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W E CAN 
H ELP  YOU G ET

She's a swinger. A dreamer. A little "mad”. A little "mod”. She's every 
father's teen-age daughter...Crazy for make-up, perfumes, colognes, 
hair preparations, body lotions — anything that'll bring on the boys. □ 

She stands for a dollar market that staggers 
the imagination. And promises to get bigger. 
She's a cosmetic company's dream. □ If you 

I - _  _  - wanther, talk to us Creating orig.nal saleable fragrances has been Givaudan'sbusi-
I—11 I—  L J  I ness for over 80 years. And we've got the success stories to prove it! □  If you want

to take on the teen market, talk to a man at Givaudan. He knows how!

G i V A U D A K
GIVAUDAN CORPORATION. 100 DELAWANNA AVE . CLIFTON. N J. 07014 • ASSOCIATED COMPANIES: ARGENTINA • AUSTRALIA • BRAZIL • CANAD/ 
COLOMBIA ENGLAND • FRANCE W GERMANY ■ HONG KONG • ITALY • JAPAN MEXICO • REPUBLIC OF SOUTH AFRICA • SPAIN • SWlTZERLANt



>r cold wave lotions id depilatories use
vans

made from uniform and 
high quality vacuum distilled 
THIOGLYCOLIC ACID...
EVANS THIOGLYCOLATES can help you obtain 
three important advantages for your cold permanent 
wave and depilatory formulations: (1) uniformity,
(2) purity, (3) high quality. Get additional information 
from EVANS technical service specialists in the 
field of hair chemistry.

EVANS SPECIALIZES IN COMPOUNDS FOR 
COLD WAVE LOTIONS (PERMS)

Emulsifier K-700—a lanolin clouding agent 
for PERMS containing wetting agents and 
conditioning oils.
PERM Neutralizers
1. Neutralizer powder K-140 will produce a 

rich creamy viscous penetrating neutra
lizer with hair conditioning action when 
mixed with water.

2. Neutralizer powder K-938 is similar to neu
tralizer powder K-140 except it will be 
non-viscous instead of viscous.

3. Neutralizer K-126 a powder packed in foil 
envelopes. Each envelope when mixed

with four ounces of water will produce a 
viscous on-thê rod neutralizer.

4. High Speed Neutralizer containing sodium 
perborate monohydrate as the active in
gredient is available either in foil enve
lopes or bulk powder.

Neutralizer Boosters
1. Booster K-124 when mixed with sodium 

bromate and water will give a viscous 
PERM neutralizer.

2. Booster K-527 when mixed with sodium 
bromate and water will give a non-viscous 
PERM neutralizer.

EVANS SPECIALIZES IN COMPOUNDS FOR
DEPILATORIES

Evanol—a specially blended compound for use as a stabilized 
cream base or aerosol base.

Write for samples and data sheets: :W

H e  m e n i rvc.
r a x

1 5  f l . f l .

a i a  < v t - .S t fT

90 Tokeneke Road, Darien, Connecticut 06820 
Phone: 203-655-8741 • Cable: EVANSCHEM • TWX: 710-457-3356
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DOUBLE 
YOUR MARKET

I THIOCHEMICALS! THIOGLYCOLATES
for hair waving or straightening formulations AMMONIUM and 
MONOETHANOLAMINE THIOGLYCOLATES
•  Highest Quality •  Easy to Formulate •  Safe to Use
•  Best performance record

Other Halby products for the cosmetic and pharmaceutical industries: 
Dilauryl-and Distearyl- Thiodipropionates; Thiodipropionic Acid.

H A L B Y  D I V I S I O N
ARGUS CHEMICAL CORPORATION

SU B SID IA R Y  OF W ITCO CH EM ICA L CORPORATION
600 Terminal Ave., New Castle, Del. 19720 

(302) 658-5428





lies in the unerring simplicity of its design.
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1 + 1 + 1

IT'S NL'S NEW FORMULA FOR ONE GREAT SOURCE
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FOR FOUR GREAT PRODUCT LINES THAT SERVE 
THE CHEMICAL INDUSTRY.

N L Industries has put four of its 
chemical product lines in one flask.
A flask that’s become the symbol of N L's 
new Industrial Chemicals Division.

It’s a Division that combines the 
traditional, high quality product lines from 
N L’s Pigments & Chemicals Division,
The Baker Castor Oil Company, De Lore 
Products, and non-oll-field-products 
of the Baroid Division.

Our new Industrial Chemicals Division 
Is designed to give you one dependable 
source for a wide range of quality products 
to meet your needs.

To find out more about our Division, 
write: Industrial Chemicals INDUSTRIAL 
Division, N L Industries, Inc.,CHEMICALS 
Wyckoff Mills Road, Hights- 
town, New Jersey 08520.
O rcall us at 609/488-3200.

INDUSTRIES

Products of N L’s Industrial Chemicals Division others highly specialized. Those listed here are 
serve a broad range of requirements within the representative of the quality products available 
chemical processing industry. Some are basic, from the Industrial Chemicals Division.

CASTOR OIL
AA
CRYSTAL-0
DB
COATINGS RESINS
CASTUNG
FLAME RETARDANTS
O N COR23A  
ONCOR75 RA 
ONCOR75 RAZ 
INTERMEDIATES 
CASTUNG  
SULFRICIN  
9-11 ACID 
LEAD OXIDES 
HI-OXIDE 
NEOLITH
LUBRICANTS
LUBRICIN
PLASTIFLOW
PIGMENTS
DYPHOS
FOAM A
LORITE
L-26
NALZIN
NORMASAL
ONCOR

PLASTICIZERS
ESTYNOX
FLEXRICIN
PARICIN
PRO CESSIN G AIDS
CASTORWAX
LUBRICIN
PARICIN
SOLRICIN
TANSUL
REINFORCING
AGENTS
FOAM A
RHEOLOGICAL
AGENTS
BARASYM
BEN-A-GEL
BENAQUA
BENTONE
MACALOID
M-P-A
POST 4
PROPALOID
RHEOX
THIXCIN
THIXATROL
THIXSEAL

STABILIZERS
BAROSIL
CLARITE
DYPHOS
DYTHAL
DS-207
LEADSTAR
LECTRO
PLUMB-O-SIL
TRIBASE
TRI-MAL
SURFACTANTS
SURFACTOL
URETHANE
ELASTOM ERS
ALFA
ARMA
POLYCIN
VORITE
WAXES
CASTORWAX
PARICIN
All of the above 
product listings are the trademarks of 
N L Industries, Inc. 
and its subsidiaries.



G ordon Drive, Totowa, N.J. 07512

C /ì Z A b o A 4  M ^ À

Sales O ffices  and Representatives: A tlan ta , Boston, C hicago, C incinnati, Los Angeles  
Overseas Plants and O ffices : Germany, Austria, France, G reat Brita in, Italy, Spain,

M exico, A ustra lia , Japan
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a c o m p le te  s e le c t io n  
o f  la n o lin s  a n d  
la n o lin  d e r iv a t iv e s  
fo r  c o s m e t ic s  a n d  
p h a rm a c e u t ic a ls

L A N O L I N S
•  ANHYDROUS USP EXTRA DEODORIZED •  PHARMACEUTICAL GRADE USP
*  COSMETIC GRADE USP •  TECHNICAL GRADE

L A N O L I N  D E R I V A T I V E S

RITALAN® 100% Pure Lanolin Oil. Non-allergenic, and 
non-sensitizing moisturizer, skin lubricator, penetrant, tack- 
free lipid and oil soluble.
RITALAN “ C” ® Low Viscosity Esterified Lanolin Sterol.
Ideal for epidermal penetration. Superior emollient vehicle, 
blending agent and wetting agent for all types of cosmetics 
and hair preparation.
FORLAN® Cholesterol Absorption Bases. From active Lan
olin Fractions. Excellent emollience and emulsion stability.
LANETO® Ethoxylated Water Soluble Hydrophyllic Lanolin.
50% and 100% active. Provides excellent surface active 
properties for hair sprays, ointments, soaps, deodorants, 
bath oils, lotions and shaving creams.

RITACHOL® Liquid Cholesterol Emulsifier. Naturally hydro
phyllic, non-ionic . . . derived from cholesterol and pure 
Lanolin related sterols. For creams, lotions, ointments, 
aerosols, soaps and shaving preparations.
SUPERSAT® Hydrogenated and Hydrogenated Ethoxylated 
Lanolins. Low odor, good color, highly stable. Leaves a 
smooth velvety film without tack or stickiness. Excellent 
spreadability. Range of six different concentrations of EO.
FORLAN “ S” ® Anhydrous Lanolin Absorption Base. Spe
cially formulated for topically applied pharmaceuticals, 
ointments, cremes and lotions.
LANOFIER® Dermo-Cosmetic, Lanolin Base. Designed for 
a wide range of skin care and cosmetic preparations.

R.l.T.A. CHEMICAL CORPORATION 
P.O. Box 556, Crystal Lake, Illinois 60014 
Telephone: (815) 455 0530 
Telex: 72-2438
Cable Address: RITA CRYSTAL LAKE, ILLINOIS

W E S T  C O A S T :  I N  C A N A D A :  I N  M E X I C O :
VIVION CHEMICAL CO.. INC. BATES CHEMICAL LTD.—Toronto—Montreal LABORATORIOS CEPSA S. DE R.L.—937 Bransten Rd., San Carlos, Calif. 94070 Troies No. 76 Col. Minerva, México 13, D.F.Telephone: (415) 591-8213 Telephones: (905) 582-1964 and 579-4730205Ö E. 15th St.. Los Angeles, Calif. 90021 . . . _ , . _ _ .. . . _ .Telephone: (213) 748-5129 R.l.T.A. is also represented in England, France, Germany, Itaiy, Japan and Spam
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PARENTO
Custom Fragrances

Fine Flavors

Aroma Chemicals

Essential Oils

Our current research program and 
extensive experience enable us to meet 
your needs with the very latest crea
tions and developments.

We invite your inquiries!

COMPAGNIE PARENTO
Croton-on-Hudson, New York 10520

New York Office: 507 Fifth Avenue, 687-5133/ Detroit: 14812 Alma Avenue, 527-5018 
Chicago: 2141 West Touhy Avenue, 764-8668

PERFUME AND FLAVOR COMPOUNDS AND CHEMICALS

COMPAGNIE PARENTO LIMITED,
70 Mack Avenue, Scarborough, Ontario, Canada, 694-1123



As the prime producer of non-irritating balanced amphoteric surface 
active agents, Miranoi has over the years developed a worldwide market for 
its many derivatives. Today, more than ever, our amphoteric surfactants 
can be found in all types of formulations from industrial cleaners, household 
products, cosmetics, perfumes, topical pharmaceuticals, shampoos, fiber 
softeners, to personal hygiene items. Call us-----we may be right for you too.

' ; ’ \  ^ I r v . V i .
J— _

THE MIRANOL CHEMICAL COMPANY, INC.
660 STUYVESANT AVENUE •  IRVINGTON N. J. 07111

’ j Please send inlormation on Miranol's Surfactants 
■  for the following applications:.................................. If"'

w  !............]” I NAME..........................................................  m
19

660 STUYVESANT AVENUE •  IRVINGTON, N. J. 07111 title...................................................................... I
PHONE: Area Code 201 *  399-7000 , Please attach to vou, letterhead

UnH In principal MUM ttmtttiont ttw *»rW ____________________ _ ___________________ [ J



ARLAMOITE combines

Unique
emolliency

Superior 
solvent power

U n d o u b t e d l y ,  y o u ' v e  s e e n  e m o l l i e n t / s o l v e n t  c o m b i n a t i o n s  

b e f o r e .  N o t h i n g  l i k e  A R L A M O L ™  E ,  h o w e v e r .

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

e x c e s s i v e  o i l i n e s s .

A s  a  s o l v e n t  f o r  m o s t  p e r f u m e s ,  i t  o u t p e r f o r m s  i s o p r o p y l  

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

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

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

o f  a l k a l i e s ,  i t  i s  s t a b l e .  A n d  i t ' s  n o n v o l a t i l e .

W i t h  a l l  t h e s e  d e s i r a b l e  c h a r a c t e r i s t i c s ,  A R L A M O L  E  i s  

s t i l l  c o m p a r a t i v e l y  i n e x p e n s i v e .  S u p p l y ?  I t ' s  r e a d i l y  a v a i l a b l e  

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

Y o u ' r e  w e l c o m e  t o  o u r  n e w  b u l l e t i n  w i t h  g u i d e l i n e  f o r m u l a s .  

A s k  f o r  L D - 1 4 2 .  Y o u  c a n  h a v e  s a m p l e s ,  t o o .  W r i t e ,  o r  c a l l  

m e  a t  ( 3 0 2 )  6 5 8 - 9 3 1 1 .

0 ) . ^  G u * u ^

W .  K .  A b b o t t

M a r k e t i n g  M a n a g e r  

C o s m e t i c s  &: P h a r m a c e u t i c a l s

SPECIALTY CHEMICALS DIVISION

ICI America Inc.
Wilmington, Delaware 19899



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

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

PERRY BROTHERS INC.
JFraq ka\ ces

c r e a t o r s  & m a n u f a c t u r e r s
61-12 32nd AVENUE • WOODSIDE, NEW YORK 11377 • (212) 932-1200

OMces In Principal Cities
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International Flavors &  Fragrances Inc. 521 West 57th Steet New'ibrk, N.Y 10019 (212)755-5500



Y o u r a n tip e rs p ira n t c u s to m e r is n e w .
New tastes, new preferences, new demands. And 
your marketing situation is new. New government 
considerations, new competition, new standards.
In times like these, Reheis experience and know-how 
can be more valuable than ever. When you need 
something new, we’re ready to help.
Reheis Chemical Company, Division of 
Armour Pharmaceutical, 111 West Clarendon, 
Phoenix, Arizona 85077
F o r th e  w a y  it is to d ay . REHEIS
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SHAW MUDGE & COMPANY
5 1  M A N O R  S T R E E T  S T A M F O R D  C O N N E C T I C U T  0 6 9 0 2

( 2 0 3 )  3 2 7 - 3 1 3 2

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

Sales Offices and Representatives:
ATLANTA, BOSTON, CLEVELAND, LOUISVILLE, 
LOS ANGELES, SAN FRANCISCO.
Overseas Production and Inventory:
MEXICO CITY, LONDON, MANILA, TORONTO, 
MONTREAL.

! L © I N Œ A

Amphoterics do not live 
by Miranol alone.

W e  h a v e  a l i n e  o f  c o m p o u n d s  c h e m i c a l l y  a n d  p h y s i c a l l y  i d e n t i c a l  t o  M i r a n o l s :  

A m p h o t e r g e ®  W  =  M i r a n o l ®  C M  A m p h o t e r g e ®  K  =  M i r a n o l ®  C M - S F  

A m p h o f e r g e ®  W 2  =  M i r a n o l ®  C 2 M  A m p h o t e r g e ®  K 2  =  M i r a n o l ®  C 2 M - S F  

A m p h o t e r g e ®  S  =  M i r a n o l ®  D M

W e  o f f e r  q u a l i t y ,  s e r v ic e , r e l i a b i l i t y  a n d  t e c h n ic a l  a s s is ta n c e  t o  a s s u r e  y o u  
o f  m a x i m u m  a d v a n t a g e .

T r y  u s  t o d a y .

Lonza means dependability.
Lonza Inc., 22-10 Route 208, Fair Lawn, N.J. 07410 /(201 ) 791-7500
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S Y N O P S E S  F O R  C A R D  I N D E X E S

T h e  fo l lo w in g  sy n op ses  ca n  b e  c u t  o u t  a n d  m o u n te d  o n  3 x 5  in. in d e x  ca rd s  fo r  
r e fe r e n c e , w ith o u t  m u tila tin g  th e  p a g e s  o f  th e  Jou rn al.

Skin  m oistu rizers . I . M e th o d s  fo r  m ea su r in g  w a te r  re g a in , m e ch a n ica l p ro p e r tie s , 
an d  tra n sep id erm a l m o is tu re  loss o f  statum  co rn e u m : M artin  M . R ie g e r  a n d  D o n 
a ld  E . D e e m . Journal of the Society of Cosmetic Chemists 2 5 , 2 3 9  (M a y  1 9 74 )

S y n op sis—F o u r  p a ra m eters  fo r  assessing  th e  in te ra c tio n  b e tw e e n  h u m a n  stratum  
co rn e u m  an d  w a te r  are  d e s c r ib e d . T w o  m e th o d o lo g ie s , e la stic  m o d u lu s  and  
stress re la x a tion , fo r  d e te rm in in g  th e  m e ch a n ica l p ro p e r tie s  o f  stra tu m  co rn e u m  
h a v e  b e e n  u t iliz e d . I t  is sh o w n  th at b o t h  o f  th ese  p a ra m eters  d e p e n d  o n  the 
m o is tu re  co n te n t  o f  th e  stratu m  co rn e u m , i.e .,  th e  a m b ie n t  re la tiv e  h u m id ity . T h e  
rate  o f  w a te r  v a p o r  a b so rp t io n  b y  h u m a n  stratum  co rn e u m , th e  th ird  p a ra m e te r  
ex a m in e d , is a fu n c t io n  o f  th e  a m b ie n t  r e la tiv e  h u m id ity . S u rp ris in g ly , th e  e q u i
lib r iu m  m o is tu re  co n te n t  o f  stra tu m  co rn e u m  at h u m id it ie s  b e lo w  a p p ro x im a te ly  
8 0 %  a p p ears to  b e  essen tia lly  th e  sam e fo r  u n e x tra c te d  stra tu m  co rn e u m  an d  fo r  
stra tu m  co rn e u m  ex tra c te d  w ith  l ip id  so lv en t. T h e  fo u r th  p a ra m eter , th e  rate o f  
w a ter  v a p o r  transm ission  th r o u g h  stratu m  c o rn e u m  in vitro, is a lin ea r fu n c t io n  o f 
th e  a m b ie n t  re la tiv e  h u m id ity  a n d  has b e e n  sh o w n  to  b e  m a rk e d ly  a f fe c te d  b y  
ch a n g e s  in  tem p eratu re .

Skin  m oistu rizers . I I . T h e  e ffe cts  o f  c o s m e t ic  in g red ien ts  o n  h u m a n  stratum  
c o rn e u m : M artin  M . R ie g e r  a n d  D o n a ld  E . D e e m . Journal of the Society of 
Cosmetic Chemists 2 5 , 2 5 3  (M a y  1 9 74 )

S y n op sis—T h e  fo u r  p a ra m eters  d e s c r ib e d  in P art I  o f  this s tu d y , i.e ., e lastic  
m o d u lu s , re laxation  fu n c t io n , w a ter  a b so rp tio n , a n d  w a te r  v a p o r  transm ission , 
h a v e  b e e n  u se d  to  s tu d y  th e e f fe c t  o f  ty p ic a l c o s m e t ic  in g red ien ts  o n  h u m a n  
stratu m  co rn e u m . T h e  e la s tic  m o d u lu s  a n d  th e stress re laxation  m o d u lu s  are u se 
fu l m easures o f  th e  a b ility  o f  variou s c o sm e t ic  m ateria ls  to  a lter th e  v isco e la s t ic  
b e h a v io r  o f  stratum  co rn e u m . I t  has b e e n  d e m o n stra te d  th at ty p ica l c o sm e t ic  
h u m ecta n ts  in crea se  th e  rate o f  tra n sep id erm a l w a te r  loss in vitro, a n d  an at
te m p t is m a d e  to  ex p la in  this p h e n o m e n o n .
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Photochemistry of sunscreens. II. The photochemistry of methyl-p-dimethyl- 
aminobenzoate: C. D. M. Ten Berge and C. H. P. Bruins. Jo u rn a l o f th e Society  
of C osm etic C hem ists 25, 263 (May 1974)

Synopsis—The isolation and identification of another two photochemical reaction 
products of methyl-p-dimethylaminobenzoate are described. Ultraviolet irradia
tion of this compound in 1,4-dioxane in the presence of oxygen yielded also me
thyl p-N-formylaminobenzoate and methyl-p-aminobenzoate. Isolation was 
achieved by means of gas chromatography. The two products were identified by 
comparison of the ir, nmr, and mass spectra of the isolated and synthesized 
substances. For methyl p-(N-formyl-N-methyl) aminobenzoate, mentioned in a 
previous communication, a new synthesis is described.

Current perspectives on aerosol toxicity: Charles O’Connor Ward. Jou rn al o f the  
So ciety  o f C osm etic C hem ists 25, 271 (May 1974)

Synopsis—The toxicity of cosmetic, household, or personal product aerosols is 
primarily the result of either deliberate abuse or allergic reactions to one or more 
of the ingredients. Hair sprays, antiperspirants, deodorants, and feminine hygiene 
sprays, among others, have been reported to produce toxic reactions in some 
users. A review of the published experimental and clinical data does not sub
stantiate the contention that, when used as directed, they are hazardous. It is 
true, for instance, that the fluorocarbon propellants, in experimental situations, 
can sensitize the myocardium to catecholamine-induced arrhythmias and thus 
produce a situation detrimental to the user, but not in the amounts to which the 
consumer is ordinarily exposed. The differences between toxicity, the inherent 
ability to produce undesirable alterations in biological tissue, and hazard, the 
likelihood that toxicity will occur, may explain the case for aerosol products. The 
potential for toxicity of properly packaged cosmetic, household, and personal 
product aerosols is present; the hazard is small under conditions of normal use.

Testing for inhalation toxicity: William R. Troy. Jou rn al o f the So ciety  o f C os
m etic C hem ists 25, 283 (May 1974)

Synopsis—The purpose of this review is to outline some of the fundamental con
siderations involved in testing for inhalation safety of cosmetic products. Apart 
from design of the exposure system and selection of test animals, factors such as 
environmental controls, proper dose levels, and signs of toxicity to watch for are 
of prime importance when conducting such studies.

A discussion of three areas of concern with regard to the inhalation safety of 
cosmetic aerosols is also included. The questions of hair spray “storage disease,’ ’ 
possible aspiration of spray talc, and allegations of cardiotoxicity of aerosol pro
pellants are treated with regard to experimental activity in these areas and what, 
if anything, has been proven to date by these investigations.



J. S oc. C o sm e t . C h e m ., 25, 2 3 9 -2 5 2  (M ay 1974)

Skin Moisturizers. I. Methods for 
Measuring Water Regain, Mechanical 
Properties, and Transepidermal 
Moisture Loss of Stratum Corneum

M A R T I N  M .  R I E G E R ,  P h . D . ,  a n d  D O N A L D  E .  D E E M ,  M . S . *

Synopsis—F o u r param eters fo r assessing th e  in te rac tio n  b e tw e en  hum an  S T R A T U M  C O R 
N E U M  and W A T E R  are described. T w o  m ethodologies, E L A S T IC  M O D U L U S  and  
S T R E S S  R E L A X A T IO N ,  fo r d e te rm in in g  the M E C H A N IC A L  P R O P E R T IE S  o f s tratum  
corneum  have been u tilize d . I t  is show n th a t b o th  o f these param eters  depend on the  
m oisture co n ten t o f the stra tum  corneum , i.e ., the  am b ie n t re la tiv e  h u m id ity . T h e  ra te  o f 
W A T E R  V A P O R  A B S O R P T IO N  b y  h u m an  stra tum  corneum , the th ird  p a ra m e te r exam 
ined, is a func tion  of the am b ie n t re la tive  h u m id ity . S urpris ing ly , tire e q u ilib r iu m  m oisture  
content o f s tra tum  corneum  at h u m id itie s  b e lo w  ap p ro x im ate ly  80%  appears to  be essen
t ia lly  the same fo r unextracted  stra tum  corneum  and fo r stra tum  corneum  extracted  w ith  
lip id  solvents. T h e  fo u rth  p a ram eter, the rate o f W A T E R  V A P O R  T R A N S M IS S IO N  
th rough stra tum  corneum  in v i tro , is a lin e a r fu n c tio n  of the am b ie n t re la tive  h u m id ity  
and has been show n to  be m a rked ly  affected  b y  changes in  tem peratu re .

Introduction

S i n c e  B l a n k ’ s o b s e r v a t i o n  i n  1 9 5 2  ( 1 ) ,  t h a t  t h e  w a t e r  c o n t e n t  o f  s k i n  is  r e 
s p o n s i b l e  f o r  its  s o f t n e s s , t h e  p r o p e r t i e s  o f  e p i d e r m i s  as a  f u n c t i o n  o f  its  m o i s 
t u r e  c o n t e n t  a n d  o f  t h e  p r e s e n c e  o f  “ n a t u r a l ”  a n d  e x t r a n e o u s  m o i s t u r i z e r s  h a v e  
b e e n  s t u d i e d  e x t e n s i v e l y  b y  c o s m e t i c  c h e m i s t s  a n d  d e r m a t o l o g i s t s .

T h e  s u b j e c t  o f  t r a n s e p i d e r m a l  m o i s t u r e  lo s s  in v iv o  u n d e r  v a r i o u s  a m b i e n t  
c o n d i t i o n s  o f  h u m i d i t y ,  t e m p e r a t u r e ,  a n d  a i r  f l o w  h a s  b e e n  s t u d i e d  b y  s e v e r a l  
i n v e s t i g a t o r s .  O f  p a r t i c u l a r  i n t e r e s t  is a  p a p e r  b y  G r i c e  e t al., w h o  i n d i c a t e d  
t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  t r a n s e p i d e r m a l  w a t e r  lo s s  a n d  a m b i e n t  r e l a t i v e  
h u m i d i t y  in  v iv o  is n o t  l i n e a r  ( 2 ) .  T h i s  is n o t  i n  a c c o r d  w i t h  t h e  d a t a  b y  W i l d -  
n a u e r  e t ah, w h o  s u g g e s t e d  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  m e c h a n i c a l  p r o p e r 
t ie s  a n d  r e l a t i v e  h u m i d i t y  is  l i n e a r  ( 3 ) .

“ W a rn e r -L a m b e rt  Research In s titu te , 17 0  T a b o r R d ., M o rris  Plains, N .J . 07 95 0 .

*
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T h e  r e l a t i o n s h i p  b e t w e e n  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  s t r a t u m  c o r n e u m  
a n d  its  m o i s t u r e  c o n t e n t  h a s  b e e n  s t u d i e d  b y  s e v e r a l  t e c h n i q u e s  ( 4 —6 ) .  M u c h  
o f  t h i s  w o r k  h a s  b e e n  c o n d u c t e d  o n  s t r a t u m  c o r n e u m  o b t a i n e d  f r o m  g u i n e a  
p i g  f o o t  p a d s  o r  h u m a n  c a l l u s . I t  w a s  p o i n t e d  o u t  b y  K l i g m a n  t h a t  t h e  s t r a t u m  
c o r n e u m  o f  g u i n e a  p i g s  a l l o w s  w a t e r  t o  p a s s  t h r e e  t i m e s  as f a s t  as h u m a n  
a b d o m i n a l  s t r a t u m  c o r n e u m  ( 7 ) .  H e  a ls o  s t a t e s  t h a t  “ t h e  s p e c i a l i z a t i o n  o f  
t h e  h o r n y  l a y e r  o f  t h e  p a l m s  a n d  s o le s  is  s o  u n i q u e  as t o  r e q u i r e  s e p a r a t e  
s t a t u s .”  T h e s e  t is s u e s  c o n t a i n  l o w e r  q u a n t i t i e s  o f  t h e  w a t e r - s o l u b l e  s u b s t a n c e s  
p r e s e n t  i n  a b d o m i n a l  s k i n  a n d  a r e  m o r e  p e r m e a b l e  t o  w a t e r ;  d a t a  f r o m  c a l l u s  
w i l l  n o t  “ a c c u r a t e l y  a p p l y  t o  t h e  m e m b r a n o u s  h o r n y  l a y e r . ”  A  c o n s i d e r a b l e  
b o d y  o f  w o r k  o n  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  h u m a n  s k i n  in v iv o  is n o t  p e r t i 
n e n t  b e c a u s e  i t  d e a l s  p r i m a r i l y  w i t h  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  d e r m i s  
w h i c h  p r e s u m a b l y  is n o t  t o u c h e d  b y  n o r m a l  c o s m e t i c  t r e a t m e n t s .  W a t e r  
v a p o r  t r a n s m i s s i o n  e x p e r i m e n t s  in  v iv o  a r e  m a d e  d i f f i c u l t  b y  s w e a t i n g  u n l e s s  
t h i s  is r e p r e s s e d  b y  v a s o c o n s t r i c t i n g  d r u g s .  A s  a r e s u l t ,  w e l l - c o n t r o l l e d  e x p e r i 
m e n t a t i o n  in v iv o  is  v e r y  d i f f i c u l t .

S u b s t r a t e  v a r i a b i l i t y  a n d  t h e  n o t e d  c o m p l i c a t i o n s  o f  in v iv o  s t u d i e s  m a k e  i t  
a t t r a c t i v e  t o  s t u d y  m e c h a n i c a l  a n d  w a t e r - h o l d i n g  p r o p e r t i e s  o f  h u m a n  s t r a t u m  
c o r n e u m  in  v itro .  T h i s  s t u d y  h a s  b e e n  d e s i g n e d  t o  s t u d y  a n d  t o  c o m p a r e  t e c h 
n i q u e s  s u i t a b l e  f o r  m e a s u r i n g  t h e  i n t e r a c t i o n  o f  s t r a t u m  c o r n e u m  w i t h  w a t e r .  
P a r t  I I  o f  t h i s  w o r k  d e a l s  w i t h  t h e  e f f e c t  o f  a  v a r i e t y  o f  t y p i c a l  c o s m e t i c  i n 
g r e d i e n t s  i n  o r d e r  t o  e s t a b l i s h  a  r a t i o n a l e  f o r  t h e i r  u s e  i n  s k i n  t r e a t m e n t  p r e p 
a r a t i o n s .

Theoretical Treatments and Experimental Procedures 

M ec h a n ic a l P ro p erties

E la stic  M o d u lu s

W h e n  a  v i s c o e l a s t i c  s t r i p  o f  m a t e r i a l  o f  l e n g t h  I a n d  c ro s s  s e c t i o n a l  a r e a  A

is s u b j e c t e d  t o  a  n o r m a l  t e n s i l e  f o r c e  ( / ) ,  t h e  s tr e s s  ( c r )  is  £ - ,  a n d  t h e  s t r a i n
A

( e )  is t h e  f r a c t i o n a l  i n c r e a s e  i n  l e n g t h ,  A l / l .  B e l o w  t h e  y i e l d  p o i n t ,  Y o u n g ’ s 
m o d u l u s  o f  e l a s t i c i t y  ( E ) is t h e  r a t i o  o f  c r / e , i . e . ,  t h e  s l o p e  o f  t h e  l o a d - e l o n g a 
t i o n  c u r v e .  S i n c e  A  o f  t h e  s t r a t u m  c o r n e u m  is  n o t  c o n s t a n t  a n d  is v e r y  d i f f i 
c u l t  t o  m e a s u r e  a t  a l l  p o i n t s ,  i t  w a s  d e c i d e d  t o  u s e  t h e  p a r a m e t e r  A x E  ( e q  1 )  
a n d  a s s u m e  t h a t  s t r i p s  t a k e n  f r o m  t h e  s a m e  s p e c i m e n  o f  s t r a t u m  c o r n e u m  
h a v e  a p p r o x i m a t e l y  t h e  s a m e  c r o s s - s e c t i o n a l  a r e a . I t  w a s ,  t h e r e f o r e ,  n e c e s s a r y  
t o  d e t e r m i n e  A x E  o f  a n  u n t r e a t e d  c o n t r o l  f o r  e a c h  s p e c i m e n  o f  s t r a t u m  c o r 
n e u m  i n  o r d e r  t o  c o m p a r e  t h e  e f f e c t  o f  a  g i v e n  t r e a t m e n t .
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F ig u re  1. T y p ic a l lo a d in g  and re laxation  curve fo r  stratum  corneum

R ela xa tion  F u n c tio n

W h e n  a n  e l a s t i c  m a t e r i a l  is  s t r a i n e d  ( t o  s t r a i n  e , F i g .  1 )  b y  s t r e s s i n g  ( t o  
l o a d  o -0 ) ,  t h e  v a l u e  o f  cr w i l l  d e c a y  a s  a  f u n c t i o n  o f  t i m e  ( t )  i f  t ir e  s t r a i n  e 
is  k e p t  c o n s t a n t .  T h e  r e l a x a t i o n  m o d u l u s  E r( t )  a t  a n y  t i m e  t  c a n  t h e n  b e  
c o m p u t e d  b y  d i v i d i n g  t h e  s tr e s s  ( t r ,- ) a t  t i m e  t *  b y  t h e  s t r a i n  e a t  t  =  0  ( F i g .  
1 ) .  A t  t  =  0 , E r( t )  e q u a l s  Y o u n g s  m o d u l u s  as l o n g  as t h e  m a t e r i a l  h a s  n o t  
b e e n  s t r a i n e d  b e y o n d  it s  y i e l d  p o i n t .  W a l l  e t  al. u s e d  t h e  s tr e s s  r e l a x a t i o n  
s p e c t r u m , H ( ] n r ) ,  t o  d e s c r i b e  t h e  “ m u l t i p l e  m e c h a n i c a l  r e l a x a t i o n  p h e n o m 
e n a ”  i n  h u m a n  h a i r  ( 8 ) .  T h e y  p l o t t e d  t h e  d e r i v a t i v e  o f  t h e  r e l a x a t i o n  m o d u 
lu s  w i t h  r e s p e c t  t o  t h e  l o g a r i t h m  o f  t i m e :

f f ( l n r )
d ( E f(t)  ) 

d  I n r (2)

S i n c e  t h e  p r i m a r y  i n t e r e s t  h e r e  is  t h e  e f f e c t  o f  m o i s t u r e  o n  t h e  b e h a v i o r  o f  
s t r a t u m  c o r n e u m , t h e  c r o s s - s e c t i o n a l  a r e a  w a s  i n c l u d e d  i n  t h e  r e l a x a t i o n  f u n c 
t i o n .  S i n c e  a  p l o t  o f  l o g  A x E r( t ) v s.  l o g  t  is  e s s e n t i a l l y  l i n e a r  b e t w e e n  1  a n d  
1 0 4 s e c , t h e  s l o p e  o f  t h i s  l i n e  is  t h e  o n l y  v a l u e  r e q u i r e d  t o  d e s c r i b e  t h e  e f f e c t  
o f  a  g i v e n  m o i s t u r e  c o n d i t i o n  o r  c o s m e t i c  t r e a t m e n t  o n  t h e  s t r a t u m  c o r n e u m .

T h e  l i n e a r  b e h a v i o r  d e s c r i b e d  a b o v e  is  t y p i c a l  o f  a m o r p h o u s  p o l y m e r s  o f  
h i g h  m o l e c u l a r  w e i g h t  b e l o w  t h e i r  g la s s  t r a n s i t i o n  t e m p e r a t u r e s  ( 9 ) .  T h e
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r e s p o n s e  t o  t h e  e x t e r n a l  s tr e s s  c o n s is t s  p r i m a r i l y  o f  l o c a l  a d j u s t m e n t s  s in c e  t h e  
c h a i n  b a c k b o n e  c o n f i g u r a t i o n  is e s s e n t i a l l y  i m m o b i l i z e d .

T e c h n iq u e

A  m o d e l  T M  I n s t r o n  T e n s i l e  T e s t e r ® 0 w a s  u s e d  f o r  m e a s u r i n g  b o t h  c l a s t i c  
m o d u l i  a n d  r e l a x a t i o n  s p e c t r a . T h e  r a t e  o f  t r a v e l  o f  t h e  c r o s s  h e a d  w a s  2 .5 4  
m m / m i n ,  w h i c h  w a s  e q u i v a l e n t  t o  a n  e x t e n s i o n  o f  a b o u t  1 0 —1 5 % / m i n .  ( T h e  
s a m p l e  l e n g t h  v a r i e d  b e t w e e n  1 7  a n d  2 5  m m . )

S t r i p s  o f  s t r a t u m  c o r n e u m , 0 .5  c m  w i d e  b y  a p p r o x i m a t e l y  3 .5  c m  l o n g ,  w e r e  
a t t a c h e d  t o  B a k e l i t e ® t  t a b s  w i t h  a  c o m m e r c i a l  e p o x y  c e m e n t  o r  D u c o ® t  
c e m e n t .  T h e  l e n g t h  o f  e a c h  s t r i p  ( b e t w e e n  t a b s ) w a s  m e a s u r e d  t o  t h e  n e a r e s t
0 .0 1  m m  w i t h  a  c a t h e t o m e t e r d  T h e  s a m p l e s  w e r e  s t o r e d  a t  t h e  d e s i r e d  r e l a 
t i v e  h u m i d i t y  ( R H )  f o r  a t  l e a s t  2 4  h o u r s  a n d  t h e n  s u s p e n d e d  i n  a  c y l i n d e r  
( d i a m e t e r ,  7  c m ;  l e n g t h ,  1 5  c m )  m o u n t e d  o n  t h e  I n s t r o n .  A i r  a t  t h e  s a m e  R H  
w a s  p a s s e d  t h r o u g h  t h e  c h a m b e r  f o r  2 0  m i n  a t  w h i c h  t i m e  t h e  s a m p l e s  w e r e  
e x t e n d e d  t o  a  l o a d  o f  4 .0  g .

S o m e  o b v i o u s  m i n o r  m o d i f i c a t i o n s  o f  t h e  a b o v e  p r o c e d u r e  w e r e  r e q u i r e d  
f o r  t h o s e  s t r a t u m  c o r n e u m  s t r i p s  w h i c h  w e r e  e x t e n d e d  u n d e r  d e i o n i z e d  w a t e r  
o r  t e s t  s o l u t i o n s .

W a t e r  A b s o r p tio n

A  C a h n  R G  E l e c t r o b a l a n c e ® "  w a s  u s e d  t o  m e a s u r e  m o i s t u r e  a b s o r p t i o n  
b y  s t r a t u m  c o r n e u m  o r  o f  c o s m e t i c  m a t e r i a l s  a p p l i e d  t o  s a m p l e s  o f  s t r a t u m  
c o r n e u m  o r  t o  g la s s  f i l t e r  p a p e r .  T h e  E l e c t r o b a l a n c e  w a s  f i t t e d  w i t h  a n  X -Y  
r e c o r d e r ! !  w h i c h  h a s  a n  i n p u t  r a n g e  o f  0 . 1  m g / 2 . 5 4  c m , w h i l e  t h e  g r a p h  c a n  
b e  r e a d  t o  0 .0 0 2  m g .  E q u i l i b r i u m  w e i g h t s  c a n  b e  e s t i m a t e d  t o  0 .0 0 1  m g  u s i n g  
a  n u l l  s y s t e m . T h e  b a l a n c e  w a s  a ls o  f i t t e d  w i t h  a  c u b e - s h a p e d  p l a s t i c  c h a m b e r  
( 7 . 5  c m  o n  e a c h  s i d e )  i n t o  w h i c h  a i r  o f  c o n t r o l l e d  h u m i d i t y  w a s  b l o w n  a t  a 

r a t e  o f  1 2 0 0  m l  m i n .  T h e  d e t e r m i n a t i o n  o f  e q u i l i b r i u m  w a t e r  c o n t e n t  w a s  
m a d e  i m m e d i a t e l y  a f t e r  s t o p p i n g  t h e  a i r  f l o w  s o  t h a t  a i r  c u r r e n t s  w o u l d  n o t  
a f f e c t  t h e  r e a d i n g .  E q u i l i b r a t i o n  o c c u r s  q u i t e  r a p i d l y  d u e  t o  t h e  m o v i n g  a i r  
s t r e a m  ( a b s e n c e  o f  a n  u n s t i r r e d  l a y e r  a n d  t h e  s m a l l  s i z e  o f  t h e  s a m p l e ) .  A t 
t a i n m e n t  o f  e q u i l i b r i u m  w a s  e v i d e n c e d  b y  c o n s t a n c y  o f  w e i g h t  f o r  4  t o  5 
h o u r s .

‘ Ins tron  C o rp ., C an ton , Mass. 
fU n io n  C a rb id e  C o rp ., N e w  Y o rk , N .Y .
Í E .  I .  d u  Pont de N em ours &  C o., W ilm in g to n , D e l. 
S E aling  C o rp ., C am b rid g e , Mass.
' C ah n  In s tru m e n t C o., Param ount, C a lif.
JfM odel 7 0 3 5  B w ith  in te rn a l tim e base generator,

C a lif .
H e w le tt-P a c k a rd  C o., Palo A lto ,
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Figure 2. Construction of water vapor transmission cell. Top row, left to right: body of 
cell, lower silicone gasket, stratum corneum. Bottom row, left to right: upper silicone

gasket, top plate, closure nuts)

W a t e r  V a p o r  T ra n sm iss io n

Cells for measuring the rate o f diffusion o f water vapor through stratum 
corneum  were constructed o f cylindrical aluminum stock (3.7 cm  in diameter 
x 2 .2  cm  h igh ) into w hich was drilled a 1.5-cm deep hole having a diameter 
o f 1.3 cm  (F ig . 2 ) . This depression has a capacity o f approximately 2 ml. An 
aluminum top provided with a 1.3-em hole could  be attached to the low er 
cham ber with four bolts. The stratum corneum  was placed betw een tw o sili
cone rubber gaskets which w ere then placed betw een the cham ber and the 
top. T he bolts were attached “ finger tight” in order not to deform  the silicone 
gasket. After mounting the stratum corneum  on a cell containing 0.3 ml o f w a
ter, the cell was placed into a cham ber containing a constant R ff  solution or 
exposed to a stream o f humidified air. The cell was w eighed every 24 hours 
until the rate o f water loss becam e constant.

Initial rates o f transepidermal water loss are fairly high, and up to 4 days 
may be required to reach a steady rate. O nly those rates were utilized in this 
study which remained constant for 2 to 3 days after the initial equilibration. 
W henever long periods o f time were required for testing at several hum idi
ties, the sample was examined for signs o f m old growth or stretching o f the 
epidermis due to the “vacuum ” form ed inside the cell as water leaves the 
cell. The loss o f water was com puted as m g /cm r/h r .
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H u m id ity  C o n tr o l

In order to obtain dry air (0%  R H ), the air was first passed through re
agent grade sulfuric acid and then magnesium perchlorate* since it has been 
reported that calcium  chloride will permit passage o f up to 160 ppm  o f water 
in a gas stream (1 0 ) . In experiments in w hich constant hum idity solutions 
w ere used, the saturated solutions o f several salts were em ployed ( 1 1 ).

W hen  an air stream o f constant hum idity was required for several days, 
the use o f saturated salt solutions is inconvenient due to blockage o f the gas 
dispersion tube b y  crystallization. Therefore, the apparatus described by 
Smith (12 ) was used. This apparatus consists o f a proportioning valve and 
saturators to mix controlled quantities o f w et and dry air to obtain a given 
humidity. The equipm ent is capable o f accurately supplying air at any RH 
betw een 0 and 100% in 5% R H  steps over a w ide range o f temperatures.

M a ter ia ls

Unless otherwise indicated, C.P. reagents were em ployed throughout. Post
mortem abdom inal skin was im m ediately frozen in dry ice. W ithin 72 hours, 
the samples w ere heated in a water bath to 52° ±  2°C , and the stratum cor- 
neum was peeled  from  the dermis as described by  Kligman and Christoph
ers (1 3 ) . The separated stratum corneum  was washed in several changes o f 
distilled water and gently p icked up on a p iece o f stainless steel wire mesh. 
T he stratum corneum  was air-dried, rem oved from  the screen, and stored 
over magnesium perchlorate. W hen extracted stratum corneum was required, 
it was extracted according to the procedure o f Blank (1 4 ) , i.e., 24 hours in 
pyridine at room  temperature fo llow ed  by  1 -hour extraction with water at 
room  temperature.

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

M e c h a n ic a l  P r o p e r t ie s

In order to avoid experimental artifacts and to conserve material it was de
cided to determine whether the stratum corneum  is elastically isotropic or 
anisotropic like the dermis. The values o f the quantity A x E  for stratum cor
neum extended under water at room  temperature w ere 1.79 ±  0.12 x 104 dynes 
and 1.90 ±  0.18 x 104 dynes, respectively, for strips ( 8  in each direction) cut 
at right angles to each other. The results indicate that the stratum corneum 
may be considered isotropic. Adjacent strips o f stratum corneum  usually 
have AxE values within ±  5% but occasionally vary b y  as m uch as 30—40%

As expected, the elastic modulus o f human stratum corneum was found to 
be  a function o f the ambient RH. T he results o f Fig. 3 confirm those o f many 
other investigators and show that stratum corneum becom es “softer” when

“Anhydrone®, J. T. Baker Chemical Co., Philadelphia, N.J.
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Figure 3. Elastic modulus of stratum corneum as a function of relative humidity (vertical
bars refer to average deviation)

the R H  increases. The average deviations noted in these experiments are 
quite high. In fact, the large deviation at 15% RH suggests that relatively dry 
stratum corneum  cannot respond as a hom ogeneous material. G oodm an and 
W olf (15 ) also have noted large standard deviations o f in  v iv o  water trans
mission data at low  RH s. At higher R H ’s, the higher moisture content tends 
to make the stratum corneum  act in a more hom ogeneous way, thus low ering 
the average deviation. The relationship betw een modulus and RH has been 
presented in linear form , although Parks and Raddiel (1 6 ) have indicated 
that this relationship is nonlinear above 60% RH. It is noted in passing that 
different specimens o f stratum corneum  yield “ lines”  having different slopes.
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Figure 4. Stress relaxation of stratum corneum (log plot of A xE r vs. t). Values of AxEr 
at any time are divided by A xE r at time zero 

• =  0% RH ■  =  76% RH
t  =  31% RH X =  100% RH

The stress relaxation experiments were conducted on samples o f stratum 
corneum in hum idified air. In preliminary experiments, it was found that for 
strains betw een 0 .0 1  and 0 .1 0  the relaxation spectra were essentially identical. 
Therefore, the samples were stressed to a constant stress (4.0 g )  rather than a 
constant strain, since stress is instrumentally more easily controlled.

At the start it was necessary to demonstrate that the slopes o f the lines re
sulting from  a plot o f log  A x E r vs. log t depend on the hum idity o f the air. 
Figure 4 shows that the plots are linear and that their slopes are functions o f 
humidity. It is possible to estimate the errors o f the slopes by  com paring the 
slopes resulting from  stress relaxation experiments on adjacent pieces o f stra
tum corneum at the same RH. These errors are com pared to those obtained by
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Table I
Average Deviation of Mechanical Measurements

% RH
A X E Slope [H(lm-)]

Value Av. Dev. Value Av. Dev.
100 (4)“ 215 ±  35 -0.173 ±0.039
76 (4) 280 ±  29 -0.164 ±0.031
31 (5) 393 ± 1 0 0 -0.0938 ±0.004
0 (4) 534 ± 1 2 1 -0.0528 ± 0 .0 0 2

“Figure in parentheses refers to number of samples tested iit each RH.
merely determining the value o f A x E  for adjacent pieces o f stratum corneum 
at the same RH  (F ig . 3 ). This comparison, shown in Table I, indicates that 
AxE values are most precise at high RH, while the slope o f the stress relaxa
tion function is most precise at low  R H ’s. A ccordingly, the stress relaxation 
function is the preferred measurement under relatively dry conditions.

W a t e r  A b s o r p t io n

The rate o f water absorption b y  strips o f unextracted stratum corneum dried 
over concentrated IR SO , and then exposed to different R H ’s is shown in 
Fig. 5. In agreement with other investigators, the ra te  o f regain was found to 
b e  dependent on RH  and on the presence o f “natural moisturizers.” In the 
examples studied here at high RH (9 3 % ), the difference in absorption rates 
up to about 30 min betw een the extracted and unextracted stratum corneum  
is unexpectedly low . M ost investigators w ho have studied the differences in 
moisture absorption o f extracted and unextracted “keratinized”  tissue record 
e q u il ib r iu m  moisture absorption. Singer and Vinson (1 7 ) record equilibrium  
moisture contents (at 80% R H ) for normal neonatal rat corneum  and callus 
o f about 50% and o f about 20—30% after solvent -f H aO extraction. The equ i
librium moisture contents at R H ’s up to 80% obtained in this study o f unex- 
tracted human stratum corneum are much low er and are only marginally 
dependent on extraction (w ith  pyridine and w ater). The results are re
corded in T able II and were so unexpected that the problem  was studied on 
three specimens o f stratum corneum. In all cases, the moisture absorption 
was determined on a small p iece o f stratum corneum and was then rede
termined on the identical p iece after extraction. The w eight loss due to ex
traction generally ranged betw een 25 and 30%. It is not possible to offer a 
definitive explanation for the discrepancy o f the data obtained here and those 
reported by  other investigators (1 4 ) . It is noted that the data o f Fox e t  al. 
(1 8 ) are close to those found here, and that the significant differences b e 
tween extracted and unextracted cornified epithelial tissue observed by  other 
investigators occur at R H ’s >  80%. Such high humidities were usually 
avoided here because it was difficult to maintain high humidities for the long 
periods required for equilibration (u p  to 8 — 1 0  hours) at ambient tem pera
ture without condensation.
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Time (sec.)
Figure 5. Water absorption of stratum corneum at several RH’s as a function of time

— • — 93% RH unextracted
9 3 % r h  extracted 
60% RH unextracted 
30% RH extracted

Table II
Equilibrium Moisture Content of Human Stratum Corneum

Sample % RH
% Water Absorbed by Dry Stratum Corneum“
Unextracted Extracted

A 31 5.4° (4.9-6.0) 5.3" (3.9-6.2)
A 76 11.46 (10.8-12.1) 13.3" (12.5-14.1)
B 31 9.3" (8.5-10.3) 6.5" (5.8-7.3)
B 76 13.1" (12.0-14.2) 14.1" (12.8-15.0)
C 5 2.5 2.5
C 15 4.0 5.0
C 31 4.0 5.1
C 35 6.5 7.0
C 50 8 .6 " (7.9-9.3) 9.9" (9.0-11.0)
C 75 14.5" (13.8-15.1) 15.8" (14.2-17.4)
C 90 21.9" (21.8-22.1) 22.5" (20.4-24.5)

"Figures in parentheses are ranges. 
‘Average of 5 determinations. 
"Average of 3 determinations. 
"Average of 4 determinations. 
'Average of 2 determinations.
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W a t e r  V a p o r  T ra n sm iss ion

The results o f in  v itro  transepidermal water losses through untreated 
stratum eorneum at 21 ±  1.5°C against a dry atmosphere (C a C l2) show 
w ide variations depending on the stratum eorneum specimen. W hen  water 
vapor is in contact with the stratum eorneum inside the cell, the average rate 
is about 0.25 mg cm ' 2 h r 1. W hen water contacts the stratum eorneum, the 
average transepidermal water loss rises to about 0.30 mg enr2 h r 1. These 
values are fairly close to each other and are in accord with normally accepted 
values o f transepidermal moisture loss obtained in  v iv o  (1 9 ) .

Extraction o f stratum eorneum, first with pyridine and then with water, in
creases the rate o f transepidermal moisture loss from  about 0 .2  to as much 
as 1.6 mg enr2 h r 1. This is a clear indication that the extractables (prim ar
ily lipids) present in the stratum eorneum contribute significantly to slowing 
dow n the moisture loss from  dermal and epiderm al tissue by  evaporation.

On theoretical grounds and intuitively one w ou ld  expect that the trans
epidermal water loss from  a cell o f  the type described here depends on the 
RH to w hich the cell is exposed, i.e., the driving force for diffusion is the 
chem ical potential gradient. That this is the case has been shown here b e 
cause the p lot o f water vapor transmission rate vs. RTI (F ig . 6 ) is linear with 
a slope o f —1.95 x 10s mg cm -2 h r V %  RH. These results are different from  
those reported by  Grice e t  al. (2 ) ,  w ho indicated that a plot o f water vapor 
transmission vs. RH yields a curve showing a maximum betw een 25 and 50% 
RH  (F ig . 6 ). It was at first thought that this difference might be due to the 
fact that an unstirred layer in the system used here was responsible for the 
discrepancy. H ow ever, when the results were repeated under a stream of 
air ( 1 2 0 0  m l/m in ) aim ed at the exposed surface o f the stratum eorneum, the 
results were essentially unchanged. It appears, therefore, that the results 
o f the in  v itr o  experimentation conducted here conform  to the in  v iv o  data 
reported by  G oodm an and W o lf (1 5 ), w hose results yield linear plots al
though the slope o f their line has a value o f —4.5 x 103 m g env2 h r V %  RH.

The effect o f temperature on the perm eability o f stratum eorneum or 
any m em brane follow s the Arrhenius equation (20). Thus, a p lot o f  the

l E
logarithm o f perm eability vs. ^  is linear and has a slope o f — 2303R  ’ w ^ere

Ej, is the activation energy o f permeation.
The experimentally measured flux, J, is related to perm eability (P )  v ia  eq  3,

/  =  P A C (3 )

where AC =  the difference in the concentration o f the water on the internal 
side o f the m em brane and the external side (m oles T 1).
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C MI
6

S-O)

Relative Humidity (%)
Figure 6. Transepidermal water loss vs. relative humidity

Goodman and Wolf (15)
Grice et al. (2) 
present paper

Thus it is possible to plot log J against-A(Fig. 7) and com pute E p. T he value

for E p for fully hydrated stratum codneum  cited by Scheuplein and Blank (21) 
is 13-16 kcal m o le 1. The clearly expotential temperature dependence o f water 
vapor perm eability is p roo f o f transmission by diffusion. Transmission by  ran
dom  kinetic m otion through a capillary w ould be expected to be proportional 
to T'/2 (22). A  m ore com prehensive discussion o f  the factors involved in diffu
sion o f water through stratum com eum  has been given by  Berube and Ber- 
dick (2 3 ).

C o n c l u s io n s

1. The mechanical properties o f human stratum corneum, as measured by 
the elastic modulus or by  stress relaxation, are dependent on the moisture 
content o f the stratum corneum.
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Figure 7. Water permeation through stratum corneiun as a function of temperature
2. The rate of water vapor absorption o f human stratum eorneum depends 

on the relative hum idity. T he equilibrium  water content o f extracted and un
extracted human stratum eorneum at humidities below  about 80% is essential
ly the same.

3. T he rate o f water vapor transmission through human stratum eorneum 
in v itro  is a linear function o f the ambient relative humidity. This rate is 
markedly decreased by  a reduction in temperature.

(R eceived  N ovem ber 13, 1973)
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Synopsis—The four parameters described in Part I of this study, i.e., elastic modulus, re
laxation function, water absorption, and water vapor transmission, have been used to study 
the effect of typical COSMETIC INGREDIENTS on human STRATUM CORNEUM. 
The elastic modulus and the stress relaxation modulus are useful measures of the ability 
of various cosmetic materials to alter the VISCOELASTIC BEHAVIOR of stratum 
corneum. It has been demonstrated that typical cosmetic HUMECTANTS increase the 
rate of transepidermal water loss in vitro, and an attempt is made to explain this phenom
enon.

I n t r o d u c t io n 1
A  variety o f humectants and o f occlusive lipids has been used for many 

years to im prove human skin and to protect it against dam age, even though 
the principles underlying these approaches to skin treatment were not clearly 
understood. Blank showed in 1952 how  important water is to the w ell-being o f 
human skin and, in effect, established a rational basis for these time honored 
methods for skin conditioning (1 ) .  In his very thoughtful review, C hudzikow - 
ski comments on the undesirability o f highly occlusive barriers because they 
have a tendency to lead to edema; he also rejects the traditional treatment of 
dry skin with humectants because they will absorb moisture not only from  the 
air but also from  the skin (2 ) . It is apparent, therefore, that the cosm etic 
benefits o f either treatment are debatable and that basic know ledge on how  
skin moisturizers w ork is lacking.

In the first part o f this study, in  v itr o  m ethods for determining the response 
o f human stratum corneum  to moisture were developed. It is the purpose o f 
this second part to describe the influence o f com m on cosm etic moisturizers 
on the properties o f stratum corneum.

“Warner-Lambert Research Institute, 170 Tabor Rd., Morris Plains, N.J. 07950.
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E x p e r i m e n t a l  P r o c e d u r e s

The techniques are those described in Part 1 ( 3 )  with minor modifications 
if required. Generally, strips of stratum corneum  (w ith  the attached tabs) 
were immersed for one hour into the test material or solution. Thereafter the 
strip was floated onto a stainless steel wire mesh, drained, and carefully b lot
ted. The strip was then air-dried and placed into the appropriate relative 
humidity cham ber for at least 24 hours before testing. Sometimes, the test 
substance was applied to the stratum corneum  with a cotton swab. A ny ex
cess was carefully blotted off before the stratum corneum  was conditioned.

For the determination o f water sorption by  humectants, 50% aqueous solu
tions o f the humectants were applied to small prew eighed pieces o f Gelrnan 
T ype A  glass filter paper. After conditioning at 0% RH, the w eight o f hurnec- 
tant was determ ined and the w eight gain at a given RH  was based on this 
“dry” weight. The glass filter paper was shown to absorb less than 1% o f water 
at 90% RPI, and this sorption was generally neglected.

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

M e c h a n ic a l  P r o p e r t ie s

M any cosm etic materials are reported to soften skin and to act as em ol
lients. It was expected, therefore, that these materials w ould  exert som e in
fluence on the mechanical properties o f stratum corneum. O f particular inter
est is glycerol w hich is w idely used by cosm etic formulators as a humectant 
and skin moisturizer. It is generally recognized (2 )  that glycerol is hygroscop
ic and will absorb water until it reaches equilibrium  with the ambient RH. 
G lycerol has been em ployed for many years to “heal” chapped skin, and this 
effect is attributed to its ability to hold water in contact with the skin.

Values o f the modulus A x E  obtained at 22°C  on strips o f stratum cor
neum immersed in mixtures o f glycerol and water are summarized in the 
curve shown in Fig. 1. The experimentally obtained values o f A x E  are nor
malized by dividing them by  A x E  o f the same strip o f stratum corneum  
immersed in distilled water to yield the plotted value o f E n. The results indi
cate that glycerol does not increase the elasticity o f stratum corneum by itself 
but actually stiffens the stratum corneum at concentrations above about 30%, 
possibly by rem oving stratum corneum —hydrating water. These results are in 
accord with Blank’s findings that water is the only plasticizer o f horny 
material (4 ) .

It was considered possible that the interaction o f the stratum corneum / 
g lycerol/w ater system under investigation was temperature sensitive. In 
order to study this aspect, the effect o f temperature on the value o f A x E  was 
first determined by extending strips o f stratum corneum, taken from  the same 
specimen, under water maintained at various temperatures betw een 2 ° and
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* Water
Figure 1. Effect of water concentration on normalized modulus values of stratum comeum 

(extended in glycerol/water mixtures at 22°C)

37°C. The values were d ivided  by  the value o f  A x E  at 37°C  under water, 
and the results are included in Fig. 2. It is apparent that the extensibility o f 
human stratum corneum  under the conditions o f this experiment (im m ersed 
in w ater) shows very little change betw een 37°C  and about 5°C . M iddleton 
and Allen (5 )  also observed only a m odest change in extensibility o f guinea 
pig foot pad stratum corneum  betw een about 20° and 40°C under different 
experimental conditions (in  air o f RH  betw een 60 and 80% ). Relow  about 
5°C , stratum corneum  appears to be  stiffer, i.e., harder to stretch.

Figure 2 also includes the results o f  stretching in a solution o f 1:1 water: 
g lycerol (w t /w t )  and a solution o f 6 M  potassium iodide. The plotted data 
points were obtained by  dividing the A x E  values b y  the A x E  values found 
at 37°C  in the respective solutions. G lycerol was selected as a typical hum ec- 
tant, while potassium iodide ( 6 M ) is known to break the structure o f water 
(6 ). In view  o f the similarity o f the results, it is likely that the effect of glycer
ol is due to the breaking o f the water structure in the stratum corneum ; this 
might reduce hydration o f the protein and make the stratum corneum stiffer 
or more difficult to stretch at temperatures below  18°C. The temperature 
dependence o f stratum corneum  elasticity observed here is probably too low
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Figure 2. Effect of temperature on normalized modulus values. Stratum corneum extended 

under solution and normalized to the value for water at 37 °C 
— glycerohwater (1 :1 )

—*—*—*—water
— 6M potassium iodide

to exert any influence on chapping or related skin disorders, since the tem per
ature o f the face and hands does not reach 18°C until the air temperature 
drops to about — 12°C [extrapolated from  data o f Phelps and V oid  ( 7 ) ] .  
H ow ever, the temperature o f the low er extremities can reach 18 °C  at an 
ambient temperature as high as 19°C ( 8 ).

The effects o f a variety o f cosm etic ingredients and o f a few  chemical treat
ments on the physical properties o f stratum corneum  at 31% R H  are summa
rized in T able I. In examining these data, it must be rem em bered that only 
horizontal comparisons are possible since the “control” and “ treated” samples
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are from the same stratum corneum  specim en. A  com parison within the vari
ous columns may lead to erroneous conclusions. A  decrease in the elastic 
modulus below  that o f the control (recorded  as + )  is indicative o f an in
crease in the elasticity o f the stratum corneum. In the case o f the stress relaxa
tion modulus, an increase in the value over that o f the control (recorded  
as + )  describes the skin’s ability to relieve a strain by viscoelastic response. 
The w ide variations in the values for the controls are due to the fact that d if
ferent specim ens o f epidermis were used, but this in no way reduces the value 
o f the data. Each value recorded in Table I represents an average o f 4 to 6  

determinations on the same specim en o f human epidermis. Treatm ent with 
either acid or base increases the elasticity o f the stratum corneum  substantial
ly but does not appreciably alter its ability to relieve stress. Generally, the 
elastic and the stress relaxation m oduli results after treatment parallel each 
other. Particularly noticeable is the remarkable “plasticizing” effect o f dilute 
solutions o f sodium pyrrolidone carboxylate and o f sodium lactate. It is b e 
lieved that the influence o f  cosm etic ingredients on the mechanical perform 
ance o f stratum corneum  correlates directly with their beneficial effect in 
skin preparations.

M o is tu re  A b s o r p t io n

The equilibrium  moisture absorption o f several important cosm etic m ois
turizers on glass filter cloth was studied after equilibration at several relative 
humidities. The data in Table II show that sodium pyrrolidone carboxylate 
and sodium lactate are capable of holding relatively large quantities o f water 
even at intermediate relative humidities, i.e. betw een 50 and 70% RH. It 
proved im possible to conduct similar experimentation with propylene glycol 
because o f its unexpectedly high volatility. Data for stratum corneum and 
some hydrophobic materials are included merely as a matter o f orientation.

In view  o f the large effect o f glycerin on the mechanical behavior o f stratum 
corneum as a function o f temperature (F ig . 2 ), it was considered conceivable 
that there is a specific interaction betw een glycerin, stratum corneum, and 
water which may increase the water-holding properties o f stratum corneum. 
Similarly, the high hygroscopicity o f sodium pyrrolidone carboxylate makes it 
possible that it too might impart some special water-holding properties to 
stratum corneum. In order to determine whether any such interactions occur, 
the isothermal absorptions o f water by  combinations o f known weights of 
unextracted stratum corneum  and glycerol or sodium pyrrolidone carboxylate 
were determined. The results shown in Table III clearly show that water 
absorption by stratum corneum  is merely additive to that by  the humectant. 
In other words, the moisture absorption by stratum corneum  treated with a 
hum ectant is the sum o f the absorptions o f the individual com ponents, with 
no evidence for any synergistic effects. These results are in agreement with 
the data reported by  Fox e t  al. (9 ) .
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Table II
Equilibrium Moisture Absoiption

Material
% Water Absorbed at

31% RH 52% RH 76% RH 90% RH
Stratum corneum 7 9 13 22
Glycerol 11 26 67 240
Sodium lactate 19 40 104
Sodium pyrrolidone carboxylate 17 45 2 1 0
Mineral oil 0 .2 0.4 0.9
Safflower oil 0 .2 0.5 1.0

Table III
Weight Gain (Water Content) of Stratum Corneum

and Stratum Corneum Plus Humectant

Amount of Water (mg)
after Equilibration at

Sample Initial Weight'‘ (mg) 35% RH 75% RH

Stratum corneum 3.816 0.226 0.530
Glycerol6
Stratum corneum +  glycerol

3.058 0.339 2.058

Experimental 6.874 0.572 2.575
Calculated 0.565 2.588

Stratum corneum 3.784 0.183 0.515
Sodium pyrrolidone carboxylate6 
Stratum corneum +  sodium

3.468 0.720 3.488

pyrrolidone carboxylate 
Experimental 7.252 0.892 3.892
Calculated 0.903 4.003

“At equilibrium with air at 0% RH. 
TT.S.P.
'Applied from a 50% solution.

W a t e r  V a p o r  T ra n sm iss ion

The loss o f moisture from the skin to the atmosphere is a continuous pro
cess, and excessive loss at low  hum idity and low  temperatures is generally 
associated with skin dryness and chapping. It seemed particularly important 
to determine how  cosm etic ingredients applied to stratum corneum  might al
ter this tissue’s ability to “ transpire”  water to an essentially dry atmosphere. 
Some typical in  v itr o  water vapor transmission rates through stratum corneum 
are summarized in Table IV. This table also includes some com m on cosm etic 
humectants, some occlusive lipid materials, and Lotion #78 . This last prep
aration, w hich is Form ula 78 described b y  Barnett (1 0 ) , was em ployed here 
because it was also studied in  v iv o  by  Berube e t  aJ. (1 1 ) .
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Table IV
In Vitro Water Vapor Transmission through Stratum Comeum

Material
Rate (mg cm' 2 hr"1) 

Untreated Treated
Ratio

(T rea ted / U ntreated)

25% glycerol 0.264 0.518 1.96
4% sodium lactate 0.294 0.372 1.27
4% sodium pyrrolidone carboxylate 0.142 0.227 1.60
4% propylene glycol 0.223 0.267 1 .20
Light tech, mineral oil 0.274 0.205 0.75
Safflower oil 0.309 0.281 0.91
Lotion 78° 0.335 0.181 0.54

“Formula 78 from Barnett (10).

The results obtained here are only directional in view  o f several experimen
tal uncertainties: Experimentally, stratum corneum was first equilibrated in 
the diffusion cell against 0% hum idity to yield an “untreated” rate. The mate
rial o f  interest was then applied to the exposed stratum corneum  surface with 
the aid o f a cotton swab. An effort was made to rem ove excess material while 
maintaining a continuous film, but there is no quantitation o f the amount o f 
substance actually remaining on the stratum com eum . The “ treated” rate 
recorded in T able  IV  is the rate resulting after com plete equilibration o f the 
treated stratum corneum  against the dry environment. As expected, lipid 
materials reduce water vapor transmission, whereas humectants cause a 
marked increase. The results with Lotion # 7 8  confirm the in  v iv o  data of 
Berube e t  al. w ho found that heavy application o f this preparation was re
quired to produce the occlusive effect (1 1 ). It is particularly noted that the 
small amount o f sodium  pyrrolidone carboxylate remaining on the stratum 
corneum after applying a 4% aqueous solution still causes a very large in
crease in the rate o f water vapor transmission. These results clearly confirm 
the earlier data presented by  Powers and Fox (1 2 ) that humectants increase 
transepidermal moisture loss.

Traditionally, humectants, such as glycerol, have been used for “ im proving 
dryness o f skin and chapping.” Published controlled clinical data attesting to 
the utility o f humectants are missing, although the authors have access to a 
m onadic clinical in-use study suggesting strongly that a preparation contain
ing a high concentration o f glycerol without any occlusive properties allevi
ates the dryness/chapping syndrom e (1 3 ) . It is difficult to reconcile the 
evidently beneficial effects o f glycerol with its ability to increase transepider
mal water loss. Only a very tentative hypothesis is offered here: Stratum cor
neum is com m only thought o f as a hom ogeneous layer o f cornified epithelial 
cells. The assumption is probably incorrect, since the outer portion o f the 
stratum corneum  may have suffered som e dam age due to wear and tear and 
the dissolution o f  lipid- and water-soluble constituents. As a result, the outer
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barrier to the evaporation o f water from  stratum corneum  is not the top o f the 
stratum corneum  but lies som ewhere betw een the topm ost and innermost 
cellular layers o f the stratum corneum. G lycerol is known not to penetrate 
stratum corneum  appreciably and presumably its application will result in the 
form ation o f a layer at or near the top o f this epidermal structure. By virtue 
o f its hygroscopicity, glycerol will unquestionably attract water from  the lo w 
er layers o f the stratum corneum  whenever ambient hum idity conditions pre
clude absorption from  the air. This will result in continuous migration o f 
water molecules through all layers o f stratum corneum  towards the glycerol 
layer which, in turn, readily loses water to the atmosphere. The benefits d e 
rived from  the application o f glycerol then reside in its ability to m ove the 
evaporative layer o f skin moisture from  som ewhere in the center o f the strat
um corneum  to the very top o f the stratum corneum.

C o n c l u s io n s

1. The stress relaxation modulus and the elastic modulus are sensitive m ea
sures o f  the ability o f various cosm etic treatments to affect the viscoelastic 
behavior o f stratum corneum.

2. The water-holding capacity o f a system com prising a humectant and 
stratum corneum  is the sum o f the com ponent parts. No synergistic effect 
cou ld  be demonstrated.

3. The application o f typical cosm etic humectants to the exposed side o f the 
stratum corneum increases the rate o f transepidermal water loss.

4. A m odel to explain the beneficial effects o f a moisturizer on the surface 
o f the stratum corneum  is proposed.

(R eceived  N ovem ber 13, 1973)
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D i e  P h o t o c h e m i e
v o n  S o n n e n s c h u t z m i t t e l n
I I . Ü b e r  d i e  P h o t o c h e m i e

v o n  M e t h y l - p - d i m e t h y l a m i n o b e n z o a t

C. D . M . T E N  BERGE* u n d  C . H . P. BRU IN S*

Synopsis—Photochemistry of sunscreens. II. The photochemistry of methyl-p-dimethvl- 
aminobenzoate.—The isolation and identification of another two photochemical reaction 
products of METHYL-p-DIMETHYLAMINOBENZOATE are described. ULTRAVIO
LET IRRADIATION of this compound in 1,4-dioxane in the presence of oxygen yielded 
also METHYL-p-N-FORMYLAMINOBENZOATE and METHYL-p-AMINOBENZOATE. 
Isolation was achieved by means of gas chromatography. The two products were identi
fied by comparison of the 1R, NMR, and mass spectra of the isolated and synthesized 
substances. For METHYL-p-(N-FORMYL-N-METHYL)-AMINOBENZOATE, mentioned 
in a previous communication, a new synthesis is described.

V or  kurzem berichteten w ir über die Photochem ie von  M eth yl-p -d i
m ethylam inobenzoat (1). W ir fanden vor allem, daß bei U V-Bestrahlung von  
M ethyl-p-dim ethylam inobenzoat in  'sauerstoffgesättigtem 1,4-D ioxan zwei 
photochemische R eaktionsprodukte entstehen, nämlich M eth yl-p -N -m eth yl- 
am inobenzoat und M eth yl-p -(N -form yl-N -m eth yl)-am in oben zoat (1). W ei
tere Untersuchungen haben gezeigt, daß noch weiter zwei Produkte nachzu
weisen sind, M ethyl-p-am inobenzoat und M eth y l-p -N -form yl-am inobenzoat 
(s. Form elbilder). Das G as-Chrom atogram m  zeigt außerdem einen kleinen

* Laboratorium voor Farmaceutische en Analytische Chemie der Rijksuniversiteit, Dir. Prof, 
Dr. J. S. Faber, Antonius Deusinglaan 2, Groningen/Nederland.

0
Methyl-p-aminobenzoat Methyl-p-N-formylaminobenzoat

26 3
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Peak 3, doch konnten wir die entsprechende Substanz nicht identifizieren. D ie 
neuen Versuche fanden unter genau denselben Reaktionsbedingungen statt, 
w ie für die Isolierung von  M ethyl-p-N -m ethylam inobenzoat und M eth yl-p - 
(N -form yl-N -m eth yl)-am inoben zoat angegeben wurde. N un gelang auch die 
Isolierung der zw ei genannten Reaktionsprodukte gas-chromatographisch, 
deren Identifizierung durch Vergleich der IR -, N M R - und Massenspektren 
der isolierten und synthetisierten Substanzen erfolgte.

In Zusammenhang mit unseren Untersuchungen erscheint die A rbeit von  
Reisch und N iem eyer wichtig (2). Diese A utoren fanden, daß durch U V -B e- 
strahlung von  Ä thyl-p -am inobenzoat in Äthanol u. a. ein über die A m in o
gruppe verkettetes O xidationsprodukt entsteht, an dem zwei M oleküle Ä th yl- 
p-am inobenzoat beteiligt sind. Diese Autoren betonen, daß sie die Bestrahlun
gen nicht in Inertgas-Atm osphäre durchgeführt haben, so daß die Bildung der 
O xidationsprodukte zum Teil durch die Einwirkung von  Luftsauerstoff er
klärt werden kann.

T rotz  der Tatsache, daß unsere Untersuchungen unter anderen R eaktions
bedingungen durchgeführt sind, ist es interessant, daß in beiden Fällen nur die 
aromatische A m inogruppe photochemisch reaktionsfähig ist und die Ester
gruppe zunächst nicht angegriffen w ird.

A ls Ergänzung dieser A rbeit haben w ir eine neue Synthese des M ethyl-p - 
(N -m eth yl-N -form yl)am in oben zoat beschrieben (1). W egen der C arcinogeni- 
tät von  Diazom ethan haben w ir eine Synthese mittels M eth yl-p -N -m eth yl- 
am inobenzoat und n-B utylform iat durchgeführt.

Beschreibung der Versuche

M assen-Spektrometrie: T y p  MS 9 (A E I); N M R -Spektrom etrie: T y p  A  60 
(V arian), Tetramethylsilan als innerer Standard; IR -Spektrom etrie: Beckman 
IR -3 3 ; Elementaranalysen wurden von  der M ikroanalytischen Abteilung"'"') 
des Chemischen Institutes der Reichsuniversität Groningen ausgeführt.

S y n th e s e  v o n  M e t h y l -p -a m in o b e n z o a t

Eine Lösung von  27,4 g (0,2 M ) p-Am inobenzoesäure (U SP X V I I I )  in 
600 ml M ethanol (M erck) wurde m it 20 ml konz. Schwefelsäure (M erck) ver
mischt. Das Gemisch wurde 23 Stunden unter Rückfluß gekocht, dann das 
M ethanol abdestilliert. D er Rückstand wurde unter Rühren in eine Lösung 
von  40 g N atrium hydroxid  in 200 ml Wasser, dem Eis zugesetzt w ar, ge
gossen. D er Ester w urde abfiltriert, mit Wasser gewaschen und aus Ä thanol/ 
Wasser umkristallisiert. D ie farblosen Kristalle wurden bei 90° C  getrocknet.

""*) Leiter: W. M. Hazenberg
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F. 112— 113° C . Ausbeute: 23,7 M ethyl-p-am inobenzoat. D ie IR -, N M R - 
und Massenspektren bestätigten die Struktur dieser Verbindung.

C 8H 9N O o (151,2) Ber.: C  63,56 H  6,00 N  9,27
G ef.: C  63,59 H  5,87 N  9,49

S y n th e s e  v o n  M e t h y l -p -N - f o r m y la m in o b e n z o a t

Als Richtschnur für die Synthese diesr Verbindung diente die Vorschrift von 
M offa t et al. (3). Statt Ä thylform iat wurde n-B utylform iat verwendet.

n-B utylform iat w urde wie fo lgt hergestellt: 760 ml Ameisensäure (E. Merck, 
98— 100 % )  wurden mit 920 ml Butanol-1 (M erck) vermischt und 24 Stun
den unter Rückfluß erhitzt. Nach Abkühlen auf Raum temperatur wurde mit 
100 ml gesättigter N aC l-L ösung und weiter mit 4 Portionen von  je 50 ml 
der gleichen Lösung ausgeschüttet, nachher mit 100 ml gesättigter N aH C O g- 
Lösung, der in kleinen Portionen festes N atrium hydrogencarbonat zugefügt 
wurde, bis keine CCL-Entwicklung mehr stattfand. Schließlich wurde zweimal 
m it je 100 ml gesättigter N aC l-Lösung ausgeschüttelt. Das R eaktionsprodukt 
w urde über ALO g [A lum inium oxid  aktiv neutral, Aktivitätsstufe 1, für die 
Säulenchromatographie (M erck); Säulenhöhe 12 cm, Durchmesser 41A  cm ] 
getrocknet. Das getrocknete Produkt w urde mit 150 ml Benzoylchlorid 
(M erck) versetzt, 4 Stunden unter Rückfluß erhitzt und destilliert, w obei das 
zugesetzte Benzoylchlorid und die enstandenen Produkte zurückblieben. Der 
rohe Ester w urde mit 100 ml gesättigter N aC l-Lösung und danach mit 100 ml 
gesättigter N aH C O g-Lösung ausgeschüttelt, der festes N atrium hydrogencar
bonat zugefügt wurde, bis keine COg-Entwicklung mehr stattfand. Nachher 
w urde noch zweim al mit je 100 ml gesättigter N aC l-Lösung ausgeschüttelt, 
über A120 3 [A lum inium oxid aktiv neutral, Aktivitätsstufe 1, für die Säulen
chrom atographie (M erck); Säulenhöhe 12 cm , Durchmesser 4Va cm ] getrock
net und destilliert (V ilgreux-Fraktionieraufsatz;.40 cm ). K p. 108— 109° C . 
Ausbeute: 560 g n-B utylform iat.

400 ml frisch hergestelltes Form iat wurde mit 8  g M ethyl-p-am inobenzoat 
gemischt, w obei eine trübe Lösung entstand. D ie Mischung wurde 24 Stunden 
unter Rückfluß erhitzt und nachher im Vakuum  eingeengt. D em  Rückstand 
wurden 300 ml Wasser zugesetzt. Es wurde mit 4 N  Salzsäure angesäuert. D ie 
Lösung wurde 30 min bei Raum temperatur gerührt, der Kristallbrei abge
saugt, mit Wasser gewaschen, aus Äthanol/W asser (A ktivkoh le) umkristalli
siert und im Vakuum exsikkator über konz. Schwefelsäure getrocknet: Farb
lose, glänzende Kristalle, F. 124° C .

Ausbeute: 4,8 g M ethyl-p -N -form ylam inobenzoat,
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I  12min I  SVmin |  ^¿lyin |  ̂ |5j. 25min |k iit
120*Cisothermal 120*C 180*C 210*0 24 0 *0 2 60*0 isothermal 260*0 280*0

Abbildung 1

Gas-Chromatogramm der Reaktionsprodukte (nach 48 Stunden Bestrahlung) an einer 
SE 30-Säule (20 %>) (s. Text). 1 Methyl-p-aminobenzoat, 2 Methyl-p-N-formylaminobenzoat, 
3 unbekannt (s. Text), 4 Methyl-p-(N-formyl-N-methyl)-aminobenzoat, 5 Methyl-p-N-

methyl-aminobenzoat.

IR : siehe A b b .  2.

N M R  (C D C lg): 5 3,9 [S] 3H , (C H 3 a n O ); 7,5— 8,1, 4 H  (arom at);
8,44 [S] 1H , (fo rm y l); 8,9 [S ] 1 H , (H  an N ).

Q H 9N O 3 (179,2) Ber.: C  60,33 H  5,06 N  7,82 0  26,79
G ef.: C  60,54 H 5 ,1 2  N  7,94 0  26,86

S y n th e se  v o n  M e t h y l -p - ( N - f o r m y l - N - m e t h y l ) - a m i n o b e n z o a t

Eine Lösung von  7 g M ethyl-p-N -m ethylam inobenzoat (5) in 350 ml 
frisch hergestellten n-Butylform iats (s. Vorschrift) wurde 6 8  Stunden unter 
Rückfluß auf Siedetemperatur erhitzt. Nach Einengen im Vakuum  wurden 
300 ml Wasser zugefügt und die Lösung mit 4 N  Salzsäure bis p H  ca. 3 ange
säuert. D ann wurde 30 min bei Raum temperatur gerührt. D ie weiße Substanz 
(kleine Kristalle) w urde abfiltriert, mit Wasser gewaschen, aus Ä thanol/W as- 
ser umkristallisiert und im Vakuum exsikkator über konz. Schwefelsäure 
getrocknet. F. 99 ° C . Ausbeute: 4,8 g M eth y l-p -(N -form yl-N -m eth y l)-am i- 
nobenzoat.

Das IR-Spetrum  w ar mit dem für die Substanz schon beschriebenen iden
tisch.
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W E L L E N Z A H L  C M - 1

Abbildung 2
IR-Spektrum von Methyl-p-N-formylaminobenzoat (Konzentration 2 mg; 300 mhg KBr).

Is o l ie r u n g  d e r  P h o to r e a k t io n s p r o d u k te

D ie Bestrahlung erfolgt nach der Vorschrift von  ten Berge et al. (2). Eine 
Lösung von  4 g M ethyl-p-dim ethylam inobenzoat in 400 ml 1 ,4-D ioxan wurde 
in beschriebener W eise 48 Stunden bestrahlt. H ierauf wurde die braungelb ge
w ordene Lösung bei einer Wassertemperatur von  30° C  im Vakuum  auf 10 ml 
eingeengt. Diese Lösung wurde zur Isolierung der den Peaks 1, 2, 3 und 4 
(A bb. 1) entsprechenden Substanzen verwendet.

Zu  diesem Zw ecke w urde ein Becker M ultigraph Research G as-C hrom ato
graph T ype 409 benutzt, aber nun mit einen „E ffluent Splitter with com ponent 
trap, Becker D elft N . V . (D etektorkapillare 0,25 mm innerer Durchmesser; 
Ausgangsrohr zum A uffangen  der Substanzen 1 mm innerer Durchmesser), 
Ho-Flammenionisationsdetektor, Edelstahl-Trennsäule (4,75 mm innerer 
Durchmesser) von  2 m und Chrom sorb W .A .W ., K orngröße 80/100 rnesh als 
Trägermaterial. Einspritzblocktem peratur: 300° C ; Detektorblocktem peratur: 
330° C ; Tem peraturprogram m : 120° C  Anfangstem peratur, bei dieser T em 
peratur 12 min konstant, 5 °/m in  bis 180° C , 2 ,5°/m in  bis 2 4 0 J C , 1 0 °/m in  
bis 260° C , bei dieser Temperatur 25 min konstant. Stationäre Phase: 
SE -30-20 °/o, Trägergas: N 2. Gasströmungsgeschwindigkeit: 60 m l/m in. P ro 
benm enge:-40 ¡tl. Es wurde so lange chromatographiert, bis ausreichend Sub
stanz für die verschiedenen Analysen erhalten w orden war. Diese Mengen be
trugen: Peak 1 :46  g; Peak 2 :21  m g; Peak 3 :12  mg und Peak 4 :8 2  mg. Die
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erhaltenen Substanzen wurden in A ceton  aufgelöst und zur Reinheitskontrolle 
in eine SE-30-Trennsäule eingespritzt. Substanzen entsprechend den Peaks 3 
und 4 wurden genügend rein befunden. D ie Lösung entsprechend Peak 3 wurde 
eingeengt und sehr gut im Vakuum  bei 100° C  getrocknet. Es blieb ein dunkel
braunes ö l  zurück, das hart und transparent w urde: Kristalle entstanden 
nicht. Das Massenspektrum dieser Verbindung zeigte eine M olekülion (M + )

von  — 263. e
D ie weiteren spektrometrischen Daten (N M R , MS, IR ) ‘ erlauben keine Aus
künfte über die Molekülstruktur.

D ie  Peaks 1 und 2  erwiesen sich als nicht genügend rein. Daher wurde eine 
gas-chromatographische Reinigung durchgeführt. Es wurde eine 2m -Edel- 
stahl-Trennsäule (4,75 mm innerer Durchmesser) mit C hrom osorb G .A .W .- 
D M C S, K orngröße 80/10 mesh als Trägermaterial und A piezon -L -3  %  als 
stationäre Phase benutzt.

N ur die Substanz entsprechend Peak 2  w urde nach 20 min bei 200° C  (iso
thermal) gewonnen. Sie wurde in etwa 2 0 0  pl D ioxan gelöst in und in 3 P or
tionen auf die beschriebenen A piezon-L-Trennsäule gebracht. Es wurde der 
vorgenannte G as-Chrom atograph benutzt, ausgestattet mit dem beschriebenen 
„Splitter“ und einem EE-Flammenionisationsdetektor. Einspritzblocktem pe
ratur: 300° C ; Detektorblocktem peratur: 330° C . 2 0 0 °  C  isothermal. Träger
gas: No. Gasströmungsgeschwindigkeit: 50 m l/m in. Probenm enge: etwa 60 pl. 
A ufgefangen wurden etwa 14 mg Substanz.

Nach Übertragen mittels D ioxan  in ein Reagenzgläschen und Trocknen im 
Vakuum  wurde ein IR -Spektrum  aufgenommen, das sich als identisch mit dem 
des synthetisierten M ethyl-p -N -form ylam inobenzoates erwies.

D ie Substanz entsprechend Peak 1 wurde weiter verarbeitet: sie wurde in 
0,5 ml D ioxan aufgelöst und auf eine Trennsäule mit folgenden Merkmalen 
gebracht: 2 m-Edelstahl (Innendurchmesser 4,75 m m ); Trägermaterial: C h ro
m osorb W .A .W .-D M C S , K orngröße 80/100 mesh; Stationäre Phase: A piezon - 
M -15 % . Benutzt wurde der vorgenannte Gas-Chrom atograph, ausgestattet 
mit dem beschriebenen „Splitter“ und einem Ho-Flammenionisationsdetektor. 
E inspritzblocktem peratur: 275° C ; Detektorblocktem peratur: 275° C . 180° C  
isothermal. Trägergas: N 2. Gasströmungsgeschwindigkeit: 60 m l/m in. Proben
menge: 1 0 0  pl. D ie erhaltene Substanz w urde mit ein wenig A ceton  (p . a. 
Merck) in ein Reagenzgläschen übergeführt, eingeengt und im Exsikkator ge
trocknet. Es wurden 25 mg farblose Kristalle erhalten. Das IR-Spektrum  er
wies sich als identisch mit dem des synthetisierten M ethyl-p-am inobenzoats.
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ZUSAMMENFASSUNG

Isolierung und Identifizierung zweier weiterer Photoreaktionsprodukte des 
M ethyl-p-dim ethylam inobenzoats werden beschrieben. D ie U ltraviolett
bestrahlung dieser Verbindung in 1 ,4-D ioxan in Gegenwart von  Sauerstoff 
liefert auch M eth y l-p -N -form ylam inobenzoat und M ethyl-p-am inobenzoat. 
D ie Isolierung erfolgte gas-chromatographisch. Beide Produkte wurden durch 
Vergleich der IR -, N M R - und Massenspektren der isolierten und synthetisier
ten Substanzen identifiziert. Für das in einer früheren Mitteilung behandelte 
M eth yl-p -(N -form yl-N -m eth yl)-am in oben zoat w ird eine neue Synthese an
gegeben.
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Synopsis—The TOXICITY of cosmetic, household, or personal product AEROSOLS is 
primarily the result of either deliberate abuse or allergic reactions to one or more of the 
ingredients. Hair sprays, antiperspirants, deodorants, and feminine hygiene sprays, among 
others, have been reported to produce toxic reactions in some users. A review of the pub
lished experimental and clinical data does not substantiate the contention that, when used 
as directed, they are hazardous. It is true, for instance, that the fluorocarbon PROPEL
LANTS, in experimental situations, can sensitize the myocardium to catecholamine-in
duced arrhythmias and thus produce a situation detrimental to the user, but not in the 
amounts to which the consumer is ordinarily exposed. The differences between toxicity, the 
inherent ability to produce undesirable alterations in biological tissue, and HAZARD, the 
likelihood that toxicity will occur, may explain the case for aerosol products. The potential 
for toxicity of properly packaged cosmetic, household, and personal product aerosols is 
present; the hazard is small under conditions of normal use.

I n t r o d u c t io n

As with any other type o f packaging or delivery system for cosmetics, 
drugs, or household products, aerosols have characteristics that are uniquely 
their own. In general, they are safe, convenient, easy to manipulate, and, for 
the most part, econom ical to use. In addition to these advantages, however, 
this particular m ethod o f packaging and delivery is somewhat harder to con 
trol once the contents have been  liberated from  the container. Foams, paints, 
and cosm etic powders are easily seen and handled; but many drug and liquid 
cosm etic formulations, such as deodorants and hair sprays, are hard to see 
once released and often the respect that other aerosol products are given by 
the consumer is not accorded these items.

Individuals often have a difficult time relating to a substance that, because 
o f its small particle size, is difficult to see; thus, the potential hazards, includ
ing warning labels, are often ignored. This can be illustrated in the case o f a

eSt. lohn’s University, College of Pharmacy and Allied Health Professions, Jamaica, X.Y. 
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hypothetical man who sprays an entire can of an aerosol insecticide into a 
small room  and then, without opening any windows, goes to sleep in the 
room ; rising later he finds manifestations o f a contact allergy. Yet he 
probably w ould not have treated a can o f gasoline that way, despite the 
relatively innocuous nature o f the chemicals in the can o f gasoline.

T y p e s  o f  A e r o s o l  T o x i c i t y

Toxic reactions to aerosols have been reported in the literature for several 
categories o f products: cosmetics, such as hair sprays (1—3) and deodorants 
( 1 , 4 , 5 ) ; perfumes ( 6 ); personal products such as fem inine hygiene deodor
ant sprays ( 7 , 8 ) ; and household products, such as spray paints (9 ) ,  insecti
cides (1 0 ) , aerosolized vegetable oils (1 1 ) , and room  deodorizers (5 , 9 ). 
M edicinal aerosols have also been reported to produce some o f the same 
toxic effects, but they will not be discussed in this paper. The types o f toxicity 
reported can be broken dow n into two main categories, those due to the 
propellants and those due to the active or inert ingredients in the form ula
tions.

Propellant toxicity can result either from  the refrigerant properties o f the 
propellants (freezing o f tissues or local anesthesia) or from the chem ical na
ture o f the propellants and the b iological responses they elicit ( 1 2 ).

Many o f the reported cases of aerosol toxicity are likely due to toxic reac
tions to the active or inert ingredients in the formulation, rather than to the 
propellants. A llergic reactions are among the more com m on forms of toxic 
responses to cosm etic aerosols. It has been estimated that approximately 10% 
of the population as a w hole has some type o f allergic disease ( 6 ) or has suf
fered an allergic response to some foreign substance during their lifetime; and 
it is a w ell-accepted m edical fact that people who are allergic to one sub
stance, or have an allergic disease such as asthma or hay fever, are prone to 
be allergic to other products as w ell—especially upon repeated exposure.

The incidence o f persons allergic to cosm etic products, on the other hand, 
is probably betw een 2 and 3%, when verified by  a patch test ( 6 ). In the data 
com piled  by one cosm etic com pany w ho markets a broad range o f products, 
only 448 reactions were reported in 114 million units sold ( 6 ). In an earlier 
reference, the incidence o f allergic skin reactions to lanolin was 1.14% in an 
unscreened sample o f users. (Lanolin  is w idely used in cosm etic formulations 
for its unique em ollient and emulsification properties.) On the other hand, 
when a controlled sample with no history o f allergic skin disease was tested, 
no allergic reactions to lanolin were reported (1 3 ). Recent refinements and 
improvements in the purification o f the lanolin used in cosm etic products 
have eliminated lanolin allergy as a significant problem . Reactions to perfum e 
oils, a ubiquitous ingredient in cosm etic aerosol products, are almost entirely 
due to an allergic or hypersensitive response, rather than due to primary 
irritation ( 6 ). There are more than 5000 odiferous substances in general use
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today as perfumes. M ost cosmetics contain approximately 0.5% perfum e oil; 
colognes about 4%; and perfumes up to 20%. Each o f these perfum e sub
stances may contain up to 50 different chem ical ingredients, so the task of 
identifying the cause o f an allergic response is, at best, a difficult one ( 6 ).

Photosensitization is a type o f allergic response and has been  reported for 
a num ber o f essential oils, such as neroli, pettigrain, cedarvvood, lavender, 
and bergam ot ( 6 , 14). In addition, dermatitis has been reported follow ing the 
use o f oil o f  bergam ot. Chlorophyll, traces o f copper, and psoralens, all found 
in oil o f  bergam ot, are suspected o f being the cause o f the allergies. A ging of 
the oil reduces its sensitizing propensity ( 6 ). Even once the allergy-causing 
ingredient has been found, the problem  o f cross-sensitivity may arise. Persons 
allergic to oil o f citronella, for example, arc also often allergic to lem on oil 
(1 5 ).

A partial solution to the problem  o f allergy to perfum e oils may have been 
found with the marketing, by  a num ber o f com panies, o f a group o f chem ical- 
ly-reproducible perfum e substances which have been patch tested to prove a 
low  incidence o f allergic responses (1 6 ) . H ypoallergenic cosmetics may be 
another solution. These are a group o f cosm etic products, marketed by a few  
companies, which are specifically for the use o f individuals hypersensitive to 
m any cosmetics. The raw materials for these products are selected on the ba 
sis o f a reported low  incidence o f allergic responses ( 6 ).

The pyrethrins, found in many insecticide aerosols, may also cause a variety 
o f allergic manifestations in susceptible individuals; erythema, rash, loss of 
feeling in exposed parts o f the skin, and diminished vision have all been re
ported ( 1 0 ).

Another type o f toxicity, though less important, that may result from the 
active or inert ingredients in many cosm etic aerosols, is primary irritation of 
the skin (1 7 ) . This is not an allergic response but rather is a result o f the 
caustic nature o f certain ingredients in the formulation. Calcium  thioglycolate 
is a prim ary irritant found in many aerosol foam  depilitories ( 6 ). Antiperspir- 
ants often contain salts o f zinc, zirconium , or aluminum w hich can cause 
primary irritation ( 6 ). Ocular irritation from  dandruff shampoos has been 
reported ( IS, 19), probably as a result o f certain zinc salts.

E f f e c t  o f  A e r o s o l s  o n  A n a t o m y  a n d  P h y s io l o g y  o f  t h e  S k i n  

a n d  R e s p ir a t o r y  S y s t e m

The underlying cause o f many o f the toxic reactions resulting from  the use 
o f cosm etic and household aerosols seems to be the result o f an alteration in 
the basic anatomy a n d /or  physiology o f the skin and respiratory systems. The 
type o f alteration produced depends, to a degree, on the product in question 
and the area o f the body  it com es in contact with. Alterations in skin pH  are 
thought to be the basis for the primary irritation produced  by the depilitories 
in foam  aerosols. Preparations containing calcium  thioglycolate, for example,
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usually have a pH  o f about 12, while the normal pH  o f the skin is betw een 
4 and 6 ( 6 ). The metallic salts o f zinc, aluminum, and zirconium  used in aero
sol antiperspirants may cause superficial skin infections because they produce 
narrowing o f the ducts o f sweat glands w hich may give rise to apocrine sweat 
gland occlusion and a true hydradentitis ( 6 , 18).

The refrigerant action o f propellants in personal or household aerosols 
can produce cooling or freezing of the sensitive corneal (5 )  or vaginal (7 )  
tissues if they are used improperly. M any facets o f skin metabolism, includ
ing cellular respiration, can be altered by  some cosm etic aerosols (2 0 ) . The 
propellants have been reported to sensitize the m yocardium  to arrhythmias 
caused by  anoxia and catecholam ines ( 2 1 ), although there is no definitive 
evidence that this type o f cardiac toxicity can result from normal use o f any 
aerosol product (22, 23 ). The interruption o f the normal bacterial flora o f 
several bod y  orifices was form erly a potential problem  with vaginal deodorant 
sprays containing antibacterial agents (2 4 ) . It is known that once the normal 
flora o f the vagina or rectum is altered (as with tetracycline therapy), an 
abnormal overgrowth o f yeasts and fungi ( usual symbionts in these areas) 
may cause pruritis (2 5 ) a n d /o r  other bacterial infections. Since most vaginal 
sprays no longer contain antibacterial chemicals, this problem  has essentially 
ceased to exist. Keratitis, due to a foreign bod y  reaction o f the skin, has been 
reported in response to the presence o f materials from  several household 
aerosols that have, in effect, been driven into the skin by the force o f the 
spray (5 ) .  An increased formation o f pulm onary edem a fluid and lipid pneu
monia lias been  reported follow ing a foreign bod y  response to the inhalation 
o f oil droplets from  an aerosol containing a vegetable oil (11) .  Edem a fluid is 
an ideal medium for the growth o f pathogens, resulting in aspiration pneum o
nia. A slight reduction in specific airway conductance, posing no clinical 
danger, has been reported follow ing the inhalation o f several bronchodilator 
aerosols. The bronchoconstriction reported, which was less than that caused 
by smoking a cigarette, was attributed to the aerosol propellant a n d /or  the 
surfactant chemicals (sorbitol trioleate and soya lecithin) contained in the 
two bronchodilator aerosols evaluated (26) .

P r o p e l l a n t  T o x i c i t y  a n d  A b u s e

The controversy regarding the toxicity o f aerosol products, in general, and 
the propellant chemicals they contain, in particular, began several years ago 
with the publication in the lay press o f several deaths due to “sniffing,” 
especially by teen-agers, o f the vapors from  a w ide variety o f aerosol products 
(27) .  The practice involved the deliberate, deep inhalation o f the concen 
trated vapors, usually from  a balloon or paper bag (28) .

These reports o f aerosol abuse brought the toxic potential o f the various 
propellants to the attention o f the aerosol industry. The toxicity o f the pro
pellants can be divided into three major categories: toxicity due to the refrig-
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erant action of the propellants (12), which may cause reflex airway obstruc
tion, especially of the larynx, and tissue damage to the delicate mucous mem
branes of the vulva (7) and eye (29); decomposition into phosgene when the 
vapors come into contact with an open flame (30); and finally, systemic 
toxicity, chiefly referrable to the cardiovascular system (21, 22). It is this lat
ter type of toxicity which has been accorded so much unwarranted publicity 
by the press.

The problem of teen-age abuse of aerosols is one over which the aerosol 
industry has little control, other than to update the warnings printed on the 
aerosol cans. The Inter-Industry Committee on Aerosol Use has established 
the Aerosol Education Bureau (31) to administer a safety campaign which is 
designed to warn teen-agers of the potential lethal consequences of abusing 
aerosolized products.

Soon after the controversy regarding the deaths from aerosol “sniffing” 
began, Taylor and Harris (21) reported that the exposure of mice to several 
propellants, followed by asphyxia in a plastic bag, produced sensitization of 
the myocardium to hypoxia, resulting in arrhythmias such as sinus brady
cardia, atrioventricular block, and T wave depression. They used these ex
periments to postulate that the sudden deaths that followed aerosol abuse by 
teen-agers could be the result of a toxic action of the propellants used in al
most all aerosol packages, as well as to provide a basis for warning against the 
possible hazards to frequent users of a variety of aerosol products. It is well 
known, and has been for some time, that high concentrations of many pro
pellants frequently used by aerosol manufacturers can produce a wide variety 
of toxic effects. Ataxia, tremors, liver, and kidney damage are among some of 
the more common findings (32, 33). But these experimental results in animals, 
especially at the high concentrations studied, bear little or no relationship to 
the lower concentrations to which the consumer of aerosol products is ex
posed (28). Also, there is lack of general agreement as to the accuracy of the 
data on aerosol toxicity when it is extrapolated from animal studies to humans 
(22, 34).

Following several reports by Taylor and Harris on the cardiac toxicity of 
aerosol propellants, other investigators attempted to reproduce their findings, 
with little success. McClure, in 1972, failed to produce significant changes in 
the heart rate or electrocardiogram of anesthetized mice after the administra
tion of several propellants in aerosol form, followed by asphyxia (35). In 
general, he found that the cardiovascular effects produced by propellant ex
posure were similar to the cardiovascular effects of asphyxia alone. McClure 
was also unable to confirm similar findings reported by Taylor and Harris in 
dogs (21). Egle e t  aJ. (23) also attempted to repeat the results of Taylor and 
Harris. They exposed mice to several propellants, either alone or with nitro
gen-induced asphyxia, and reported no augmentation of the asphyxia-induced 
bradycardia or atrioventricular block by the several fluorocarbon propellants
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studied. In all, four groups of investigators have failed to repeat the findings 
reported by Taylor and Harris (22).

On the other hand, many investigators have reported the safety of the 
fluorocarbon propellants in concentrations generally produced following nor
mal use. McClure (35) reported no effect on heart rate, blood pressure, and 
electrocardiogram in dogs following the intratracheal administration of an 
epinephrine aerosol. Azar e t  al. (36) were unable to produce arrhythmias in 
anoxic and hypercapnic dogs following repeated exposure to several com
mercial aerosols. Others were unable to produce significant electrocardio
graphic changes in several patients, ill with a variety of bronchopulmonary 
disorders, following the repeated inhalation of Propellant 11 and Propellant 
12 (27).

There is little question that the various propellants can, when administered 
in high concentrations over a prolonged exposure period, produce cardiac 
arrhythmias. Flowers and Horan (37) exposed anesthetized dogs to several 
commercial aerosols in high concentrations; their data showed bradycardia 
and ventricular arrhythmias in many of the dogs thus treated. Reinhardt e t  al., 
in 1971, reported that the inhalation of high concentrations did, in fact, sensi
tize dogs to catecholamine-induced cardiac arrhythmias (28). In addition, 
the propellants also produced questionable sensitization to endogenously-re
leased catecholamines resulting from audiogenic stimuli (28). The conditions 
described in these experiments, as well as many others, do postulate a mech
anism for the sudden deaths resulting from aerosol abuse, but in no way per
tain to the safety of the thousands of commercially available aerosol products 
currently in use today, assuming reasonable use of such products.

Toxicity of Cosmetic and Personal Product Aerosols 

A ntipersp iran ts and D eod ora n ts

These have been reported to cause granulomas of the axilla (38), which are 
probably linked to a hypersensitivity to the zirconium, aluminum, or other 
heavy metal salts used in these preparations (12). While the few reported 
cases to date have resulted from using either lotion or stick deodorants, sim
ilar reactions may possibly occur in allergic individuals using aerosol deodor
ants or antiperspirants containing these chemicals.

Other toxic reactions reported to be associated with the use of antiperspir- 
ant/deodorant aerosols include: pulmonary granulomatosis (1), epithelial 
keratinization of the eye (9), and clogging of the sweat glands with subse
quent infection (18). There have not been enough reported cases in any of 
these incidents to establish a definite cause-effect relationship.

Aerosol deodorants have been reported to produce “flashback” reac
tions in users of hallucinogenic drugs, such as mescaline and LSD. Two such
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cases have been reported in teen-agers (4); and either Propellant 12 or a 
mixture of Propellant 11 and Propellant 12 has been implicated, although not 
conclusively.

F em in in e  H y g ie n e  D e o d o r a n t  S p ra ys

Such products have been reported to be no better than frequent bathing to 
keep the vaginal area free from unpleasant odors (24, 39). Despite this, they 
have caught on in popularity and are sold widely, probably because many 
women believe they need them, despite the opinion of some gynecologists to 
the contrary (40). There are certain formulation differences between vaginal 
and underarm deodorants, i.e., vaginal deodorants commonly have less alcohol 
and less perfume—in order to reduce the possibility of irritating the tender 
vaginal mucous membranes (41). Irritation is more likely to occur with va
ginal than underarm deodorants because the user is more likely to spray the 
can longer, in that the spray is quite dry and there is little apparent residue. 
Also, the delivery rates of vaginal deodorants are likely to be higher than 
underarm deodorants because they are often packaged under substantially 
higher pressure. Propellant 12 is often used to reduce chilling (41).

The Food and Drug Administration has reported that reactions to the vagi
nal spray deodorants arc usually due to one or more of the following: in
juries resulting from the high pressure of the propellants; primary irritation 
from the alcohol, antibacterial chemical, or perfume; the rapid chilling ef
fects of the propellants on the delicate mucous membranes or skin in this area; 
allergies to the antibacterial chemicals or perfumes (40). Women users have 
reported irritation of the skin or mucous membranes, vulvitis, weeping derma
titis, chemical burns, and various hypersensitivity reactions, such as pruritis, 
burning, and edema (7, 40). Some of the special anatomical features of the 
vaginal area that make it more susceptible to deodorant sprays include the 
apocrine sweat glands, the thin horny stratum, and the special bacterial flora 
of the vaginal mucous membranes (24).

H a ir  S p ra ys

Hair sprays have been implicated, in a cause-effect relationship, with the 
development of pulmonary granulomatosis (3) and blood dyscrasias (2) in 
chronic users of such products, possibly due to a hypersensitivity reaction. The 
resinous ingredients contained in these products have been reported to be the 
noxious agents. In several reported cases, radiographic examination of the 
chest showed infiltration of the lung field in users of hair sprays which cleared 
when the usage of these products was discontinued (3). However, several 
attempts to duplicate these human findings in rats (42), guinea pigs (43), and 
dogs (44), exposed to commercial hair spray preparations for as long as two 
years, failed to demonstrate any pulmonary pathology that could be attributed
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to exposure to these products. The PAS-staining biopsy material, reported by 
Bergmann e t  al. (3) to indicate the presence of hair spray resins, was also 
found in the control animals (44). Furthermore, hematologic studies of dogs 
exposed to commercial hair sprays for up to 2 years (44) failed to demon
strate the blood dyscrasias (aplastic anemia, thrombocytopenia, and leuko
penia) reported as being compiled from the AMA Department of Dings 
Registry on Adverse Drug Reactions by DeNosaquo (2).

Further evidence of the safety of commercial hair sprays has been reported 
in two separate studies of hairdressers in Great Britain. In the first, John (45) 
studied 146 hairdressers, both men and women, who used hair sprays for be
tween 3 and 5 years. Radiographic examination of these hairdressers, from 
14 different salons, failed to demonstrate any pulmonary abnormalities. In a 
similar study by McLaughlin e t a]. (46), an X-ray survey of 505 hairdressers 
in Great Britain was reported. The hair sprays included both shellac-based 
sprays and sprays containing polyvinylpyrrolidone (PVP). In all groups a 
significant number of hairdressers had used the sprays for more than 6 years. 
No abnormal X-ray appearances, suggesting the presence of pulmonary 
granulomatosis (thesaurosis), were reported, despite the fact that the ma
jority of particles in both types of hair sprays had a diameter of less than 1 /x 
and were thus capable of being inhaled. In a study of the particle sizes of hair 
sprays manufactured in the United States, at least 50% of the hair spray par
ticles had a diameter of 35 p. or greater (47), which is larger than the size that 
is capable of penetrating the lungs to a significant extent. Further studies by 
Larson (47) also attest to the safety of commercial hair sprays. In this study, 
no differences in midexpiratory flow rate, measured spirometrically, were 
found between users of hair sprays and nonusers, in a controlled population of 
female college students. While the controversy over the safety of hair sprays 
continues, the bulk of scientific evidence at present indicates that earlier con
cerns over their safety is unfounded.

Toxicity of Household Aerosols

Because of the diverse nature of the products in this category, and the large 
number of users in all age groups, the toxicity of these products is of major 
interest to both the consumer and the aerosol industry. Other than the toxicity 
of the ingredients in a specific preparation, some of the factors contributing 
to the toxicity of the household aerosols include the pattern produced by 
aerosol spray (5) and the cooling action of the propellants (12). If the spray 
pattern of a product is not well controlled, particles intended for application 
in one place may well penetrate into the eye or impact on the skin. The im
paction of particles from these products, because of the relatively high pres
sure exerted at release, may cause aerosol particles, that would otherwise be 
harmless, to penetrate the surface of the skin or the cornea of the eye, thus
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making removal of the material difficult and increasing the likelihood of 
foreign body tissue reactions (5, 9). Spray keratitis, such as that just de
scribed, has been reported for hair sprays, insecticides, paint sprays, and de
odorants (5, 9). Furthermore, the cooling and drying action of the propellants 
and/or solvents in a product may aid in the penetration of aerosol particles 
into the eye (5).

Predicting the toxicity of household aerosols in humans, as a result of 
screening studies in animals, is not easily accomplished. The anatomy and 
physiology of the respiratory structures in lower animals is different from man 
(34); also, diseased humans will often respond differently to a product than 
will healthy laboratory species. Another problem is the design of a suitable 
exposure chamber; assuming that the environment can contribute to the po
tential hazards of a household aerosol product, there is little equivalency be
tween the exposure chambers commonly used in the testing laboratories to 
evaluate the potential toxicity of aerosol products and the actual rooms that 
humans live in when using such products (34). In general, though, despite 
the millions of units of household aerosol products consumed each year in 
this country, few toxic reactions are reported and, of those that are reported, 
approximately half are probably due to consumer error in following the in
structions for use printed on the package.

Toxicity and Hypersensitivity

Toxicity is a function of a chemical compound and its reaction with bio
logical tissues and can usually, but not always, be predicted from animal stu
dies. It is the responsibility of the manufacturer of cosmetic and household 
aerosols to market products with a low order of toxicity; in general, this re
sponsibility has been adequately accomplished. Hypersensitivity, or allergic, 
responses only occur in a small percentage of users of aerosolized products 
and, in general, cannot be adequately predicted from animal investigation. It 
is known, however, that persons with certain allergic diseases and/or a heredi
tary tendency towards respiratory and skin diseases may be more likely to 
elicit allergic reactions to many types of products commonly used in the home, 
including aerosols. There is little a manufacturer can do to reduce such ad
verse reactions to commercial aerosols, except to use ingredients which have 
been shown, through years of use or extensive laboratory and clinical testing, 
to produce a low incidence of hypersensitivity reactions. Other suggestions to 
reduce the incidence of aerosol-related allergy would be: pooling of reported 
allergic responses to products and ingredients; clinical testing on a wider 
scale to determine ingredients causing allergic responses; and limited market
ing of new cosmetic or household aerosols, containing new ingredients, until 
the allergy profile is well established.

(Received May 4, 1973)
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Testing for Inhalation Toxicity
WILLIAM R. TROY, M.S.° 

P resen ted  M arch  7, 1973, b e fo r e  th e  N eiv  Y ork C hapter, C lifton , N.J.

Synopsis—The purpose of this review is to outline some of the fundamental considerations 
involved in testing for INHALATION SAFETY of COSMETIC PRODUCTS. Apart from 
design of the exposure system and selection of test animals, factors such as environmental 
controls, proper dose levels, and signs of TOXICITY to watch for are of prime importance 
when conducting such studies.

A discussion of three areas of concern with regard to the inhalation safety of cosmetic 
AEROSOLS is also included. The questions of hair spray “storage disease,” possible aspi
ration of spray talc, and allegations of cardiotoxicity of aerosol propellants are treated with 
regard to experimental activity in these areas and what, if anything, has been proven to 
date by these investigations.

Introduction

Investigations in inhalation toxicity present some rather unique problems. 
Unlike most other cosmetic products, aerosols are afforded practically immedi
ate access to the systemic circulation by virtue of their being inhaled into the 
highly vascular lungs. For this reason, the potential for toxicity for such prod
ucts is greater than for formulations that are routinely applied to the skin 
such as flowing make-ups or body lotions. In addition to the possibility of sys
temic toxicity, there may also be localized adverse effects on the organs of the 
respiratory system by inhaled toxicants. Naturally, not even the slightest hint 
of either type of adverse effect would be acceptable for any cosmetic aerosol.

The following review has a twofold intention: first, to outline some of the 
equipment used in inhalation toxicology, parameters measured, and conditions 
necessary for proper investigation; and second, a discussion of the recent 
literature in the area of cosmetic aerosol toxicology.

“Avon Products, Inc., Suffern, N.Y. 10901.
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Inhalation Methodology 
S y ste m s

The first factor to be considered with regard to the design of an inhalation 
experiment is the design of the exposure system. Many considerations, includ
ing the number and species of animals to be used, space available, nature of 
the sample, etc., are involved in the selection of equipment for this type of 
toxicity testing. There are two basic types of inhalation exposure (and sev
eral variables of these): head-only and whole-body exposure. In the former 
type of experiment, the animal may be in an enclosure which is external to 
the actual chamber; only its head protrudes into the chamber and is exposed 
to the test material. This approach finds frequent use in noncosmetic areas 
where the possibility of oral ingestion of the test material should be separated 
from the inhalation route of entry; oral intake of the material can occur 
quite easily if the whole animal is exposed and goes through the normal 
routine of preening its fur which has been saturated with an aerosolized prod
uct. A modification of the head-only type of exposure is one in which the 
aerosol is delivered through a face-mask which has been fitted to the animal; 
an antiasthma preparation was recently reported as having been tested in 
this manner (1).

The whole-body method of exposure probably best approximates the types 
of contact with which we must deal in the use of cosmetic aerosols. In expos
ing the entire animal to an aerosolized material, of course, it must be under
stood that in addition to conducting an experiment in inhalation toxicology, 
we are also performing qualitative tests in eye irritation, oral toxicity, and 
dermal toxicity since all of these organ systems are being exposed to the 
aerosol in addition to the lungs. It makes good sense, then, to fully investigate 
the potential for toxicity on these other organ systems before investing time 
and effort in an inhalation study.

Many different chamber designs have been suggested since the original 
plexiglass box used by Draize (2). In one type, the axis of orientation is hori
zontal and the test material is introduced on one side, while the chamber is 
evacuated on the other side. In a second type, the axis is vertical and sample 
movement is from top to bottom. The latter seems to be more popular and is 
generally used in conjunction with a chamber whose body is basically cubical 
and tapers towards the top and bottom.

Allusion was made to the introduction and distribution of sample. Again, 
there are two basic approaches available. In the so-called “static chamber” 
system, the dose of material is introduced into the chamber atmosphere, the 
system is sealed, and the animals breathe only the air which is present in the 
chamber. In the “dynamic” system, the gas or suspended liquid is introduced 
into a stream of air which is continuously sweeping through the chamber at a 
constant rate. With proper chamber design, good distribution of the aerosol 
is almost assured if the airflow is rapid enough.
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No matter what type of exposure chamber is used, size is very important. 
This does not mean that a big chamber is better than a small chamber, or 
v ice  versa. The essential point is that the volume which the animals occupy 
within the chamber should be small in relation to total chamber volume; 
a generally accepted figure for animal volume is around 5% (3). In such a 
situation, especially in a long-term study, the inhaled doses arc more easily 
standardized than if a large portion of the chamber volume is removed with 
each inspiration. This chamber-to-animal volume ratio is even more critical 
if a static exposure system is being used, because here the available oxygen 
is being used up and not replaced.

A nim al S election

It cannot be stated that, for example, “the rat is the animal of choice for 
inhalation studies. ’ All species arc obviously quite different and may react 
differently to the material being tested. Whatever animals are chosen, the 
species best suited to the particular experiment should be used. This means 
that the way in which the animal metabolizes the test material, for example, 
should be taken into account. The vital capacity of each species should also 
be a part of the calculation of dose.

C h a m ber E nviro nm en t

As in the animal colony, the conditions of temperature and humidity within 
the inhalation chamber should be standardized—usually at 25°C and 50% 
relative humidity. Needless to say, there must be a sufficient level of oxygen 
for the animals to breathe, and there must be an efficient method of removal 
of expired C 0 2 from the chamber. In a static system, these factors limit the 
length of time that the animals can be exposed.

The homogeneous distribution of gases or suspended liquids within the 
inhalation chamber is also of critical importance. This is affected by several 
factors; among them, method of generation of the aerosol, rate of airflow, 
and chamber geometry. Also to be taken into consideration is the equilibra
tion time, that is, how long it will take the test material to attain a constant 
level within the chamber. If this is significant, then the overall duration of 
the experiment must be modified accordingly.

The duration of the experiment is variable and depends on the type of 
material to be tested and the intended dose level. A commonly used exposure 
time in a dynamic system is 4 hours per day. As mentioned above, this would 
be practically impossible in a static chamber, unless the chamber-to-animal 
volume ratio were extremely large. While the animals are in the chamber, 
there should be facilities for monitoring the concentration and, if desirable, 
the particle size of the test material in the experimental atmosphere; gas- 
liquid chromatography, infrared, and standard wet chemistry can be per
formed for analytical purposes. The techniques for particle sizing are many
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and varied. They range from simple collection on a glass slide, followed by 
visual classification, to the sophisticated technique of laser holography. 
Again, the method of choice is the one that gives the investigator the informa
tion he wants within the realistic limitations of his experiment.

L en g th  o f  Study

The overall duration of the experiment can be acute, subacute, or chronic. 
As in other types of toxicological investigation, the acute study is conducted 
to enable us to get an idea of the toxic potential of the material in question in 
relation to other materials. This is normally referred to as the LD50—the 
amount of test material which will kill 50% of the population to which it is 
administered in one dose. In inhalation toxicology this value is called the 
LC50, C representing the concentration of the material in air, and it is us
ually expressed with relation to time in terms of p pm , m g/l., or m g/ m 3. It 
should now be clear that it is even more important to know chamber and 
animal volume so that the nominal dose of inhaled material can be calculated.

In most cases, when dealing with cosmetic aerosols, the LC30 is difficult 
if not impossible to calculate because the airborne concentration of material 
which might produce death in the animals is unpractically high. For this rea
son, the procedure of selecting some fractional multiple of the LC50 to use 
for the subacute study is inappropriate. Instead, the test material may be 
aerosolized at a nominal chamber concentration of 20—200 mg/m3, the pre
cise dose being left to the investigator’s judgment and experience, and his 
understanding of how the product is intended to be used.

Chronic studies, which may run for 2 years, have rarely been used in the 
area of cosmetic inhalation toxicology. In the future, however, some empha
sis may shift toward this variety of test, particularly with reference to the in
vestigation of raw materials and aerosol propellants. Larger species of ani
mals such as dogs or monkeys are many times preferred for such testing.

O bservation s

Throughout any inhalation experiment, the animals should be observed 
carefully and regularly for any visible signs of toxicity such as changes in 
behavior, physical appearance, locomotor activity, etc. In addition, before a 
subacute or chronic study is initiated, while it is in progress, and after its 
completion, the animals should be weighed and a record kept of their food 
consumption.

At the termination of the experiment blood samples are taken from the ani
mals and the standard hematological parameters are examined; serum en
zyme levels and other clinical tests are also performed. After sacrifice, tissues 
from the various organ systems are removed and fixed for histological section
ing. The histopathological findings can then be added to the gross observa
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tions at autopsy, and to the blood data, to get a picture of the effect of the 
test material.

S p ecia l M e a s u r e m e n ts

Besides histological examination of tissue sections, another parameter which 
may be of interest to the inhalation toxicologist is the observation of the muco
ciliary activity of the respiratory system. This activity is one of the ways 
that the lungs are protected from the deposition of foreign material. Basi
cally, the cells lining the trachea, larynx, and upper airways have special 
modifications called cilia which are microfine, whisker-like projections from 
the free surfaces of these cells. These cilia have an inherent, rhythmic beat, 
whose total activity produces a wave-like motion directed towards the 
pharynx. In addition to the ciliated cells, interspersed among the latter are 
the so-called goblet cells which secrete a mucous substance. This mucous 
forms a blanket overlying the cilia so that fine inhaled particles may become 
entrapped in the mucous and removed from the respiratory system by move
ment of the blanket layer via the underlying cilia.

It is known that certain inhaled materials impede this mucociliary stream
ing, and some actually paralyze it. To determine whether it is still operating 
effectively, a fresh tracheal preparation taken from an animal that has been 
exposed to the suspect material can be examined. Usually, pollen grains or 
synthetic microspheres are placed on the tracheal membrane, and their pro
gress between two fixed points is observed under a microscope. Another meth
od for monitoring mucociliary function involves administration of an aerosol 
containing radiolabelled particles to an animal (usually of large size). The 
movement of these particles back up the airways is then monitored by scintil
lation detectors and their rate of clearance is determined.

If the inhaled particle escapes the mucociliary system and actually gains 
access to the alveoli of the lungs, it is confronted with a second system which 
is concerned with entrapment and removal of foreign matter. There is pres
ent in the interalveolar walls a specialized cell called the septal cell whose 
job it is to act like the policeman for the alveolus. In performing this func
tion, termed phagocytosis, projections of the septal cytoplasm surround the 
particle, and then join, enclosing it within a vacuole. Soon after this, such a 
cell becomes detached from the alveolar wall. In this free state it is commonly 
referred to as an alveolar macrophage; it still participates in phagocytic activ
ity, and it also appears to be capable of ameboid movement. It is by way of 
this movement that the macrophage reaches the ciliated lining of the air
ways through which it is carried toward the nasopharynx, where it enters 
and is swallowed.

The possibility exists that the septal cells too may be adversely affected by 
aerosol inhalation. The most common derangement might Ire a simple over
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loading of the system—that is, too much foreign material entering the alveoli 
for the septal cells to handle efficiently. In such cases, foreign particles may 
penetrate the alveolar membrane or otherwise enter the interstitium. In this 
case, the particle is transported to a satellite lymph node whose purpose it is 
to drain the lung tissue. From there, it may then enter the blood stream. 
Another alternative is that the particle or group of particles may not be 
cleared by the lung at all, but rather be sequestered in the lung tissue and 
walled off by reactive fibrous tissue formation; this is referred to as pneumo
coniosis. This pathological condition may be entirely benign and have no 
real long-term adverse effect on the individual, or, on the other hand, it may 
lead to a slowly developing, steady deterioration of lung function.

A third system in the lungs which may suffer toxicological effects of aerosol 
inhalation is the pulmonary surfactant. It is this biochemical substance 
(thought to be a mixture of lipid, protein, and possibly carbohydrate) which 
is responsible for evening out large differences in alveolar surface forces due 
to differences in their size during respiration. If it were not for the presence 
of this substance, the alveoli would tend to collapse, and each breath would 
become increasingly more difficult. Impairment of the pulmonary surfactant, 
through inhalation toxicity, then, would have obvious consequences. The sur
factant is also related to the alveolar clearance mechanisms in that move
ment of the septal cell out of the alveolus and up into the airways actually 
occurs in the surfactant bathing these surfaces. Measurements of the sur
face tension of pulmonary washings has been used to study this parameter.

Problems ix Cosmetic Aerosol Toxicology 

In h alation  T o x ic ity  o f  H air S p ra ys

The first area for this discussion of some of the problems that have arisen 
in the field of cosmetic aerosol toxicology will be the allegations concerning 
the use of hair sprays. These questions have been around for almost as long as 
aerosolized hair sprays have been in existence, but, as will be seen, extensive 
animal testing and human clinical observations have failed thus far to prove 
any of the charges.

In 195S, Bergmann published a paper (4) in which he described certain 
findings in X-rays of the lungs of two female patients. In addition to darkened 
areas of the lungs (indicating fibrous tissue formation), he biopsied the lymph 
nodes associated with drainage from the lung and found a large number of 
granules which reacted positively with the Periodic Acid—Schiff histological 
stain. As a result of his findings, Bergmann concluded that he had uncovered 
a new clinicopathologic entity, which he called “pulmonary thesaurosis.”

Within a year, a second paper appeared (5) describing another young 
woman with similar findings; the diagnosis of thesaurosis was also made here. 
And again, 2 years later, a fourth case was reported and similarly diagnosed
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(6). In 1962, Bergmann published a second paper (7) in which he offered 12 
further cases which he had diagnosed as pulmonary thesaurosis resulting from 
inhalation of hair spray. As with his previous paper, however, his case was 
built around the presence of PAS-positive granules in the lung and lymph 
tissue which he took to be evidence of polyvinylpyrrolidone resin from the 
hair spray.

In the meantime, several reports were published on the efforts to induce 
thesaurosis-like changes in the lungs of animals (2, 8—11). It was found that, 
indeed, PAS-positive granules could be demonstrated in the lung tissue after 
exposure to hair spray by inhalation, but that they were present to an equal 
extent in both treated and control animals. In addition, an in v itro  procedure 
for staining the PVP resin with PAS yielded a negative result (9). As for the 
tissue changes, a study was performed in which rats were exposed to aero
solized PVP for 8 hours a day, 5 days a week, for one month (11). The con
centration used, 146 mg/m3, is equivalent to discharging a typical 13-ounce 
can of hair spray continuously for about IV2 minutes in a room measuring 
8 x 8 x 8  feet, and then maintaining that level for the duration of the test. 
Histological examination of the lungs was carried out immediately following 
the study, and at 1, 3, 4, and 6 months after completion. Lung tissue from the 
animals sacrificed immediately and at one month showed no structural 
changes. At 3 months, mild peribronchial lymphoid hyperplasia or fibroplasia 
was seen. In none of these sections was PAS-positive material found. At 4 
months, however, PAS-positive particles were seen in the peribronchial 
lymphatics, and also at 6 months. At no time were any inflammatory changes 
seen in the lungs, nor did the authors feel that the PAS-positive reaction was 
due to the staining of PVP itself, but was probably some material coating the 
particles. The fact that PVP could be identified in the lung tissue by chemical 
analysis following this extremely high level of inhaled resin, but that nothing 
suggesting granulomatous lung disease was seen at autopsy up to 6 months 
after completion of the study, is perhaps the most important finding here.

At this point, then, the state of knowledge on this problem was that the 
diagnosis of pulmonary thesaurosis in humans hinged on the demonstration 
of PAS-positive granules (which, incidentally, were found in lung tissue taken 
from persons who had never been exposed to hair spray) (12). In addition, 
the signs seen in humans could not be reproduced in animals, even by heroic 
means. Since animal studies alone, however, could not really exclude the 
possibility that this might be a phenomenon unique to humans, several in
vestigators decided to undertake surveys involving human subjects. It was 
anticipated that if such a thing as hair spray thesaurosis could be produced 
in humans, it would certainly be seen to a much greater extent in a group 
that had been subjected to high concentrations of the suspected agent for 
long periods of time; professional hairdressers seemed ideally suited to this 
purpose. During the period 1963—72, over 2200 such hairdressers, the ma
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jority of whom were female, were examined by 10 different investigators 
utilizing chest X-ray (13—22); the reports came from England, France, Ger
many, and the U.S., and conclude unequivocally that no symptoms such as 
were seen by Bergmann e t  al., and which could be diagnosed as pulmonary 
thesaurosis, had been seen in any of the subjects. Notably, however, one case 
of a lung disorder called sarcoidosis was uncovered in a group of 114 in the
U.S. (19), and a second diagnosis of sarcoidosis made from a group of 596 in 
France (20). Because of many diagnostic similarities between sarcoidosis 
and the proposed thesaurosis, many investigators began to have doubts as to 
whether the two were distinct clinical entities.

During the same period that the hairdressers were being surveyed, solitary 
cases diagnosed as hair spray thesauresis continued to be reported (15, 22— 
24). More care appears to have been taken in the diagnosis of some of these 
later cases (9 in number), sarcoidosis having been specifically eliminated in a 
few of them. So while there is no real evidence to date to link the use of hair 
sprays to harmful effects on the lungs, the possibility continues to be suggest
ed. It therefore remains the responsibility of industry to continue a program of 
investigation to settle the issue for once and all. The ultimate question will not 
be whether thesaurosis or sarcoidosis is the proper diagnosis, but whether 
these are real, pathological effects on lung tissue as a result of the inhalation 
of hair sprays.

Spray P ow d ers

Another cosmetic product which has received attention as a potential inha
lation hazard is talc. The most common toxicological consequence of misuse of 
this material seems to be accidental aspiration of large quantities which 
choke off the airways and overwhelm clearance mechanisms (25—27); this 
occurs most frequently in young children.

Recently, there was a brief uproar surrounding asbestos contamination of 
the talcs being used in cosmetics. The concern which followed the original 
report arose because certain forms of asbestos have been implicated in the 
production of cancer in man and animals; the insidious nature of the carcino
genesis, in that it takes up to 20 years to manifest itself, was the main motiva
tion for the initial reaction. However, upon closer investigation of the prob
lem, it was found that the asbestos forms that are implicated in carcinogene
sis (chrysotile, amosite, crocidolite, and anthophylite) were not present in the 
talcs used for cosmetics. Another variety, tremolite, for which there is no evi
dence of carcinogenic hazard, was identified as being present at concentra
tions of less than 5%.

Even though carcinogenicity does not seem to be a potential problem, then, 
as far as the talcs are concerned, they should still be subjected to rigorous in
halation testing the same as other aerosolized products.
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P rop ella n t T o x ic ity

Possibly the most sensitive problem currently concerning aerosols and their 
safety is the question of propellant toxicity. An attempt will be made here to 
briefly recap some of the inhalation toxicity testing that has been done on the 
propellants, and then to discuss the recent reports which charge that they are 
unsafe.

More than 30 years ago, the Underwriters Laboratories designed inhalation 
studies using guinea pigs which exposed them to the Freon®* propellants for 
different lengths of time. The result was a classification, based on the relative 
inhalation toxicity of these and other materials, that was divided into 8 
groups. For purposes of this discussion, the most significant facts to come out 
of this rating were that Propellant 11 was put into the same category as car
bon dioxide, and that Propellants 12 and 114 were two categories removed 
from this and classified as less toxic than CO2.

More recent animal studies (28) have reported that when a concentration 
of 0.08% dichlorodifluoromethane (Propellant 12) is breathed for 8 hours a 
day, 5 days a week, for a total of 30 exposures, or when it is breathed continu
ously around the clock for 90 days, some liver damage appears to result in 
guinea pigs, but not in rats, rabbits, dogs, or monkeys. To put this into per
spective, this is approximately the level of P-12 that would be present in an 
8 x 8 x 8-foot bathroom if the entire contents of a standard can of aerosol deo
dorant were discharged in that room (an effort requiring about 4% minutes 
of continuous spraying).

Similar experiments (29) using trichlorofluoromethane (P-11) at 0.1% for a 
continuous 90-day exposure, or at 1.0% for the 8-hour a day, 30-day regimen, 
demonstrated no organ changes, and only very minor deviations in certain 
biochemical parameters in dogs; no effects were seen in rats, guinea pigs, or 
monkeys. Several other investigators support these findings (2, 30—32). It can 
be concluded, therefore, that these compounds are practically inert with re
gard to toxicity when they are dispensed in an aerosol product in a nonnal 
fashion, or even when used to excess, for the purpose for which they were 
designed.

During the late 1960’s, however, it began to become apparent that products 
containing these propellants were being used for something other than their 
intended purpose. In 1970, Bass (33) reported on this phenomenon; increas
ing numbers of young people were inhaling volatile hydrocarbons for the sen
sation of “high” that they produced. Between 1966 and 1969 a tremendous up
surge in this unique form of abuse was noted. The mechanism is rather sim
ple: the contents of an aerosol are discharged into a plastic or paper bag, and 
the volatilized, concentrated propellants are then inhaled. Bass also noted,

eE. I. du Pont de Nemours & Co., Inc., Wilmington, Del. 19898.
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however, a large increase in the number of sudden deaths immediately fol
lowing inhalation; in many of these eases, some exertion or stress had directly 
preceded the death. Reasoning that most of these people were oxygen-defi
cient as a result of confining their breathing to the contents of the bag, and 
realizing that, as has been known for many years, halogenated hydrocarbons 
will sensitize the heart to the effects of epinephrine, he hypothesized that the 
stressful activity had resulted in the endogenous release of epinephrine in the 
victim, and that sensitization by the fluorinated hydrocarbon propellants had 
resulted in a fatal cardiac arrhythmia.

Also during the 1960’s, an epidemic of sudden deaths among asthma-suffer
ers who used aerosolized bronchodilators was noted (34). This large increase 
in the death rate seemed to be confined, however, to England and Wales, Ire
land, Scotland, New Zealand, and Australia and reached a peak around 
1967, after which the rate declined.

Putting these two phenomena together, Taylor and Harris published a pa
per (35) in 1970 in which they presented experiments that purported to sup
port their theory that the asthma deaths had resulted from cardiac toxicity 
induced by the propellants in the victims’ nebulizers. Since its publication, 
debate has continued on the errors in design and conclusions of this study, but 
unfortunately, the damage has been done to the confidence of the asthma pa
tient in his medication and to the general confidence of the consumer in 
aerosolized products. One major fault in these experiments was that the mice 
that were used were administered one puff from an antiasthma nebulizer, dis
charged directly into their nose and mouth. The normal volume of air inspired 
by a mouse varies from 0.20—0.25 ml, so that the 6.5 ml of propellant gas de
livered by the nebulizer assured that the animal would breathe 100% propel
lant for the three inspirations which it was allowed. The normal volume of air 
inspired by a human is about 450 ml, approximately 1800 times that of the 
mouse, so that the propellants would normally be inhaled by a human at a 
concentration of about 1% of the inspired air in the initial breath.

In addition to this, the head of the animal was thrust into a tightly-fitting 
plastic bag after exposure to the nebulizer until cardiac abnormalities ap
peared on the electrocardiograph. The purpose of this bag was to simulate the 
lack of air which asthmatics may suffer before using the nebulizer. Taylor and 
Harris reported serious cardiac arrhythmias following propellant plus asphyx
ia, but none following asphyxia alone of up to 4 minutes. Investigations by 5 
different laboratories (36—40) have been unable to duplicate these results 
and have found that the asphyxia component alone is sufficient to induce se
rious changes in cardiac rhythm. In a recent answer to his critics, Harris (41) 
now contends that the asphyxia originally described as being induced by 
“• ■ . a form-fitting plastic bag wrapped tightly around the nostrils and mouth 
. . (35) was actually only partial asphyxia. It is for this reason, he states,
that his asphyxia alone did not result in arrhythmias.
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In addition to all of this, it has been shown that the blood half-life of P-11 
is between 0.3 and 1.5 min, while the maximum blood concentration measured 
after two consecutive puffs from a nebulizer was 2.6 /xg ml (42). It is known 
that at least 10 times this level is required to cause cardiac sensitization in 
nonanesthetized dogs when challenged with intravenous epinephrine (43, 
44).

We can safely conclude, then, that the propellants were not the culprits in 
the increase in asthma deaths. Just as a point of information, it has been re
ported (45) that this increase coincided with an increase in sales of one brand 
of nebulizer which contained 5 times the concentration of isoproterenol as 
was present in the other brands; in addition, this more potent formula was not 
licensed for sale in this country, but was sold in the countries which experi
enced the epidemic of sudden asthma deaths. The myocardium of the dog has 
been shown to be particularly sensitive to isoproterenol when arterial oxygen 
tension is low (46), as would be the case in a severe attack of asthma.

Although the aerosol propellants were not implicated after all in these 
deaths, there is still a great deal of concern over their safety as a result of the 
findings of several investigations which may have been stimulated by the orig
inal, unfounded charges. One of the first such studies which supplied critical 
data on this problem was conducted by Reinhardt and his group (47). Briefly 
stated, they found that conscious dogs breathing a minimum of 0.35% P-11, 
or about 10 times as much P-12, experienced serious cardiac arrhythmias 
when challenged with an intravenous injection of epinephrine; the concentra
tion of epinephrine approximated the amount thought to be released under 
conditions of stress. Additionally, they found that when the animal breathed 
80% P-11 for 30 sec, and was then frightened by a loud noise to stimulate en
dogenous epinephrine release, serious disturbances in heart rhythm could be 
produced in some of the dogs. Using barbiturate-anesthetized dogs, Flowers 
and Horan (48) have reported similar findings when the animals breathed 
the propellant gases from a plastic bag and were also given oxygen supple
mentation to prevent anoxia.

A second study by Taylor e t  al. (49), better planned than the first, subject
ed monkeys to inhalation through an endotracheal tube of an air mixture con
taining 30% P-12 and 9% P-114. They reported several different types of 
arrhythmias in response, without the use of injected epinephrine. Further 
work has also been done by Reinhardt’s group (50). Using conscious beagle 
dogs which were running on a treadmill, they exposed the animals to atmos
pheres containing P-11, P-12, or P-114. Up to 1.0% P-11 produced no cardiac 
arrhythmias. At a level of 5.0% P-114, and 10.0% P-12, ventricular arrhythmias 
were produced in one of the dogs.

For purposes of comparison, to return again to the calculation for propel
lant released by total discharge of a can of deodorant, we find that even the 
lowest level of P-12 which had an adverse effect on the heart in the above ex
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periments (i.e., 10.0%) is about 100 times higher than the total amount of P-12 
available in such a can when discharged into an 8 x 8 x 8-foot room, and the 
effective level of P-11 is at least 10 times that available. Use conditions for 
this aerosol deodorant would mean about 10—15 sec (at most) of propellant 
discharge, producing a 0.005% concentration of P-12 in this room. Multiple use 
of several different aerosol products would not even begin to generate propel
lant levels such as are necessary for, or even close to, producing cardiac 
arrhythmias.

It has been known for more than 60 years that halogenated hydrocarbons, 
such as chloroform, are capable of sensitizing the heart to epinephrine. Origi
nally intended for use as refrigerants, and then utilized in aerosol devices, the 
fluorinated hydrocarbons were carefully tested for their toxic effects after 
inhalation of concentrations that were thought to be far in excess of any pos
sible perversions of use. As it turns out, however, it was not contemplated that 
they would be sprayed into a bag and then inhaled at a concentration of up
wards of 80%. Abuse of this type is impossible to control and difficult to pre
vent. However, it must be kept in mind that this is an unintended misuse of 
the product, practiced by an extremely small percentage of the people who 
use aerosols. Fortunately, it appears that this fad may have run its course (or 
that the word may have spread about the inherent dangers), because the fre
quency of reports in the literature has declined greatly since the peak in 
1969-71.

We must admit, then, that as our aerosol products are made today, there is 
a possibility for abuse. However, there is absolutely no evidence yet to show 
that the fluorinated hydrocarbon propellants, at levels that would be encoun
tered during normal, or even exaggerated, use, have any deleterious effects 
on the user of a cosmetic aerosol. The cosmetic industry, through the CTFA 
and CSMA, has taken a very responsible position on the issue of propellant 
toxicity and has commissioned several studies into the effects of these propel
lants on both animals and humans. In addition, they have instituted an educa
tional program in which school-age children are shown a film dealing with 
the dangers in propellant abuse.

While the last word has yet to be spoken on the ultimate safety of the aero
sol propellants, this author hopes that when it is, it will be based on scientific 
evidence and not on purely emotional considerations. The difference between 
conditions of use and those of gross abuse are great, and must be taken into 
account when any statements are made about propellant safety.

(Received July 11, 1973)
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This free trial could 
eliminate your sore trial.

W h ile  sorbitol is no cure-all, it 
m ight do a lot more for your 
form ulating headaches than you 
think. W e ’ll be happy to send you 
a free w orking  sample o f  our 70% 
sorbitol, USP, and lend you a hand, 
if you like, in w orking  it.

Sorbitol has proven itself a 
natural (w hich  it is) as a 
sweetener, as a humectant and

as an extender for glycerine and 
propylene glycol in innumerable 
products.

Derived from dextrose and 
hydrogen, Lonza sorbitol is usable 
in any application. And Lonza 
is expert in its use. As a prime 
manufacturer, Lonza offers with 
its technical assistance assurance 
o f  a steady, dependable supply.

Lonza means dependability.
Lonza Inc., 22-10 Route 208, Fair Lawn, N. J. 07410/(201) 791-7500



H.SA
A l l l ï l

m m

manufacturer of 
fine fragrance 

compounds, designer of 
The Musk Oil, suggests 
Grass Oil & other Green 

fragrances are in fashion. 
Contact us for samples.

Elias and Company 
767 Fifth Avenue 
New York, N.Y. 10022 
212 PL 8-9440 
Cable: Bigfrog, N.Y.
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How to  use 
lanolin and stand out 
from  the flock .

that we make.
To begin with, we re continually im

proving our many products—and developing 
new ones—to meet the 
cosmetic industry's chang
ing needs. So the chances 
are that we've already 
created the precise lanolin 
product you've been hoping 
for. (If not, tell our research 
people what you'd like.)

Secondly, we deliver 
something special in the way 
of heads-up technical service— 
whether it's telephoned

' ' :- 1 ' : - |-
| |  IBB 51 Madison Avenge.

NewYork.N.Y 10C‘0
U >h scrip exo-rd nj' o • ;-i
your__________________
□ Please slant my free subscription to yourmonthly Lambs Tales bulletinNAME_______________

experts working right in your plant for days 
—or even weeks.

For samples and information on any of 
our top-quality products 
plus a free subscription to 
our popular "Lambs Tales" 
applications bulletin, contact 
our representative. Or mail 
the coupon.

And make your com
petitors feel sheepish.

Contact
Croda.

LANOLIN USP: SUPER CORONA LUXURY GRADE □ COSMETIC AND PHARMACEUTICAL LANOLIN FRACTIONS: SUPER HART.OLAN LANOLIN ALCOHOLS □ SKURO LANOLIC ACIDS□ FLUiLAN LIQUID LANOLIN LANOLIN DERIVATIVES: i LUILANOL S E LIQUID LANOLIN □ LIQUID BASE □ SKLlRALAN ALUMINUM LANOLATE □ SOLAN WATER SOLUBLE LANOLIN□ LANEXOL ALCOHOL WATER SOLUBLE LANOLIN □ POIYCHOL ETHOXYLATED LANOLIN ALCOHOLS □ SATULAN HYDROGENATED LANOLIN □ SATEXLAN ETHOXYLATED HYDROGENATED LANOLINS FATTY ALCOHOLS: NOVOL DISTILLED OLE YL ALCOHOL □ CRODACOL CETYL □ STEARYL AND OlEYL ALCOHOLS FATTY ALCOHOL DERIVATIVES: VOLPO ETHOXYLATED OLEYL ALCOHOLS □ CRODAFOS OLEYL AND CETYL ALKOXY PHOSPHATES □ POLAWAX SELF-EMULSIFYING WAXES GREASELESS EMOLLIENTS: CRODAMOL ISOPROPYL MYRtS’ATE AND Pi ¡SORROW'D A’DIPAT? □ CRODAMOL Of VS OLEYL ETHOXY MYRISTATE PROTEIN-HYDROLYSED: CROTEIN SOLUBLE PROTEINS AND ALCOHOL SOLUBLE DERIVATIVES
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Keep their virtues unimpaired. 
Use parabens for cosmetics.

Mallinckrodt parabens offer more than a hope. They offer the 
certainty of the best protection of its type.

W e have a wealth of experience in protecting cosmetics, drugs, 
pharmaceuticals and foods. To this end we have an unusually 

extensive line of para-hydroxybenzoates, including methyl, propyl, 
butyl, ethyl, heptyl.

More, we have an extraordinarily skilled technical service staff to 
help with any preservation problem. Call upon them today. 

Also, sorbic acid, potassium sorbate, sodium benzoate.

Mallinckrodt Chemical Works/Washine Division
Lodi, N.J. 07644 /  (201) 471-4500



Y E A R S
Fifty years of innovation and creativity in 
the field of scents and flavors.

Our experience, versatility, skill and 
imagination are yours to apply for 
tomorrow's success . . . today.

JVf>rd«
makes good scents and flavors

N O R D A  I N C .
475 Tenth Avenue, New York, N.Y. 10018
Telephone (212) 594-3232
Cable Address "NORDOIL," New York



Demonstration of Cosmetic Effects 
with Scanning Electron Microscopy 

Protocols for demonstrating IN VIVO •.. 

• Product substantivity on human hair and skin 

• Effects of products in the oral cavity, on the scalp 

• Moisturizing and cleansing effects on skin 

Call Today For More Information 
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SO CIETY

OF

CO SM ETIC

C H EM ISTS

EM P LO YM EN T

S ER V IC E

Professor Dee and Major Dart 
The two of them dig modern art 
They look—they see, they never 

doubt
Always sense what it’s all about 
Dee’s dad is Daff, Dart’s mom 

is Dill
And the four of them luff- 

luff Noville.

essential oil co inc
NORTH BERGEN, N. J.

ASSOCIATED COMPANY
NICKSTADTMOELLER, INC.

Ridgefield, N. J. 0 7 0 4 7

E m p lo y e r s :

You are invited to sub

mit requirem ents for 

technical employees to 

our National Office

at

50 East 41st S tree t 
New Y o rk , N.Y. 10017 

(212) 532-7320

The Society renders this 

service free to its mem

bers.

Member of the Research Institute 
for Fragrance Materials, Inc.
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CETIN A'
Fatty Ester Alkanolamide, Spermwax-amide 
S elf-em u lsify in g  S yn th etic  S perm aceti-am id e

The Satiny Feel

RO BANE®
(CTFA Dictionary 1973)

Purified Hexamethyltetracosane, Squalane 
L iq u id  v eh ic le  N A T U R A L  to  skin and  seb u m

A truly NATURAL adjunct to the 
Cosmeto-Dermatological field.

•

SPERM  W AX®
(CTFA Dictionary 1973)

Synthetic SPERMACETI
A NEW synthetic wax ester which almost 

duplicates the properties of Natural Spermaceti

SU PRAEN E ®
(CTFA Dictionary 1973—No. 1)

Purified more Stabilized Hexamethyltetracosahexaene. 
SQUALENE—the Natural Polyunsaturate

A product of human sebum

RO BECO  CHEMICALS, INC.
5 1  Madison Avenue, New York, N.Y. 1 0 0 1 0

Cable Address “Rodrug” N.Y. Telex: 23-3053
Tel. (212) 6S3-7500

© R e g .  U .S . P a t . O f f .  RP a t . P e n d .



ionneborn has helped keep America beautiful for over 5 0 years. 4

N o b o d y  c a n  g iv e  y o u  as m u c h  h e lp  w it h  w h it e  o ils , Wfrco 
p e t r o la t u m s  a n d  m ic r o c r y s t a l lm e  w a x e s  as w e  c a n . f  ( » ¿ | |

Sonnebora Division



Now cosmetic products can be formu
lated with pure bismuth oxychloride 
pigment for use in any transparent 
packaging. Our new Pearl-Glo UVR" 
pigment is why. It's pure pigment with 
no UV absorbers added—developed to 
solve the old problem of pigments in

standard packaging turning dark in sun
light. A problem it solves.

This is one of a series of important new 
pearlescent products to come from 
Mallinckrodt. Pearl-Glo UVR is ready 
now. To learn all the latest contact...

Mallinckrodt Cosmetic Chemicals Mallinckrodt Canada, Ltd. Mallinckrodt (U K ) Ltd
P.O. Box 5439. St. Louis. Mo. 63160 Pointe Claire, Q uebec. Canada Heathrow Airport
Phone: St. Louis (314) 731-4141 London. England

Jersey  City (201) 432-2500 Mallinckrodt Far East Corporation Byk-Mallinckrodt 
Los Angeles (213) 583-6911 Tokyo, Japan Chem ische Produkte Gmbh.

324 W esel (Rhein), West Germany

Mallinckrodt

Mallinckrodt Chemical Works 
North Point, Hong Kong





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
strumentation assure the finest quality cos
metic grade emollients, surfactants, sun
screens and perfume compounds.

CERAPHYLS®— 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 fatty 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.

ESCALOLS®— 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 formulation.

All of these products meet rigid specifications 
to insure their uniformity.

Since 1904 . . . QUALITY and SERVICE.

I N C E 19 0 4 V

Van DyjQ
BELLEVILLE, I

D Y K / ^ C O M P A N Y ,  I I M C
MAIN AND WILLIAM STREETS, BELLEVILLE, NEW JERSEY 0710:
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W e've p u t  in  a  lo t 
o f o v e rtim e  in  m a k in g  

o u r  PRO M U LG EN .
T h a t's  w h y  

it's  a  g r e a t  em u ls ifie r.

A specialty ingredient is just about as good as the research skill 
and the technical "know-how” that goes into its production. We like to think 

that our PROMULGEN is highly favored because of the extra care 
and time we've put into its development and manufacture.

PROMULGEN is a powerful nonionic emulsifier with effective emollient 
properties— superior to fatty acid esters—resistant to hydrolytic agents and 

high salt concentrations over a wide temperature and pH range.

Let us send you our latest Product Bulletin.

R O B I N S O N  W A G N E R  C O . ,  I N C .
628 Waverly Avenue, Mamaroneck, N.Y. 10543 • Tel.: 914/698-8550





Pride
It motivates Amerchol.
It prompted meticulous in-plant house
keeping, uncompromising quality control 
rigorous microbiological examination of 
all products, long before governmental 
pressures made them imperative.
Pride fosters the innovative research 
that improves your product line by 
improving ours...
Demands sophisticated production 
processes that allow no short cuts...
Creates the dedication that has made 
Amerchol lanolin derivatives and 
chemical specialties the standards of 
excellence in cosmetic and pharma
ceutical formulating.
Pride. Admittedly it's an expense. 
Because we don't settle for anything 
less than undeviating quality.
And it helps us grow. Because so many 
of you feel the same.
ACETULAN
Acetylated lanolin alcohols
AMERCHOL»
Multisterol extracts
AMERLATE»
Lanolin fatty acid derivatives
AMEROXOL™
Alkoxylated fatty alcohols
AMERSCREEN™
UV absorbers
GLUCAM™
Alkoxylated glucose derivatives
MODULAN-
Acetylated lanolin
OHIan™
Hydroxylated lanolin 
POLYLAN
Essential polyunsaturate 
SOLULAN »
Alkoxylated lanolin derivatives

Ameithol

Amerchol Park, Edison, New Jersey 08817 
(201) 287-1600 Cable: Amerchols 

Telex: 833 472 Amerchol Edin
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