l l t ;  d a n a c h  e r g a b e n  s i c h  f o l g e n d e  I n t e n s i t ä t s 

v e r h ä l t n i s s e  f ü r  A m i d  I  z u  A m i d  I I :
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M e s s u n g  2 , 5  m i n .  n a c h  A p p l i k a t i o n  d e r  C r e m e :  2 ,1  

M e s s u n g  3 0 , 0  m i n .  n a c h  A p p l i k a t i o n  d e r  C r e m e :  3 , 3  

M e s s u n g  9 0 , 0  m i n .  n a c h  A p p l i k a t i o n  d e r  C r e m e :  2 , 7

D a s  V e r h ä l t n i s  d e r  A m i d  I -  z u r  A m i d  I I - B a n d e  h a t t e  f o l g l i c h  g e g e n ü b e r  

d e r  C r e m e  o h n e  H y d a g e n  F  d e u t l i c h  z u g e n o m m e n  u n d  z e i g t e  d a m i t  e i n e n  

h ö h e r e n  W a s s e r g e h a l t  d e s  S t r a t u m  c o r n e u m  a n .

Q u a n t i t a t i v e  ( p r o z e n t u a l e )  A u s s a g e n  s i n d  j e d o c h  n u r  b e d i n g t  m ö g l i c h ,  

d a  d i e  A u s w e r t u n g  d e r  B a n d e n i n t e n s i t ä t e n  m i t  d e r  B a s i s l i n i e n m e t h o d e  

n a c h  s u b j e k t i v e m  E r m e s s e n  e r f o l g e n  m u ß .

3 .2 .2  T e s ts  m i t  m eh reren  P robanden  u n d  Z u sa m m e n fa ssu n g  der 
V ersuch serg eb n isse

N a c h  d e n  u n t e r  3 . 2 . 2  b e s c h r i e b e n e n  o r i e n t i e r e n d e n  V e r s u c h e n  w u r d e  

d i e  O / W - C r e m e  a n  1 0  w e i t e r e n  T e s t p e r s o n e n  v e r m e s s e n .  D i e  E r g e b n is s e  

s i n d  d e r  T a b e l l e  2  z u  e n t n e h m e n .

N a c h  d e n  v o r l i e g e n d e n  E r g e b n is s e n  k a n n  f e s t g e s t e l l t  w e r d e n ,  d a ß  b e i  

A n w e n d u n g  d e r  C r e m e  o h n e  H y d a g e n  F  i n  a l l e n  F ä l l e n  b e r e i t s  n a c h  0 ,5  

S t u n d e n  b z w .  1 ,5  S t u n d e n  e i n  s t a r k e r  R ü c k g a n g  d e s  W a s s e r g e h a l t e s  d e s  

S t r a t u m  c o r n e u m  z u  v e r z e i c h n e n  w a r .  D e r  M i t t e l w e r t  d e s  I n t e n s i t ä t s 

v e r h ä l t n i s s e s  A m i d  I / A m i d  I I  b e t r u g  1 ,4 .  D i e s e r  Q u o t i e n t  w a r  b e i  d e n  

e n t s p r e c h e n d e n V e r s u c h e n  m i t  H y d a g e n  F  d e u t l i c h  e r h ö h t  ( M i t t e l w e r t :  2 , 7 ) .

D i e  D i f f e r e n z  d e r  M i t t e l w e r t e  o h n e  u n d  m i t  H y d a g e n  F i s t  s i g n i f i k a n t .  

S o n n t  d a r f  e i n e  e r h ö h t e  W a s s e r r e t e n t i o n  d e r  H a u t  d u r c h  A n w e n d u n g  

d e r  H y d a g e n  F - C r e m e  a ls  s i c h e r g e s t e l l t  g e l t e n .

3 . 3  T o x i k o l o g i s c h e  U n t e r s u c h u n g e n

A l s  p o t e n t i e l l e r  k o s m e t i s c h e r  W i r k s t o f f  w u r d e  H y d a g e n  F  u m f a n g r e i 

c h e n  t o x i k o l o g i s c h e n  P r ü f u n g e n  u n t e r z o g e n .  D i e  a k u t e  T o x i z i t ä t  w u r d e  

a n  M ä u s e n  b e i  o r a l e r  A p p l i k a t i o n  u n t e r s u c h t  u n d  e r g a b  e i n e n  L D 5o - W e r t  

v o n  >  5 g / k g .  Z u r  P r ü f u n g  d e r  s u b a k u t e n  T o x i z i t ä t  w u r d e  e i n  9 0 - T a g e -  

T e s t  a n  R a t t e n  u n t e r  S P F - B e d in g u n g e n  d u r c h g e f ü h r t .  B e i  V e r s u c h s e n d e  

w u r d e n  b e i  a l l e n  R a t t e n  z a h l r e i c h e  P a r a m e t e r  d e s  B l u t e s  u n d  H a r n s  u n t e r 

s u c h t .  D i e  i n n e r e n  O r g a n e  w u r d e n  n a c h  T ö t u n g  d e r  T i e r e  g e w o g e n  u n d  

h i s t o l o g i s c h  u n t e r s u c h t .  S e lb s t  b e i  e i n e r  D o s i s  v o n  5 0 0 0 p p m  w u r d e n  k e i n e  

B e f u n d e  b e o b a c h t e t ,  d i e  a u f  e i n e  t o x i s c h e  W i r k u n g  d e r  T e s t s u b s t a n z  z u r ü c k 

z u f ü h r e n  w ä r e n .  W e i t e r h i n  w u r d e  d ie  H a u t v e r t r ä g l i c h k e i t  a n  h a a r l o s e n  

u n d  w e i ß e n  M ä u s e n  s o w i e  a n  A l b i n o - K a n i n c h e n  u n d  a n  M e e r s c h w e i n c h e n
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g e t e s t e t .  D i e  S c h l e i m h a u t v e r t r ä g l i c h k e i t s p r ü f u n g  e r f o l g t e  a m  K a n i n c h e n 

a u g e .

I n  k e i n e m  d ie s e r  T e s t s  w u r d e n  t o x i s c h e  R e a k t i o n e n  f e s t g e s t e l l t .

Tabelle 2:
Amid I / Amid II — Bandenverhältnis als Kreterium der Feuchtigkeitsretention.

Proband
Nr.

gereinigte und 
getrocknete 

Haut

2,5 Minutenn. 
Applikation 
der Creme

0,5 Stunden n. 
Applikation 
der Creme

1,5 Stunden n. 
Applikation 
der Creme

1 links 1,3 ohne Hydagen F 1,2 1,4 1,4
rechts 1,3 mit Hydagen F 2,1 3,3 2,7

2 links 1,5 ohne Hydagen F 1,9 1,3 1,4
rechts 1,7 mit Hydagen F 2,1 2,5 3,2

3 links 1,7 ohne Hydagen F 1,8 1,6 1,7
rechts 1,5 mit Hydagen F 2,0 2,3 2,6

4 links 1,1 ohne Hydagen F 1,2 1,3 1,3
rechts 1,1 mit Hydagen F 3,9 2,0 2,4

links U ohne Hydagen F 2,0 1,0 0,9
rechts 1,7 mit Hydagen F 2,0 3,7 2,0

6 links 1,4 ohne Hydagen F 1,2 1,8 1,6
rechts 1,3 mit Hydagen F 1,9

7 links U ohne Hydagen F 3,0 1,9 1,3
rechts 1,1 mit Hydagen F 3,6 3,4 2,8

$ links 1,3 ohne Hydagen F 1,9 1,2 1,8
rechts 1,6 mit Hydagen F 4,0 5,7 2,1

9 links 1,1 ohne Hydagen F 3,6 1,6 2,1
rechts 1,4 mit Hydagen F 2,7

10 links 1,2 ohne Hydagen F 3,8 1,2 1,7
rechts 1,2 mit Hydagen F 2,5 3,3 2,1

1J links 1,2 ohne Hydagen F 3,9 1,4 1,5
rechts 1,2 mit Hydagen F 3,5 1,9 3,0

• * Auswertung wegen sehr kleiner Intensitäten nicht möglich.
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Z u s a m m e n f a s s u n g

I n  d e r  v o r l i e g e n d e n  A r b e i t  w e r d e n  i n  v i t r o - S c r e e n i n g - M o d e l l e  z u r  

P r ü f u n g  p o t e n t i e l l e r  H a u t f e u c h t i g k e i t s r e g u l a t o r e n  v o r g e s t e l l t ;  w e i t e r  

w i r d  ü b e r  d i e  F M I R - A n a l y s e  a ls  M ö g l i c h k e i t  z u r  v e r g l e i c h e n d e n  i n  v i v o -  

M e s s u n g  d e s  H y d r a t a t i o n s z u s t a n d e s  d e s  S t r a t u m  c o m e u m  n a c h  A p p l i 

k a t i o n  k o s m e t i s c h e r  E m u l s i o n e n  b e r i c h t e t .

H y d a g e n  F , e i n  P a r t i a l - N a t r i u m s a l z  e i n e r  P o l y h y d r o x y c a r b o n s ä u r e ,  

z e i g t e  i n  d i e s e n  T e s t s  e i n  b e s o n d e r s  p o s i t i v e s  V e r h a l t e n .  D i e  V e r t r ä g l i c h 

k e i t  d ie s e s  n e u e n  k o s m e t i s c h e n  W i r k s t o f f s  w u r d e  d u r c h  u m f a n g r e i c h e  

t o x i k o l o g i s c h e  U n t e r s u c h u n g e n  a b g e s i c h e r t .
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Synopsis

Satisfactory LIGHTENING of HYPERPIGMENTARY SKIN disorders was obtained by twice-daily 
APPLICATION for two to three months of a PREPARATION containing 5.0% hydroquinone, 0.1% Vi
tamin A acid (tretinoin) and 0.1% dexamethasone, a flourinated corticosteroid.

Excellent results were secured in melasma (chloasma) of white females. Two common pigmentary distur
bances in blacks also responded well, namely, the residual hyperpigmentation left by inflammatory acne le
sions and in bearded areas affected by ingrown hairs (pseudofolliculitis). Although senile lendgines were not 
moderated in patients over 65 years of age, good results were observed in patients 40 to 60 years old.

The depigmentation is completely reversible and is not attended by significant local or systemic side effects.

IN T R O D U C T IO N

I n  a  p r e v i o u s  w o r k ,  w e  s h o w e d  t h a t  a  f o r m u l a t i o n  c o n t a i n i n g  V i t a m i n  A  a c id  

( t r e t i n o i n ) ,  h y d r o q u i n o n e  a n d  a  c o r t i c o s t e r o i d  c o u l d  b r i n g  a b o u t  c o m p l e t e  lo s s  o f  

m e la n in  f r o m  t h e  s k in  o f  n o r m a l  b la c k s  a n d  w a s  h i g h l y  b e n e f i c ia l  i n  d is o r d e r s  o f  h y 

p e r p i g m e n t a t i o n ,  n o t a b l y  m e la s m a  ( c h lo a s m a ) ,  f r e c k le s  a n d  e x c e s s  p i g m e n t a t i o n  

f o l l o w i n g  i n f l a m m a t i o n  ( 1).

B le a c h in g  o c c u r r e d  d e s p i t e  a n  in c r e a s e  in  t h e  d e n s i t y  o f  p i g m e n t - f o r m i n g  c e l ls  ( m e l 

a n o c y t e s ) .  E a c h  o f  t h e  t h r e e  c o m p o n e n t s  w a s  e s s e n t ia l  f o r  e f f e c t i v e n e s s .  H y d r o 

q u i n o n e  is  k n o w n  t o  i n t e r f e r e  w i t h  t h e  t y r o s i n e - t y r o s i n a s e  p a t h w a y  o f  m e la n in  s y n 

th e s is .  T h i s  d r u g  a ls o  c a u s e s  s u b c e l l u la r  m e m b r a n e  d a m a g e  a n d  i n h i b i t s  t h e  f o r m a t i o n  

o f  m e la n o s o m e s ,  t h e  o r g a n e l le s  i n  w h i c h  m e la n in  is  p a c k a g e d  ( 2 ) .  B y  i t s e l f ,  i t s  e f f e c 

t i v e n e s s  is  t o o  l i m i t e d .  H o w  t r e t i n o i n  a n d  c o r t i c o s t e r o i d s  c o n t r i b u t e  t o  t h e  d e p i g m e n t 

i n g  a c t i o n  is  c o n j e c t u r a l .  T h e  l a t t e r  m a y  i n h i b i t  m e la n in  p r o d u c t i o n  b y  m e la n o c y t e s  in  

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

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

s t a t i c  t o  t h e  e p i d e r m i s  ( 3 ) .  T r e t i n o i n ,  o n  t h e  o t h e r  h a n d ,  s t i m u l a t e s  c e l l  t u r n o v e r  ( 4 )
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a n d  i t  s e e m s  a  l i k e l i h o o d  t h a t  t h e  r a p i d  o u t w a r d  m i g r a t i o n  o f  c e l ls  m i g h t  i n t e r f e r e  w i t h  

t h e  t r a n s f e r  o f  p i g m e n t  g r a n u le s  f r o m  m e la n o c y t e s  t o  k é r a t i n o c y t e s .  T h u s  t h e  t r i a d  o f  

a c t i v e  c o m p o n e n t s  c o l l a b o r a t e  t o  c u r t a i l  t h e  s y n t h e s is  o f  m e la n in ,  r e d u c e  t h e  p r o d u c 

t i o n  o f  m e m b r a n e - b o u n d  m e la n o s o m e s  in  w h i c h  t h e  p i g m e n t  is  a g g r e g a t e d ,  i m p a i r  t h e  

d o n a t i o n  o f  m e la n o s o m e s  t o  k e r a t i n i z i n g  c e l ls  a n d  p r o m o t e  t h e  m o r e  r a p i d  lo s s  o f  p i g 

m e n t  v i a  in c r e a s e d  e p i d e r m o p o e s i s .

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

u s e ,  t h e r e  m u s t  b e  e x t e n s iv e  c l i n i c a l  e v a l u a t io n  t o  le a r n  t h e  a d v a n ta g e s  a n d  l i m i t a t i o n s  

i n  t h e  t h e r a p y  o f  h y p e r p i g m e n t a r y  d is o r d e r s .  T h e  l a t t e r  a r e  m i s e r y - i n d u c i n g  c o n d i t i o n s  

w h i c h  c a u s e  g r e a t  e m o t i o n a l  s u f f e r i n g ;  t h e y  s h o u l d  n o t  b e  v ie w e d  as m e r e  c o s m e t ic  

n u is a n c e s .  I n  t h i s  p a p e r  w e  s h a l l  r e p o r t  f u r t h e r  e x p e r i e n c e s  a n d  a  n e w  i n d i c a t i o n  f o r  

t h is  d e p i g m e n t i n g  f o r m u l a t i o n .

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

COMPOSITION AND SUBJECTS

T h e  s u b je c t s  w e r e  o u t - p a t i e n t s  o f  t h e  H o s p i t a l  o f  t h e  U n i v e r s i t y  o f  P e n n s y lv a n ia  a n d  

t h e  t e s t  f o r m u l a t i o n  w a s :

T r e t i n o i n

H y d r o q u i n o n e

D e x a m e t h a s o n e

H y d r o p h i l i c  O i n t m e n t  U . S . P .  q .s .

a n d  m a t e r ia l  w a s  n e v e r  m o r e  t h a n  t w o  m o n t h s  o ld .

0.1 p e r  c e n t  

5 . 0  p e r  c e n t  

0.1 p e r  c e n t

C L IN IC A L  S T U D IE S

MELASMA

T h e  s u b je c t s  w e r e  1 9  y o u n g  a d u l t  f e m a le s  w h o s e  f a c ia l  p i g m e n t a t i o n  w a s  l i n k e d  t o  t h e  

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

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

n e s s ,  t h e  e x p o s u r e  w a s  in c r e a s e d  t o  t w ic e  d a i l y  t o  s p e e d  u p  t h e  r e s p o n s e .

L i g h t e n i n g  w a s  g e n e r a l l y  c le a r - c u t  b y  t h e  t h i r d  t o  s ix t h  w e e k .  B y  1 2  w e e k s ,  t h e  h y -  

p e r p i g m e n t e d  a r e a s  h a d  v i r t u a l l y  b le n d e d  w i t h  t h e  s u r r o u n d i n g  n o r m a l  s k in  i n  1 6  o f  

t h e  1 9  p a t ie n t s .  I n  t h e s e ,  t h e  r e s u l t s  w e r e  e x c e l l e n t .  T h e  n o r m a l  s k in  o f  w h i t e  p e r s o n s  

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

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

O n e  p a t i e n t  w a s  i n e x p l i c a b l y  r e s i s t a n t  a n d  d i d  n o t  a c h ie v e  a  s a t i s f a c t o r y  r e s u l t  e v e n  

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

a t  t h e  d e s i r e d  l e v e l .

POSTINFLAMMATORY HYPERPIGMENTATION

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

o f  b la c k s .  I n t e n s e  p i g m e n t a t i o n  m a y  f o l l o w  a  v a r i e t y  o f  p a t h o l o g i c  c h a n g e s :  v i a  i n s e c t  

b i t e s ,  c o n t a c t  a l l e r g y ,  a b r a s io n s ,  b u r n s ,  e t c .  ( F i g u r e s  1 , 2 ) .  D a m a g e  t o  t h e  s k in ,  n o  m a t -
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Figure 1. Postinflammatory hyperpigmentation following patient's use of abradant and anti-acne lotion to 
treat acne vulgaris

Figure 2. After 8 weeks of twice-daily application of depigmenting formula, hyperpigmentation was 
eliminated and acne vulgaris was under good control
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Figure 3. Papular lesions of pseudofolliculitis located on the neck of a 23 year old black male. Condition 
had persisted for approximately seven years

t e r  h o w  in d u c e d ,  c h a r a c t e r i s t i c a l l y  le a d s  t o  a n  in c r e a s e  i n  t h e  q u a n t i t y  o f  h y p e r f u n c 

t i o n i n g  m e la n o c y t e s .

B e c a u s e  o f  o u r  i n t e r e s t  i n  a c n e ,  w e  h a v e  c o m e  t o  a p p r e c ia t e  h o w  c o m m o n l y  i n f l a m m a 

t o r y  le s io n s  le a v e  c o n s p i c u o u s  s p o t s  o f  h y p e r p i g m e n t a t i o n  o n  t h e  fa c e  o f  b la c k s .  P i c k 

in g  a n d  s q u e e z in g  o f  p a p u lo - p u s t u le s ,  a  p e r n i c i o u s  h a b i t  o f  m a n y  a c n e  p a t ie n t s ,  b la c k  

a n d  w h i t e ,  is  p a r t i c u l a r l y  l i k e l y  t o  in d u c e  e x c e s s iv e  p ig m e n t a t i o n .  A n o t h e r  h y p e r p i g -  

m e n t i n g  d i s o r d e r ,  e s p e c ia l l y  c o m m o n  i n  b la c k  m a le s ,  is  p s e u d o f o l l i c u l i t i s  o f  t h e  b e a r d  

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

s h o w s  a  s p lo t c h y ,  m o t t l e d  p a t t e r n  o f  i n t e n s e  m e la n iz a t i o n .  S p e c k l i n g  is  p r o m i n e n t  

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

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

w a s  a d e q u a t e ly  e v a lu a t e d  i n  2 5  b la c k  a c n e  p a t ie n t s ,  m a in l y  f e m a le s ,  a n d  i n  11 b la c k  

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

p a t ie n t s  w e r e  u r g e d  t o  u s e  “ s p o t ”  t h e r a p y ,  a p p l y i n g  t h e  m e d i c a t i o n  w i t h  c o t t o n - t i p p e d  

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

m o r e  o f  t h e  m a t e r ia l  o n  t h e  d a r k e s t  s p o t s .  P e e l i n g  o f t e n  o c c u r r e d  a t  t h e  s t a r t ,  b u t  

g e n e r a l l y  a b a t e d  a f t e r  a f e w  w e e k s .

L i g h t e n i n g  w a s  g e n e r a l l y  a p p a r e n t  b y  f i v e  t o  s ix  w e e k s .  A l t h o u g h  t h e  r e s p o n s e  w a s  

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

a c n e  p a t ie n t s  b y  1 2  w e e k s  a n d  in  e i g h t  o f  t h e  m a le s  w i t h  p s e u d o f o l l i c u l i t i s  ( F i g u r e s  3 

a n d  4 ) .  C o l o r  b a la n c e  w a s  m o r e  d i f f i c u l t  t o  a c h ie v e  i n  b la c k s .  T h e  b e s t  b l e n d i n g  w a s  

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

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

t i p  o f  a  t o o t h p i c k  w a s  a n  e f f e c t i v e  a p p l i c a t o r  f o r  s p o t  t h e r a p y .
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Figure 4. After 5 weeks of twice-daily application of formulation

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

m e n t e d  p a p u le s .  P r o b a b ly  b o t h  t h e  t r e t i n o i n  a n d  t h e  c o r t i c o s t e r o i d  c o n t r i b u t e d  t o  t h e  

h e a l i n g  e f f e c t  o f  t h e s e  l o n g - la s t i n g ,  h y p e r p i g m e n t e d ,  i n f l a m m a t o r y  le s io n s .

SENILE LENTIGINES

E a r l i e r  t r i a l s  i n  t r e a t i n g  th e s e  le s io n s  p r o d u c e d  d i s a p p o i n t i n g  r e s u l t s .  T h i s  w a s  t h e  o u t 

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

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

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

p a t i e n t s  a g e d  5 0  t o  6 0  y e a r s .  T h e  o r i g i n a l  s t u d y  h a d  i n c l u d e d  p a t ie n t s  6 5  y e a r s  a n d  

o l d e r  w i t h  t h e  m a j o r i t y  b e i n g  o v e r  7 0  y e a r s .  W e  h a v e  s in c e  c o n c e n t r a t e d  t h e  u s e  o f  t h e  

f o r m u l a t i o n  i n  p a t i e n t s  u n d e r  6 5  y e a r s  o f  a g e .  T h u s  f a r ,  w e  h a v e  t e s t e d  1 1  p a t ie n t s  ( 4 0  

t o  6 0  y e a r s ) ,  r e c o r d i n g  g o o d  r e s u l t s  i n  n in e .  T h e  f a v o r a b l e  r e s p o n s e  is  a p p a r e n t  a t  o n e  

t o  f o u r  m o n t h s  o f  t r e a t m e n t .  A p p l i c a t i o n s  a r e  o n c e  t o  t w i c e  d a i l y ,  d e p e n d e n t  o n  t h e  

r a t e  o f  r e s o l u t i o n .  T h i s  g r o u p  is  b e i n g  e x p a n d e d  a n d  a  m o r e  d e t a i l e d  r e p o r t  o f  t h e  f i n d 

in g s  w i l l  b e  p u b l i s h e d .

D IS C U S S IO N

A d v e r s e  r e a c t io n s  t o  t h is  c o m b i n a t i o n  h a v e  b e e n  v e r y  l i m i t e d ,  t h e  m o s t  c o m m o n  b e i n g  

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

p r o d u c e  s o m e  s c a l in g  a n d  d r y n e s s  f o r  t h e  f i r s t  f e w  w e e k s  o f  t r e a t m e n t .  B y  d e l i b e r a t e l y  

p r o v o k i n g  a  m i l d  i r r i t a n t  r e a c t i o n ,  t h e  p a t i e n t  is  a s s u r e d  t h a t  s u f f i c i e n t  d r u g  h a s
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p e n e t r a t e d .  A c t u a l l y ,  t h e  s k i n  b e c o m e s  a c c o m m o d a t e d  w i t h i n  a  m o n t h  o r  s o  o f  d a i l y  

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

T h e r e  h a v e  b e e n  n o  in s t a n c e s  o f  c o n t a c t  s e n s i t i z a t i o n  o r  p h o t o s e n s i t i z a t i o n .  T h e  s k in  

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

f r o m  t h i s  e n h a n c e d  r e a c t i v i t y  (n o t  p h o t o t o x i c i t y ) ,  t h e r e  is  a v e r y  i m p o r t a n t  r e a s o n  f o r  

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

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

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

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

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

T h e  d e p i g m e n t i n g  e f f e c t  is  a lw a y s  t r a n s ie n t .  A p p l i c a t i o n s  m u s t  b e  c o n t i n u e d  o n  a 

m a in t e n a n c e  b a s is  s o  l o n g  as t h e  m e l a n i z i n g  s t i m u l u s  p e r s is t s .  U n l i k e  s u b s t i t u t e d  

p h e n o l i c  c o m p o u n d s  s u c h  as m o n o b e n z y l  e t h e r  o f  h y d r o q u i n o n e ,  h y d r o q u i n o n e  i t s e l f  

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

d o e s  n o t  e x is t .  I n d e e d ,  w e  h a v e  d e m o n s t r a t e d  t h a t  t h e  d e n s i t y  o f  m e la n o c y t e s  is  a b o u t  

d o u b l e d  a f t e r  d e p i g m e n t a t i o n  is  a c h ie v e d .  ( T h e  a d d e d  q u a n t i t y  o f  e n z y m i c a l l y  a c t i v e  

m e la n o c y t e s  u n d e r l i e s  t h e  r e b o u n d  p h e n o m e n o n . )  A g a in ,  i n  c o n t r a s t  t o  s u b s t i t u t e d  

p h e n o ls ,  w e  h a v e  n e v e r  o b s e r v e d  d e p i g m e n t a t i o n  i n  a n y  r e g i o n  o u t s id e  t h e  a r e a  o f  a p 

p l i c a t i o n .

W e  h a v e  s t r e n u o u s ly  w a r n e d  a g a in s t  t h e  p e r s i s t e n t  u s e  o f  f l o u r i n a t e d  s t e r o id s  o n  t h e

Figure 5. Pretreatment: Melanin granules are prominent in the basal layer, often in the form of caps over 
the nuclei. Pigment granules are visible in the horny layer of black skin (X 400)
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fa c e .  A l l  t o o  o f t e n ,  m id d le - a g e d  w o m e n  w i l l  a p p l y  p o t e n t  s t e r o id s  f o r  m o n t h s  o r  y e a r s  

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

a w a r e n e s s  o f  c a u s e ,  o f  a  s t e r o i d - i n d u c e d  e r u p t i o n .  T h e  l a t t e r  t a k e s  t h r e e  f o r m s :  s t e r o id  

a c n e ,  s t e r o id  r o s a c e a  a n d  p e r i - o r a l  d e r m a t i t i s  ( 5 ) .  V a r y i n g  a m o u n t s  o f  a t r o p h y  a n d  d i 

la t e d  b l o o d  v e s s e ls  a r e  a ls o  w e l l  k n o w n  s t e r o id  e f f e c t s .

I t  is  n e c e s s a r y  t o  e x p l a in  w h y  w e  h a v e  n e v e r  e n c o u n t e r e d  a d v e r s e  s t e r o id  e f f e c t s  i n  

c h r o n i c  u s e r s  o f  t h e  d e p i g m e n t i n g  c r e a m .  W e  t h i n k  i t  e x c e e d in g ly  u n l i k e l y  t h a t  s t e r o i d  

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

b i o l o g i c  e f f e c t s  o f  t r e t i n o i n  a r e  v i r t u a l l y  o p p o s i t e  t o  t h o s e  o f  s t e r o id s .  T r e t i n o i n ,  f o r  

e x a m p l e ,  s t i m u l a t e s  m i t o s e s  w h i l e  s t e r o id s  a r e  i n h i b i t o r y  ( 3 ) .  T r e t i n o i n  p r o m o t e s  

w o u n d  h e a l i n g  w h i l e  s t e r o id s  d e la y  w o u n d  h e a l i n g  ( 6) .  T h e  f o r m e r  is  c o m e d o l y t i c  ( 7 ) ,  

t h e  l a t t e r  e n h a n c e s  t h e  f o r m a t i o n  o f  c lo s e d  a n d  o p e n  c o m e d o n e s  ( 8) .  A n d  s o  t h e  

p o t e n t i a l  d a m a g e s  t h a t  s t e r o id s  c o u l d  e x e r t  o n  s k in  s t r u c t u r e ,  e s p e c ia l l y  a t r o p h y ,  a r e  

c o m p l e t e l y  n u l l i f i e d  b y  t r e t i n o i n .

A  c o m m o n  c o n d i t i o n  w h i c h  r e s p o n d s  w e l l  t o  t h i s  f o r m u l a t i o n  is  f r e c k le s .  H e r e  t h e r e  is  

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

b e  t r e a t e d .  T h i s  b r i n g s  u p  t h e  q u e s t io n  o f  c o l o r  b le n d i n g - — w o n ’ t  t h e  n o r m a l  s k in  

b e t w e e n  t h e  f r e c k le s  a ls o  b e c o m e  d e p i g m e n t e d ?  O n e  m i g h t  e n d  u p  w i t h  a n  i v o r y  w h i t e  

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

t h a t  n o r m a l  s k in  is  r e l a t i v e l y  c o n s i s t a n t ;  t h e  r u l e  is  t h a t  t h e  g r e a t e r  t h e  p i g m e n t i n g ,  t h e

Figure 6. After 8 weeks of treatment, pigment granules, mainly in basal cells, can barely be made out 
(x 400)
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e a s ie r  i t  is  t o  a c h ie v e  d e p i g m e n t a t i o n .  T h e  s k in  o f  b la c k s ,  p a r a d o x ic a l  as i t  s e e m s ,  is  

m o r e  r e a d i l y  l i g h t e n e d  t h a n  t h e  s k in  o f  w h i t e s  ( F i g u r e s  5 a n d  6) . C o m p l e t e  d e p i g 

m e n t a t i o n  i n  c o m p a r i s o n  t o  h y p o p i g m e n t a t i o n ,  c a n  b e  a t t a i n e d  in  d e e p ly  p i g m e n t e d  

b la c k s  b u t  n o t  i n  w h i t e s .  H y p e r p i g m e n t e d  a r e a s  a r e  m o r e  r e s p o n s iv e  t h a n  t h e  s u r 

r o u n d i n g  t e r r a i n .  F o r t u n a t e l y ,  t h e  b le n d i n g  p r o b l e m  t h u s  r a t h e r  ta k e s  c a r e  o f  i t s e l f  

w i t h  s o m e  i n d i v i d u a l  e x c e p t io n s .

T h e  r e a s o n  f o r  p o o r  r e s u l t s  i n  o l d e r  p a t i e n t s  w i t h  s e n i le  l e n t i g i n e s  is  p r e s e n t l y  u n d e r  

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

b e  a  t i m e  w h e n  t h e y  a r e  m o r e  s u s c e p t ib le  t o  t r e a t m e n t .  T h e  d y n a m ic s  o f  o l d e r  s k in  

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

a n in  s y n t h e s is  a n d  t r a n s f e r .

M o d i f i c a t i o n s  o f  t h e  b a s ic  f o r m u l a t i o n  a r e  n o w  b e i n g  e v a lu a t e d .  I t  is  a l r e a d y  c le a r  t h a t  

g o o d  r e s u l t s  c a n  b e  s e c u r e d ,  a l b e i t  m o r e  s lo w ly ,  w i t h  h a l f  t h e  c o n c e n t r a t i o n  o f  s t e r o id  

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

r e c o m m e n d  i t .

F i n a l l y ,  t h e r e  is  o n e  t y p e  o f  h y p e r p i g m e n t a t i o n  i n  w h i c h  l i g h t e n i n g  is  a n  i m p o s s i b i l i t y ,  

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

d u m p e d  i n t o  t h e  d e r m i s ,  l i t e r a l l y  a  m e la n in  t a t o o .  T h e  f o r m u l a t i o n  is  n o t  a  b le a c h i n g  

a g e n t  i n  t h e  s e n s e  t h a t  h y d r o g e n  p e r o x i d e  is .  A l r e a d y  f o r m e d  p i g m e n t  is  n o t  a f f e c t e d .  

I t  is  t h e  i n h i b i t o r s ’ e f f e c t  o n  t h e  s y n t h e s is  a n d  t r a n s f e r  o f  m e la n in  t h a t  u n d e r l i e s  t h e  d e -  

p i g m e n t i n g  a c t io n .
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Synopsis

A quantitative study of CLITICLE-WEAR PATTERNS in HUMAN HAIR from six Caucasian subjects 
whose hair had only been subjected to normal wear— no chemically reactive cosmetic treatment—is 
presented. The data was collected by counting the number of cuticle cell layers at different positions along 
the length of hair fibers. The counting was done on cross-sectional cuts by means of a Scanning Electron 
Microscope. Results are analyzed in terms of a mathematical model of cuticle wear. The similarity among 
the cuticle-wear patterns from the different subjects suggests that, under normal wear conditions, there 
is a common general pattern of cuticle wear in human hair. A theoretical rate of cuticle wear versus dis
tance from the scalp expression was derived. This expression excludes age per se as a major factor in cuticle 
wear, and points instead to a source of hair surface wear which accelerates as we get closer to the hair 
ends. An analysis of combing forces showed that the type of damage known to be produced by combing 
can account for the shape of the observed cuticle-wear patterns. It was also found that beyond a certain 
length human hair should appear to be growing slower due to a cuticle-loss-fracture mechanism, a conse
quence of this being that, under otherwise equal conditions, the care with which hair is treated and han
dled directly affects the maximum length that it can attain.

IN TR O D U C TIO N

It is well k n o w n  th a t  the  cortex  o f  h u m a n  hair is s u r ro u n d e d  by layers o f  cutic le  cells. 
T h ese  cells, w hich  are flat and  very th in ,  are w rapped  a ro u n d  th e  cortex , b u i ld in g  u p  a 
sys tem  o f  co n cen t r ic  layers th a t  overlap  in te lescop ic  fashion. T h is  a ssem bly  o f  cells is 
referred to  as the  cuticle. By vir tue o f  b e ing  th e  o u te r m o s t  sec t ion  of the  hair , th e  cuticle 
is su b jec ted  to  a m u l t i tu d e  o f  en v iro n m en ta l  inf luences w hich  c o o p e ra te  to w ard s  its 
g rad u a l  d es t ru c t io n .  M a n y  o f  these, such  as ex p o su re  to  th e  sun  and  w ash in g ,  are the 
sam e on es  th a t  co n t r ib u te  to  the  de te r io ra t io n  o f  the  surface o f  fibers in fabrics. O th e rs ,  
su ch  as c o m b in g ,  b ru sh in g ,  se t t in g  and  co sm e t ic  chem ica l t rea tm en ts ,  are m o re  u n iq u e  
to  hair. F o r tu n a te ly ,  th e  m ulti layer  s t ru c tu re  o f  the  cutic le  is such  th a t ,  w hen  u n d e r  n o r 
mal m echan ica l  and  chem ical wear small f ractions o f  th e  cuticle cells fracture  and  s ep a 
rate from  th e  hair, they  leave b eh in d  a fresh u n e ro d e d  surface b e lo n g in g  to  th e  cell 
below. T h is  clever schem e o f  na tu re  allows hair th a t  has been o n  a living head  for tw o  
o r  th ree  years to  still have an ap p ea l in g  u n w o rn  surface.
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F ro m  an aes the tic  p o in t  o f  view, th e  im p o r ta n c e  o f  the  cutic le  c a n n o t  be o v e re m p h a 
sized. Since it serves as th e  op t ica l  surface th r o u g h  w hich  hair in terac ts  w ith  l ig h t ,  the  
s tru c tu re  and  state o f  p reserva tion  o f  th e  cutic le  d e te rm in e  the  ex ten t  to  w hich  in c id en t  
l ig h t  is reflected, sca t tered , and  tran sm i t ted ,  th u s  d e te rm in in g  to  a g rea t  degree  the  
p leas ing appearance  o f  h u m a n  hair (1 ,2 ) .  As the  surface th r o u g h  w hich hair m akes p h y s i
cal c o n ta c t  w ith  o th e r  b o d ies  and  with itself, its fr ic tional p ro p e r t ie s  d e te rm in e  h o w  hair 
feels to  th e  to u c h  and  h o w  it c o m b s ,  h an d les  and  styles. S tructurally ,  th e  cutic le  c o n 
tr ibu tes  critically to  th e  preserva tion  o f  the  physical in tegri ty  o f  hair fibers. W i th o u t  the  
radial m ech an ica l  co n s t ra in t  o f  th e  cuticle, the  microfibers  in the  co rtex  w o u ld  rapid ly  
break  apart  jus t from  th e  everyday h an d l in g  o f  th e  hair. T h e  po ten t ia l ly  im p o r ta n t  c o n 
t r ib u t io n  o f  the  cutic le  to  the  m echan ica l  p roper t ie s  o f  h u m a n  hair and  its effect o n  the  
overall rates o f  chem ical t r e a tm e n t  o f  the  hair have been  b r o u g h t  to  o u r  a t t e n t io n  by 
W o lf ram  and  L in d em an  (3).

T h e  s tru c tu re  o f  ind iv idua l cutic le  cells and  o f  the  cutic le  as a w ho le  has been  extensively  
s tu d ied  and  cons ide rab le  p rogress  has been  m ad e  (4 -1 2 ) .  In  m o s t  o f  these  s tud ies ,  h o w 
ever, w ith  so m e  ex cep t io n s  [for exam ple ,  Swift and  B ro w n  (14 ,16) ,  B o t to m s ,  e ta l. (13, 
15,17)] the  cutic le  has been  treated  as an u n c h a n g in g  s truc tura l  c o m p o n e n t  of th e  hair; 
the  su b jec t  o f  its wear receiv ing little a t ten t io n .  At an average rate o f  g ro w th  o f  5 in. per 
year,  th e  t ip  e n d s  o f  th e  hairs o n  a fem ale head  can typically  be tw o  to  th ree  years old. 
D u r in g  this  t ime, an d  jus t  d u e  to  n o rm al  h a n d l in g ,  th e  five to  ten cutic le  cell layers tha t  
hair has w h en  it em erg es  from  th e  scalp will have g rad u a l ly  been w o rn  away, and  we fre
q u e n t ly  find th a t  very close to  its tip the  hair sh o w s  an ex p o sed  co rtex  w ith  very few or 
n o  cutic le  cells left. T h is  p h e n o m e n o n  is very likely accelerated if th e  hair has been  s u b 
jected  to  s t ro n g  chem ical trea tm en ts .

Because o f  the  im p o r ta n t  roles o f  th e  cutic le ,  a s tu d y  o f  its wear has p o ten t ia l  use in 
u n d e rs ta n d in g  and  im p ro v in g  th e  p e rfo rm an ce  o f  co sm etic  hair p ro d u c ts .  T h is ,  c o u p led  
w ith  the  scan t  in fo rm a t io n  o n  the  sub jec t ,  in itia ted  this  w o rk  in o u r  labora tories .  T h e  
results  o f  th e  first s tep  o f  this  in v es t ig a t io n ,  co n s is t in g  o f  a s tu d y  o f  cutic le-wear p a t te rn s  
o n  h u m a n  hair from  six female sub jec ts  w h o se  hair had  o n ly  been sub jec ted  to  n o rm al  
w ear— i.e., n o  chem ically  reactive co sm etic  t r e a tm e n ts— are p resen ted  in this  paper.  Also 
in c lu d ed  is a m a th em at ica l  analysis o f  th e  da ta  w hich  rendered  so m e  in te res t ing  ins igh ts  
in to  th e  p h e n o m e n a  o f  cutic le  wear an d  its likely c o n n e c t io n  w ith  c o m b in g  d am ag e .

E X P E R IM E N T A L

T h e  ex p er im en ta l  w o rk  cons is ted  o f  ex am in in g  hair fibers lo n g i tu d in a l ly  and  cross- 
sec t ional ly  at p red e te rm in ed  d is tances  from  their  r o o t  en d s  by m eans  o f  a S cann ing  
E lectron  M ic ro sco p e .  H air  f rom  six Caucasian  sub jec ts  was used. T h e  p a r t ic ip a t in g  fe
males h ad  been  le t t ing  the ir  hair g ro w  lo n g  for at least tw o  o r  th ree  years pr io r  to  o u r  
sam p lin g .  T h a t  is, they  h ad  n o t  been cu t t in g  their  hair w ith  th e  poss ib le  e x cep t io n  o f  
o ccas iona l  t r im m in g s  near th e  e n d s  to  e lim ina te  split ends ,  etc . T h e  en d s  o f  the ir  hair 
were ap p ro x im a te ly  even. T en  fibers per sub jec t  were ex am in ed .  For each sub jec t ,  the  
lo n g e r  hairs in th e  scalp were c h o sen  for o u r  work. T h is  n o rm ally  m e a n t  hair with ro o t  
e n d s  in th e  u p p e rm o s t  parietal reg io n s  o f  th e  scalp. T h e  hair sam ples  were o b ta in e d  by 
c u t t in g  th e  hair as close as poss ib le  (1 to  2 m m ) to  th e  scalp. D is tan ces  a lo n g  hair  shafts  
f rom  w here  th is  cu t  was m ad e  are ind isc r im ina te ly  referred to  in w h a t  fo l low s as e ither 
d is tances  from  ro o t  en d  o r  d is tances  from  th e  scalp. N o n e  o f  th e  sub jec ts  h ad  trea ted
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their  hair w ith  chem ically  reactive co sm etic  p ro d u c t s  ( l igh teners ,  p e rm a n e n t  w aving  
p ro d u c ts ,  o x id a t io n  dyes, e tc.) for at least five years p r io r  to  sam ple  g a th e r in g .  T h e  hair 
h ad  th u s  o n ly  been  sub jec ted  to  w h a t  we call n o rm al  wear, w hich  inc ludes  sh a m p o o s ,  
soap ,  water, sea water, w ater se t t ings ,  hair dryers, h o t  rollers, c o m b in g ,  b ru sh in g ,  sun  
ex p o su re  and  ex p o su re  to  the  a tm o sp h e re .

T ab le  I co n ta in s  g enera l  in fo rm a t io n  o n  th e  sub jec ts  p a r t ic ip a t in g  in th is  s tudy .

Table I
Subject Summary

Subject Sex
Age

(Years)

Approximate 
Maximum Hair 

Length (cm) Hair Color

I F 25 60 Blonde
2 F 30 60 Blonde
3 F 15 40 Blonde
4 F 29 40 Brown
5 F 8 30 Brown
6 F 20 30 Brown

After sam p lin g ,  th e  hair was s h a m p o o e d  w ith  a co m m erc ia l  s h a m p o o 1, rinsed  w ith  d is 
tilled w ater at r o o m  tem p era tu re  for 10 m in ,  a llow ed to  dry at a m b ie n t  te m p e ra tu re  and  
prepared  for e x am in a t io n .  T h e  hair fibers th a t  were 30 cm  lo n g  were sam p led  at 15-cm 
intervals, and  the  fibers 40 and  60 cm  lo n g  were sam p led  at 10-cm intervals f rom  th e  ro o t  
end .  Sample p rep a ra t io n  co n s is ted  o f  c u t t in g  1 .5 -cm -long  se g m e n ts  fro m  th e  fibers at 
th e  ab o v e  intervals and  th en  from  each se g m e n t  c u t t in g ~ 5 0 - /u m - th ic k  cross  sec t ions  for 
in ternal e x am in a t io n ,  u s in g  h a n d -h e ld ,  sing le  e d g e  industria l  razor b lades  an d  a ided 
visually w ith  an A m erican  O p tica l  M o d e l  46 s te reo sco p ic  m ic ro sco p e .  T h e  rem a in in g  
p o r t io n  o f  th e  s e g m e n t  was used  for ex ternal ex am in a t io n .  T h e  hair sp ec im en s  were 
th en  m o u n te d  o n  a lu m in u m  sam ple  s tu b s  1.4 cm  in d iam eter ,  u s in g  c o n d u c t iv e  silver 
pain t .

T h e  sp ec im en s  were m etal coa ted  w ith  a 10 to  20 n m  layer o f  A u -P d  (60 pe r  cen t 
A u — 40 per  c en t  Pd) .  T h is  c o n t in u o u s  u n ifo rm  c o a t in g  suppresses  c h a rg in g  o f  th e  non-  
c o n d u c t iv e  b io log ica l  sp ec im en  and  increases e lec tron  em iss io n  from  th e  sam p le  surface. 
A J E O L C O  M o d e l  JE E -4 B  v a cu u m  e v a p o ra to r  was used  to  m eta l  c o a t  th e  sp ec im en s  at a 
v a cu u m  o f  4 x  1 0 ~ 5 torr.

T h e  sp ec im en s  were ex am in ed  by seco n d ary  e lec tron  em iss ion  in a J E O L C O  M o d e l  J S M  
U-3 S can n in g  E lec tron  M ic ro sco p e  at an accelera ting  v o ltage  o f  15 kv. P h o to m ic r o 
g ra p h s  o f  th e  im age  d isp layed  o n  th e  c a th o d e  ray tu b e  were tak en  w ith  P o la ro id  4 x 5  
in.,  T y p e  52 film u s in g  a J E O L C O  M o d e l  S M U  3-C Sl camera. U s in g  these  p h o t o 
m ic ro g ra p h s ,  th e  fo l lo w in g  in fo rm a t io n  was o b ta in e d  for each o f  th e  hair sec t ions  
exam in ed .

NUMBER OF CUTICLE CELL LAYERS

C utic le  cell layers were c o u n te d ,  u s in g  p h o to m ic r o g ra p h s  tak en  at th e  ed g e  o f  cross  sec 
t io n s  at m ag n if ica t io n s  o f  th e  o rder  o f  10,000 X. A t least five cross-sec t iona l cu ts  were

Clairol herbal essence shampoo for normal to dry hair.
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Figure 1. Photomicrograph of edge of a cross-sectional cut of a hair fiber at the root end taken at the 
magnification (10,000X) that was used to count number of cell layers. Eight cuticle cell layers can be 
counted

e x a m in e d  a t  e a c h  o f  t h e  d is ta n c e s  f r o m  th e  s c a lp  f o r  e a c h  h a i r .  T h e  v a lu e  r e c o r d e d  as th e  

n u m b e r  o f  c u t i c l e  c e l l  la y e r s  f o r  t h a t  d is ta n c e  w a s  th e  m a x im u m  n u m b e r  o f  la y e r s  t h a t  

c o u l d  b e  u n e q u iv o c a l l y  c o u n t e d  i n  a n y  o f  t h e  c u ts  a m o n g  t h e  f i v e  e x a m in e d .  F ig u r e s  1 

a n d  2 a re  p h o t o m i c r o g r a p h s  o f  t h e  e d g e s  o f  c r o s s - s e c t io n a l  c u ts  t y p i c a l  o f  t h e  o n e s  u s e d  

t o  c o u n t  t h e  n u m b e r  o f  c e l l  la y e r s .

MINOR AND MAJOR AXES, ELLIPTICITY AND CROSS-SECTIONAL AREA

T h e  m a jo r  a x is  w a s  d e t e r m in e d  b y  m e a s u r in g  th e  le n g t h  o f  t h e  lo n g e s t  p o s s ib le  s t r a ig h t  

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

t h r o u g h  t h e  c e n t e r  o f  t h e  c o r te x .  T h e  m i n o r  a x is  w a s  d e t e r m in e d  b y  m e a s u r in g  th e  le n g t h  

o f  a s t r a ig h t  l i n e  d r a w n  p e r p e n d ic u la r  t o  a n d  b is e c t i n g  t h e  m a jo r  a x is  a n d  e x t e n d i n g  

f r o m  o n e  s id e  o f  t h e  p h o t o m i c r o g r a p h e d  c ro s s  s e c t io n  t o  t h e  o t h e r .  O b v i o u s l y ,  t h e  

m a g n i f i c a t i o n  u s e d  is  t a k e n  i n t o  a c c o u n t .  T h e  e l l i p t i c i t y  w a s  c a lc u la t e d  b y  d i v i d i n g  th e  

m i n o r  a x is  b y  th e  m a jo r  a x is .

T h e  c r o s s - s e c t io n a l  a re a s  w e r e  d e t e r m in e d  b y  m e a s u r in g  t h e  a re a s  o f  t h e  c r o s s - s e c t io n a l  

v ie w s  o n  t h e  p h o t o m i c r o g r a p h s .  T h is  w a s  d o n e  b y  c u t t i n g  th e  o u t l i n e  o f  t h e  c r o s s -
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Figure 2. Photomicrograph of edge of a cross-sectional cut of a hair fiber at 40 cm from the root end 
of a 60-cm-long hair (taken at 10,000X1. Four cuticle cell layers can be counted

sec t iona l views and  w e ig h in g  th e  c u to u t s  with  an analytical balance. T h e  ac tua l areas 
were th en  ca lcu la ted , tak in g  in to  a c c o u n t  the  m agn if ica t io n  used (usually  1,000 X) and  
the  w e ig h t  per u n i t  area of the  Po la ro id  p r in t  paper .  T h is  m e th o d  was c h o sen  b ecause  it 
is m o re  accura te  th an  th e  o n e  invo lv in g  the  use o f  the  m a jo r  and  m in o r  axes o f  th e  cross 
sec t ions  an d  th e  fo rm u la  for th e  area o f  an ellipse. T h e  S .E .M . m ag n if ica t io n  o n  the  
p h o to m ic r o g ra p h s  was ch eck ed  u s in g  a calib ra ted  grid .

R E S U L T S

T h e  d a ta  in T ab le  II c o r re sp o n d s  to  th ree  o f  th e  ten  hairs th a t  were ex am in ed  from  
S ub jec t  1. It  i l lustrates th e  ty p e  o f  na tura l  variability  fo u n d  from  hair to  hair w ith in  a 
sub ject .  T ab le  III  c o n ta in s  the  average  value for th e  ten  hairs ex am in ed  for each subject.

CROSS-SECTIONAL AREA AND ELLIPTICITY

T h e  c ross-sec t iona l area values are o f  in teres t  because  they  d o  n o t  sh o w  a r e d u c t io n  in 
g o in g  from  th e  ro o t  to  th e  tip  en d  o f  th e  fibers as co u ld  be ex p ec ted  d u e  to  cutic le  loss 
if  the  co rtex  d im e n s io n s  d id  n o t  ch a n g e  in th e  process .  A ctually ,  small increases were 
ob se rv ed  in the  hairs o f  so m e  o f  th e  sub jec ts  ex am ined .
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Table II
Subject 1

Hair

Distance From 
Root End

(cm)

Number of 
Cuticle Cell 

Layers

Major Axis 
Length 
(/am)

Minor Axis 
Length 
(ium) Ellipticity

Cross-Sectional
Area

hum2)

2 0 8. 99. 63. 0.636 5.15 x 103
10 8. 102. 81. 0.794 6.49 x 103
20 6. 96. 66. 0.687 5.09 x io3
30 5. 97. 67.5 0.696 5.33 x io3
40 4. 101. 75. 0.743 6.19 x 103
50 1. 102. 73.3 0.718 6.33 x 103
60 0.5 97.7 73.3 0.750 5.83 x 103

3 0 7. 93.5 69.5 0.743 5.38 x 103
10 6. 95.5 73.3 0.767 5.23 x 103
20 6. 115. 104. 0.904 6.33 X103
30 4. 104.3 69.9 0.670 6.02 x 103
40 2. 95. 74. 0.779 5.70 x 103
50 2. 86. 54. 0.628 4.34 x 103
60 0. 83. 70. 0.843 4.66 X103

5 0 7. 93. 73. 0.784 5.37 x 103
10 7. 94. 73. 0.776 5.80 X 103
20 6. 102. 71. 0.696 5.99 x 103
30 5. 113. 76.6 0.678 7.14 x 103
40 4. 100. 65. 0.650 5.55 X 103
50 1. 95. 69. 0.726 5.29 x io3
60 0. 92. 60. 0.652 4.95 x 103

A  c a lc u la t i o n  w a s  m a d e  o f  t h e  p e r c e n ta g e  o f  t h e  h a i r  v o lu m e  ( o r  c r o s s - s e c t io n a l  a re a )  

w h i c h  c o r r e s p o n d s  t o  th e  c u t i c l e  la y e r  a t  t h e  r o o t  e n d  o f  t h e  h a i r .  T h i s  w a s  d o n e  b y  

m e a s u r in g  t h e  a re a s  c o r r e s p o n d i n g  t o  th e  c u t i c l e  a n d  c o r t e x  o n  c r o s s  s e c t io n  p h o t o 

m ic r o g r a p h s .  T h e  a v e r a g e  r e s u l ts  f o r  t h e  te n  h a ir s  f o r  e a c h  s u b je c t  a p p e a r  in  T a b le  I V .

T h e  f a c t  t h a t  p e r c e n ta g e  r e d u c t io n s  in  c r o s s - s e c t io n a l  a re a  v a lu e s  o f  t h e  o r d e r  o f  m a g n i 

t u d e  s h o w n  i n  T a b le  I V  a re  n o t  o b s e r v e d  s h o w s  t h a t  t h e  c o r t e x  o f  h u m a n  h a i r  e x p a n d s  

r a d i a l l y  d u r i n g  i t s  l i f e t i m e  o n  a h u m a n  h e a d .  T h e  re a s o n  is  l i k e l y  t o  b e  a r e d u c t io n  in  

r a d ia l  c o n s t r a in in g  fo r c e s  d u e  t o  c u t i c l e  lo s s ,  c o u p l e d  w i t h  in t e r n a l  m e c h a n ic a l  a n d  

c h e m ic a l  d a m a g e  t o  t h e  c o r t e x  t h r o u g h  n o r m a l  w e a r .  T h e  a v e r a g e  p e r c e n ta g e  in c r e a s e  

in  th e  c r o s s - s e c t io n a l  a re a  o f  t h e  c o r t e x  f o r  a l l  o u r  s u b je c t s '  h a i r s  c a n  b e  c a lc u la t e d  t o  b e  

a p p r o x im a t e l y  1 5 .0  p e r  c e n t .  T h is  e x p a n s io n  o f  t h e  c o r t e x  s h o u ld  g iv e  r is e  t o  a r e d u c t io n  

i n  i t s  b u l k  d e n s i t y  o f  t h e  s a m e  o r d e r  o f  m a g n i t u d e .  T h is  p h e n o m e n o n  is  p r o b a b ly  v e r y  

c lo s e ly  a s s o c ia te d  w i t h  " o v e r p o r o u s "  b e h a v io r  t o w a r d s  d y e i n g  a n d  o t h e r  t r e a t m e n t s  in  

h u m a n  h a i r .

T h e  cross-sect ional area values vs. d is tan ce  from  the  scalp for each su b jec t  a p p ea r  to  
fo l low  a p a t te rn  charac terized  by an initial increase in area fo l low ed  by decreas ing  values. 
N o  s im ple  ex p lan a t io n  can be offered for th is  p a t te rn  un less  it is d u e  to  hair d iam e te r  
g ro w th  variations.

T h e  e ll ip tic ity  o f  th e  hair used  in o u r  s tu d y  was in th e  range  o f  0.635 to  0.853. N o  tren d s  
c o u ld  be seen for th e  c h an g es  in ell ipticity  a lo n g  th e  hair len g th .  N e i th e r  were tren d s  d e 
tec ted  for th e  values o f  the  m in o r  and  m a jo r  axes a lo n g  the  le n g th  o f  th e  fibers.
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Table III
Average Results (Ten Hairs per Subject)

Subject

Distance From 
Root End

(cm)

Number of 
Cuticle Cell 

Layers*

Major Axis 
Length

(fim)

Minor Axis 
Length 
(gm) Ellipticity**

Cross-Sectional
Area

(Rm2)

1 0 7.0 ±0.58 97.0 73.3 0.758 5.69 X 103
10 6.7 ±0.59 97.7 76.8 0.781 5.79 x 103
20 5.6 ±0.96 104.1 75 0.714 5.95 X 103
30 5.0 ±0.67 99.8 80.5 0.739 5.96 x 103
40 3.7 ±0.90 98.5 74.1 0.758 5.87 x 103
50 2.4 ±0.75 97.6 74.0 0.732 5.58 x 103
60 0.4 ±0.48 94.1 70.0 0.741 5.33 x 103

2 0 7.1 ±0.79 85.1 53.4 0.635 3.64 x 103
10 6.5 ±0.51 83.4 53.0 0.683 3.97 x 103
20 6.0 ±0.34 84.4 54.4 0.653 3.95 x 103
30 5.5 ±0.61 85.5 55.3 0.647 3.75 x 103
40 4.5 ±0.77 82.5 54.1 0.656 3.76 x 103
50 2.6 ±0.96 82.9 52.9 0.647 3.58 x 103
60 1.2 ±  1.25 82.9 54.0 0.661 3.67 x 103

3 0 6.4 ±  0.37 74.3 46.8 0.698 3.12 x 103
10 5.7 ±0.59 78.7 51.4 0.654 3.32 x 103
20 4.8 ±0.56 73.6 48.3 0.604 3.31 x 103
30 3.3 ±0.48 81.2 50.2 0.617 3.40 x 103
40 0.4 ±  0.33 78.1 49.4 0.632 3.24 x 103

4 0 8.7 ±  0.48 67.3 48.1 0.733 3.01 X 103
10 7.7 ±0.68 66.1 51.2 0.777 3.13 x 103
20 6.8 ±0.56 71.5 50.0 0.713 3.32 x '103
30 5.5 ±  0.61 67.1 54.0 0.816 3.40 x 103
40 2.5 ±  1.22 63.2 51.9 0.756 3.23 x 103

5 0 6.4 ±  0.50 64.2 53.7 0.853 2.79 x 103
15 3.5 ±0.84 69.5 56.1 0.804 3.27 x 103
30 0.3 ±0.25 67.7 53.6 0.815 2.93 x 103

6 0 6.0 ±  0.39 76.4 57.9 0.763 4.03 x 103
15 4.3 ±  1.02 82.0 64.5 0.768 4.30 x 103
30 1.3 ±0.93 80.9 59.2 0.711 4.06 x 103

*The ±  values correspond to the 95 percent confidence level limits of the averages. 
**These values are the average of the individual ellipticity values for each of the ten fibers.

CUTICLE-WEAR PATTERNS (C.W.P.)
External observation of the hair fibers revealed the same findings of previous studies 
(13, 14); that is, the edges of the cuticle cells which are smooth and rounded close to 
the root ends gradually become sharp, irregular and jagged as we move toward the tip 
ends.

Table IV

Sub. 1 Sub. 2 Sub. 3 Sub. 4 Sub. 5 Sub. 6

Percentage of volume (or of 
Cross-Sectional Area) 
corresponding to
cuticle layer at root end 13-5 12.1 11.4 19.1 17.1 14.4
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Figure 3 . Average number of cuticle cell layers vs. distance from the scalp for hair of each of the six sub
jects. Solid lines were visually fitted to the data points

If we analyze the number of cuticle cell layers (C) vs. distance from the scalp (x) data 
(Table III), we find interesting similarities among the hairs from different subjects 
(Figure 3). These patterns are the net result of years of cuticle wear. If we assume that 
there can be something in common among them, the common factor does not appear 
to be the age of the specific sections of the hair at different distances from the scalp. If 
this were the case, we would expect that cuticle-wear patterns from different subjects 
could, if corrected for the different number of cuticle cell layers at the scalp level, fall 
approximately on top of each other. This, however, is not the case with our data. That is, 
it cuticle-wear patterns are displaced vertically so that the number of cuticle cell layers 
at the scalp level are arbitrarily made to coincide for all of the subjects, it can easily be 
seen, for example, that hairs that are 30 cm long have lost many more cuticle cell layers 
at their ends than 60-cm-long hairs at a distance of 30 cm from the scalp.
In thinking of ways of analyzing this data, we found that if the number of cuticle cell 
layers is plotted against the distance from the scalp (x) divided by the length of the hair 
(L) and if the curves are displaced vertically so that they all start with the same number 
of cuticle cell layers at the scalp, the similarity among wear patterns for different sub
jects becomes more apparent (Figure 4). We became interested at this point in deter
mining what type of relationship must exist between rates of cuticle wear and distance 
from the scalp in order to generate the apparent common cuticle-wear pattern observed 
in our data. For this purpose, we had to develop a mathematical model for cuticle wear. 
This was facilitated by fitting an empirical equation to the data from the six female 
subjects’ hair using a least-squares method with the aid of a computer. The curve fitting 
was done considering the data from the six subjects as belonging to the same popula
tion. The result was
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Figure 4. Average number of cuticle cell layers (corrected for the differences in the number of cuticle 
cell layers at the root end) vs. fractional distance from the scalp (f). Solid line is a graph of the empirical 
equation (shown in figure) statistically fitted to the data from all subjects

C = C„ -  1.7f -  4 .I f 2 HI

where C0 = number of cuticle cell layers at the scalp

L = observed length of the hairs

and 1.7 and 4.1 = empirical parameters.

E q u a t i o n  [ 1] ( s o l i d  l i n e ,  F i g u r e  4 )  f i ts  t h e  d a t a  t o  w i t h i n  a p p r o x i m a t e l y  ± 0 . 5  c u t i c l e  c e l l  

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

a v e r a g e  v a l u e s  s h o w n  in  T a b l e  I I I  a r i s i n g  f r o m  t h e  n a t u r a l  v a r i a b i l i t y  o f  t h i s  p a r a m e t e r  

f r o m  h a i r  t o  h a i r .  I t  s h o u l d  b e  e m p h a s i z e d  t h a t  t h i s  is o n l y  a n  e m p i r i c a l  e q u a t i o n  a n d  

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

At any specific time, not all of the hairs on a scalp are growing or are being subjected to 
cuticle wear at the same rate. Differences in rates of hair growth result from the different 
life cycles of the individual follicles. Variations in the instantaneous rates of cuticle wear 
result from the different position that each hair occupies on the scalp. Even more im
portant is the variation due to the intrinsically random nature of the wear phenomena of 
a large number of fibers constantly changing spatial distribution and configuration. 
However, at any specific time, for any one person, a value will exist for the average rate
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of growth of all of the fibers on the scalp and also for the average rate of cuticle wear at 
any distance from the scalp for all of the fibers. The analysis that follows was done by 
focusing on one hypothetical hair fiber which is assumed to be growing at the average 
rate and experiencing the average rate of cuticle wear of the large population of fibers 
to which it belongs. The cuticle-wear dynamics of this hair thus describes that of the 
parent hair population. The minimal amount of available data on rates of human hair 
growth as a function of the different stages of the follicle life cycles, hair length, etc., 
precludes a more detailed analysis that would take those factors into consideration.

If we consider the changes in C taking place simultaneously in an element (H) of this 
hypothetical hair located within the fixed distances of x and x +  Ax from the scalp, and 
assume that

a) the average rate of hair growth (for all fibers) is constant and
b) the average rate of cuticle loss (for all hairs) at any time t and distance from the 

scalp x can be treated as varying in a continuous fashion and corresponds to the time 
averages of all factors affecting cuticle wear,

we can derive the following differential equation describing the dynamics of cuticle 
wear (see Appendix for details).

( d c \ =  _  dC dx _
W / n dx dt Vdt /w

Net rate of change per unit time of number of cuticle cell layers C at 
time t, and distance x resulting from cuticle wear and hair growth.

Change in C along hair shaft (x) at time t and distance x.

Rate of hair growth.

Rate of change per unit time of number of cuticle cell layers C at 
time t, and distance x, resulting just from cuticle wear.

where —-dC
dt

dC
dx

dx
dt

dC
dt

Rate of Cuticle Wear at Different Positions Along Hair Shaft
The fitness of our data to equation 1 1] suggests that the C.W.P. for any of the subjects 
(corrected for C0) will have the same shape as would be observed for any other subject 
when the former's length coincides with the latter's at some time t. That is, for example, 
Subject l ’s C.W.P. would become like Subject 5’s when the former’s hair gets to be that 
long (see Figure 3). If this assumption is correct, it remains to be explained how, for 
example, the ends of Subject l's  hair could still retain 0.5 cuticle cell layers during the 
time that it would take to grow from 30 to 60 cm. An unlikely explanation would be that 
the ends were practically undamaged during that time. A more logical one, however, is 
that when the number of cuticle cell layers falls below a critical range ( < 1 .5 ) the cortex 
becomes so vulnerable to handling that that section of the hair eventually breaks off. 
This could explain why we rarely observed any significant length of hair without cuticle, 
even on hairs which were shorter than the average (perhaps trimmed) length of the bulk 
of the hairs.
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This argument is introduced into our analysis as follows: If Lc (critical length) is the 
length at which breakage begins to happen, we can write for L0 > Lc:

L„ =  L0 +  Ll (if L0 < Lc, then L0 = L J

where L0 =  observed length of hair (previously referred to as L)
Ll =  lost length of hair
L„ = natural length of hair if it did not break or was not cut 

and equation [ 1] can then be written

C = C0 -  1.7 f -  -  4.1 ^ 7  [3 ]
■L'O -^0

Equation [3] can then be used in conjunction with the differential equation [2] to 
analyze some aspects of cuticle-wear dynamics. Differentiating [3] with respect to time 
(x constant)

-  7 s- ( 1.7f +  8 .2 f 2) (where k0 = dL0/d t) [4]
i VNET 0̂

Differentiating with respect to x (L0 constant)

4 ^  = — (“  1.7 -  8 .2 f) [5]
dx L0

Substituting[4] and[5] in [2] and rearranging

-  = (kof “  kn) 8-2^  (where kn =  dx/dt = dLn/d t) [6]
\d t/w  L0

at the end of the hair f = 1 , hence

-  Cw , = (k0 -  k n) where Cw , = ^ 7  Ul
Qf w,(f= 11

Equation [7] predicts the length at which k„ will be zero ( i .e .} no apparent hair growth) 
for any CWli. For example, making k 0 = 0 in [7] we obtain:

L0 = 8 6 . cm for CWli = 0.004 for cuticle cell layers/day (C.C.L./day),
L0 = 58. cm for CWJ = 0 .0 0 6  C.C.L./day,
L0 =  43. cm for C w , =  0.008 C.C.L./day 

and L0 =  35. cm for Cw., =  0 .0 1  C.C.L./day.

What this means is that for any of the above pairs of L0, Cw , values the hair will 
not grow any longer unless the rate of cuticle wear (defined by the parameter CWil) is 
reduced. Minimizing cuticle wear is thus essential for growing long hair. Solving for 
k0 and substituting in [6] we have

'dC
dt

(1.7 +  8.2f ) k„(f -  1)
L„

C, (1.7 +  8 .2 f)f
9.9

[8 ]

Equation [8] gives values for (dC /d t)w as a function of f and L0 (which are known) and 
Cw , and K„ which were not measured in our study. Note that if for any subject the rates
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of hair growth kn and k„ were measured, equation [7] would give CW1, and [8] 
would then completely define the rate of cuticle wear at any distance from the scalp for 
that subject. In addition, any of the infinite number of damage vs. x curves generated by 
this equation for different values of k„ and Cw , will result in a C.W.P. pattern given 
by [3]. In other words, different rates of hair growth and cuticle wear could still produce
C.W.P. similar to the ones observed in our study as long as the cuticle wear vs. x pattern 
follows, or is very similar to, any of the curves predicted by [8], Different k„ and 
Cw., values will have the effect of influencing the development in time of C.W.P., but 
not its basic shape. In order to observe the form of [8], a set of values can be given to 
the parameters in fhis equation. An accepted average value for k„ is ~  0.035 cm/day. 
The order of magnitude of Cw , can be estimated with the data for two shorter hair fe
male subjects, 5 and 6. For Subjects 5 and 6, the tip ends of their hair (assuming that 
L„ = 30 cm) have lost an average of 6.2 — 0.8 = 5.4 cuticle cell layers (Table II) in t = 
30/0.035 days. That is, the average rate of cuticle loss was approximately 0.0063
C.C.L./day. Considering that it is likely that when the hair was much shorter the rate of 
cuticle damage at the hair ends was less than the average value, it is probable that 
CW1 is larger than 0.0063 C.C.L./day for the 30-cm-long hairs.
Figure 5, curves A, B and C, shows the hypothetical rate of cuticle wear versus x pattern 
predicted by [8] for hairs 30, 45 and 60 cm long respectively, k„ = 0.03, and Cw , = 
0.008. Curves D, E and F are similar curves calculated using Cw , = 0.006. An in-

.009

.008

.007

.006

.005

.004

.003

. 0 0 2

.0 0 1

.0
0 10 20 30 40 50 60

D I S T A N C E  F R O M  T H E  S C A L P  ( cm. )

F i g u r e  5 . Rates of cuticle wear vs. distance from the scalp calculated using equation 18] in text. Curves 
A, B and C were calculated using k„ (natural rate of hair growth) = 0.05 cm/day, and Cw , (rate of cuticle 
wear at tip end of hair) = 0.008 cuticle cell layers/day. For curves D, E and F, k„ =  0.03 cm/day and 
Cw , = 0.006 cuticle cell layers/day
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Figure 6. Combing loads vs. position of comb (measured in cm from root end) on dry hair swatches 
10.(A), 20.(B) and 30.(C) cm long. In looking at the graph, the comb should be considered to have been 
moving from left to right

teresting characteristic of the curves predicted by [8] is that the rate of cuticle damage 
is always greater toward the tip ends of the hair, increasing in some cases almost linearly 
with x. Also, at any fixed distance from the scalp, the longer the hair the lower the rate 
of damage. This pattern of damage vs. distance from the scalp excludes the age of the 
hair per se as a major factor in cuticle wear, and points instead at a source of damage that 
is related for any one segment of hair to the position (distance from the scalp) of that 
segment relative to the total length of the hair. The type of damage that is produced dur
ing combing appears to fulfill these requirements.

Combing curves recorded in our laboratory with an instrument which allows us to 
measure the forces encountered by a comb as it moves through a swatch of hair can be 
seen in Figures 6 and 7 (19). Figure 6 shows such curves for dry hair swatches tangled 
prior to combing (conditioned and measured at 65 per cent R.H., 70°F); the swatches 
were of increasing lengths (curve A == 10 cm, curve B = 20 cm, curve C ~  30 cm). 
Figure 7 shows the corresponding curves for the same swatches (also tangled prior to 
combing) recorded while wet. These curves are plots of the loads (forces) encountered 
by the comb, against its position along the length of the swatch. In Figures 6 and 7 the 
comb was moving from left to right.
The recorded combing forces are the sum of all the frictional forces generated at each 
hair-to-hair and hair-to-comb point of contact by the moving comb. Frictional forces 
between two sliding surfaces always produce some surface damage, and A. C. Brown and 
J. A. Swift (16) have convincingly demonstrated the extensive amount of cuticle damage 
that can be produced during combing, especially when there is some degree of hair 
tangling (18). Higher combing forces values are the result of more points of contact 
and/or higher normal loads at each contact point, and can be expected to produce 
higher levels of surface damage. Cuticle wear during combing should thus be directly 
related to the magnitude of the combing forces. If combing damage is a major factor in
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Figure 7. Combing loads vs. position of comb (measured in cm from root end) on wet hair swatches 
10.(A), 20.(B), and 30.(C) cm long. In looking at the graph, the comb should be considered to have been 
moving from left to right

cuticle wear, there should be some similarity between the shape of the combing curves 
(especially the ones for wet hair because hair is then mechanically weaker and more 
susceptible to damage) and the rate of cuticle wear vs. x hypothetical curves predicted by 
equation [8], This can be observed to be the case by comparing Figures 6  and 7 with 
Figure 5. Practically all of the numerous combing curves which we have observed are 
characterized by initial low combing forces which, on the average, increase as the comb 
moves towards the tip end of the hair bundles. Even more important is the fact that as 
the hair gets longer (Figures 6  and 7) combing forces continue to be large closer to the 
tip ends and diminish near the root ends. This is precisely the general shape of the curves 
that can be plotted using expression [8] (Figure 5). It can therefore be concluded that 
the frictional forces vs. distance from the scalp pattern characteristic of combing is very 
likely a major factor in generating C.W.P. of the shape we have observed.

Another source of damage that should be given serious consideration and which, on 
first sight, appears likely to contribute to the generation of C.W.P. similar to ones ob
served is exposure to the sun. R. Beyak et a l . have shown that a correlation exists be
tween the amount of radiation and the mechanical weakening of hair fibers as measured 
by yield forces at 15 per cent elongation (20). Interestingly, these results show the 
changes in tensile properties increasing exponentially with increased amounts of radia
tion. If it is assumed that some weakening of the cuticle is occurring concurrently with 
the weakening of the fiber as a whole, that such weakening is also accelerated by in
creased exposure and that weakening leads to cuticle loss, simple exposure to the sun 
could, in principle, produce C.W.P. such as those observed. However, the evolution in 
time of C.W.P. produces an increase in C at any distance x as the hair grows longer. In
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other words, the rate of cuticle damage at any fixed distance x decreases as the hair 
length increases. This could only occur if sun exposure is gradually reduced as the hair 
gets longer. Although this situation could occasionally happen in reality, as a general 
explanation it is arbitrary. Sun damage, however, is a very real effect experienced by 
beach attendants during the summer and which continues during the rest of the year to a 
degree depending on sun exposure. Its manifestations, i.e., split-end formation, dull, 
coarse looking hair, indicates that sun radiation produces and/or accelerates cuticle 
damage. It can be concluded that although sun damage by itself does not appear likely 
to generate C.W.P. such as the ones observed, it must contribute to it. Its main role in 
cuticle wear is probably that of increasing the amount of damage produced by combing 
(or brushing).
Still another source of damage which could contribute to the generation of C.W.P. 
of the observed shape is setting the hair in rollers. Although we do not believe that this 
operation is nearly as damaging as combing, any damage produced by it is likely to be 
concentrated at the ends of the hair, as is the case in combing. This will occur because 
(a) the hair ends will be in direct contact with the potentially damaging surface of some 
roller types, (b) hair ends can easily be sharply bent and twisted when hair is wrapped 
around rollers and (c) the radius of curvature increases as we move away from the ends 
of hair wrapped around a roller, i.e., the degree of bending increases towards the end.

Observed Rates of Hair Growth
It was previously mentioned that it appears likely that beyond a certain length, a 
cuticle-loss, hair-breakage mechanism becomes operative. A direct result of this would 
be that hair will appear to grow at a rate less than the natural rate of hair growth out of 
the scalp. Mathematically, this situation can be described as follows. Equation [7] can 
be written

i _  dL0 _  k _ Cw.i L„

° “  dt " 9.9

and integrating, assuming that k„ is constant we have

= _T9_
C . ,

CW.1([+A)~
k -  e 191

A is an integration constant which should be evaluated considering that 19] is only valid 
for t > tc where tc (critical time) is the time at which the hair breakage due to cuticle- 
loss mechanism starts to operate. We can then write:

for t < tc L0 — k„t
Cw i([c + AI

9.9
K  -  e

v-W.l
and for t > tc L0 is given by [9]

Solving for A in [10] we have:

[tc + 9'9 In

i----J
iss

•u
1

ĉW.l \ 9-9 /J

for t = tr L„ = kntr = - P - [1 0 ]

A = - (where Lc = k„tc) [1 1 1
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TIME (DAYS)
Figure 8 . Calculated observed (L0) length of hair vs. time predicted by the equation [12] shown in 
figure for three different values of Cw ,

Substituting! 1 1 ] in[9] we obtain

L„ = k„9.9
1 -  1

C w. 11 c \
9.9 J C

CW. 1 ,J 
9.9 (where t' t , )  [ 12]

Equation [ 1 2 ] describes the effect of k„ and Cw , on L0 (observed length) with time. 
Figure 8  shows the effect of time on L0 predicted by [ 1 2 ] for kn = 0.035 cm/day and 
three different values of Cw ,. The curves were calculated assuming Lc equal to 3 5  cm 
(tc = 1 0 0 0  days).

Effect 0} Hair Cutting on Cuticle- Wear Patterns
Our analysis so far has been based on the fact that the subjects participating in our study 
had not cut their hair for at least three to four years prior to the experiment (with the 
exception of perhaps occasional trimming to remove split ends). It is of interest to con
sider what would happen in cases that differ from the above situation.
In the first place, let us consider the case in which hair that has been allowed to grow 
freely up to a certain length L0 is then kept at that length by its owner through frequent 
cuttings. For a hair of length L0, the rate of damage at any x will be given by [8 ] for the 
correct values of Cw , and k„. If kn does not change and Cw ,,is not significantly 
changed by any changes in hair treatment and handling habits, the form of [8 ] will not 
change. For such a hair prior to cutting, the number of C.C.L. at any distance from the 
scalp was continuously increasing as the hair grew longer. This occurred because the rate 
of supply of hair with a larger number of C.C.L. (given by the first term on the right of
[2] was bigger than (dC/dt)w at any x. After cutting, however, this increase in the 
number of C.C.L. will continue only until in[2 ]
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dC
dx

d x 
dt

dC
dt : i3]

which will eventually occur due to the decrease in (dC/dx) produced by a positive 
(dC /d t)NET at any x. At this point, a steady state is achieved and the C.W.P. will not 
change with time. Steady state cuticle-wear patterns can be calculated for any value of 
k„ and Cw ,, by means of [ 13]. Thus, combining [ 13] with [8]

dC = (1.7 +  8 ,2f)(f -  1 ) 
dx L„

C,
9.9 k „

(1.7 +  8 .2 f)f

and integrating (for constant L0) 

C =  C„ -  1 .7f 3.2 +  0.1 f2 + 2 . 8  -  0 . 3
C I^W.l ^ 0 [14]

Figure 9 shows two steady state cuticle-wear patterns for k n = 0.035 cm/day, L0 =  6 0  

cm, C„ =  6  C.C.L. and Cw , = 0 .0 0 2  and 0.004 C.C.L./day, compared to the normal
C.W.P. of a growing hair. It illustrates the interesting result that hair kept at a constant 
length by cutting will be in better condition than would be that same hair arriving at the 
same length by growing freely.
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Figure 9 . Curve A: cuticle-wear pattern of 60-cm-long hair that has arrived at this length by growing 
freely. Curve B: steady state cuticle-wear pattern for hair kept at a length of 60 .cm by frequent cutting, 
calculated using equation [ 14] in text. C„.i = 0.004 C.C.L./day. Curve C: same as Curve B but (A.i =  0.002 
C.C.L./day
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CONCLUSIONS
1. Determining the number of cuticle cell layers at different positions along the hair 

shaft by means of Scanning (or Transmission) Electron Microscopy is a good method 
for quantitating and analyzing the degree and type of wear that hair has been sub
jected to. We believe that this approach will prove more productive than previous 
ones which have been based on the qualitative description of observations of changes 
in the appearance of the outermost cuticle cell layers along the hair shaft.

2. Although well aware that the number of subjects included in our study was very 
small, the similarity of the cuticle-wear patterns among subjects and the fact that all 
of the data can be reasonably well superimposed by plotting the number of cuticle 
cell layers versus the fractional distance from the scalp suggest that, under normal 
wear conditions, there is a common, general pattern for cuticle wear in human hair. 
An empirical equation describing this pattern was presented.

3. An expression for the rate of cuticle wear versus distance from the scalp, which would 
generate the type of cuticle-wear patterns shown by our data, was mathematically de
rived. This expression excludes age per se as a major factor in cuticle wear and points 
instead to a source of hair surface wear which accelerates as we move closer to the 
hair ends. An analysis of combing curves shows that the type of damage known to be 
produced by combing (or brushing) can very well be responsible for the shape of 
cuticle-wear patterns that our data reveals.

4. The rate of cuticle wear vs. x function [8 ] will have a different shape depending on the 
value of its parameters k„ and Cw Any member of this family of curves will, 
however, satisfy the differential equation [2 ] thus producing a C.W.P. described by
[3]. It is therefore possible to have different rates of damage vs. x patterns for different 
subjects and still end up with C.W.P. which have the same shape.

5. Our data shows that, at any common distance from the scalp x, the state of preserva
tion of the cuticle is better for a long-hair subject than for a short-hair one.

6 . As the cuticle wears during hair growth, the cortex appears to gradually expand, 
reaching an expansion of the order of 15 per cent in its cross-sectional area as we ap
proach the tip ends.

7. It was found reasonable to assume that beyond a certain length, which we refer to as 
the critical length (Lc), human hair will appear to be growing slower due to a 
cuticle-loss-fracture mechanism. If the hair is cut, it will then appear to be growing 
faster. This apparent faster growth will continue until a new Lc is reached.

8 . Hair that is kept at a constant length will be in better condition in regard to its cuticle 
than hair of the same length which is growing freely.

9. Last, but most important, the care with which hair is treated and handled directly 
affects the maximum length that it can attain. The use of products which reduce 
combing damage should effectively enable a person to grow longer hair. Faster rates 
of hair growth, more cuticle cell layers on the hair at the follicle and longer follicle 
growth cycles will also contribute to increasing the maximum attainable length.

The authors are well aware that the number of subjects participating in our study was 
relatively small. Our assumptions and results should therefore be tested further by 
gathering more extensive data of the type presented in this paper. It is hoped, however, 
that our conclusions, some of the questions they pose, and the mathematical tools pro
posed for their analysis will stimulate additional research on the subject of cuticle wear 
and, what is even more important, on its prevention.
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Figure 10 . Flow diagram of cuticle into and out of a hypothetical hair element H located within the fixed 
distances of x and x +  Ax from the scalp

APPENDIX

Let H be an element of a hypothetical hair located within the fixed distances of x and 
x +  Ax from the scalp (Figure 10). Let C' (proportional to C) stand for mass of cuticle 
(in grams). Let [C' ] be the concentration of cuticle, expressed as mass of cuticle per unit 
volume of hair. Assume that (a) the average rate of hair growth (for all fibers) is constant 
and (b) the average rate of cuticle loss (for all hairs) at any time t and distance from the 
scalp x can be treated as varying in a continuous fashion, and corresponds to the time 
averages of all factors affecting cuticle wear. Then, during a time interval At, the follow
ing changes in C' will be taking place:

Change in C' per unit time due to 
cuticle entering H through boundary 
A due to hair growth (Flow (T) Figure 10)

where [C'h] =  Average concentration (during At) of C ' in element h (adjacent to H) 
which moves into position H during At 

A =  Cross-sectional area of hair (assumed constant)
Ax = Length of elements h and H 

G.I. = Stands for growth of hair into H

If At approaches 0 (i .e ., dt) and Ax approaches 0 ( r e . ,  dx), then [Cf] approaches 
[C(] (i .e ., concentration of C' at x), and the above expression becomes

AC
At = [C'h]

Ax
At

[q-A-| [15]

In the same manner:

Change in C' per unit time due to Ta c '
cuticle leaving H through boundary -  h rB due to hair growth (Flow @  Figure 10)

As before, if At —̂ 0  and Ax —* 0  then [C'H] “ * [C(X+dx>], and:

(£Lc ^ - a'dx
dt

[Q j-A - Ax
At

[ 16]
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where G.O. stands for growth of hair out of H. The change in C' within H due to cuticle 
wear can be expressed as

Change in C' per unit time due to 
cuticle leaving H due to wear 
(Flow (|) Figure 10)

where W stands for wear. The net change in C' within H per unit time can then be ex
pressed as:

AC'
At

(dC
dt

[17]

(D - [ © + © ]

or

'dC\ = f d c \
/ NET \ 4t / G ,

dC \ + fd &
dt / G.O. \ dt / w

Substituting [ 15] and [16] in [18] we have:

( f L
noting that

[©] = x k l7 ’[C^ ) ]  =A • dx ’ L' ' <x+dx,J
_ Q

A • dx
19] becomes

dC'\ _  C; C?»+d«). dx _ / dC 
dt / MFT dx dt \ dt

or

\ dC (à£L )
/NET 4x dt \ dt / wdt

C' is (to a good approximation) proportional to C; therefore, dC' = KdC hence

—  -  -
dÇ. dx

\ d t / NET dx ’ dk " —
V dt / w

: is]

[19]

which is equation [2 ] in the text of the paper.
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Synopsis

A new DIRECT FLUOROMETRIC method allows the MEASUREMENT of ENZYME ACTIVITY on the 
INTACT SKIN of various body surfaces. This permits normal physiological parameters to operate on the 
system studied. The pentose phosphate pathway (Entner-Doudoroff), previously shown to operate in the 
epidermis, provides several enzymes which are used here to assess and compare various dermatological con
ditions. Glucose-6-phosphate dehydrogenase and lactic dehydrogenase are measured by fluorometric de
termination of changes in NADPH and NADH. Other enzymes of the Embden Myerhoff and Krebs cycles 
are measured directly or indirectly by this method. Various COSMETIC base ingredients and compounded 
formulations were studied to determine their EFFECTS on epidermal metabolism. Enzyme action was 
recorded as increased, decreased or not affected. This new method is simple and relatively inexpensive, and 
allows extremely wide applications.

INTRODUCTION

The need for new methods to study the biochemistry of the epidermis in situ is becom
ing more apparent. Methods involving extrapolation from animal models are not al
ways applicable to the human epidermis because of species differences. Excised skin 
from human volunteers has certain inherent drawbacks including pain, disfigurement 
and the problem of an isolated specimen removed from its normal milieu. The use of 
an in vivo and in situ method would obviate many of these problems. This paper 
describes such a method.
The skin is the largest body organ, representing approximately one-sixth of the body 
weight. Far from being a mere barrier to the internal and external environment, the 
skin is proving to be a dynamic organ with a profound effect on the internal me
tabolism. A review of the extensive literature on the metabolic functions of the epi
dermis reveals carbohydrate metabolism to be unique (1-4). For this reason we chose 
epidermal carbohydrate metabolism as our biochemical system. Previous studies have 
demonstrated enzyme activity in histochemical sections (5, 6 ), cell homogenates (7) 
and epidermal stripping (8 ). These experiments have been both comprehensive and

177
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elegant with conclusive demonstration of enzyme activity in the upper layers of the 
epidermis. Recently Schalla et al. (9) demonstrated enzyme activity in the intact epi
dermis by perfusion of a glass chamber attached to the surface of the skin in situ. Their 
measurements were recorded as a change in absorbance of the perfusate in a flow
through spectrophotometer.
Early studies by Chance et al. (10) have shown that fluorescence changes can be de
tected in the intact organ and that these changes reflect a state of oxidation-reduction 
within the organ cells. This study and prior studies by Chance et al. (1 1 ) indicate that 
tissue irradiated at 366 n- emitted fluorescence characteristic of the reduced pyridine 
nucleotides. The preponderance of nucleotide fluorescence in the tissues precludes the 
measurement of other cellular fluorophores with similar fluorescence characteristics. It 
was further concluded that the assay of reduced pyridine nucleotides is insensitive to 
the state of oxygenation of hemoglobin and thus this system can be used to follow oxi
dation-reduction ratios in anoxic states. Based on these previous studies, we designed a 
system that would measure fluorescence changes of the pyridine nucleotides involved 
in carbohydrate metabolism in the epidermis.

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

THE FLUOROMETER

Our system employs a sensitive fluorometer that measures the change in fluorescence 
of nicotinamide adenine dinucleotide (NAD) or nicotinamide adenine dinucleotide 
phosphate (NADP) when they are in the reduced state, NADH or NADPH, respec
tively. Excitation is at 340 to 365 nm and emission is at 460 nm. In oxidized form 
(NAD or NAPD) they are not fluorescent. The emission intensity is directly propor
tional to the amount of reduced nucleotide. Measurements of changes in fluorescence, 
either increased or decreased, can be utilized with this system. Our instrument em
ployed the electronic components of the Metabolite Fluorometer E704, designed and 
built at the Johnson Foundation of the University of Pennsylvania. Essentially, this 
instrument employs a GEF4T4 Germicidal UV lamp with a E062 socket. The ul
traviolet light from this source is filtered through a Corning No. 5840 filter or Wratten 
18A Kodak filter. The visible emitted light is detected by a photomultiplier tube 
(PMT) EM19524B (supplied by EMI Gencom Inc., 80 Express Street, Plainview, New 
York). Ultraviolet light is filtered out by inserting a UV filter 2B (Kodak) or a Corning 
No. 3389 filter at the face of the PMT. Power supply to the PMT is provided by a 
Model 6515 A DC Power Supply from Hewlett Packard. The recorder is a Honeywell 
Electronik 19 with 100 mv sensitivity, usually set at a speed of 0.5 in./min. The 
amplifier and output circuit diagram for the E704 is available from Johnson Founda
tion, University of Pennsylvania, Philadelphia, Pennsylvania.
For our instrument, we designed the metabolite chamber and detection systems to 
allow direct measurement on the skin as follows (Figure 1). An aluminum block (D) 
was machined to allow insertion of the ultraviolet light source (E) and photomultiplier 
(F) with respective filters (G and H) at an angle of 22.5° from the perpendicular. The 
bottom of the block was machined to accommodate a closure mechanism (B) and a 
reaction chamber (A). The slide closure mechanism (C) and the reaction chamber are 
of stainless steel. By closing the reaction chamber, in vitro enzymatic reactions can be
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Figure 1. Design of instrument for direct measurement of enzymes on skin

conducted to calibrate the instrument. The closure also protects the PMT when the 
instrument is being moved or adjusted on the subject’s skin. Provision to introduce 
reactants onto the skin is accomplished by holes (N) drilled at 22.5° through the block 
to accommodate 2 2 -gauge needles.
All enzyme substrates and control enzymes used in this study were purchased from 
Sigma Chemical Company. Reagents were analytical grade.

CALIBRATION OF THE INSTRUMENT

The instrument was calibrated to give a full-scale deflection with 1 millimicromole 
(juM) of NADPH when added in 0.1-ml volume to 2 ml of reaction media. After the 
instrument is allowed to warm up, 2  ml of distilled water is added to the reaction 
chamber and the base line is allowed to stabilize. NADPH is then added and adjust
ments made to allow maximum sensitivity of 1 /xM for a full-scale deflection. This is
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Table I
Concentration of Reactants

Enzyme Reactants

1. Glucose-6-Phosphate Dehydrogenase 5.8 x 10_,,'M glucose-6-phosphate in 
0.063M, Tris MgCl, 0.1M pH 7.4, 
NADP 1 mg/5 ml

2. Isocitric Dehydrogenase Isocitrate 3 x 1CTJM Manganese CL 
O.lMMnCL in NAC1 0.15 per cent, Tris 
buffer 0.063M pH 7.5, NADP 1 mg/ml

3. Lactic Dehydrogenase Pyruvate Na 2 X 10~5M, Phosphate buffer 
0.05M pH 8.5, NADH, 0.5 mg/ml

4. Uridine 5-diphospho-glucose dehydrogenase UDPG6.28 x 10~5M Phosphate buffer 
0.05M pH 7.0, NAD 1 mg/ml

generally a much greater sensitivity than needed for most measurements. We found 
many kinetic measurements could be made at a sensitivity of 2 0  to 60 gM full scale.
After sensitivity is established, the chamber is thoroughly cleansed with distilled water. 
The instrument is then ready for an in vitro assessment of the conditions necessary. In 
the case of glucose-6 -phosphate dehydrogenase, we used the following concentrations 
and quantities: glucose-6 -phosphate, 5.8 X 10~3M, in tris buffer with MgCl2 at pH 
7.4; glucose-6 -phosphate dehydrogenase from Bakers Yeast (Sigma #G-6378), 0.05 
unit in distilled water; and NADP, 0.04 mg/ml. The coenzyme, NADP, is added incre
mentally by 0.1-ml aliquots (0.004 mg) until a maximum velocity (Vmax) is obtained. (The 
absorption of this reaction mixture without added enzyme is 0.01). Measurements of skin 
reactions are taken as rates rather than Vmax and the yeast enzyme is not used as an internal 
standard. Measurements are made at 1-min intervals for a total of 5 to 2 0  min.
The instrument is calibrated each time a new enzyme system is studied. Before the in 
vivo measurements are made, the chamber is thoroughly cleansed and an additional ali
quot of substrate and cofactor is added to ensure that no residual enzyme remains

Table II
Summary of Enzyme Activity*

Subject Sex Age G-6-PD LDH** ICD UGDPD

1. L.M. F 20 2.0 0.5 0.5
2. M.R. F 20 1.6 8.0
3. M.H. F 20 0.9 0.1 2.7 3.0
4. G.G. F 20 1.0 0.7
5. J.P. F 45 2.9 3.5 1.5 2.0
6 . T.A. M 31 1.0 3.2
7. S.S. F 41 2.1 7.1
8 . P.P. M 49 2.4 5.0 0.5
9. M.S. M 36 1.9 2.7

10. S.G. F 31 1.5 2.5
11. B.B. M 22 1.2 3.0 3.4
12. J.C. F 37 1.9 1.4

‘Calculated in /zM/min cm2.
“ Random group of people studied without regard to fasting or nonfasting states. Note marked variations in 
LDH activity.
Values represent an average of three determinations on the dorsal surface of the forearm. Reproducibility 
±0.4iuM/min/cm2.
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n = 6 n = 6
x = 1.98 3c = 3.75

c 0.995 = 3.11

Figure 2. Epidermal glucose-6-phosphate activity in normal subjects and subjects with active psoriasis

within the chamber. The system, after cleansing again with distilled water, is ready for 
in vivo measurements. Enzyme activity was calculated in /¿M/min/crro (milli- 
micromoles per minute per square centimeter of skin surface). This is equivalent to 
mU/min/cm2 (miliunits per minute per square centimeter) which is the method used by 
Schalla et al. (9). The concentration of the reactants used in these experiments is 
given in Table I.
The results of the glucose-6 -phosphate dehydrogenase activity measurement on six 
normal subjects and six subjects with psoriasis are presented in Figure 2. Table II sum
marizes the activity of the enzymes measured on 12 normal subjects. Activities are 
recorded for the dorsal surface of the forearm as considerable variation is noted in 
enzyme activity from different areas of the body (see Table III). We were unable to
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Table III
Comparison of G-6-PD Activity on Various Parts of the Body

Site Normal

G-6-PD Activity*

Psoriasis

Arm: palmar surface 2.2 3.9
Arm: dorsal surface 1.5 3.5
Calf 0.6 1.0
Thigh — —
Lower back — —

‘Averages calculated in ¡J.M NAPDH/3min/cm2.
Six normal subjects.
Six subjects with psoriasis.
Average of 3 measurements per area, per patient. Reproducibility ±0.6 pM.

get consistent measurements of isocitric dehydrogenase in normal subjects and not at 
all in individuals with active psoriasis.

S T U D IE S  W I T H  C O S M E T IC  R A W  M A T E R IA L S

Using the values obtained in Table II as a base line, we studied the effects of certain 
common cosmetic ingredients on the enzyme activity of the epidermis. The dorsal sur
face of the forearm was used throughout the study. The test material was placed on the 
test site after a base line enzyme activity was obtained; care was exercised to place the 
material in a preselected area of 3.8 cm2. Subject had been instructed not to wash arm 
for 24 hr prior to the test. Material was placed on the test site with a microliter syringe 
delivering 10 p.1, followed by gentle rubbing into the epidermis. Repeat enzyme de
terminations were made 4 hr later. Anoxic states were induced by applying a standard
1-in.-wide rubber tourniquet for 3 min above the elbow. Table IV summarizes the 
results reported as an increase or decrease of enzyme activity over the control rate.

D IS C U S S IO N  O F  R E S U L T S

There is an immediate question of what is really being measured in these studies. It is 
believed by the author that we are actually measuring the oxidation-reduction state of

Table IV
Effect of Various Cosmetic Agents on the Reaction of Two Enzymes in Normal Subjects*

Agent G-6-PD
G-6-PD 

Anoxic state LDH
LDH

Anoxic state

Mineral oil (70 vise.) -8 0 No effect -> 8 0 No effect
Lanolin alcohol - 1 0  to - 2 0 + 50 + 50 + >80
Isopropyl palmitate - 1 0  to - 2 0 + 50 + 50 + >80
**Bath oil - 1 0  to - 2 0 + 50 + 50 + >80
Lactic acid/sodium lactate -9 0 No effect + >100 + > 100
***Sodium lauryl ether sulfate - > 1 0 0 Inhibited Not studied Not studied

“Activity expressed as % increase ( +) or decrease ( —) over control rate.
^Experimental bath oil containing no isopropyl myristate, isopropyl palmitate, or mineral oil.
***The skin was tested 4 hr after application of 10 /¿I of the agents used, with the exception of the sodium 
lauryl ether sulfate, which was tested after 0.5 hr.
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the pyridine nucleotides in the first few layers of the epidermis, probably in the upper 
granular layer. It was shown by Schalla et al. (9) in studies carried out with C14 labelled 
NAD that less than 1 per cent of the NAD crossed the cell wall ( lCT11 mol/mg), com
pared to 10- 7  mol/mg of hydrogen. It is obvious therefore that the hydrogen ion is the 
actively moving ion that causes the change in fluorescence.
The question of bacteria activity can be raised also as a source of fluorescence. The 
studies of Marples (13) on skin flora indicate a figure of 1.05 million bacteria per m2 

on the forearm. Our own values on the 12 subjects used in the study yield an average 
value of 1 0 . 6  colonies over 1 2 0  cm2 area for the unwashed arm and a value of 1 .1  

colonies per 120 cm2 for the water-washed arm. Since less than 4 cm2 were used in the 
study, the bacteria effect may be discounted. Finally, the question of absorbancy of 
liquids from the chamber by the epidermis may fairly well be ruled out by the studies 
of Scheuplein (14) on percutaneous absorption. The changes observed in this study are 
almost instantaneous and precluded diffusional rates mechanisms.
While the enzyme rates reported in this study are far below those reported for cell-free 
extracts and whole-cell suspensions, they represent an entirely different class of 
enzyme kinetics. Possibly they follow the kinetics outlined by Blum and Jender (15) 
and by O’Sullivan (16) which deal with geometrically constrained enzyme systems and 
slowly diffusing substrates. Since we were unable to calculate an actual Km value for 
glucose-6 -phosphate dehydrogenase, we calculated an “apparent KM" of 2.9 X 10' 4 

for the conditions used.
One very interesting observation on several patients with psoriasis was the unexpected 
increase in fluorescence in the presence of partial epidermal anoxia induced by local

----SUBJECT B (PSORIASIS) POSTPRANDIAL- 2 HOURS
Figure 3- Comparison of effect of partial anoxia in normal individuals and individuals with psoriasis
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venous occlusion. Partial anoxia causes a decrease in fluorescence in the normal indi
vidual. This is seen in Figure 3- At present, we have no explanation for this 
phenomenom. It is found only in patients with active psoriasis and quickly returns to 
normal when the skin is treated with steroids, or exposed to sunlight for 4 to 6  hr. The ef
fect appears to be related to the severity of the disease, though we have observed it in indi
viduals who have inactive psoriasis and are not under treatment of any type.
A great deal of additional work needs to be done on this system before it will become a 
routine procedure. The ease of performing the test, the lack of epidermal invasion, and 
the use of human subjects should make the procedure generally applicable for the 
study of epidermal effects of applied agents.

C O N C L U S IO N S

1 . A new in vivo and in situ method for studying epidermal biochemistry has been out
lined.

2. The method is reproducible and correlates with similar methods—that is—-perfu
sion and stripping techniques.

3. Classical Michaels-Menten kinetics do not appear to hold for this technique. Precise 
kinetic studies are needed.

4. Applications appear almost limitless, since the epidermis is accessible and the 
method adaptable to any reaction in which fluorescence or absorption changes can 
be measured.
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1 9 7 8  A N N U A L  S C I E N T I F I C  M E E T I N G  

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

Prospective authors are asked to submit abstracts o f  
papers o f  200 words or less im m ed ia te ly  for the 1978 Annual 
Scientific M eeting o f  the Society o f  Cosmetic Chemists to be 
held N ovem ber 30th and D ecem ber 1st, at The Waldorf- 
Astoria in N ew  York City.

The Program Co-Chairmen, Robert Raymond and Dr. 
Peter Sgaramella, have issued a Call for Papers; the subject for 
the papers is open. All abstracts o f  papers should be sent to 
either the Program Co-Chairmen or the SCC office at: Society 
o f Cosmetic Chemists, 50 East 41st Street, N ew  York, N Y  
10017.

The Society o f Cosm etic Chemists Award sponsored by 
Perry Brothers, D ivision o f  Mallinckrodt, will be awarded to 
the best paper presented at the Annual Scientific M eeting. The 
award will be $1,000. In addition, if the special panel choosing  
the awardee feels that other papers are deserving o f  special 
recognition, they may, at their discretion and with the approval 
o f the Board o f  Directors o f  the Society, present one or two 
additional awards o f  $500  each to papers designated as 
Honorable M entions.

To be considered for the awards, all papers must be 
submitted to the award com m ittee in manuscript form at least 4 
weeks prior to the actual presentation. N ovem ber 1st is the 
deadline for the 1978 Annual M eeting. The award com m ittee 
will consider relevance to our industry, originality and 
presentation in choosing an awardee.
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