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Behind every great name, there’s a great name.
Givaudan.

Givaudan s expertise in fragrances and flavors turns challenges into 
very real opportunities. Givaudan is the source of ideas evolved, tested, exactingly researched, 

and made to work in a fiercely competitive marketplace.

GIVAUDAN CORPORATION. 100 DELAWANNA AVE 
COLOMBIA • ENGLAND • FRANCE • W GERMANY •■ S O T J  07?14 * ASSOCIATED COMPANIES ARGENTINA • AUSTRALIA • BRAZIL • CANADA/^*? 

HONG KONG • ITALY • JAPAN • MEXICO • REPUBLIC OF SOUTH AFRICA • SPAIN • SWITZERLAND!(?IF



You get m ore 
thao sulfur 

chemicals at 
Evans...You get 
m ore lhae 50  
years of ha ir 

chem istry 
experieece

Evans, pioneers in developing chemicals 
for the s tructura l modifications of hair, 

offers a complete range of thioglycolates 
and other su lfur chemicals for the 

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

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

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

For Depilatories: THIOGLYCOLIC ACID 
fo r volume economical production • 

CALCIUM THIOGLYCOLATE for ease of 
form ulation • EVANOL® for a stable, 

cream base.
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OAT-PRO is compatible with other ingre
dients, and is an excellent carrier of 

fragrances • St ER-O-PRO is the ethylene 
oxide treated form .. .  an ingredient having a

low microbial profile.

Write or phone for Bulletins on the 
use of OAT-PRO/STER-O-PRO In 
cosmetic formulations:

OAT-PRO cosmetic flour contains:
• whole natural protein
• lipids
• polysaccharides 

leaves a silky after-feel

The Quaker Oats Company
INDUSTRIAL CEREALS DEPARTMENT
MERCHANDISE MART PLAZA, CHICAGO, ILLINOIS 60654
TEL: 312/222-7107 Q u a k e r



Croda’s found a remedy for the 
condition left by conditioners.

Conditioners developed to 
repair dam aged hair by adding 
quaternary polymers are  a  terrific 
idea. But the residue left behind by 
overconditioning isn't so terrific. The 
hair m ay reach a  point where it no 
longer feels clean, let alone 
conditioned.

Croda's found a  way to cure 
overconditioning by changing the 
treatment. We call it Creme-in Hair 
Cleanser HP-47M, also more con
ventionally known as conditioning 
shampoo.

The secret's in the addition of 
three Croda ingredients. Each 
works to enhance the effectiveness 
of the others. The result is a  condi
tioner totally unlike any others.

CroteinQ’
The quaternary protein deriva

tive developed by Croda to be 
compatible with the anionic deter
gents used in conditioning sham
poos and  rinses.

Crodafos'SG’
Croda's m anageability agent. 

When it's used in conjunction with 
Crotein 'Q' more protein is deposited 
on the hair strand. The hair is left 
wonderfully tangle free and_; 
com bable. And unbelifg 
m anageable when it ISf

Our extra mild, ;

left

ionic, non-ethylene oxide sucrose 
surfactant. The addition of Crodesta 
'SL-40' creates a  luxuriously smooth, 
creamy formula that cleans and  
conditions as it thickens.

At last there's a  conditioner that 
puts body and  bounce back into 
hair with minimum build up,
Creme-in hair cleanser HP-47M
Carsonol ALS * (Ammonium Lauryl Suliate) 15.00%
Carsonam  3* (Cocoamidopropyl Betaine) 10.00%
Carsam ide SAL-7 * (Lauram ide DEA) 2.00%
CRODAFOS SG (PPG 5 Ceteth 10 Phosphate) 2.00%
COSMOWAX (Stearyl Alcohol (an d ) Steareth 20 

(an d ) Steareth 10) 2.50%
CRODESTA SL-40 (Sucrose Cocoate) 12.00%
CROTEIN Q(Steartrimonium Hydrolysed Animal 

Protein) 3.00%
Veegum K‘ * (M agnesium  Aluminum Silicate) 0.45%
Perfume, preservatives q.s.
Water 53.05%

In half the w ater disperse the Veegum a n d  h ea t to 85° C until 
a  uniform slurry is achieved. Dissolve the CRODESTA in the 
rest of the w ater with stirring a n d  w arm ing—this takes 20 min
utes, then dissolve the CROTEIN Q. Heat other ingredients to 
60° C with stirring; a d d  Veegum  solution a n d  CROTEIN/ 
CRODESTA solution. Stir until uniform. Cool to 40° C, perfum e 
a n d  fill off.

‘Croda Carson Inc. 51 M adison Ave., New York. N.Y 10010 
Tel. (212)889-0444 “ R.T. Vanderbilt Co., Inc.

For samples of Croda materials 
and  more information contact us 
at 51 Madison Avenue, New York, 
N.Y 10010 (212) 683-3089, 
or one of the distributors 

ed.«

Sales Agents Croda Canada Ltd. 62 Osier Street, Toronto M6P 4A2 Canada (416) 763-4123 Walter H. Jelly ft Co. 2822 Birch Street. Franklin Park. 111. 60131 (312) 455-4235 Sol 
Kaplan ft Son, Inc. P.O. Box 17326. Memphis. Term. 38117 (901) 685-0323 Quad Chemical Co. 2779 East El Presidio. Long Beach. Cal. 90810 (213) 979-0606. Hawkins 

3100 East Hennpm Ave., Minneapolis. Minn. 55413(612)331-6910. Non-Warranty. All information contained hereon is intended primarily todemonstrate the 
utility of Croda surfactants and emollients. We assume no liability in the presentation of this data, nor should this information be construed as granting license to practice 
any methods or compositions of matter covered by U. S. or foreign patents. » » ^



ARLAMOL® E for 
unique emolliency and 
superior solvency
ARLAMOL E gives skin a subtle 
emollient feel without unpleasant 
oiliness. And it gives extra process 
flexibility. It's a better solvent 
than isopropyl myristate for most 
perfumes: blends alcohol and 
mineral oil. and other normally 
immiscible fluids; forms clear 
solutions with water and alcohol: 
and is stable to alkalies.

in Wilmington, ] 
or at (302): 
for 102-15, a 
fact-filled bulletin 
with guideline formulas, 
and samples for 
lab evaluation.

ICI America
m.



Antiperspirant
market

got you in a sweat?



New product forms.
Familiar ones revamped.
New competition.
New customers.
Government regulations 
changing.
Changing consumer 
demands.

When you need help, 
talk to an expert 
at Reheis.
Reheis is the leading producer of chemical 
actives used in antiperspirant products 
today. Some of our more important 
compounds include REHYDROL'1 anti- 
perspirants widely used in pump sprays 
and sticks; MICRO-DRY® and 
MACROSPHERICAL™ brands of con
trolled particle size powders ideal for 
use in aerosols and sticks; Aluminum- 
Zirconium complexes for sticks, roll-ons 
and creams; and CHLORHYDROL® 
brand of aluminum chlorhydroxide.

But we do more than supply 
antiperspirant marketers with our 
products. We help you with answers 
on market trends and current regula
tions. Work closely with you in the 
reformulation of current products or 
the formulation of new ones. We under
stand that new products and product 
modifications are a way of life for the 
antiperspirant marketer, and we'd like 
to share our expertise and experience 
with you.

So when you need help, don’t sweat. 
Talk or write to an expert at Reheis:
235 Snyder Ave., Berkeley Heights,
New Jersey 07922. Phone (201) 464-1500.

For the way it is today.
REHEIS
CHEMICAL
COMPANY

Division of Armour Pharmaceutical Company



The young in spirit are ageless. Perry’s creative chemists can help 
your product move into this tremendous market... at work... at 

home... at play.. .with a fragrance excitingly new or subtly familiar.

IQ0EIDD1

Let our highly skilled staff provide that certain extra something 
to make today's modern select y o u r  product.

PERRY BROTHERS
_ F r a q  r a n g e s

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 

O ffices in  P rin c ip a l C ities

Division of



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

T h e  p o te n tia l o f  y e s te rd a y  is th e  re a lity  o f  to d ay .
N o w  m e n , as w e ll as w o m e n , a re  c u s to m e rs  fo r  
c o ld  o r  h e a t w a ve  fo rm u la tio n s .

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

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

a m m o n iu m  th io g ly c o la te  (A T G ).
If y o u  h a ve  a n y  o th e r  s u lfu r  c o m p o u n d  in  m in d , 

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

Witco 
Chemical

W e c a n  h e lp  yo u  be  a p ro b le m  so lver.

So re m e m b e r  H a lb y  th io c h e m ic a ls  f r o m  W itc o  
a n d  b e  re a d y  fo r t h e  n e x t t re n d  in  h a irc a r e .  For 
m o re  in fo rm a t io n ,  p le a s e  s e n d  th e  c o u p o n .

Argus Chemical Corporation J5CC-11 I
Subsidiary of Witco Chemical Corp.
633 Court Street, Brooklyn, N.Y. 11231

Please send me information on these Halby products:
□  GMT DTGA DM EAT □  ATG

Other:_________________________________________  |

Name_________________________________________

Title________________________Phone______________  |

Company_______________________________________ i

Address_______________________,----------------------------  1

City & State__________________________Zip----------------  I
5296-77 |
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to
serve
^ ou
better.

HEW! IMPROVED!
EHLARGED
FACILITIES!
Miranol's increasing domestic and international 
sales of amphoteric surface active agents have 
justified the rapid expansion of our capabilities. 
With over thirty years of technology behind us, 
our company continues to be the world's leading 
producer of non-irritating amphoteric 
surfactants. We look forward with pride to 
another quarter of a century of outstanding 
achievements.

ÏR I iranol
C H E M IC A L  C O M P A N Y , IN C

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

Agents in princ ipa l c itie s  th roughout the  world

I-----------------------------------------------1
M IR A N O L  C H E M IC A L  C O M P A N Y  

2 77  C O IT  S T R E E T  •  IR V IN G T O N , N .J . 0 7 111

Please send information on Miranol's Surfactants 
for the follow ing app lica tions:........................................

NAME

TITLE

Please attach to your letterhead



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

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

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

A-C POLYETHYLENE
...the essential ingredient

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

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

^ ¡|  Chemical

A-C POLYETHYLENE
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Fragrances for the consumer 
of today. And tomorrow.
Finding the right fragrance for the right 
market takes special skill and know-how.
When we create a fragrance, it’s a classic.

W e m a k e  f ra g ra n c e s  h a p p e n

Florasynth
Executive offices:
410 E. 62nd Street,
New York, New York 10021
Buenos A ires • C a r a c a s  • C h ic a g o  
G ra sse  • London • Los A ng e les 
M e x ico  • M ilano • M ontreal 
Paris • Rio d e  Ja n e iro  
San  F ran c isco  • Tokyo



W hat H enkel 
o ffe rs fo r 
cosm etics &  
to ile trie s :

W hat 
H enkel 
doesn’l 
o ffe r :

Fragrances

Fragrance Raw Materials

Preservatives

Soluble Collagen

Placenta Extracts

Plant Extracts

Herbal Concentrates

Amino Acid Concentrates

Sulfur Compounds

Vitamin Complexes

Amine Oxides

Fatty Alcohols

Saturated n-Alcohols

Unsaturated n-Alcohols

Branched n-Alcohols

Ethoxylated Alcohols

Ethoxylated-Propoxylated
Alcohols

Waxes

Amphoteric Surfactants 

Alkyl Betaines 

Amido Betaines 

Acyl-Amido Betaines

Anionic Surfactants 
(Liquids, Pastes, 

Powders, Needles)

Alcohol Sulfates

Alcohol Ether Sulfates

Cationic Surfactants

Sulfosuccinic Acid 
Half Esters

Sulfonated Castor Oil

Alkanolamides

Fatty Acid Esters

Glycerol Esters

Short-chain Fatty 
Acid Esters

Ethoxylated Fatty 
Acid Esters

Only Henkel offers so many d ifferen t chemicals to help those who áre ‘m aking it’ 
in th e  cosm etics business.

Chemical Specialties Division

H en kel Inc.
1301 Jefferson St., Hoboken, N.J. 0703-
(201)659-1200 • (212)962-6140

Western Sales: 12608 Cerise Ave., Hawthorne, Ca. 90250 »(213) 679-943:



Ask
The Fragrance 
Achievers

1693

Lerour 64  years of experience and m odern Technology 
creare a  wondrous fragrance for you. Ungerer

The Fragrance Achievers

1977

Write for free informative booklet: "The Language of Perfumery." Ungerer & Company, 161 Avenue of the Americas, New York, N Y. 10013. 
ATLANTA • BOSTON • CHICAGO • LOS ANGELES • PHILADELPHIA • SAN FRANCISCO • ST. LOUIS • L0N00N, ENGLAND • MEXICO CITY



WHITE 
PRÒTOPET 

NO. IS
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Chemical
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The petrolatum in every home in Am erica.
Almost.

M o re  c o s m e tic  a n d  p h a rm a c e u t ic a l 
m a n u fa c tu re rs  s e le c t S o n n e b o rn  p e tro la tu m s  
fo r  th e ir  p ro d u c ts  th a n  a n y  o th e r  b ra n d . For a 
lo t o f g o o d  re a s o n s . T h e y  k n o w  th a t  p ro d u c t 
d e v e lo p m e n t is r is k y  e n o u g h  w ith o u t ta k in g  
c h a n c e s  o n  ju s t  a n y  p e tro la tu m . T h e y  k n o w  th e  
p u r ity  a n d  c o n s is te n c y  th e y  g e t w ith  S o n n e b o rn  

p e tro la tu m s . A n d  th e y  k n o w  th e  s u p e r io r

s e rv ic e s  S o n n e b o rn  p ro v id e s .

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

y o u r  n e e d s  th a n  th e  p e o p le  w h o  h a v e  b e e n  
p ro d u c in g  p e tro la tu m s  s in c e  19 1 5 . F or m o re  
in fo rm a t io n  o n  h o w  S o n n e b o rn  p ro d u c ts  a n d  
te c h n ic a l a id  c a n  h e lp  y o u  a c h ie v e  y o u r  

m a rk e t in g  g o a ls , w r ite : D e p t. A, W itc o  C h e m ic a l,  
S o n n e b o rn  D iv is io n , 2 7 7  P a rk A v e ., N Y  1 0 0 17 .

■W h e n 'y o u  fo rm u la te  s o m e th in g  s p e c ia l, Witco
start Wlth something sPecia|- Chemical
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SYNOPSES FOR CARD INDEXES

T h e  f o l lo w in g  s y n o p s e s  c a n  b e  c u t  o u t  a n d  m o u n te d  o n  3 X 5 in d e x  c a rd s  f o r  r e f e r e n c e ,  w i th o u t  m u t i l a t in g  
th e  p a g e s  o f  t h e  J o u r n a l ,

A n t i m i c r o b i a l s :  i d e n t i f i c a t i o n  o f  3 , 4 , 4 ' - t r i c h I o r o c a r b a n i l i d e  a n d  4 , 4 ' - d i c h l o r o - 3 - ( t r i -  
f l u o r o m e t h y l )  c a r b a n i l i d e  i n  d e o d o r a n t  b a r s :  F r a n c o is  X . D e m e r s  a n d  R o n a ld  L. Y a te s .  Journal 
of the Society of Cosmetic Chemists 2 8 ,  6 5 9  ( N o v e m b e r  1 9 7 7 )

S y n o p s i s — T h e  a n t im ic ro b ia ls  3 ,4 ,4 '- t r i c h lo r o c a r b a n i l i d e  a n d  4 ,4 '- d i c h lo r o - 3 - ( t r i f l u o r o m e th y l )  
c a r b a n i l id e  w e re  id e n t i f ie d  in  d e o d o r a n t  b a r s  b y  a n a ly s is  o f  t h e i r  d e g r a d a t io n  p r o d u c ts .  T h e  
a n t im ic ro b ia l ( s )  w e r e  f i r s t  c o n c e n t r a t e d  b y  s o lv e n t  e x t r a c t io n  o f  th e  d e o d o r a n t  b a r .  T h e  e x t r a c t  
w a s  f u s e d  w i th  p h th a l ic  a n h y d r id e  to  f o r m  m ix e d  p h th a l im id e s ,  w h ic h  w e r e  t h e n  h y d r o ly z e d  w i th  
h y d r a z in e  t o  y ie ld  a  m ix tu r e  o f  a ro m a t ic  a m in e s .  G a s - l iq u id  c h r o m a to g r a p h ic  a n a ly s is  o f  th e  a m in e  
m ix tu r e  w a s  u s e d  to  id e n t i f y  t h e  a n t im ic ro b ia l ( s )  o r ig in a l ly  p r e s e n t  in  th e  d e o d o r a n t  b a r .  3 ,4 ,4 '-  
T r i c h lo r o c a r b a n i l id e  w h e n  d e g r a d e d  y ie ld e d  a  m ix tu r e  o f  4 - c h lo r o a n i l in e  a n d  3 ,4 -d ic h Io ro a n i l in e .  
4 - C h lo r o a n i l in e  a n d  4 - c h lo r o - 3 - ( t r i f lu o r o m e th y l )  a n i l in e  w e r e  th e  p r o d u c t s  o b ta in e d  f r o m  4 ,4 '-  
d i c h lo r o - 3 - ( t r i f lu o r o m e th y l )  c a r b a n i l id e .  T h e  p r o c e d u r e  w a s  th e n  e v a lu a te d  as a  m e th o d  f o r  th e  
d e t e r m in a t io n  o f  t h e  a n t im ic ro b ia ls ,  u s in g  3 ,5 - d ic h lo r o a n i l in e  as th e  i n t e r n a l  s ta n d a rd .  R e c o v e r ie s  
o f  a d d e d  a n t im ic ro b ia ls  w e r e  8 5  to  9 0  p e r  c e n t  o f  t h e o r e t i c a l .

R e d u c t i o n  o f  t o p i c a l  i r r i t a t i o n :  R o b e r t  L. G o l d e m b e r g  a n d  L e o p o ld  S a f r in  .Journal of the Society 
of Cosmetic Chemists 2 8 , 6 6 7  ( N o v e m b e r  1 9 7 7 )

S y n o p s i s — A n t i i r r i t a n t  e f f e c ts  n o t e d  s in c e  1 9 6 5  a r e  r e v ie w e d  a n d  g r o u p e d  in to  tw o  m a jo r  
c h e m ic a l  c a te g o r ie s :  im id a z o le  a n d  h y d ro x y  c o m p o u n d s .  S e v e ra l  m is c e l la n e o u s  ty p e s  a r e  a lso  
n o te d :  P V P  (P o ly v in y l  p y r o l l id o n e ) ,  q u a t e r n a r y  a m m o n iu m  c o m p le x e s ,  a n d  a m id o  s u l fo s u c c in a te  
s u r f a c ta n t s .

T h e  “ n o  t e a r s ” a n t i i r r i t a n c y  e f f e c t ,  w h ic h  r e s u l t s  f r o m  a  c o m b in a t io n  o f  a m p h o te r i c  s u r f a c ta n t s  
w i th  la u ry l  s u lfa te s  is p o s tu l a t e d  as r e s u l t in g  f r o m  a  p o s s ib le  d i f f e r e n c e  in  s o r p t io n  r a te s  w h ic h  
a llo w s  th e  a m p h o te r ic  to  " o c c u p y ” th e  c o r n e a ’s a v a i la b le  b in d in g  s i te s  b e f o r e  t h e  a n io n ic  c a n  d o  s o ,  
th u s  p r e v e n t in g  " d e n a t u r in g ” d a m a g e  to  t h e  e y e  b y  th e  la u ry l  s u lfa te .

T h e  e v a l u a t i o n  o f  f l u o r i d e  d e n t i f r i c e s :  M o r to n  P a d e r ,  L e w is  P. C a n c r o  a n d  B e r n a r d  G u i l lo .  
Journal of the Society of Cosmetic Chemists 2 8 ,  6 8 1  ( N o v e m b e r  1 9 7 7 )

S y n o p s i s — F o u r  l a b o r a to r y  te s t s  w e r e  in v e s t ig a te d  as in d ic a to r s  o f  t h e  c o m p a t ib i l i ty  o f  f lu o r id e  
s o u r c e  a n d  a b ra s iv e  s y s te m  in  f lu o r id e  d e n t i f r ic e s .  T h e s e  w e re  s o lu b i l i ty  o f  th e  f lu o r id e  in  w a te r ,  
a b i l i ty  to  r e d u c e  th e  s o lu b i l i ty  o f  d e n ta l  e n a m e l  in  a c id  in vitro, u p ta k e  o f  f lu o r id e  f r o m  th e  d e n t i 
f r ic e  in vitro, a n d  a  r a t  a ssa y  f o r  a n t ic a r ie s  e ffic a c y . D e n t i f r i c e s  w e r e  f o r m u la te d  w i th  1 0 0 0  p p m  
f lu o r id e  (as N a F ,  S n F 2 , o r  N a îP C h F )  a n d  w i th  a b ra s iv e s  k n o w n  to  e i t h e r  i n t e r a c t  o r  n o t  i n te r a c t  
w ith  th o s e  p a r t i c u la r  f lu o r id e s .  A ls o ,  c l in ic a l ly  p r o v e n  c o m m e r c ia l  p r o d u c t s  w e r e  e x a m in e d .  T h e  
a ssa y s  f o r  w a te r - s o lu b i l i ty  o f  th e  f lu o r id e  a n d  th e  r a t  a ssa y  c le a r ly  d i s t in g u is h e d  b e tw e e n  th e  d e n 
t i f r ic e s  w i th  r e s p e c t  t o  c o m p a t ib i l i ty  o f  f lu o r id e  s o u r c e  a n d  d e n t i f r i c e  a b r a s iv e ,  in  a g r e e m e n t  w i th  
th e  r e s u l t s  o f  c lin ic a l t r i a ls  r e p o r t e d  in  th e  l i t e r a tu r e ,  in v o lv in g  d i f f e r e n t  a b ra s iv e s  a n d  s o u r c e s  o f  
f lu o r id e .

T h e  t e n s i l e  p r o p e r t i e s  o f  h a i r  f i b e r s  i n  1 - p r o p a n o l  w a t e r  m i x t u r e s :  D . L u  a n d  M . M . B r e u e r .
Journal of the Society of Cosmetic Chemists 2 8 ,  6 9 5  ( N o v e m b e r  1 9 7 7 )
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S y n o p s i s — T h e  s t r e s s - s t r a in  c u rv e s  o f  in ta c t  h a i r  f ib e r s  im m e r s e d  in  a q u e o u s  1- p r o p a n o l  s o lu t io n s  
w e r e  m e a s u r e d  as f u n c t io n s  o f  1 - p r o p a n o l  c o n c e n t r a t i o n ,  p H  a n d  t e m p e r a tu r e .  P lo t s  o f  t h e  te n s i le  
f o r c e s  a t  g iv e n  e x te n s io n s  a g a in s t  t h e  p r o p a n o l  c o n c e n t r a t i o n s  s h o w  m in im a  a t  a b o u t  5 0  p e r  c e n t  
p r o p a n o l ;  t h e s e  b e c o m e  m o r e  p r o n o u n c e d  a t  lo w  p H  v a lu e s  a n d  a t  h ig h e r  t e m p e r a tu r e s .

T h e  e x p e r im e n ta l  r e s u l t s  c a n  b e  i n t e r p r e t e d  b y  a s s u m in g  th a t  tw o  a d d i t iv e  m o le c u la r  p r o c e s s e s  a re  
r e s p o n s ib le  f o r  th e  e la s t ic i ty  o f  h a ir :  c o n f o r m a t io n a l  c h a n g e s  o f  th e  p o ly p e p t id e  c h a in s  a n d  e l e c t r o 
s ta t ic  i n te r a c t io n s  b e tw e e n  th e  v a r io u s  io n ic  s id e  c h a in s .  T h e  p r e s e n c e  o f  1 - p r o p a n o l  in  lo w  
c o n c e n t r a t i o n s  a c c e n tu a te s  t h e  im p o r t a n c e  o f  th e  l a t t e r  p r o c e s s  b y  d im in i s h in g  th e  v a lu e  o f  t h e  e f 
f e c t iv e  d ie le c t r i c  c o n s t a n t  in s id e  th e  h a i r  s t r u c tu r e .  A t  h ig h  p r o p a n o l  c o n c e n t r a t i o n s ,  h o w e v e r ,  t h e  
d e h y d r a t io n  o f  t h e  f ib e r s  in c re a s e s  th e  r e la t iv e  c o n t r ib u t io n  o f  th e  c o n f o r m a t io n a l  c h a n g e s  a n d  
b r in g s  a b o u t  a  s t r e n g th e n in g  o f  th e  h a ir .

S e p a r a t i o n  o f  f l u o r i d e  i o n s  i n  t o o t h p a s t e s :  M . H e r p o l - B o r r e m a n s ,  M . H a n o c g ,  a n d  M .-O .  
S c h m itz -M a s s e .  Journal of the Society of Cosmetic Chemists 2 8 ,  7 0 5  ( N o v e m b e r  1 9 7 7 )

S y n o p s i s — A  m e th o d  is  p r o p o s e d  f o r  t h e  s e p a r a t io n  o f  f lu o r id e  io n s  in  t o o th p a s t e s ,  w h ic h  c o n ta in  
la rg e  a m o u n ts  o f  a lu m in iu m  c o m p o u n d s .  T h e  m e th o d  in v o lv e s  d is t i l la t io n  w i th  s u p e r h e a t e d  s te a m  
in  a  s p e c ia l ly  d e s ig n e d  a n d  fa b r ic a te d  a p p a r a tu s .  T h i s  t e c h n iq u e  h a s  b e e n  v a l id a te d  d u r in g  th e  
e x a m in a t io n  o f  a ll ty p e s  o f  to o th p a s te s .
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Antimicrobials: identification of 3,4,4 -trichlorocarbanilide and 
4,4'-dichloro-3-(trifluoromethyl) carbanilide in deodorant bars
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Cosm etics Technology. Food a n d  D ru g  A d m in is tr a tio n . W a sh in g to n ,
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W a sh in g to n . D .C .

S y n o p s is :

T h e  A N T I M I C R O B I A L S  3 ,4 ,4 '- T R I C H L O R O C A R B A N I L I D E  a n d  4 ,4 '- D I C H L O R O - 3 - ( T R I F L U O -  
R O M E T H Y L )  C A R B A N I L I D E  w e re  I D E N T I F I E D  in  D E O D O R A N T  B A R S  b y  a n a ly s is  o f  th e i r  d e g r a d a 
t io n  p r o d u c ts .  T h e  a n t im ic ro b ia l ( s )  w e r e  f ir s t  c o n c e n t r a t e d  b y  s o lv e n t  e x t r a c t io n  o f  t h e  d e o d o r a n t  b a r .  T h e  
e x t r a c t  w a s  fu s e d  w ith  p h th a l ic  a n h y d r id e  to  f o r m  m ix e d  p h th a l im id e s ,  w h ic h  w e r e  t h e n  h y d r o ly z e d  w ith  

h y d ra z in e  to  y ie ld  a m ix tu r e  o f  a ro m a t ic  a m in e s .  G a s - l iq u id  c h ro m a to g r a p h ic  a n a ly s is  o f  th e  a m in e  m ix tu r e  
w as u s e d  to  id e n t i f y  th e  a n t im ic ro b ia l ( s )  o r ig in a l ly  p r e s e n t  in  t h e  d e o d o r a n t  b a r . 3 ,4 ,4 '- T r i c h lo r o c a r b a n i l i d e  
w h e n  d e g r a d e d  y ie ld e d  a  m ix tu r e  o f  4 - c h lo r o a n i l in e  a n d  3 ,4 -d ic h lo ro a n iI in e .  4 - C h lo r o a n i l in e  a n d  4 - c h lo r o -
3 - ( t r i f l u o ro m e th y l)  a n i l in e  w e r e  t h e  p r o d u c t s  o b ta in e d  f r o m  4 ,4 '- d i c h lo r o - 3 - ( t r i f l u o r o m e th y l )  c a r b a n i l id e .  
T h e  p r o c e d u r e  w a s  t h e n  e v a lu a te d  as a  m e th o d  f o r  t h e  d e t e r m in a t io n  o f  t h e  a n t im ic ro b ia ls ,  u s in g  3 ,5 -  
d i c h lo r o a n i l in e  as th e  in te r n a l  s ta n d a rd .  R e c o v e r ie s  o f  a d d e d  a n t im ic ro b ia ls  w e r e  8 5  to  9 0  p e r  c e n t  o f  
th e o r e t i c a l .

INTRODUCTION

Deodorant bars are composed of soaps and/or detergents and fragrance oils to which 
antimicrobial compounds have been added to retard the growth of skin bacteria that 
may give rise to body odor. For many years hexachlorophene was the principal active 
antimicrobial agent in deodorant bar formulations. A regulation restricting the use of 
hexachlorophene has resulted in the use of a number of substitute antimicrobials in 
these preparations. Two antimicrobial compounds that are frequently used in 
deodorant bars are 3,4,4'-trichlorocarbanilide (TCC) and 4,4'-dichloro-3-(trifluoro- 
methyl) carbanilide (DCTFMC). Deodorant bars commonly contain mixtures of these 
two compounds, making their identification by chromatographic methods difficult. 
Wilson (1) was unable to separate TCC and DCTFMC by thin-layer chromatography. 
Sheppard and Wilson (2) reported that TCC and DCTFMC were eluted in the same 
fraction, using partition chromatography. The ultraviolet spectra of TCC and 
DCTFMC are nearly identical and the compounds, therefore, cannot be characterized
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by this method. Investigations in this laboratory with high pressure liquid 
chromatography and gas-liquid chromatography (GLC) were likewise unsuccessful.
The primary purpose of this investigation was to develop a method for the identifica
tion of these compounds. The second part of this investigation involved evaluation of 
the qualitative method as a technique for the determination ofTCC and DCTFMC.
Tingle and Brenton (3) reported that alkyl carbamides react with phthalic anhydride to 
give alkyl phthalimides in high yield. Manske (4) synthesized primary alkyl amines by 
hydrazine hydrolysis of alkyl phthalimides. These studies form the basis of the method 
reported here.
DCTFMC and/or TCC were isolated from the deodorant bars by solvent extraction. 
The residue remaining after evaporation of the solvent was reacted with phthalic anhy
dride (see Fig. 1). The reaction mass was hydrolyzed with hydrazine, and the resulting 
aromatic amines were analyzed by GLC. By comparison of peak retention times with 
those of standards, the degradation products of DCTFMC were identified as 4- 
chloroaniline and 4-chloro-3-(trifluoromethyl) aniline (5-amino-2-chlorobenzotrifluo- 
ride), the expected products. Similarly, TCC yielded 4-chloroaniline and 3,4- 
dichloroaniline. The procedure was then evaluated as a method for the quantitative 
estimation of DCTFMC and TCC. Known amounts of each were added to solutions of 
a commercial deodorant bar. Solutions were then carried through the procedure, and 
the resulting amines were determined by GLC, using 3,5-dichloroaniline as the 
internal standard. Initial recoveries of added TCC and DCTFMC varied from 25 to 29 
per cent. After the method was modified to eliminate losses during evaporation of the 
ether extract, recoveries of 85 to 90 per cent were obtained.

METHOD

APPARATUS

A gas chromatograph (Model 810*) equipped with dual flame ionization detectors and 
operated under the following conditions was used: column 210° C, injection port 
250° C, detector 260° C, carrier gas flow rate (helium), 80 ml/min.
The GLC column was glass, 10 ft x 4 mm i.d., packed with Chromosorb W (60 to 80 
mesh)f coated with 5 per cent KOH and 4 per cent PEG 20M.t The column packing 
was prepared as follows: dissolve 8 g of PEG 20 M and 10 g of KOH in 150 ml. of 
warm methanol. After the solution is complete, add methanol to make the volume 200 
ml. Pour methanol solution into a 1 liter round-bottom flask followed by 25 g of 60 to 
80 mesh Chromosorb W. Mix well and then apply vacuum for ca. 1 min to remove 
entrained air. Release the vacuum and swirl the flask vigorously; rapidly transfer the 
slurry to a 500 ml sintered glass (coarse) funnel set in a side-arm filter flask. Apply suc
tion to the funnel for 2 to 3 min. Transfer the damp support to a large crystallizing dish 
or stainless steel pan and dry on the steam bath. Mix (do not stir) the support 
thoroughly every 5 min. by shaking the dish or pan. After the odor of the solvent has 
disappeared, pack the dried support into the GLC column. The packed column was 
conditioned for 24 h at 225° C with a carrier gas flow of 10 ml/min.
An oil bath (Model ll-48)t was used only for reaction of phthalic anhydride with 
preservative.

‘ H e w l e t t - P a c k a r d  C o .,  P a lo  A l to ,  C A . 
t  A p p l ie d  S c ie n c e  L a b o ra to r ie s ,  In c . ,  S ta te  C o l le g e ,  P A . 

t F i s h e r  S c ie n t if ic  C o .,  P i t t s b u r g h ,  P A .
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REAGENTS

The following reagents were used: 3,4-dichloroaniline (98 per cent, No. D5560-1);* 
3,5-dichloroaniline (98 per cent, No. D5 579-2);* 4-chloroaniline (98 per cent, No. 
C2241-5);* 4-chloro-3-(trifluoromethyl) aniline (99 per cent, No. A-4565-3);* 
phthalic anhydride (ACS, No. 331);+ and hydrazine hydrate (85 per cent, No. H- 
318).+

STA ND A RD  SOLUTIONS

Prepare separate standard solutions of 3,4-dichloroaniline, 4-chloro-3-(trifluo- 
romethyl) aniline, and 3,5-dichloroaniline by accurately weighing o?. 0.2 g of each com
pound into separate tared 50 ml beakers. Dissolve the compounds in benzene; quanti
tatively transfer each solution to a 100 ml volumetric flask and dilute to volume with 
benzene.

PREPARATION OF SAMPLE

Using a knife or spatula, reduce 2 to 3 g of deodorant bar to powder or fine shavings. 
Accurately weigh ca. 2 g of shavings into a tared 100 ml beaker. Add 50 ml of warm 
water and I pellet of KOH, and stir to dissolve. Transfer the solution to a 125 ml sepa
ratory funnel; rinse the beaker with l x  10 ml and 1 x 5 ml portions of ethanol, adding 
rinsings to the separatory funnel. Extract the solution with 3 x 20 ml of ethyl ether. If a 
stable emulsion forms during the second or third extraction, add a small amount of 
ethanol to break the emulsion. Combine the ether extracts and wash with 50 ml of 1 
per cent NaCI solution, 50 ml of water containing 1 ml of HC1, and, finally, 50 ml of 2 
per cent NaHCO:i solution. Dry the ether extract over anhydrous Na2S04 for 30 min, 
transfer to a 100 ml beaker, and evaporate on the steam bath to ca. 20 ml. Transfer the 
extract to a 50 ml centrifuge tube and carefully evaporate to dryness on a steam bath. 
Add ca. 50 mg of phthalic anhydride to the residue and heat the lower portion of the 
centrifuge tube in an oil bath at 225° C for 15 to 20 min. Cool, and add 2 ml of 
ethanokdimethylformamide (1:1) to dissolve the reaction mass. Add two drops of 
hydrazine hydrate, warm for several minutes, and then add 15 ml of dilute HC1 (1:10). 
Transfer the contents of the tube to a 125 ml separatory funnel, extract with 30 ml of 
ethyl ether, and discard the ether layer. Make the aqueous solution distinctly basic 
(litmus) by adding 10 per cent NaOH solution and then extract with 2 x 30 ml portions 
of ethyl ether. Combine ether extracts, wash with 30 ml of water, and dry 30 min over 
anhydrous Na2S04. Transfer this extract to a 100 ml beaker; add 0.5 to 1 ml of xylene 
and evaporate to 15 to 20 ml. Transfer to a 50 ml centrifuge tube and evaporate care
fully on the steam bath, leaving only xylene. Stopper the tube and reserve for analysis.
If the sample is to be prepared for quantitative analysis, all of the above transfers 
should be quantitative by rinsing the prior container with several small portions of the 
appropriate solvent.

“ A ld r ic h  C h e m ic a l  C o .,  M ilw a u k e e ,  W I. 

tE a s tm a n  O rg a n ic  C h e m ic a ls ,  R o c h e s te r ,  N Y .
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ID ENTIFICA TIO N

Using an initial range and attenuation settings of 102 x 8 as a starting point, inject 2 to 3 
/¿I of a solution containing 2 to 3 /ug of 4-chloroaniline//xl benzene onto the GLC 
column. If the initial chromatogram is unsatisfactory, adjust the injection volume 
and/or recorder attenuation to bring the peak on scale. If the 4-chloroaniline peak does 
not elute in 4-5 min, adjust the column temperature accordingly. Record the retention 
time of 4-chloroaniline. Similarly determine the retention times of 3,4-dichloroaniline 
and 4-chloro-3-(trifluoromethyl) aniline. The retention times for 4-chloroaniline, 4- 
chloro-3-(trifluoromethyl) aniline and 3,4-dichloroaniline relative to 3,5- 
dichloroaniline are 0.30, 0.48, and 1.13, respectively.
Inject 3 to 4 /cl of the sample solution onto the GLC column. Record the retention 
values for the eluted peaks and compare with those obtained for the standards. Identify 
TCC by peaks corresponding in retention time to 4-chloroaniline and 3,4-dichloro
aniline, and DCTFMC by peaks corresponding to 4-chloroaniline and 4-chloro-3- 
(trifluoromethyl) aniline.

DETERM IN ATIO N

3,4,4 '-Trichlorocarbanilide (TCC): Pipet 1.0 ml of the 3,5-dichloroaniline (internal 
standard) solution into the sample that was previously determined to contain 4- 
chloroaniline and 3,4-dichloroaniline. Inject ca. 5 /x 1 of this solution onto the GLC 
column at range and attenuation settings to keep the 3,5-dichloroaniline and 3,4- 
dichloroaniline peaks on scale. Measure the peak heights and, assuming a linear rela
tionship between the concentration and peak height, estimate to the nearest 1.0 ml 
how much additional 3,5-dichloroaniline is needed to obtain approximately equal (±10 
per cent) peak heights. Pipet the calculated amount of 3,5-dichloroaniline solution into 
the sample solution. Again inject the sample solution to determine if the peak heights 
of 3,4-dichloroaniline and 3,5-dichloroaniline are approximately equal. Adjust the 
volume injected and/or the attenuation to keep the peaks within 50 to 90 per cent full- 
scale recorder deflection. Prepare a standard solution by mixing 10.0 ml each of the 
3,5-dichloroaniline and 3,4-dichloroaniline standard solutions. Using the same range 
and attenuation settings used for the sample, inject 3 to 4 ¡x\ of the standard solution 
onto the GLC column. From the chromatogram, determine the volume of either 3,4- 
dichloroaniline or 3,5-dichloroaniline that must be added to the standard solution to 
obtain peaks of approximately the same ratio as the peaks in the sample. Also de
termine the injection volume of standard needed to give peaks that are about the same 
height as those in the sample. Using these conditions, alternately inject the standard 
and sample solutions, making a minimum of two injections of each.
4.4'-Dichloro-3-(trifluoromethyl) carbanilide: Use the above procedure, substituting 
4-cholor-3-(trifluoromethyl) aniline for 3,4-dichloroaniline. Prepare the initial stan
dard solution by mixing 5.0 ml of 4-chloro-3-(trifluoromethyl) aniline standard solu
tion with 10.0 ml of 3,5-dichloroaniline standard solution.
Mixtures of TCC and DCTFMC: Measure the smallest GLC peak first. Add the 
necessary additional internal standard to the sample and measure the second GLC 
peak.



Calculations: Calculate the weight of amine being determined in the sample as follows:

Weight (mg) unknown = (.RuIRs) X Ks X(lSulISs)

where Ru is the ratio of the peak height of the unknown in the sample to that of the 
internal standard added to the sample; Rs is the ratio of the peak height of the known 
standard to that of the internal standard in the standard solution; Ks is the weight (mg) 
of the known standard in the standard solution; ISu is the weight (mg) of the internal 
standard in the sample; and ISs is the weight (mg) of the internal standard added to the 
standard solution.
Calculate weight of TCC or DCTFMC by using the following conversions:

Weight (mg) TCC = W-3,4 x 1.95 
Weight (mg) DCTFMC = W-4 x 1.79

where W-3,4 is the weight (mg) found for 3,4-dichloroaniline and W-4 is the weight 
(mg) found for 4-chloro-3-(trifluoromethyI) aniline.
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RESULTS AND DISCUSSION

Before the proposed method was applied to the analysis of commercial deodorant bars, 
it was necessary to determine conditions suitable for the stepwise degradation of the 
antimicrobial compounds. TCC and DCTFMC reacted smoothly with phthalic anhy
dride at 225° C; evolution of carbon dioxide and water ceased after several minutes. 
The reaction mass, however, was difficult to dissolve in ethanol, the usual solvent. A 
mixture of dimethylformamide and ethanol was suitable. Hydrolysis of the 
phthalimides with hydrazine hydrate and hydrochloric acid proceeded rapidly under 
mild temperature conditions. Aromatic amines were isolated from the reaction mixture 
by the usual methods.
One of our concerns was the possible interference by amines formed by the degrada
tion of other antimicrobials used in deodorant bars. If, for example, tribromosalicyl- 
anilide reacted analogously, /?-bromoaniline would be the expected product. This com
pound has approximately the same GLC retention time as 4-chloro-3-(trifluoromethyl) 
aniline and is, therefore, a serious interference. Tribromosalicylanilide was carried 
through the degradation procedure. GLC analysis of the reaction products 
demonstrated the absence of/>-bromoaniline.
The GLC columns used for the analysis of primary amines are usually packed with a 
nonsilanized support containing several per cent of potassium hydroxide to reduce ad
sorption. Polyester or other liquid phases containing functional groups that react with 
strong bases must not be used. We found that a 10 ft glass column containing po
tassium hydroxide-treated Chromosorb W coated with PEG 20M gave satisfactory 
separation. 3,5-Dichloroaniline was selected as the internal standard because of its 
chemical similarity and the nearly equal specific detector response to those compounds 
being determined. The extraction procedure used in this study was designed to 
separate the neutral ether-soluble fraction from the acidic and basic water-soluble com
pounds present in the deodorant bar. Solvent extraction of solutions containing 
surfactants nearly always results in the formation of emulsions. This problem can be ef-
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F i g u r e  2 . G a s  c h r o m a to g r a m  o f  d e g r a d a t io n  p r o d u c t s  o f  a n t im ic ro b ia ls  e x t r a c t e d  f r o m  c o m m e rc ia l  
d e o d o r a n t  b a r :  in  o r d e r  o f  e lu t io n ,  4 - c h lo r o a n i l in e ,  4 - c h lo r o - 3 - ( t r i f lu o r o m e th y l )  a n i l in e ,  a n d  3 ,4 -  
d i c h lo r o a n i l in e

fectively eliminated by adding ethanol. Our investigations indicate that an ethanol 
concentration of 20 to 25 per cent by volume is optimal. The ether-soluble fraction is 
usually small, generally 20 to 30 mg/g of product. Since occasionally the neutral frac
tion may be somewhat larger, we recommend that correspondingly larger amounts of 
phthalic anhydride be used for the degradation step. Likewise, the amount of hydrazine 
hydrate used should be increased accordingly.
Several commercial products known to contain TCC and/or DCTFMC were analyzed
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T a b le  I.
R e c o v e r ie s  o f  3 ,4 ,4 '- T r i c h lo r o c a r b a n i l i d e  (T C C )  a n d  4 , 4 '- D ic h l o r o - 3 - ( t r i f lu o r o m e th y l )  C a r b a n i l id e  

( D C T F M C )  A d d e d  to  a  C o m m e r c ia l  D e o d o r a n t  B a r

P r e s e r v a t iv e A d d e d  (m g ) R e c o v e r y  (m g ) R e c o v e ry  P e r  C e n t

T C C 10 9 .0 9 0

T C C 10 8.6 86
D C T F M C 10 8 .9 8 9

D C T F M C 10 8 .5 85

by the proposed procedure. In all cases, dean chromatograms containing only those 
peaks corresponding to the expected products were obtained (see Fig. 2).
To evaluate the qualitative method as a procedure for the determination of TCC and 
DCTFMC, known amounts of each antimicrobial were added separately to solutions of 
a commercial deodorant bar and the solutions were analyzed by the described 
procedure. The isolated amines were determined by GLC, using 3,5-dichloroaniline as 
the internal standard. Initial recoveries were 25 to 29 per cent of theoretical, much 
lower than expected. A step-by-step evaluation of the procedure indicated substantial 
losses of the aromatic amines when the ether extract was evaporated to dryness. The 
procedure was modified by adding 0.5 to 1.0 ml of xylene to the extract to keep the 
sample from evaporating to dryness. This modification resulted in recoveries of up to 
90 per cent (Table I). Other minor modifications in the procedure were not effective in 
increasing recoveries. Because we did not consider recoveries of 90 per cent 
sufficiently accurate for a quantitative method, further studies were not done. 
Therefore, it is recommended that the procedure be used only to identify the antimi
crobials present.
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S y n o p s i s

A N T I I R R I T A N T  e f f e c ts  n o t e d  s in c e  1 9 6 5  a r e  r e v ie w e d  a n d  g r o u p e d  in to  tw o  m a jo r  c h e m ic a l  c a te g o r ie s :  
I M I D A Z O L E  a n d  H Y D R O X Y  c o m p o u n d s .  S e v e ra l  m is c e l la n e o u s  ty p e s  a re  a lso  n o te d :  P V P  (P o ly v in y l  p y -  

r o l l id o n e ) ,  q u a t e r n a r y  a m m o n iu m  c o m p le x e s ,  a n d  a m id o  s u l f o s u c c in a te  s u r fa c ta n ts .

T h e  " n o  te a r s "  a n t i i r r i t a n c y  e f f e c t ,  w 'h ich  re s u l ts  f r o m  a  c o m b in a t io n  o f  A M P H O T E R I C  s u r f a c ta n t s  w ith  
la u ry l s u l fa te s  is p o s tu l a t e d  as r e s u l t in g  f r o m  a  p o s s ib le  d i f f e r e n c e  in  s o r p t io n  ra te s  w h ic h  a llo w s  th e  a m 
p h o te r ic  t o  “o c c u p y "  th e  c o r n e a ’s a v a i la b le  b in d in g  s i te s  b e f o r e  th e  a n io n ic  c a n  d o  s o , th u s  p r e v e n t in g  
“d e n a t u r in g ” d a m a g e  to  t h e  e y e  b y  th e  la u ry l s u lfa te .

INTRODUCTION

Some 12 years ago Goldemberg (1) presented a paper to the Third IFSCC Congress on 
the use of antiirritants in cosmetic formulations. Its major thesis was that the topical ir
ritation potential of cosmetic ingredients depends as much on their extrinsic “formula
tion environment” as on intrinsic properties of the ingredients themselves.
That initial paper, plus several subsequent ones touching peripherally on this subject, 
proposed three possible mechanisms of action by which antiirritants may function: (1) 
via complexation of the irritant; (2) by blocking otherwise chemically reactive sites of 
skin keratin; and (3) by preventing complete physical contact with the skin.
We have no reason to change this overall view today, and in fact, we provide in this 
paper a considerable expansion of the original reference section of that 1965 paper, 
thus bringing the subject to date. We have now had time to explore many of these 
phenomena in depth. Many clear cut accomplishments have been achieved in this area 
during the past decade—including a number of newly issued patents covering antiir
ritant activity of various compounds. The “desensitization” (of perfume components) 
via nonimmunologic processes is now also being actively explored (23, 59)-
It is the purpose of this paper to summarize such recent developments in the field of 
antiirritancy, and to offer theoretical considerations linking together as many of them 
as possible.

667
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GENERAL

The basic concept first enunciated in 1965 still holds: it is possible to change the irrita
tion potential of topically applied raw materials by varying their “formula environ
ment.” Materials, which per se are soothing to the skin, occasionally reverse their roles 
and increase topical or eye irritation levels in certain types of formulations. On the 
other hand, strong irritants can frequently be rendered totally innocuous by combining 
them with precise (usually small) percentages of other ingredients. It is such other in
gredients which we herein define as “antiirritants.”
There are several probable mechanisms by which some compounds are able to reduce 
topical or eye irritation of other ingredients. Some of these processes are more or less 
mechanical, depending primarily on physical factors for their “activity” in this respect. 
However, we must not confuse such physical effects with specific antiirritancy of a 
chemical nature. To avoid later confusion between these two phenomena, we shall first 
briefly review recently noted physical effects, to preclude them from later discussion of 
antiirritancy operating via mechanisms of chemical reactivity.

PHYSICAL ANTIIRRITANCY

The simplest physical effect is diminution of skin contact by the irritant—applying oily 
substances to the skin prior to application of aqueous irritants (such as greasing the 
forehead and temples before applying caustic hair straighteners); and gelling (or 
otherwise thickening) products to reduce intimate skin contact. Gelled shampoos and 
bubble baths frequently are not irritants when tested “as is.” Once diluted to the point 
where they flow readily, however, they often become primary skin and eye irritants 
(56). Perhaps related to viscosity and consequent skin penetration are the well known 
phenomena that light mineral oils (40 vise, and under) are irritants, medium weight (70 
vise.) oils are neutral, and heavy mineral oils are antiirritants.
The rate of sorption of surfactants onto keratin surfaces has been shown by Garrett (2) 
to relate directly to their irritation potential. Another rather purely physico-chemical 
factor affecting irritation response is the loosening of hydrophobic bonds, discussed at 
length recently by both Dominguez (3) and Hall (4) at the Ninth IFSCC meeting. At 
this same meeting, Suzuki pointed (5) to the correlation between skin irritancy and rate 
of penetration (into sebaceous glands by isopropyl myristate, glyceryl trioleate, etc.). 
The partition coefficient between pharmaceutical vehicles and skin fat has been dis
cussed by both Rabinowitz (6) and Goldemberg (7) as a probable factor determining 
substantivity and the associated irritation potential of certain active ingredients. 
Various proteins and partially degraded collagens have been cited for their "protective 
colloid” and other inactivating effects (8,9,10,11,12,13,20), while partially 
depolymerized chitin and/or pulverized egg shells appear to promote wound healing 
(14,15,16,47), perhaps simply by acting as foci for epithelial granulation. Note that 
Chitin contains D-Glucosamine as a major constituent.
Reduction of pH is probably the sole reason that addition of ammonium carbonate 
reduces irritation of thioglycolate permanent waves (17). Several authors have also 
pointed out (18,19) that climatic influences should not be ignored when judging the 
results of human irritation testing, especially large scale tests such as the Food and
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Drug Administration’s recent study of the cosmetic use habits and skin irritation 
responses of 10,000 typical American families.
Inhibition of polymerization (and/or oxidation) perhaps explains the observed useful
ness of Vitamin E (30), of the reduction of lanolin sensitizations over the years (21), of 
the value of Na2SO:i in Paraphenylene diamine (PPD) hair dyes (24), and the reduction 
of uv-induced skin cancers via  ingestion of antioxidants (25). The “quenching 
phenomenon” (22,23,27,61) has also been connected with prevention of the formation 
of oxidative resins in perfume aldehydes.
Keratin substantivity of compounds also affects their irritation, sensitization and/or 
antiirritant potential, as pointed out by Goldemberg (7,26,27) in regard to Ni++ and 
other materials. Scheuplein and Ross (28) showed that irritancy of sodium lauryl 
sulfate (SLS) and other surfactants correlates to their keratin denaturing ability, to their 
effect on its water binding capacity, and to their ability to liberate (SH) groups from ke
ratin. Bettley (29) showed similar effects for sodium laurate, while Dominguez et al. (3) 
recently tied much of this data to the peak sorption (onto keratin), which occurs as the 
surfactant approaches the Cr2 chain length.
Finally, the shape of the molecule (its size and the molecular location of irritating 
moieties) affect the degree and type of irritancy produced. Dominguez et al. (3) gave us 
an excellent discussion of the effects of moving the S03 group from the first to the 
third carbon position in C 12 alkyl sulfates. When the sulfonate is in the “normal” (No. 
1) position, lauryl sulfate surfactants have a much smaller molecular configuration, are 
much more irritating, sorb more strongly onto keratin, and extract more soluble pro
tein than do lauryl sulfates whose SO:! group is attached to carbon No. 3. Other 
workers have also shown the frequent association between keratin sorption, protein 
extraction capability, and irritation reactions caused by alkyl sulfate surfactants.
By contrast, sucrose ester surfactants (claimed by Croda, Inc. to have almost no 
denaturing effect on skin proteins) apparently do not disrupt the skin’s lipid layer. 
They are not only nonirritating per se, but have been shown to distinctly reduce irrita
tion of lauryl ether sulfate formulations (Table I).

Table I
Effect of Two Ethoxylated Nonionics on an Amphoteric Shampoo Base 

(Average Draize scores, 6 rabbits)

I.

II.

III.

30 Per Cent Shampoo base, 70 Per Cent water
24 h 7 daysnr 6.5

30 Per Cent Shampoo base, 5 Per Cent POE 20 sorbitan monolaurate, 65 Per Cent water 
24 h 7 days
19 5.0

30 Per Cent Shampoo base, 5 Per Cent sucrose monolaurate, 65 Per Cent water 
24 h 7 days
TiT 3.0
SHAMPOO BASE
20.0 Amphoteric-10

7.0 Na lauryl ether sulfate (1 mol EtO)
1.0 Coconut DEA superamide (1:1)
2.0 Propylene glycol

30.0
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CHEMICAL ANTIIRRITANCY

During the past decade, many observed antiirritancy effects resulting from both 
planned investigations and fortuitous formulating practices appear to cluster around 
two major types of chemical compounds: im idazole derivatives and various hydroxy  
compounds. Investigators reporting such results have not generally appeared to be 
aware that their work falls into the following two major groupings.

I. IMIDAZOLE COMPOUNDS:

. Kawakami (31) claims “antiphlogistic and antihistaminic” activity from use of 0.08 to 
10 per cent hydroxyethyl-4,5 diphenylimidazole. His data (Table II) clearly show such 
an effect. Libby (33) reacted imidazoline with methyl acrylate and various acrylamides, 
forming compounds which (at 2 per cent levels) reduce the eye irritation of shampoos 
and hair grooms containing ethoxylated amides and/or quaternary ammonium com
pounds.
Imidazolidinyl urea (“Germall 115”) is an active bactericide which Lanzet (34) showed 
to distinctly reduce the primary irritation of a liquid make-up (via  48-h closed human 
patch testing) when added at 0.2 per cent levels (Tables III & IV). Other urea com
pounds, clathrates of various cosmetic oils in combination with inorganic pigments, are 
currently being investigated for their antiirritant properties (52). A recent Canadian 
patent (48) describes the use of 3 per cent imidazol-3-oxyalcanoic acid (and its metal 
salts) in cosmetic preparations for this purpose.
The antiirritant effects of imidazoline amphoteric surfactants are also well-known, due 
to their current common use in baby and “no tears” shampoos. Originally produced 
under Hans Mannheimer’s “Miranol” patents (32), they are now offered by several 
other firms as well.
Of particular interest in this amphoteric surfactant series is the fact that Ci0 and C12 
mono- and di-carboxylic imidazoline surfactants (those of major commercial interest) 
show the least irritation per se and (frequently) show the most potent antiirritant 
properties. If keratin sorption of amphoterics eventually turns out to peak at the Ci2 
chain length (as has already been demonstrated for the alkyl sulfates), one can only 
conclude that in this particular case, sorption is good. Perhaps, keratin sorption of 
imidazoline amphoteric surfactants occurs preferentially to that of the lauryl sulfates 
and similar anionics, thereby preventing denaturation via  blocking the limited number 
of binding sites available on the cornea. Perhaps such preferential sorption is responsi
ble for the well-known “no tears” effect, which results when amphoterics (plus 
polysorbate 20) are added to typical anionic shampoo formulations. Another possi
bility is that such amphoterics (and the Polysorbate?) form a complex with lauryl 
sulfates via hydrogen bonding, and that this complex (a new entity) simply has different 
irritational properties.
Manufacturers of such amphoteric compounds would be well advised to run studies 
designed to measure relative sorption rates of the amphoteric and anionic alone, and of 
combinations thereof. Such studies would tell us a great deal about the mechanism by 
which certain imidazoline derivatives provide antiirritancy.
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Table II
l-Hydroxyethyl-4, 5-Diphenylimidazole 

(Antiphlogistic and Antihistaminic Composition)

Control Scores With Imidazole

Score(No Imidazole) Per Cent Imidazole

10 Cold cream 0.0896 1
2 Vanishing cream 0.03% 0

10 Face “milk” lotion 0.10% 0
5 Face lotion 0.04% 0

Primary skin irritation (10 skin-sensitive humans). Results reported in U.S. Pat. 3,504,090 to Iwao Ka- 
wakami (1970).

Table III
Antiirritant Effect of Imidazolidinyl Urea Preservative 

(48 h Closed Patch Test of a Liquid Make-up on 100 Humans)

L Liquid make-up (control):
94 persons showed (0) reaction 
4 persons showed ( + ) reaction 
2 persons showed (+ +) reaction

II. Same liquid make-up + 0.25 per cent Germall 115:
98 persons showed (0) reaction 

2 persons showed (+) reaction 
0 persons showed (+ +) reaction II.

Table IV
Antiirritant Effect of Acetamide MEA on SLS

Ratio Conjunctival Scores*

(MEA/SLS) (Mean Value)

3 Per cent SLS 0 14.7
3 Per cent SLS + 0.35 per cent MEA 0.16 11.3
3 Per cent SLS + 3 per cent MEA 1.0 8.7
3 Per cent SLS + 7 per cent MEA 2.5 9.3
3 Per cent SLS + 15 per cent MEA 5.0 2.6

*Draize eye irritation scores.

II. HYDROXY COMPOUNDS

The many recent reports of antiirritant properties attributed to diverse hydroxy com
pounds suggest that perhaps a general principle is operating here, a broad reaction 
mechanism.
We summarize these reports very briefly: Polysorbate 20 has been patented for 
shampoo use by Bollch et al. (35). Esters of branched chain fatty alcohols with 
hydroxystearic acid have been patented by Jacobi (36,37) to reduce skin irritation and 
defatting of the dermis (Table V). Sucrose esters (with HLB ranges as high as 14.5) are 
claimed by Croda, Inc. to be nonirritating to the skin and eyes, to have no denaturing
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Irritation-Red
Table V

ucing Effects from Topical Use of Cs Fatty Alcohol Esters of Hydroxy Fatty Acids*

Primary Irritation Score

(Skin)

1.4 Per cent Na lauryl sulfate 4.28
5.0 Na lauryl sulfate 3.56
4.5 1 Na lauryl sulfate 1
0.5 J 2,6-dimethyl-octyl-hydroxy stearate J 3.06
4.5} Na lauryl sulfate 1
0.5 J a-ethyl-hexyl-ricinoleate j 2.73
4.5 1 Na lauryl sulfate
0.5 J 2,6-dimethyl-octyl-ricinoleate J 2.57
4.5 1 Na lauryl sulfate 1
0.5 J a-ethyl-hexyl-12-hydroxy stearate J 2.45

*(U.S. Patent 3,906,106 to Otto K. Jacobi (9/16/75).

effect on cutaneous proteins, and to act as antiirritants with effects substantially similar 
to those shown by Polysorbate 20 (Table I)(CTFA label designation).
Work previously reported by Goldemberg (1) demonstrated two such hydroxy com
pound effects: Polysorbate 20 (in combination with an acetylated monoglyceride) 
reduced the eye irritation of an aluminum antiperspirant preparation, and Pluronic 
F68, a polypropylene/polyethylene block polymer, totally nullified primary irritation 
otherwise produced by an alcoholic cologne. Edlich et al. (38) later singled out this 
same block polymer as having particular interest, demonstrating that the ethylene 
oxide content of such polyols is the determinant of tissue toxicity. It has also been 
found to detoxify iodine (57), as does PVP. Henkel Inc. (39) has shown that “higher 
ethoxylated lauryl sulfates” significantly reduce the eye irritation of shampoo formula
tions based on fatty alcohol sulfonates.
Riso (60) pointed out that the 7 mol EtO lauryl sulfate is completely nonirritating to 
the eye, but unfortunately foams poorly. It can be “boosted” with up to 5 per cent tri
ethanolamine dodecyl benzene sulfonate, a good foamer which is very mild in the eye 
(up to this level.) Use of this alkyl aryl compound is restricted in the United States in 
bubble baths, however, due to its potential for vaginal irritation when applied in 
concentrated solutions.
As mentioned above, Kawakami (31) demonstrated antiirritancy for hydroxyethyl-4,5 
diphenylimidazole. Peck and Spoor (40) have each confirmed that topically applied 
dihydroxy-phenylamine ( J,-DOPA) reduces the number of sensitization reactions 
among PPD-sensitive hair dye users. They worked with formulations made according 
to Feier’s 1972 patent (41) on PPD/^-DOPA hair dye combinations.
Similar claims, though with less positive documentation, have been advanced for ga- 
lacturonic acid (in aloe Vera gel), glycolic (hydroxyacetic) acid, glyceryl triacetate, 
allantoin polygalacturonate (42), and for the glucose trimer, “Pullulan” (44). Opdyke 
(45) once reported a curious phenomenon: the only discernable chemical difference in 
skin which has “accommodated" (to the insult of continuous immersion in SLS) is the
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Table VI
Kelley-Ritter “Mildness Additive’’ Patents*

Total Score, 12 Persons

(24 hr Skin Patch)

6 per cent SLS (sodium lauryl sulfate) 15
6 per cent SLS + 6 per cent TEA oleate 15
6 per cent SLS + 6 per cent TEA dimerate 5

Use of Dimer Acids via Following U.S. Patents:
US 3,538,009—11/3/70 US 3,798,182—3/19/74
US 3,630,934—12/28/71 US 3,813,350—5/28/74
US 3,769,242—10/30/73 US 3,947,382—3/30/76

*Tests were run with dimer and trimer acids (of oleic and linoleic), and with their esters and amides (in 1:1 
ratios, at 0.15 per cent) with various detergents such as ABS, SLS, lauryl ether sulfate, and TEA laurate.

presence of glycogen, another hydroxy compound. Lipkin (8) recently reported on the 
use of a glycoprotein obtained from normal human epidermis to inhibit/« vitro growth 
of malignant cells. G lu ca n , a yeast-derived polysaccharide, stimulates macrophage 
activity (and subsequent immune response) when injected directly into active tumors, 
according to Smith’s review (46) reporting on Dr. Peter Mansell’s experiments at 
McGill University. Zviak patented the use of thiodiglycollic acid (50) to reduce scalp 
irritations, while thioglycerol has also been claimed as an epithelial cell growth stimu
lant (51). There also exists a gluconamide quat which can be tolerated in the eye at 100 
times the levels at which benzalkonium quats are tolerated.
Are all of these hydroxy compound effects just coincidence? I t  seems most un likely .

Finally, Kelly and Ritter (43,62,63,64,65,66,67) have clearly demonstrated (Table VI) 
v ia  guinea pig immersion and human patch testing that hydroxy derivatives (-OH and 
-COOH) of oleic and linoleic dimer and trimer acids are potent antiirritants.
All of these reports are highly suggestive of a prophylactic effect deriving from the 
presence of the hydroxyl group in topically-applied materials.

CARBOXYL COMPOUNDS

Kelly and Ritter also reported (43) that dimer acids themselves (containing 2-4 
carboxyl groups) are “mildness additives which prevent or reduce skin irritation” of 
many surfactants. When carboxyl groups of dimer acids are replaced by weaker polar 
groups (such as hydroxyl) the antiirritant effects do not appear until such hydroxyl 
groups are separated by at least 15 atoms. Here was the first attempt at quantifying the 
hydroxyl ion antiirritant effect.
Kelly and Ritter’s observations are most interesting in light of LeVeen (49), who 
patented the use of traumatic acid (l-decene-l,10-dicarboxylic acid) for its pronounced 
favorable effect on the ingrowth of new epithelial tissue into burned areas. LeVeen 
reports that the presence of traumatic acid increases ingrowth rate by 40 per cent (Ta
ble VII), whereas sebacic acid (a saturated acid with eight central carbons separating 
two carboxy groups) does not affect such growth rate at all, and adipic acid (having two
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Table VII 
Traumatic Acid

(1 -decene-1,10-dicarboxylic acid)
“Ingrowth” on 1 cm2 Human Burn Blisters (as Per cent of Control)

Control (PEG 6000)
Sebacic acid (2 per cent in PEG 6000) 
Adipic acid (2 per cent in PEG 6000) 
Traumatic acid (2 per cent in PEG 6000)

0
0

-50 per cent 
+40 per cent

(Base line)
(No change in healing rate) 
(Decrease in healing rate) 
(Increase in healing rate)

‘Ref: Brit. 1,013,109 to H. H. Le Veen (1965).

Table VIII
Chronic Toxicity (IP) of Phthalate Esters (Mouse)

Acute LDso Chronic LD 0
Phthlate Ester (g/Kg) (g/Kg)

Dimethyl 3.98 1.40
Diethyl 3.22 1.56
Dibutyl 3.57 0.89
Diisobutyl 3.99 1.94

Di-n-Octyl 65.70 3.02
Di-2-Ethylhexyl 37.77 1.35

Butyl Carbobutoxymethyl 6.88 3.34
Bis (2-Methoxyethyl) 4.18 1.65

(Lawrence et al.. Environ Res., 9, 1-11 (1975)).

carboxy groups separated by four central carbons) actually decreases ingrowth by 50 
per cent. The apparent chain-length relationship shown in this series of examples is un
fortunately clouded by the unsaturation of traumatic acid, whose carboxyls are at either 
end of a 10-carbon chain. Pacini (58) claimed that traumatic acid (and especially its co
balt salts) reduce the skin irritation of detergent compositions when used at levels as 
low as 0.0005 per cent.

III. MISCELLANEOUS OTHER CHEMICAL IRRITANTS

Several other “chemical” antiirritant effects have been observed, which do not fall into 
either Imidazol or Hydroxy Compound categories.
The phthalate esters, for example, were recently discussed by Lawrence of the 
University of Tennessee (Table VIII). It is fascinating how an apparently innocuous 
switch in the alcohol portion of an homologous series of esters can make such a dif
ference in their toxicity. All of us know of similar examples, such as the sunscreen 
PABA-ester series, which differ drastically in the “sting” produced on mucous 
membranes of certain individuals.
The prime example of detoxification is PVP, perhaps the classic antiirritant and detoxi
cant of all time. Although its effects were noted long before the development of cur
rent theories of antiirritant mechanisms, we still do not know how or why PVP works. 
Yet, no one can doubt the antiirritant potency of this unique polymer.
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TWO ALKYL DIMETHYL BENZALKONIUM QUATS

Saccharinate

Table IX
Alkyl Dimethyl Benzalkonium Quats 

(Comparison of Properties)

Chloride Saccharinate“
Taste bitter sweet
LDso (g/Kg) 445 1130
Primary skin irritation 
Draize eye irritation

moderate 0

(non-irritating level) 0.1 per cent 1.0 per cent
Phenol coefficient 580 525

(*Onyxide 3300 or Hollichem HQ 3300).

The basic patent for detoxicant PVP uses was issued in 1956 to Shelanski (53), who 
modestly only claimed a “method for reducing the vapor pressure of free halogens.” 
The substantial detoxification of iodine and chlorine—although clearly recognized in 
the introductory portion of his patent—was not claimed.
Pointing out that the PVP iodine “complex” was more active than free iodine itself, 
Shelanski described how its irritation and sensitization effects were now completely 
absent and that its oral toxicity had been reduced tenfold by formation of this “com
plex” with PVP. This was an astounding discovery, the basis for many commercial 
products in the years to follow. Imagine gargling with iodine, a material known only as 
a potent poison until then, carrying the skull-and-cross-bones label!
As early as 1954, Shelanski and Cantor (54) reported on the reduction of irritation of 
sodium alkyl sulfates via  addition of 1 per cent PVP. Many other examples of 
detoxification and antiirritancy were later discovered for this material, summarized in 
Wood’s excellent review (55) which lists 148 references.
Scher Chemical Co. recently reported that Acetamide MEA demonstrates (eye) antiir
ritant properties in conjunction with sodium lauryl sulfate (Table IV). This unusual ma
terial may, therefore, be of interest in shampoo formulations.
Two other major examples of antiirritancy do not fall into “simple” chemical cate
gories: the quaternary ammonium saccarinate complexes and certain sulfo-succinate 
amido surfactants. In a manner reminiscent of the behavior of PVP, cationic saccarinate 
complexes are more effective than the “parent" benzalkonium quats from which they 
are derived, yet their oral toxicity is so low as to allow their use in mouth washes. Their
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Table X
Ricinoleic Acid Sulfosuccinate Monoethanolamide (SS/RAM)

(Antiirritant Effect on Addition to Typical Foaming Agents via “Repeated Insult" Skin Testing)

I. Addition of SS/RAM to Sodium Dodecyl Benzene Sulfonate (SDBS):

10 per cent SDBS alone 
(control)

10 per cent SDBS +
0.5 per cent SS/RAM

10 per cent SDBS + 
1 per cent SS/RAM

Days Erythema Oedema Total Days Erythema Oederr a Total Days Erythema Oederr a Total

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
2 1 0 2 1 0 0 2 0 6 2 1 0 1 1 0 0 2 0 5 2 2 1 0 0 0 0 0 0 3
3 1 1 3 2 0 1 3 3 14 3 2 1 2 1 0 0 2 1 9 3 2 1 0 1 1 1 0 1 7
4 1 1 4 3 0 1 3 2 15 4 1 0 2 2 0 0 2 2 9 4 2 2 1 1 1 1 0 1 10

Control 35 23 20

II. Addition of SS/RAM to Sodium Lauryl Ethyl Sulfate (SLES):

10 per cent SLES alone 10 per cent SLES + 10 per cent SLES +
(control) 0.5 per cent SS/RAM 1 per cent SS/RAM

Day Erythema Oedema Total Days Erythema Oedema Total Days Erythema Oedema Total
1 2  3 4 1 2  3 4 1 2  3 4 1 2  3 4 12  3 4 1 2  3 4

1 1 0  0 0 0 0 0 0 1 1 1 0  0 1 0 0 0 0 2 1 1 0  0 0 0 0 0 0 1
2 1 1 2  3 1 0  2 1 11 2 2 2 2 2 0 0 11 10 2 1 1 1 1 0 0 11 6
3 1 2  2 4 0 1 1 2 13 3 2 2 2 3 1 0  12 13 3 1 1 2  2 0 2 0 3 11
4 2 2 3 4 1 1 2  3 18 4 2 2 3 3 2 1 0  1 14 4 1 2  2 3 0 0 0 3 11

Control 43 39 29

in. Addition of SS/RAM to Sodium Lauryl Sulfate (SLS):
10 per cent SLS alone 10 per cent SLS + 10 per cent SLS +

(control) 0.5 per cent SS/RAM 1 per cent SS/RAM

Day Erythema Oedema Total Days Erythema Oedema Total Days Erythema Oedema Total
1 2  3 4 1 2  3 4 12  3 4 1 2  3 4 1 2  3 4 1 2  3 4

1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 i 0 0 0 0 0 0 0 0 0
2 1 2  3 1 0 0 2 0 9 2 12  1 0 0 0 0 0 4 2 0 0 0 0 0 0 0 0 0
3 1 3  2 3 0 1 0  2 12 3 0 2 1 1 0 0 0 1 5 3 1 1 0  1 0 0 0 0 3
4 1 3  2 4 0 0 13 14 4 12  12 0 0 0 1 7 4 1 1 0  0 0 0 0 1 3

Control 35 16 6

5 per cent Primary Irritation index is zero, their 1 per cent solutions safe in the eye 
(Table IX). Formation of the saccarinate complex, whatever its mechanism, clearly 
reduces the normal toxicity and irritation of benzalkonium quaternary compounds.
Amido-sulfosuccinate surfactants have also recently received considerable publicity for 
their apparent ability to reduce the eye irritation of shampoo formulations. One such 
product, disodium monoricinoleamido MEA sulfosuccinate, has been shown to reduce 
Draize eye irritation scores by 32 to 54 per cent when added at 1 per cent to 10 per 
cent alkyl sulfate solutions (Table X).
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CONCLUSIONS

Quite clearly, hydroxy compounds (and their related carboxy derivatives) have a spe
cial interest to those seeking topical antiirritant effects. In particular, hydroxyl com
pounds demonstrating keratin substantivity (“sorption”) appear to be of particular 
interest.
A second major category, imidazole and imidazoline compounds, also repeatedly 
demonstrated activity in this respect—perhaps via  preferential sorption to keratin 
binding sites. It is proposed that this mechanism may explain the “no tears” effect ob
tained from mixing amphoteric surfactants (plus Polysorbate 20) with typical anionic 
shampoo ingredients.
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The evaluation of fluoride dentifrices

MORTON PADER, LEWIS P. CANCRO, Lever Brothers Research 
Center, Edgewater, N J  and BERNARD GUILLO, Laboratoire de 
Recherches Unilever. St. Denis. Paris

Synopsis
Four laboratory tests were investigated as indicators of the compatibility of FLUORIDE SOURCE and 
ABRASIVE SYSTEM in FLUORIDE DENTIFRICES. These were solubility of the fluoride in water, ability 
to reduce the solubility of dental enamel in acid in vitro, uptake of fluoride from the dentifrice/« vitro, and a 
rat assay for anticaries efficacy. Dentifrices were formulated with 1000 ppm fluoride (as NaF, SnF», or 
Na2P03F) and with abrasives known to either interact or not interact with those particular fluorides. Also, 
clinically proven commercial products were examined. The assays for water-solubility of the fluoride and the 
rat assay clearly distinguished between the dentifrices with respect to compatibility of fluoride source and 
dentifrice abrasive, in agreement with the results of clinical trials reported in the literature, involving dif
ferent abrasives and sources of fluoride.

INTRODUCTION

Fluoride dentifrices, as opposed to purely cosmetic dentifrices, now account for ap
proximately 80 to 85 per cent of the United States’ market, and are becoming increas
ingly important in dentifrice markets throughout the world. The anticaries efficacy of 
dentifrices containing fluoride with compatible toothpaste excipients has been proven 
in numerous clinical trials. (Most of those which have been reported in the literature 
up to 1972 are summarized by Gershon et al. (1)). These trials demonstrated that a 
properly formulated fluoride dentifrice containing 1000 ppm fluoride incorporated as 
stannous fluoride, sodium fluoride, or sodium monofluorosphosphate can be expected 
to reduce the caries rate by some 15 to 30 per cent over the course of 2 to 3 years when 
used in normal dentifrice fashion by populations susceptible to caries.
Fluoride dentifrices in the United States, Canada, and elsewhere are categorized as 
drugs. As such, their formulation poses unique and difficult problems. Both safety and 
efficacy must be firmly established before marketing. There are only a few who at this 
time question either safety or efficacy of fluoride combined with a compatible cleaning 
system, but there is still no unanimity with respect to the means for proving compati
bility and efficacy. Views have ranged from simply the presence of a prescribed amount 
of fluoride in a soluble form as adequate evidence of efficacy to the requirement oi 
several clinical trials to prove such efficacy. One of the more important reasons for 
such a divergence of views is the lack in the literature of virtually any correlations 
between the results of chemical and animal assays for efficacy and those of clinical tests. 
The former types of tests have in some instances given results not subsequently satis
factorily confirmed by clinical test when applied to agents other than fluoride. On the 
other hand, caries clinical tests are far from precise, and they, too, have suffered from

6 8 1
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lack of reliability, frequently not showing positive results for established fluoride 
products. But perhaps the greatest dilemma is that caries clinical trials on fluoride den
tifrices are not undertaken unless the formulation has passed several laboratory tests; 
clinical testing of dentifrices is too consuming of time, financial resources, and personal 
effort for it to be undertaken on a purely exploratory basis. The consequence is that 
virtually all clinical trials conducted during the past decade or two employed fluoride 
systems which, on the basis of laboratory data, were expected to give positive results 
when tested clinically. More often than not, these expectations were realized, and in a 
sense, this provided evidence for the validity of laboratory tests as a predictor of 
clinical efficacy of fluoride dentifrice systems. But very few publications have appeared 
which present the other side of the coin, viz ., negative clinical findings, and it is only 
when studies are conducted to establish dose-response curves for fluoride in dentifrice, 
the effects of altering the excipients, and the role of other dentifrice properties (e.g. 
abrasion) can a scientifically cohesive and complete concept emerge for fluoride denti
frice formulation. It is doubtful that this ideal situation will ever be achieved; the costs 
and frailties of clinical trials are too great. Nonetheless, there is a substantial body of 
work, already available, from which one can draw upon to shed light on the problem.
Fluoride dentifrices have been formulated with abrasives and other excipients which 
result in minimal insolubilization of the fluoride ion because it is considered essential 
for efficacy that some minimal amount of “free” fluoride be present to react with the 
dental substrate, v iz., that availability of the fluoride depends on its being in soluble 
form.
Hefferren (2) pointed to the need for analyzing fluoride dentifrices for water-soluble 
anticaries species, and presented procedures for the assay of fluoride in solution. Hef
ferren (3), Cooley (4), and Gershon et al. (5) discussed and presented methodology for 
the assessment of the ability of fluorides to reduce the solubility in acid of dental 
enamel. Kônig et al. (6) and others presented animal assays designed to evaluate the 
anticaries value of a fluoride preparation. Brudevold et al. (7) suggested that uptake of 
fluoride by dental enamel can be an important aspect of fluoride efficacy. In the current 
studies, several of these laboratory tests were conducted with dentifrices in which the 
fluoride was added at a level of 1000 ppm, but in which interaction of fluoride and 
abrasive reduced the amount of fluoride soluble in water to varying degrees. Thus, any 
differences in response in the assays could be attributed with reasonable assurance to 
differences in the amount of fluoride in soluble form. Appropriate responses, i.e., 
decrease in effect with decrease in water-soluble fluoride species, whether fluoride ion 
or monofluorophosphate ion, would lend support to the concept that availability of the 
fluoride species, i.e., its water solubility, is the prime requisite to dentifrice efficacy. 
The results are also discussed in relationship to the value of tests for bioavailability of 
the fluoride species in predicting the clinical efficacy of a dentifrice containing any of 
the three commonly used sources of fluoride—stannous fluoride, sodium fluoride, or 
sodium monofluorophosphate.

METHODS

EXPERIMENTAL DENTIFRICES

Dentifrices were prepared employing conventional abrasives, humectants, and foaming 
agents. They were packed into appropriate tubes and equilibrated at room temperature
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before being subjected to assay. In some instances, where the assay required several 
weeks, the state of solubility of the fluoride was determined at the beginning and end 
of the assay period. The fluoride sources studies were SnF2, NaF, and Na2P 03F. The 
abrasives examined were dicalcium phosphate dihydrate (DPD), chalk, calcium 
pyrophosphate, insoluble sodium metaphosphate (IMP), and silica gel. A commercial 
dentifrice was used as the calcium pyrophosphate product to be assured that the abra
sive had the'correct properties; this introduced an uncontrolled factor which did not 
appear to confuse the results of the study. Similarly, a commercial dentifrice was used 
as the IMP product. The compositions of these products have been reported (8).

ESTIMATION OF AVAILABLE FLUORIDE

Soluble or available fluoride was determined essentially as described by Hefferren (2). 
This involved dilution of the dentifrice 1:10 with water, centrifugation to obtain a clear 
supernatant solution, and analysis of the solution for fluoride by electrode or 
chemically, as appropriate. The major deviation from Hefferren’s procedure was use of 
a 1:10 dilution; Hefferren recommended a 1:3 dilution. The higher dilution gave 
higher values for available fluoride, but in all instances the two methods ranked avail
able fluoride content of the various products in the same way.

ESTIMATION OF ABILITY OF DENTIFRICE TO REDUCE SOLUBILITY OF 
DENTAL ENAMEL IN ACID (RES)

The RES method reported by Hefferren (3) was employed. Six enamel crowns were 
mounted in acrylic and placed in a vessel. The susceptibility of the enamel to dissolu
tion was measured by exposing the teeth to a lactic acid-lactate buffer solution at pH
4.5, under standardized conditions of temperature, time, concentration, solution 
volume, pH, and stirring rate. The amount of phosphate dissolved by the buffer solu
tion was determined. The same teeth were then exposed to a 25 per cent (W/W) slurry 
of fluoride dentifrice in water for a specific period of time. The teeth were then rinsed 
with water, and a second measurement of enamel dissolution was made. The amount of 
phosphate present in the initial and final buffer solutions provided the RES value:

RES per cent [p0 4 3] initial — [p0 4 3] final
X  100

[PCV3] initial

FLUORIDE UPTAKE IN TOOTH ENAMEL

The degree of incorporation of fluoride into tooth enamel was evaluated using a 
modification of the procedure reported by Brudevold et al. (7). Noncarious enamel 
crowns were mounted in wax at the base of small glass vials. The crowns were then sub
jected to several successive etchings with 0.5 M  HC104 until a constant amount of fluo
ride was removed at each etching. The fluoride concentration per million parts of sur
face enamel removed by etching was determined by analyzing the etching solutions for 
calcium, phosphorous, and fluoride. The teeth were then exposed to 25 per cent 
(W/W) slurry of fluoride dentifrice in water for 15 min. Following this exposure, the 
teeth were rinsed in dionized water and etched again with 0.5 M  HC104. The post



684 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

treatment etch solution were analyzed. The difference between the fluoride content of 
the treated tooth surface and that of the untreated tooth surface gave the amount of 
fluoride incorporated into the enamel.

ANIMAL MODEL SYSTEM FOR ASSESSING CARIES REDUCTION BY FLUORIDE DENTIFRICES

The animal assay system employed was essentially that of Konigct«?/. (6). It gave an ex
cellent dose-response curve with aqueous fluoride solutions containing fluoride at 
levels occurring in dentifrices. (The method will only be outlined here; details will be 
reported elsewhere.) Osborne-Mendel albino rats were employed. They were main
tained under conditions generally observed for specific pathogen-free animals. Females 
were fed a balanced vitamin-supplemented diet from mating to the end of the suckling 
period. Trials were started on the day of weaning. Weanlings were randomly dis
tributed to the various treatments, the animals being distributed among the cages so as 
to equalize the stresses of weaning, treatment, and cariogenic diet. A cariogenic diet 
was fed ad libitum. It consisted of sucrose (56 per cent) plus milk powder and other 
essential nutrients. About 24 animals were subjected to each treatment. Twenty- 
second applications of the materials to be tested were applied to the lower jaws by 
means of a marten-hair brush, using about 15 to- and fro- motions of the brush. The 
rats were deprived of food and water for 1 h after treatment. The treatments were ap
plied twice daily during the first 2 weeks and once daily during the third week (no 
treatment on Sundays). The rats were sacrificed, and the lower jaws were removed and 
prepared for sectioning and evaluation of carious lesions after staining. The severity of 
carious lesions in the first and second molar teeth was assessed by the method of Konig 
et al., which grades carious lesions in terms of the stages of the carious process from 
start (in the enamel) through the next stage (in the dentin) to the conclusion (cavita
tion). In essence, 4 stages are recognized after staining: A lesions (limited to enamel, no 
staining of the adamantine border), T  lesions (early dentinal lesion, involving color 
reaction at the adamantine border), B lesions (moderate dentin lesion, comprising 
progression of the lesion with decalcificiation of dentin bordering on the pulp), and C 
lesions (severe dentin lesion, involving destruction in the direction of both the pulp 
and occlusal surfaces, loss of enamel in the sulcus, and first signs of cavitation). In calcu
lating the reduction of incidence of carious lesions produced by the test products com
pared to nonfluoride products in the current study, only the more severe lesions (B and 
C) were considered. These values were combined, and reduction in carious lesions cal
culated as:

Per cent reduction lesions = 100 x

(B + C lesions on nonfluoride dentifrice) — (B + C lesions on fluoride dentifrice)
(B + C lesions on nonfluoride dentifrice)

Of course, the values obtained by this procedure are valid for only within-trial com
parisons. Also, it should be recognized that the magnitude of the reduction in nu
merical terms can depend on the value attributed to the various lesions; in this study it 
was found advantageous to base the calculatons of fluoride effect in the rat on only the 
B and C lesions.
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RESULTS AND DISCUSSION

In these experiments, model toothpaste systems were formulated in which the abrasive 
and the fluoride were either compatible or incompatible. Compatibility was shown by a 
high proportion of the added fluoride remaining in a water-extractable form, and in
compatibility was shown by the fluoride being complexed with the abrasive and being 
insolubilized thereby. Separate experiments (not reported here) demonstrated very 
clearly that the humectants (glycerol and sorbitol), binding agent, and foaming agent, 
and flavor did not influence the interaction between the fluoride and the dentifrice 
abrasive in formulations typical of those investigated in this study. Other trials, with 
the silica-SnF2 system, gave results which demonstrated that the nature of the nonfluo
ride ingredients other than the abrasive did not detectably affect the response to the 
fluoride in the assays for fluoride solubility, reduction of enamel solubility, or rat caries 
inhibition.

DENTIFRICES STUDIED

Table I shows the compositions of the dentifrices investigated in terms of abrasive, 
fluoride source, and other ingredients such as humectant and miscellaneous formulat
ing ingredients, the latter including binding agent, flavor, and foaming agent. The com
positions of the dentifrices were selected (1) to provide a basis for a placebo, i.e. 
nonfluoride paste, to be used for the animal caries trials, and (2) to provide composi
tions which would reveal differences in response between dentifrices containing dif
ferent dentifrice abrasives and different sources of fluoride. The dentifrices were 
assayed in groups, the number of products per group being limited by the logistics of 
the rat caries test. Thus, for example, dentifrices A through F were tested in the rat 
caries test alongside each other in order to achieve maximum comparability of results 
and statistical validity.
Dentifrices A through F represent products with either (1) no fluoride, (2) abrasives 
which are known to interact with free fluoride ion, or (3) sources of fluoride ion which 
have been shown to be reactive with calcium-containing dentifrice abrasives on one 
hand and nonreactive on the other hand.
Dentifrice A is the placebo in the A-F series. It contains as abrasive dicalcium phos
phate dihydrate, and contains no fluoride. Dentifrice B comprises dicalcium phosphate 
dihydrate and, as fluoride source, sodium fluoride. Sodium fluoride is known to 
interact with dicalcium phosphate dihydrate. Dentifrices C and D both contain dical
cium phosphate dihydrate as the abrasive; C contains stannous fluoride while D 
contains sodium monofluorophosphate. Dentifrices E and F contain calcium carbonate 
as the abrasive, E containing sodium fluoride as source of fluoride ion and F containing 
sodium monofluorophosphate.
Dentifrices G through I represent a group of dentifrice compositions in which the fluo
ride source and the abrasive are known to be compatible. In this series, dentifrice G 
represents the placebo. The last test series of dentifrices is represented by dentifrices 
G, H,, H 2, and J. Both Hj and J contain stannous fluoride and a compatible abrasive. 
Dentifrice G, again, represents the placebo.
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Table II
Evaluation of D C PD  and CaCO:, Dentifrices

Product
Abrasive/
Fluoride3

Available Fluoride 
Initially After 7 Weeks 

ppm ppm

Reduction 
in Enamel Solubility 

Per Cent

Reduction 
in Carious (B 4- C) 
Lesions in Rat Trial 

Per Cent

A D C P D /- — — -4 .2 _
B DCPD/NaF 155 143 15.6 6
C DCPD/SnF2 130 111 23.0 4
D DCPD/MFP 864 888 16.9 44
E C aC 0 3/NaF 378 354 8.5 27
F C aC 03/MFP 856 844 6.4 51

aAll dentifrices formulated with 1000 ppm added fluoride, as NaF, SnF2, or MFP.

"COMPATIBLE" VERSUS "INCOMPATIBLE" SYSTEMS

The results with dentifrices A through F are given in Table II. Data are given for water- 
soluble fluoride at the beginning and at the end of the rat caries trial (which covered a 
period of 6 weeks), reduction in enamel solubility, and reduction in carious lesions in 
the rat trial.
Water-solubility of the fluoride:
The incompatibilities of certain of the fluoride sources and the dentifrice abrasive are 
clearly demonstrated. In each instance (except for the nonfluoride control, dentifrice 
A), fluoride was added at a level of 0.10 per cent (fluoride basis). Substantial interac
tion and insolubilization of the fluoride occurred very rapidly as demonstrated by 
lowered values for water-soluble fluoride. Both sodium fluoride and stannous fluoride 
reacted with the dicalcium phosphate dihydrate, and over 85 per cent of the fluoride 
was insolubilized within 1 week after manufacture of the dentifrice. Sodium fluoride 
showed less reactivity with calcium carbonate than it did with dicalcium phosphate 
dihydrate, but even in this instance, almost 60 per cent of the fluoride was insolubilized 
by the abrasive. Sodium monofluorophosphate, in contrast to sodium fluoride and stan
nous fluoride, showed excellent compatibility with the dicalcium phosphate dihydrate 
and calcium carbonate, and not more than about 15 per cent of the fluoride ion 
contained therein was rendered insoluble over the course of the trial.

Reduction in enamel solubility I RES):
The RES test, the ability to so affect dental enamel as to make it more resistant to at
tack by acid, has been a valuable criterion for assessing the utility of potential anticaries 
compounds. It is not the intent here to explore in depth relations between the RES test 
and other anticaries agent assays. They do not necessarily measure the same 
parameters. For example, the RES test involves a single parameter, viz., attack by acid 
on dental enamel, while the rat caries assay involves multiple parameters related to the 
carious process. Factors which quantitatively affect one test markedly may be less im
portant in another. A case in point is the nature of the cation associated with the fluo
ride. The RES value is markedly affected by the presence of the stannous ion in an ac
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tive form. Hefferren (3) showed that the rate and extent of dissolution of dental 
enamel in acid varied with the treatment (SnF2, NaF, SnCL), and that the SnCL was a 
very effective inhibitor of dissolution when the time of acid attack was limited to a few 
minutes, but not when it was extended to 2 h. SnF2 produces greater reductions in RES 
than an equivalent amount of MFP. The mechanism whereby MFP influences 
resistance of enamel to acid differs from that of the simpler fluorides.

Table III
Reduction of Enamel Solubility by SnF2 Dentifrices

Dentifrice
Type Abrasive

Available Fluoride 
ppm

Reduction of 
Enamel Solubility 

Per Cent

C DCPD 130 23.0

H ,a Silica gel Average 790 64
Range 750-880 54-72
n = 8 n = 20

Ja Ca2P20 7 Average 710 38
Range 640-750 14-60
n = 8 n =  4

“Commercial products, selected randomly for analysis. J reportedly contains stannous pyrophosphate in ad
dition to stannous fluoride.

In Table III, the SnF2 dentifrices C (DCPD/SnF2), Hi (silica/SnF2), and J (Ca2P20 7/ 
SnF2) show the importance in the RES test of having the active ions in water-soluble 
form. The response to the test was directionally in proportion to the amount of fluo
ride ion available. However, strong conclusions cannot be drawn, since the data are 
limited and the role of tin, whether soluble or insoluble in the dentifrice, was not 
assessed.
In Table II it can be seen that MFP-containing dentifrices (D and F) yielded only rela
tively small reductions in enamel solubility compared to SnF2 containing dentifrices 
despite the high levels of available active ion(s) in the former. In Table II it is also ap
parent that on a strictly numerical basis the results of the RES test did not correlate 
with the rat caries assay results. It can be concluded that results of the RES test should 
be examined independently of those of the rat caries assay, as evaluating different 
parameters of activity of anticaries agents.

R a t caries trials:

Of greatest significance are the results of the rat caries trials. Here, a definite relation
ship was established between the ability of a dentifrice to reduce the incidence of 
carious lesions and the level of water-soluble fluoride or fluorophosphate ion. In Ta
ble II are the results of a series of trials in which NaF, SnF2, and MFP were combined 
with abrasives which are incompatible with NaF and SnF2 but compatible with MFP. A 
key finding was that fluoride ion bound to the abrasive was inactive in protecting the rat 
against caries. This effect has been hypothesized on many occasions, but it is believed 
that the series of tests reported here provides the first published clear cut evidence for



EVALUATION OF DENTRIFRICES 689

Table IV
Rat Caries Trial N um ber 1

Dentifrice Type
Reduction in Carious 

Lesions (Per Cent)
Available

Fluoride (as F) (ppm)

G Silica, no F _ Nil
H Silica/SnF2 50 880
I IMP + DCP/MFP 70 950“
J Ca2P20 7/SnF2 73 730

aN ot determined specifically for this trial. The water-soluble content of this commercial dentifrice has been 
found on several occasions to be about 950 ppm.

Table V
Rat Caries Trial N um ber 2

Dentifrice Type
Reduction in Carious 

Lesions (Per Cent)
Available

Fluoride (as F) (ppm)

G Silica, no F _ Nil
H t Silica/SnFo 37 790“
h 2 Silica/MFP 37 960
I IMP + DCP/MFP 31 950“
J Ca2P20 7/SnF2 29 710“

“Available fluoride contents of the commercial dentifrices ( H ,, I, J) were not determined specifically for this
trial; the available fluoride values are average values for the commercial products (cf. Table III).

Table VI
Rat Caries Trial N um ber 3

Dentifrice Type
Reduction in Carious 

Lesions (Per Cent)
Available Fluoride 

(ppm)

G Silica, no F — Nil
H , Silica/SnF2 42 820
h 2 Silica/MFP 34,30 950,990
I IMP + DCP/MFP 36 950

differentiation of soluble and bound fluoride in a dentifrice using an animal system. 
Dentifrices D (DCPD/MFP) and F(CaC03/MFP), both containing MFP at a level of 0.8 
per cent (1000 ppm fluoride) produced significant reductions in caries. Dentifrices B 
(DCPD/NaF) and C (DCPD/SnF2), representing pastes with sodium fluoride and stan
nous fluoride in an incompatible base gave negligible reductions in carious lesions 
despite the fact that they, too, contained 1000 ppm fluoride. It must be concluded that 
their low order of efficacy was attributable only to the low amount of available fluoride. 
Dentifrice E, which contained sodium fluoride in a calcium carbonate base, did yield a 
modest reduction in rat caries. However, the level of available fluoride at the time of 
the test was reasonably high, i.e. intermediate between that of the DCPD/NaF 
dentifrice and DCPD/MFP dentifrices. Presumably, it would decrease on aging, as 
reaction between the fluoride and abrasive progressed.
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Fluoride Uptake After 5 Min Exposure

Sample
Numbers

Group Treated with Product J 
Pretreatm ent Post-Treatment 

ppm F ppm F
Uptake 
ppm F

Sample
Num bers

G roup Treated with Product H] 
Pretreatm ent Post-Treatment Uptake 

ppm F ppm F ppm F

III-l 147.4 253.8 106.4 IV-l 69.4 136.7 67.3
III-2 81.9 126.6 44.7 IV-2 51.5 181.0 129.5
III-3 98.4 142.8 44.4 IV-3 75.9 148.7 72.8
III-4 34.0 97.6 63.6 IV-4 75.5 167.5 92.0
III-5 62.0 162.0 100.0 IV-5 46.5 147.9 101.4
III-6 34.0 120.4 66.4 1V-6 87.2 241.5 154.3
III-7 56.2 152.4 96.2 IV-7 233.6 336.0 102.4
III-8 113.5 348.8 235.3 IV-8 195.6 460.3 244.7
III-9 37.7 158.1 120.4 IV-9 42.7 151.2 108.5
III-10 40.8 106.5 65.7 IV -10 79.7 171.4 91.7
III-I1 79.5 176.6 97.1 IV -11 45.8 159.0 113.2
III-12 52.8 105.5 52.7 IV -12 118.3 225.7 107.4
III-13 53.4 75.0 21.6 IV-13 70.7 307.5 236.8
III-14 151.8 240.3 88.5 IV-14 103.0 261.4 158.4
III-15 69.7 121.3 51.6 IV -15 125.9 351.2 226.3
III-16 72.7 144.1 71.4 IV-16 67.7 230.9 163.2
III-17 80.0 123.0 43.0 IV -17 135.1 556.6 421.5
III-18 186.1 184.7 Nil IV-18 42.1 168.1 126.0
III-19 180.5 180.6 Nil IV-19 59.3 276.6 217.3
III-20 55.0 116.8 61.8 IV-20 45.2 767.3 722.1
III-22 83.5 165.6 82.1 IV -21 77.1 180.7 113.6
III-23 45.6 169.1 123.5 IV-22 328.1 339.8 11.7
111-24 132.9 221.6 88.7 IV-23 57.2 287.7 230.5

IV-24 63.3 154.3 91.0
Average 75.0 Average 171.0
N (23) N (24)
S.D. 48.4 S.D. 144.2

"COMPATIBLE" SYSTEMS

Tables IV, V, and VI give data on additional trials with compatible abrasive/fluoride 
systems. The data are organized according to products assayed simultaneously in a 
single rat caries trial. All of the reductions in carious lesions over the nonfluoride 
product were significant at p < 0.05. Comparison of data from trial-to-trial was not 
statistically valid. The results given in Tables IV to VI show: (1) compatible abra
sive/fluoride systems respond positively in the rat caries test; (2) the response is posi
tive regardless of whether the fluoride source is SnF2 or MFP; and (3) the response is 
positive regardless of the abrasive when the abrasive is compatible with the fluoride. 
The results confirm those of Table II, and in conjunction with the latter results support 
current concepts which require that clinical fluoride efficacy in a dentifrice critically de
pends on the fluoride and abrasive being compatible.

U ptake o f  fluoride  by den ta l enamel:

Only limited data were obtained on the uptake of fluoride by human tooth enamel. 
This technique is difficult to carry out for many reasons, the major one being the large 
number of tooth samples required to assure statistical confidence. There is, as would be 
expected, great variability from tooth to tooth, even within teeth from the same
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person. Soundness of the tooth surface, history of exposure to fluoride, and other fac
tors come into play.
The results of a comparison of dentifrice H, and J are given in Table VII. They reveal 
that fluoride can be taken up in vitro from dentifrice slurries containing a substantial 
amount of available fluoride. Further studies will be necessary to determine the extent 
to which this uptake is dependent on the availability of the fluoride and/or other fac
tors; the data in Table VII suggest that such may be so, but are far from adequate to es
tablish a case with any degree of confidence. The data in Table VII clearly demonstrate 
the extreme variability in fluoride uptake from tooth sample to tooth sample, and thus 
the importance of conducting studies of new formulations with sufficient numbers of 
teeth and appropriate controls.

DISCUSSION

The foregoing results help evaluate the utility of 3 tests used to assess the anticaries 
activity of a fluoride dentifrice, viz., reduction in enamel solubility (RES), uptake of 
fluoride by enamel, and animal caries assay.
The RES test gave results which cannot be interpreted readily. The values failed to cor
relate well with either the water-soluble fluoride content or the rat assay values. The 
RES values in Table II seem to reflect more an abrasive effect than a fluoride effect. At 
this time, it is probably safest to conclude that the RES test as applied to a fluoride den
tifrice can show whether that dentifrice exerts an effect on the substrate (tooth 
enamel), but that this may not be translated to a positive anticaries effect.
The ability of the enamel to take up fluoride has been investigated extensively as a tool 
to evaluate fluoride treatments. Insufficient data are presented here to draw firm con
clusions. What results are shown certainly do not point to a quantitative correlation 
between the amount of fluoride taken up from a dentifrice and the degree to which that 
dentifrice inhibits the development of carious lesions in the rat on a cariogenic diet. 
Additional investigations are required before the results of fluoride uptake in vitro can 
be interpreted with confidence.
The rat caries assay as conducted in our laboratories (details to be published elsewhere) 
gave results which are consistent and readily interpretable. They show a correlation 
with available fluoride, and do not seem to show a response to fluoride which is inso- 
lubilized by the abrasive. Of greater importance is the observation that the rat assay 
exhibits a positive response to all fluoride dentifrice systems which have been reported 
in the literature to be clinically effective, such as Ca2P>07/SnF2 and IMP + DCP/MFP, 
and CaC03/MFP. Furthermore, the magnitude of effect of such clinically tested denti
frices such as Ca2P20-/SnF2 and IMP + DCP/MFP is about the same when determined 
by the rat assay and about the same when determined by human clinical trial; thus, the 
rat assay has shown the equivalence of certain formulations which has been shown 
clinically.
More extensive and exact experiments than those reported here are needed to es
tablish quantitative correlation between the RES and fluoride uptake tests on one hand 
and the rat caries assay on the other. The RES test and the fluoride uptake test measure 
the effect of fluoride dentifrices on specific parameters involved in the fluoride effect 
on caries. The rat caries assay, on the other hand, measures efficacy of a fluoride denti
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frice in terms of the totality of the carious process. The RES and fluoride uptake tests 
are extremely important in showing ability of an agent to interact beneficially with the 
tooth substrate; they are limited as an evaluative tool in providing less than a full pic
ture. The rat assay can be criticized on the same basis that all animal systems can be 
criticized, i.e., differences between human and animal systems. But compared to the 
other, in vitro, tests which involve only an enamel substrate, it alone gives a complete 
assessment of efficacy which is compatible with current concepts of fluoride dentifrice 
formulation and the results of human clinical trials.
The carious process is extremely complex. Hefferren (3) has summarized more recent 
thinking on the carious process and on the design of anticaries agents. He has also 
pointed to the incompleteness of our knowledge on the mechanism of fluoride action. 
And he has indicated the need for greater reliance on definitive laboratory studies, the 
basis for which is correlation of experimental data on the new product with the 
clinically established product. The studies reported above clearly define such a correla
tion.
It is becoming increasingly apparent that caries is a specific disease state, caused by 
specific disease organisms. The route to cure of this disease is not unlike that of any 
other disease-eliminate the causative microorganisms(s), combat the microorganism(s) 
by making the environment unfavorable, and/or increase the resistance of the substrate 
to the action of the microorganism(s). The mechanism of anticaries activity for a fluo
ride, while not totally understood, is generally considered to involve, at a minimum, 
the incorporation of fluoride into the dental enamel and strengthening of the enamel 
thereby against acid attack, which acid is generated by specific microbial populations 
under favorable environmental conditions. A direct effect of fluoride on the microbial 
metabolism has not been ruled out as another route of fluoride action. Other 
mechanisms may be involved, such as interactions of effects of fluorides and effects of 
variations in substrate (tooth) characteristics.
The tests described above follow the pattern commonly used in the assessment of drug 
efficacy when formulating products containing drugs of established efficacy. Fluoride 
"availability” assures that the drug is in an active (noncomplexed) state. Reduction in 
enamel solubility (in vitro) and fluoride uptake (in vitro) give further assurance that the 
drug is in a state wherein it can act on the substrate, and the animal assay gives final 
assurance that the drug is active against the disease process in vivo.

The ideal situation in correlating the results of in vitro and animal assays with the 
human assay is a series of studies in which dose-response curves are available for all the 
test situations. Such is not feasible in the fluoride arena, and only one real attempt to 
establish a dose-response to fluoride in a (compatible) abrasive system appears to have 
been reported. Reed (9) conducted two-year clinical trials with calcium pyrophosphate 
dentifrices containing 0, 250, 500, or 1000 ppm added fluoride (as NaF). All 3 fluoride 
products resulted in a significant reduction of the parameter “decayed, missing, and 
filled teeth. Only the product with 1000 ppm fluoride, however, gave a significant re
duction in the more relevant parameter, “decayed, missing and filled tooth surfaces” 
(DMFS). Trends, however, pointed to a dose-response relationship with both 
parameters. DMFS reductions, for example, were: 7.5 per cent for 250 ppm F, 8.5 per 
cent for 500 ppm F, and 20.0 per cent for 1000 ppm F. Extension of the study to a third
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year might have established a good dose-response curve. With the exception of Reed’s 
work, no clinical trials have been found in the literature to establish a dose-response in 
fluoride dentifrices.
Lacking totally appropriate experimental clinical data on which to base judgments of 
the effect of fluoride in a dentifrice on dental caries, i.e., lacking dose-response clinical 
data of the type available for most drugs, one can assess the value of in vitro and animal 
data for fluoride dentifrices in relationship to clinical efficacy only by reference to the 
treatment of comparable data for other drug products. This has already been done in a 
sense by fluoride dentifrice investigators; it is universally accepted that a prime pre
requisite for formulation of any fluoride dentifrice is that the fluoride source must not 
interact excessively with the abrasive and thereby become insolubilized. The experi
mental data presented above, particularly the data in Table II, support this view in its 
entirety. No thinking dentifrice formulator today would, for example, incorporate so
dium fluoride into a DCPD dentifrice, or SnF2 into a DCPD dentifrice.
The results in Table II are especially important in that they point out definitively that 
in vitro and animal data disclose compatibility relationships between fluoride source 
and abrasive which do tend to qualitatively correlate with clinical trial data reported in 
the literature. Thus, for example, MPF is shown to be compatible with every abrasive 
tested (DCPD, CaC03, IMP + DCP), and clinical results have been reported establish
ing the clinical efficacy of MFP not only in dentifrices containing these abrasives (e.g. 
10, 11), but also with another compatible abrasive, viz., alumina trihydrate (12). On the 
other hand, there are reports of negative findings with NaF in dentifrices containing 
DCPD as the abrasive (13). This type of correlation should not be overlooked in 
assessing the significance of the in vitro and animal tests reported here.

SUMMARY

Four laboratory assays were applied to dentifrices formulated with a variety of abra
sives and fluoride sources. These were: (1) fluoride availability; (2) reduction in enamel 
solubility (RES), (3) fluoride uptake by human dental enamel; and (4) rat caries assay. 
The assays for fluoride availability and the rat assay very clearly distinguished between 
the dentifrices based on compatibility of the fluoride source with the abrasive. The 
results of the RES and fluoride uptake assays gave valuable information on the ability 
of a fluoride in a dentifrice to interact with the dental enamel. The results clearly sup
port current views of fluoride dentifrice formulation, i.e., that the fluoride must not be 
insolubilized by the abrasive if it is to have anticaries activity. They also correlate quali
tatively with results of clinical trials reported in the literature, involving different abra
sives and sources of fluoride.
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Synopsis
The stress-strain curves of intact hair fibers immersed in aqueous 1-propanol solutions were measured as 
functions o f 1-propanol concentration, pH  and temperature. Plots of the tensile forces at given extensions 
against the propanol concentrations show minima at about 50 per cent propanol; these become more 
pronounced at low pH  values and at higher temperatures.

The experimental results can be interpreted by assuming that two additive molecular processes are responsi
ble for the elasticity of hair: conformational changes o f the polypeptide chains and electrostatic interactions 
between the various ionic side chains. The presence of 1-propanol in low concentrations accentuates the im
portance of the latter process by diminishing the value of the effective dielectric constant inside the hair 
structure. At high propanol concentrations, however, the dehydration of the fibers increases the relative 
contribution of the conformational changes and brings about a strengthening of the hair.

I. INTRODUCTION

Alcohols are extensively used in the formulation of hair care products. Although many 
of the technologically important properties of keratin fibers have been known to be af
fected by exposure to alcohols (1,2) (e.g., the elastic modulus and the temperature of 
supercontraction both change when hair is immersed in aqueous alcoholic solutions
(3)), the mechanisms responsible for these processes are still unclear. Essentially, two 
hypotheses have been formulated to account for these phenomena. Blankenberg and 
Zahn (2) suggested that the alcohols break hydrophobic bonds and thus, weaken the 
keratin structure. Breuer (4), on the other hand, postulated that the presence of al
cohols in the keratin fiber alters the transition equilibrium between the organized and 
amorphous regions of keratin and, therefore, affects the stress-strain characteristics of 
the fibers.
Neither of these hypotheses allowed for the possibility that the absorption of alcohols 
by hair might also affect the electrostatic interactions within the fibers and, thus, could 
affect their mechanical properties.

*6133 Hughes Aircraft Co., 11940 W est Jefferson Blvd., Culver City, CA 90230. 
fG illette  Research Institute, 1413 Research Blvd., Rockville Md. 20850.
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Recently, we have obtained experimental data suggesting that, indeed, this might be 
the case. The present communication reports these findings.
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II. EXPERIMENTAL

A. MATERIALS

Intact hair was obtained from the DeMeo Company.* Before use, it was shampooed 
once with an anionic shampoo-pH 4.3,t rinsed and dried in air. Reagent grade 1-pro
panol was used for preparing the solutions. The buffers used were pH 7.0, pH 7.4 
phosphate buffers (0.05 M), and pH 2 HC1 solution, respectively.

B. METHODS

One-in. long hair fibers were mounted onto plastic tabs using an epoxy gluej and 
soaked overnight in pH 7.0 buffer. First, a reference stress-strain curve was obtained 
for each fiber; i.e., the fiber was stretched to 20 per cent extension (at 1 in./min) while 
immersed in pH 7 buffer at 20°C (Reference curve No. 1). A table model Instron 
Extensometer was used with standard procedures being employed.
Subsequently, the fiber was relaxed in pH 7.4 buffer for 24 h, equilibrated in the ap
propriate proponal-water mixture and the stress-strain isotherm measured while the 
fiber was immersed in the solution at the appropriate temperature. A 24-h period was 
allowed for equilibration of each fiber in the appropriate water-alcohol mixture, since 
previous work has ascertained that this time period was sufficient to reach equilibrium 
(5). After completion of the measurements, the fibers were again relaxed in pH 7 buf
fer at 20°C for 24 h and a second reference stress-strain curve obtained using identical 
experimental conditions to those employed during the determination of the first cali
bration curve (reference curve No. 2).

III. RESULTS

Although ethanol is the most widely used alcohol in cosmetic and toiletry 
products, we chose 1-propanol for our investigations. Our choice was motivated by the 
finding of previous investigators who showed that immersion into 1-propanol/water 
mixtures have the largest effects, among the alcohols, on the properties of keratin 
fibers (1-4).
In order to eliminate, as far as possible, errors which were due to fiber to fiber varia
tions, the forces were normalized, i.e., divided by the force obtained on the same fiber 
at the corresponding extension during the first reference cycle. The symbol f ' denotes 
the normalized force (i.e., the ratio f/fo) where f and fo are the two forces measured on 
the same fiber at a given strain level under the given experimental conditions and dur-

*DeMeo Brothers, New Y ork® .
fE arth Born Green Apple Shampoo®, Personal Care Division, the Gillette Co., Boston, MA. 
îTw oton glue® , Descon Corp., Danvers, Mass.
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Table I
Ratios of the Tensile Forces o f Hair Fibers in pH  7 Buffer Solutions Before and After the Experiments

Treatm ent 
Exposure to 

W/W per cent Propanol

fn'/fo*

T°CpH 2.0 pH 7.4

0 0.89 0.92 — 1.05 60
30 0.86 0.89 1.02 0.92 60
50 0.94 0.99 0.87 0.95 60
80 0.89 — 0.97 0.93 60

0 0.94 0.98 1.03 1.02 40
30 1.00 1.04 1.00 1.00 40
50 1.03 1.05 0.98 1.00 40
80 1.00 1.00 1.00 1.00 40

0 0.98 0.90 0.95 0.93 20
30 0.93 0.97 0.93 0.93 20
50 0.93 0.95 0.89 0.94 20
80 0.95 0.96 0.92 0.93 20

*fo and fo' denote the values o f the elastic forces in the first and second reference cycles, respectively.

Cpr w/w %1- Propanol Cone.
Figure 1. Plot of normalized force f ' o f intact hair fibers against 1-propanol content of immersion liquid at 
20°C and extension A = 0.02

ing the first reference cycle, respectively. The values of the normalized forces were re
producible within an error of ±4 per cent.



0 20 40 60 80 100

Cpr w/w % 1-Propanol Cone.
Figure 2. Plot of normalized force f ' of intact hair fibers against 1-propanol content of immersion liquid at 
40°C and extension \  =  0.02

Cpr w/w % 1-Propanol Cone.
Figure 3- Plot of normalized force f ' of intact hair fibers against 1-propanol content of immersion liquid at
60°C and extension \  = 0.02



1.2 20°C, A = .2

1.0

f

0.8 •

0.6
0

•  pH 7.4 
■ pH 2.0

—i------------1--------------1-------------1-------------1________ i________ i________ i________ i

20 40 60 80 100

Cpr w/w % 1-Propanol Cone.
Figure 4. Plot o f normalized force f ' o f intact hair fibers against 1-propanol content o f immersion liquid at 
20°C and extension X = 0.2

40°C, A = .2

Cpr w/w % 1-Propanol Cone.
Figure 5. Plot o f normalized force f ' of intact hair fibers against 1-propanol content o f immersion liquid at 
40°C and extension X = 0.2 (This figure is reproduced with permission o fjo h n  Wiley & Sons where it origi
nally appeared in the Interpretation of the Mechanical Properties o f Wool, Appl, Polym. Symp., 18, 775-94  
(1971), by J. W. S. Hearle, B. M. Chapman and G. S. Seniov.
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Cpr w/w % 1-Propanol Cone.
Figure 6. Plot of normalized force f ' o f intact hair fibers against 1-propanol content of immersion liquid at 
60°C and extension X = 0.2

None of the treatments caused any irreversible changes in the fibers. We ascertained 
this fact by comparing the forces measured during the first and the second reference 
cycle at the same strain level. Allowing for the experimental error of the technique, no 
differences were found (Table I). In view of the high reproducibility of f' values, the 
use of a limited number of fibers for each experimental condition appeared justified to 
us.
In three series of experiments, we determined the values of f ' as respective functions 
of temperature, pH and 1-propanol concentration. The results are shown in Figs. 1-6, 
where the values of f ' are plotted against Cpr, the propanol concentration for two pH 
values (pH 2.0 and pH 7.4) at three temperatures (20, 40, and 60°C).
For a given temperature and pH, increasing the propanol concentration initially 
reduces the value of f '. As the propanol concentration is further augmented, however, 
the value of f' passes through a minimum (at about Cpr = 50 per cent) and then again 
increases.
For a given propanol concentration, the values of f' are considerably lower at pH 2.0 
than at pH 7.4. Raising the temperature from 20° to 40°C enhances the pH effects, i.e., 
the differences between the values of f' at pH’s 7.4 and 2.0. Finally, all the effects 
described are more pronounced at low extensions than at higher strain levels.

IV. DISCUSSION

An interpretation of these experimental results can be best considered in the context 
of a model previously suggested for hair structure (6, 7) (Fig. 7). Accordingly, keratin
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Figure 7. A Keratin structure at various points of stress-strain curve. A —> C represent stages of fiber struc
ture at increasing strainings; D shows situation after fiber has been allowed to relax to lower strain level. 
Spirals, “wiggly” lines, and fuzzy regions denote a-helices, unwound polypeptide chains and matrix, respec
tively (reproduced with permission from ref. 7)

fibers are regarded as crosslinked polyelectrolyte gels consisting of partially crystalline 
(ct-helical) polypeptide chains, which carry both positively and negatively charged 
groups attached to the main chains.
Application of an axial stress extends the network, resulting in conformational changes 
of the polypeptide chains (8), and in increased distances between the various charged 
groups attached to the polypeptide chains. In most instances, depending on the pH of 
the surrounding medium, either an excess of positive or negative groups is present in 
the hair fiber. Consequently, straining of the fiber decreases its electrostatic energy (6).
In accordance with this model, Gt the free energy of an unstrained fiber can be 
expressed as the sum of two terms: Gst the structural and Ges the electrostatic free 
energies (8).

Gt = Gst + Ges (1)

Since fsr the structural and fes the electrostatic contributions to the total force, are 
defined as (9)
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U d Gs
lo U x

T, P

where ft the total forces resisting the straining of hair, is

f t  fs t  T  fe s

(2)

(3)

and X denotes the extension ratio

X
lo

(4)

and 1 and 10 represent the length of the fiber in the strained and unstrained state, 
respectively.
Using statistical mechanics, the values of fst and fes can be expressed in terms of 
molecular quantities. Thus, assuming that the structural contribution of the elastic 
force is due to a change of the polypeptide chains from a to f3 conformation, the value 
of fs, is given by (9)

_ AG„ 
AL„

kT
AU,'

In r (5)

where AG0, AL0 are the standard free energy and the fiber length change involved 
when a unit weight of fiber changes from a to /3 conformation. The function r depends 
on the extent of change; its value has been previously calculated as a function of exten
sion (10).
The value of fes can be derived from the polyelectrolyte model of hair and can be 
expressed as (9)

fps n
9 9y  “€“K
d T

l
1 + XA

—  In ( 1 + XA) 
XA

( 6)

where n equals the number of molecular chains in unit weight of fiber: y equals the net 
charge of an average molecular chain; e equals the electronic charge; D equals the 
dielectric constant; k  equals the Debye parameter (i.e., the reciprocal of the radius of 
the ionic atmosphere); X equals the extension ratio; A equals 10/c; and 10 equals the 
average contour length of an unstrained molecular chain in the network.
When hair samples are immersed in aqueous solutions of propanol, limited amounts of 
propanol (up to about 2 mol/1000 g) are absorbed by the hair fiber (5). At the same 
time, due to the lowering of water activity, the fibers gradually dehydrate (5). These 
two processes affect the values of fst and fcs, but to different extents. The increase in the 
propanol content and the simultaneous decrease of water in hair diminishes D, the ef
fective dielectric constant inside the fiber (11) and, thus, increases the value of fes. This 
process is expected to be more pronounced at pH 2 than at pH 7, since the net charge 
of the fibers is greater at the lower pH value (for titration curves of keratin, see (12)).
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On the other hand, dehydration of the hair fiber shifts the a -fi  conformational equilib
rium towards the a form and thus, increases the force required for straining the fiber 
(13), i.e., increases the value of fst. The pH of the solution should not affect this latter 
process.
It is also instructive to consider, in light of this model, some of the X-ray data which 
have been obtained on keratin fibers containing increasing amounts of propanol. Feug- 
helman and Snaith (14) and later Heideman and Halboth (15) measured the changes 
occurring in the spacing of the interhelical distances in keratin fibers and found that the 
spacing of 9.3 A increases when the propanol concentration is augmented in the im
mersion liquid. According to these authors, the 9.3 A spacing corresponds to the 
distances between the helices in the protofibrils. The increases in this spacing, 
therefore, suggests that the propanol penetrates the protofibrils and, in doing so, pries 
the polypeptide helices apart. A similar explanation was suggested by Nemetschek (16) 
when interpreting the low angle X-ray data of collagen treated with various alcohols.
The findings that neither an increase of alcohol concentration beyond 50 per cent nor 
the changing of the pH from 6 to 1 affect the 9-3 A spacing (15) suggest that most of 
the ionic groups are situated on the surfaces of the protofibrils and in the interior of the 
protofibrils electrostatic effects do not exert any serious influences.
Raising the temperature from 20 to 60°C affects the absolute values of f ', but does not 
change the overall shape of the f ' versus Cpr curves. This result is in agreement with 
previous data which indicated that propanol absorption is hardly at all affected by 
temperature (10).

V. CONCLUSIONS

The force resisting straining of hair is governed essentially by two types of molecular 
processes: (a) structural changes (a- /3 transition); and (b) changes in the electrostatic 
energy of fiber as a consequence of the increase in the interionic distances. These two 
processes depend differently on environmental factors (i.e., temperature, pH, pro
panol concentrations).
Our experimental results, presented in this paper, suggest that exposure of hair to 
aqueous propanol solutions of increasing concentrations first weakens the fibers by 
increasing the electrostatic repulsion forces between the similarly charged side chains. 
At higher propanol concentrations (> 50 per cent w/w), however, hair becomes 
stronger, owing to the dehydration of the fiber which makes the structural conforma
tional changes of the polypeptide chains more difficult.
The experimental results can be explained, at least in qualitative terms, by a molecular 
model which regards keratin as a partially crystalline crosslinked polyelectrolyte gel.
A quantitative interpretation of the forces in terms of this model necessitates the 
assignments of arbitrary values to many molecular quantities (e.g., the effective 
dielectric constant in hair, its dependence on water and propanol uptake, the value of k  

inside the hair structure). Since none of the quantities are known to any degree of relia
bility at this time, this exercise does not seem profitable. Similar conclusions were ob
tained by Wolfram and Milligan when investigating the tensile properties of esterified 
and acylated wool (17).
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Methoden
zur Bestimmung von 
Fluorid-Ionen in Zahnpasten
III. Trennung der Ionen in Gegenwart großer Mengen 
von Aluminium-Verbindungen.

M. HERPOL-BORREMANS**, M. H A NO CQ* * 
und M.-O. SCHMITZ-MASSE* *.

Synopsis: A method is proposed for the separation of fluoride ions in toothpastes, which 
contain large amounts of aluminium compounds. The method involves distillation 
with superheated steam in a specially designed and fabricated apparatus. This technique 
has been validated during the examination of all types of toothpastes.
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Einleitung

Im Verlauf einer früheren Arbeit haben wir gezeigt, daß die Bestimmung 
von Alum inium fluorid, nach der Abtrennung des Anions durch Mikro
diffusion, nicht quantitativ  ist (1). Daraufhin haben wir eine Methode zur 
Bestim mung von Fluor-Ionen in Zahnpasten erarbeitet, die für alle Arten 
von Fluor-Verbindungen anwendbar ist (2). Hierfür empfehlen wir die 
M ethode von W illard und W inter (3), die bei Gegenwart von Perchlor
säure in einer erprobten Spezialapparatur von ganz bestim m ter Bauart 
ausgeführt wird (2). Ziel der vorliegenden Studie ist es, eine neue Methode 
der Trennung vorzuschlagen, die allgemeiner anwendbar ist als die vor
hergehende, da sie von der Zusamm ensetzung des Präparates nicht 
beeinflußt wird und selbst in Gegenwart großer Mengen von A lum inium 
oxid anwendbar ist; eine Substanz übrigens, die als Schleifmittel bei 
bestim m ten Typen von Zahnpasten gebraucht wird. Obwohl zwei 
Bestimmungs-M ethoden — eine potentiom etrische (Lanthan-Fluorid- 
Membran-Elektrode) und eine spektrofotometrische (Komplex des Cer- 
III-alizarinkomplexon) — beschrieben wurden, die sich hinsichtlich 
ihrer Empfindlichkeit, Reproduzierbarkeit und Genauigkeit als gleich
wertig erwiesen haben (2), entschieden wir uns für die zweitgenannte bei 
den folgenden Untersuchungen.

Experimenteller Teil

Apparaturen und Reagenzien

Apparatur
Sie ist bereits früher beschrieben worden (2).

Reagenzien
Außer den Reagenzien, die im Verlauf der beiden ersten Teile (1,2) 

gebraucht wurden, werden noch folgende angewendet:
Phosphorsäure M erck P. A. mind. 85%.
A ntischaum  Nalco 40-BO-3 Benelux Chemicals.

Die verschiedenen Ergebnisse, die m an nach der spektrofotometrischen 
Bestim mung der Ionen im  Destillat erhielt, sind auf der Tabelle I darge
stellt. Deren Analyse zeigt klar, daß die Zersetzung des Musters durch 
die Perchlorsäure zu deutlich niedrigeren als den theoretischen Resultaten 
führt (—50%). Da der Fehler bei etwa 8% liegt, sind die Ergebnisse 
kaum  reproduzierbar.
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Anders verhält es sich, wenn man Phosphorsäure verwendet: unter 
diesen Bedingungen sind die Resultate befriedigend, die Messungen genau 
und wiederholbar. Unsere Arbeit hat sich daraufhin m it der Bestimmung 
von Fluor in zwei Zahnpasten befaßt, die wir selbst hergestellt hatten 
(siehe Anhang). Die eine enthielt 20%, die andere 50% Aluminiumoxid. 
Die Ergebnisse der beiden Versuche sind in der Tabelle II zusam m en
gefaßt. Ihr Studium  erweist, daß die Phosphorsäure-Methode völlig den 
Erwartungen entspricht, und bestätigt, daß die Trennung auch in Gegen
w art großer Mengen von Alum inium  quantitativ bleibt. Allenfalls könnte 
m an noch anmerken, daß bei Anwesenheit von 50% Oxid der gefundene 
Prozentsatz von Fluor gegenüber der Theorie leicht erhöht ist: die 
Standard-Abweichung erreicht 2%; diesen Unterschied erklären wir m it 
den Schwierigkeiten, die wir bei der Zubereitung einer solchen Paste 
hatten, da deren feste Konsistenz die Homogenisation behinderte.

Die Verwendung von Phosphorsäure stellt dennoch ein Problem dar, 
und zwar in Bezug auf die Wahl der Antischaum m ittel, die dem Reaktions
gemisch zugesetzt werden. Im allgemeinen empfehlen die meisten 
Autoren, wie übrigens wir selbst in den vorangehenden Arbeiten (1, 2), 
die Anwendung entweder von Octanol oder auch von Oleyl-Alkohol. 
N un werden aber in Anwesenheit der verwendeten Säure die Phosphor- 
Ester, die sich im  Verlauf der Reaktion bilden, durch den Wasserdampf 
m itgerissen; sie verstopfen das zentrale Ablaufrohr des Kühlers und 
behindern so den gleichmäßigen Weitergang der Analyse. Um diesen 
Ü belstand zu beseitigen, schlagen wir die Anwendung des Anti-Schaum
m ittels vor, das unter dem Namen NALCO 40-BO-3 im Handel ist, 
dessen genaue chemische Zusamm ensetzung uns aber nicht bekannt ist.
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Zusammenfassung

Die M ethode der Abtrennung von Fluor-Ionen durch M ikrodestillation 
in Anw esenheit von Phosphorsäure in einer Apparatur bestimmter 
Bauart eignet sich besonders gut zur Auffindung und Bestimmung dieser 
Ionen in einer Zahnpaste, die viel Aluminiumoxid enthält.

Anhang

Zusammensetzung der von uns hergestellten Mischung und der zwei 
analysierten Zahnpasten.

Hergestellte Mischung

N atrium sulfat, wasserfrei 50,0050 g — Aluminiumoxid 50,0043 g — 
N atrium fluorid 0,0995 g — Indigocarmin 0,0931 g.

Zahnpaste I
Natrium m onofluorphosphat (95,71%) 1,0071 g — Aluminiumoxid

50,01 g — Sorbit (Subst. ) 17,53 g — Natriumdodecylhydrogensulfat 2,30 g — 
Natrium monohydrogenphosphat, Dihydrat 0,59 g — Natriumbenzoat 
0,84 g — N atrium saccharinat 0,02 g — Phenol 0,01g — Carraghen 
1,29 g — Indigotine 0,02 g — destilliertes Wasser ad 100,0 g.

Zahnpaste II
Natrium m onofluorphosphat (97,71%) 1,008 g — Aluminiumoxid

20,00 g — gefällte Kreide 16,00 g — Sorbit (Subst.) 17,53 g — N atrium 
dodecylhydrogensulfat 2,06 g — Natriummonohydrogenphosphat, 
D ihydrat 0,49 g — N atrium benzoat 0,97 g — Natrium saccharinat 
0,01 g — Phenol 0,02 g — Carraghen 1,32 g — Indigocarmin 0,02 g — 
destilliertes Wasser ad 100,0 g.
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Book Reviews
Continuous Flow Analysis: Theory 
a n d  Practice  (C l in ic a l  a n d  
B io c h e m ic a l  A nalysis  Series  
VOLUME 3) by William B. Burman, 
Marcel Dekker, Inc., New York 1976, 
352 Pages. Price $24.50.

This is a reference book for analytical 
chemists already familiar with the use of 
the Auto Analyzer for quality control and 
research applications. The author is Chief 
of the Methods Research Branch of the 
National Center for Drug Analysis of the 
Food and Drug Administration in St. 
Louis. In compiling the book, the author 
reviewed 3,000 papers in continuous flow 
analysis. The book contains 941 
references to literature on this subject. 
Chapter 1 describes briefly the develop
ment of the Auto Analyzer and its ap
plication to analytical determinations with 
extensive reference to the literature. 
Chapter 2 deals with a description of the 
Auto Analyzer modules which have been 
developed and the problems associated 
with their use. Chapter 3 describes the 
use of other laboratory instruments in 
conjunction with the instrument, such as; 
atomic absorption, spectrophotometers, 
Redox systems, flame photometers, gas

chromatographs, etc. Chapter 4 deals with 
the selection and assembly of tubings and 
fittings for separation of immiscible 
liquids and the tubings used for various 
materials. Chapter 5 describes various 
uses of continuous flow manifolds with 
liquid column chromatographic systems 
having off and on line modes. Chapter 6 
deals with the use of automatic data 
processing in conjunction with the instru
ment. Chapter 7 is written by Dr.
W. H. C. Walker of McMaster University 
in Canada and discusses the theoretical 
aspects of a continuous flow system from 
the standpoint of factors influencing peak 
characteristics and practical steps that can 
be taken to improve peak quality and 
analytical perform ance.—-ROBERT T. 
CONNER—Consultant

F i l t r a t i o n : P r in c ip l e s  a n d
Practices (In Two Parts), Part I. 
(Chemical Processing and Engineering 
Series, Volume 10) Edited by Clyde Orr 
1977, Marcel Dekker, Inc., New York, 
1977, 544 Pages, 700 References, 160 
Figures, 26 Tables, 501 Equations, 
bound, Illustrated. Price $45.00.
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This, the first part of a two volume edi
tion, focuses on a variety of filtration 
topics related in part to cosmetic process
ing of waste chemicals and maintenance of 
environmental air quality standards. 
Earlier chapters present a rigorous 
mathematical treatment of Gas and Liquid 
Filtration models. Medium, Depth, and 
Cake Liquid Filtration methods are sup
ported by discussions on various well- 
known filtration aids and pretreatment 
techniques. Filter media strength, 
stability, and chemical resistance are 
classified according to trapped particle 
size, permeability, solids holding capacity, 
and longterm media efficiencies.

The review of industrial gas filtration 
techniques in Chapter 4 is particularly 
relevant to the treatment of airborne 
powders, pigments, and fumed cosmetic 
thickeners. Also pertinent in this and later 
chapters is the discussion of solid-liquid 
separation as a function of batch, semi- 
continuous, and continuous operations. 
Selection of most suitable equipment for 
filtration needs is aided by worked 
through problems and detailed schematics 
of familiar industrial equipment.

A final chapter on Ultra filtration 
centers on the separation of 10 to 100 A 
particles and Tubular M embrane 
Configurations, Thin-Channel Membrane 
Modules, and Hollow Fiber Systems are 
shown. Application of Ultra Filtration to 
water purification is offered as an alterna
tive to other less feasible means.

An excellent listing of filtration 
references is given after each chapter.— 
James Kinney— Clairol Inc.

Analysis of Essential O ils by Gas 
Chromatography and Mass Spec
trometry, Vol. I, 1st Ed., Edited by 
Yoshiro Masada. John Wiley & Sons, Inc., 
New York, 1976, IX + 334 pages. Price 
$37.50.

The book consists of two parts. The 
first part is the subject of this review. The 
second part (32 pages) printed only in 
Japanese, describes basic information on 
the components and methods for analysis 
of an essential oil as well as basic informa
tion concerning gas chromatography and 
mass spectrometry.

Part I, contains the botanical descrip
tion, physical and chemical constants, gas 
chromatograms, mass spectrum, and 
recent bibliography for sixty-four 
essential oils.

The Gas Chromatograms are supple
mented by peak identifications as well as 
instrumental conditions. The mass spec- 
trums of major components of the oils 
also have peak identifications. There are 
156 figures.

The book is a useful guide for anyone 
conducting research concerned with 
perfumes, flavors, and spices.

It is a guide in that the representative 
samples of oil used for analysis do not 
represent, in all cases, the actual material 
of commerce available in the U.S.— 
WlNTHROP E. Lange—The Purdue 
Frederick Company

Surfactant Science Series, Volume 
7: Anionic Surfactants, Part I, 
Edited by Warner M. Linfield, Marcel 
Dekker, Inc., New York, 1976, XI + 314 
Pages. Price $35.00.

This two-part volume deals primarily 
with the organic chemistry of anionic 
surfactants, a class of surfactants which is 
probably the one of greatest importance 
from both an economic and a scientific 
perspective. The literature on this class of 
compounds is voluminous: consequently, 
each major type of anionic surfactant is 
covered in a separate chapter; the lipid 
and petrochemical antecedents of these 
surfactants are each treated in a separate 
chapter; also, there is a chapter on the
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mechanisms of sulfonation and sulfation 
reactions, since so many synthetic routes 
to anionic surfactants include either of 
these reactions.

Part I included an introductory chapter 
on soap and lime-soap dispersing agents, 
which is as comprehensive and thorough 
treatment on the subject as can be found 
anywhere in the literature. This is 
followed by a chapter on “Petroleum- 
based Raw M aterials for Anionic 
Surfactants” and another on "Lipid and 
Other Nonpetrochemical Raw Materials.” 
The fourth chapter deals with the pre
viously cited “Mechanisms of Sulfonation 
and Sulfation.” Successive chapters deal 
with “Alcohol and Ether Alcohol 
Sulfates,” “Sulfated Monoglycerides and 
Sulfated Alkanolamides,” “Sulfated Fats 
and Oils,” and "Alkylarylsulfonates.” The 
separate chapters are written by experts in 
each individual field.

Each chapter is extremely well done 
and thoroughly covers the area of its 
scope and contains a pertinent list of 
references at the end. The general format 
for each chapter contains: an introduc
tion, a section on the preparation of the 
compounds, a section on the physical or 
general properties of the compounds 
including an analysis, a section on applica
tions of these particular compounds, and a 
list of products in this class by 
tradenames. Typical of this format is 
Chapter 5 on “Alcohol and Ether Alcohol 
Sulfates” which is comprehensive in its 
scope and thorough in its preparation and 
execution.

This is an excellent book and would be 
of great use to both beginners and 
experienced practitioners in the field of 
surfactant technology, particularly in the 
cosmetic field. However, there are some 
minor criticisms: Part I does not have an 
index of its own—there is a cumulative 
index in Part II of this volume; also, 
considering the price of this book, this re
viewer is less than impressed by the

quality of the print and the cover (too soft 
for a “hard” cover and some variation in 
the intensity of the print).—ROBERT 
Marchisotto— Biosciences Informa
tion Service.

Methods In Olfactory Research, 
Edited by D. G. Moulton, Amos Turk, 
and J. W. Johnston, Jr., 497 pages. Price 
S28.50

Although this volume owes its concep
tion to the NATO sponsored Summer 
School of 1970 which was held in the 
N etherlands; thanks to its three 
experienced editors, it has achieved more 
than a publication of the proceedings of 
the meeting. Rather, the editors have suc
ceeded in offering a substantial text on 
the multidisciplinary approach to olfac
tory research.

The text is comprised of fourteen 
chapters, each one contributed by a dif
ferent author from a roster of eighteen 
distinguished scientists.

As would be expected, the overview of 
Olfactory Research is treated by such 
widely differing contributions that one 
wonders how the separate contributions 
in any multidisciplinary research program 
can be brought to work in concert, in 
order to reach an investigative goal.

However, this problem with multidisci
plinary research is not at all a shortcoming 
of the volume, since do doubt each reader 
will find the chapters that interest him or 
her, even if other chapters do not.

While all of the chapters are written on 
a scholarly level, this reviewer was 
particularly impressed by the comprehen
siveness of chapter 5, entitled, "Ap
plications of Scanning Electron Mi
croscopy (SEM)” and “Autoradiography 
in the Study of Olfactory Mucosa.” The 
SEM micrographs included in this chapter 
are rewarding to view.
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The cosmetic chemist might find 
chapter 1, which is entitled, “Instrumental 
Aspects of Olfactometry,” as the most 
likely to prove useful in cosmetic science 
where, for example, odor measurement to 
determine the efficiency of deodorants 
might be needed. The perfumer might 
also find use for such techniques.

With its bibliography of 1492 authors, 
this volume is an impressive compendium 
of our knowledge about Olfactory re
search.— Harry C. Saunders— Shaw 
Mudge and Company.

Surfactant Science Series, Volume 
7: Anionic Surfactants, Part II, Ed. 
by Warner M. Linfield, Marcel Dekker, 
Inc., New York, 1976, XI + 360 Pages. 
Price S39.95.

Part II completes Volume 7 of the 
Surfactant Science Series. Part II picks up 
where Part I left off and deals with 
specific groups of surfactants. Chapter 9, 
the initial chapter in this book, deals with 
“Petroleum Sulfonates” followed by

"Olefin Sulfonates,” " Alpha-sulfo- 
monocarboxylic Acids and Derivatives,” 
“Sulfopolycarboxylic Acid Derivatives,” 
“Sulfoalkyl Esters and Amides of Fatty- 
Acids,” “Alkyl Glyceryl Ether Sulfo
nates," “Phosphorus-containing Anionic 
Surfactants," and lastly, “N-Acylated 
Amino Acids as Surfactants.”

Again, the same format is used in this 
book as is described for Part I, and the 
treatment for each chapter is as thorough 
and comprehensive as in the first section 
of the volume. The book concludes with 
an author and subject index which is cu
mulative for both parts of the volume. 
This practice is an unfortunate one if one 
chooses to buy only the first part of the 
volume since, as mentioned in the review 
of Part 1, it does not contain either an 
author or subject index and would make it 
difficult to browse and search that part ef
fectively. The same criticisms of the print
ing quality that were cited for Part I also 
apply, unfortunately, to Part II.— 
Robert Marchisotto— Biosciences 
Information Service.
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Substitutes 
are a sad excuse 
for Dowicil 200  
preservative.
It's downright sod how o fresh foce 
con be ruined by cosmetics gone 
stole. There's for less chance of 
that happening with proper use of 
Dowicil* 200 preservative. 
Effective at low concentrations, 
too? You bet. It's two to eight times 
more effective than almost any 
other shelf preservative. This 
means pseudomonas and other 
microorganisms won't be making 
your well-designed makeup old 
before its time.

Dowicil 200 is compatible with 
common formulation components 
also, including nonionic emulsifiers. 
And it has a favorable toxicity 
profile, supported by tox data, and 
is fully registered. (EPA-464-375 
and on FDA Master File).

Where else can you use 
Dowicil 200? Glad you asked. 
Hand creams, face creams and hair 
dressing. Shaving products, suntan 
products, shampoos, dermotolog- 
icals and waterless hand cleansers. 
Surgical scrubs and topical steroid 
ointments, too.

So come on. Help those who 
buy your cosmetics put on a happy 
face. Talk to your Dow representa
tive soon. Designed Products 
Department, Midland, Ml 48640.

DOW CHEMICAL U.S.A.
‘ Tradem ark o f The Dow Chem ical Company



The idea of fine fragrances created in Brooklyn may seem foreign to you 
But not to us.

Were Felton. From Brooklyn.
Our fragrances can and do compete successfully with anything produce< 

by our competitors from across the river. And across the ocean.
The reason is simple.
Felton has a talented team of highly creative perfumers. Supported 

by the latest in fragrance technology. And backed by an international 
organization committed to quality and service.

When you think about it, that’s all it takes to create exceptional 
fragrances. That, and a whole lot of hard work. Which is what you’ll get 
from Felton.

After all, when you’re from Brooklyn, 
you just have to work harder.



for hair and skin 
care surfactants

If you ’re form ulating for the hair and skin care mar
kets, Mona can help give you that com petitive edge.

We offer a unique mix of functional, quality 
surfactants for ultra-m ild baby shampoos, pH 
balanced fam ily shampoos and conditioners, skin 
care products, bubble baths, etc.

Our technical team will work closely with you at 
any stage of product development to create new or 
improved formulations...and when you're ready to 
market the product, Mona assures you of batch-to- 
batch uniform ity and on-tim e delivery.

Excellent products. Technical assistance. Quality 
control. Service. Mona, the ideal source for hair 
and skin care surfactants.

For m ore techn ica l in fo rm a tion  on the fo llow ing  
lis t o f products, o r fo r ou r recom m endation  o f the 
surfactants best su ited  to yo u r spec ific  needs, call, 
write o r cable today.

MONATERIC CSH-32 Non-irritating amphoteric sur
factant fo r ultra-m ild baby shampoos and skin 
cleansers.

MONATERIC ISA-35 Am photeric thickener and 
conditioner for shampoos and skin cleansers.

MONATERIC 805 High foaming, mild, modified 
am photeric for conditioner-sham poos and pH 
balanced cleansers.

MONATERIC CAB High foaming cocoam ido betaine 
for mild conditioning shampoos, bubble baths 
and skin cleansers.

MONAMATE CPA-40 Very mild, high foaming, sulfo- 
succinate half ester which leaves the skin with a 
soft, talc-like feel. Ideal base surfactant for hair 
and skin care products.

MONAMATE OPA-30 Non-irritating, high foaming 
sulfosuccinate half ester. Recommended for use 
where non irritating, high viscosity products are 
desired.

MONAMID® 716 Extremely mild, liquid lauramide 
offering excellent flash foaming, foam boosting 
and solubilizing properties.

MONAMID® 150-GLT Ultra-mild, liquid amide 
offering exceptional thickening, foam boosting 
and foam stabilizing properties.

MONAMID® 150-IS Conditioner, lubricant, slip 
agent and invert em ulsifier for creams, lotions and 
aerosol products.

MONAMINE 779 Excellent base surfactant for 
bubble baths and shampoos. High foamer at low 
concentrations with excellent lime soap dispersing 
properties.

MONAWET® MO-84R2W Anhydrous sulfosuccinate 
used as a dispersant and spreading agent in 
bath oils.

Mona Industries, Inc.
65 E 23rd St.
Paterson, N.J. 07524 
201 274-8220
Cable: Mona, Paterson Newjersey

Alkanolam ides Am photerics • A m ide-Su lfosuccinate half esters • 
Im idazolines • Phosphate esters • Séquestrants.

Sulfosuccinate esters



XXIV JOURNA L OF THE SOCIETY OF COSMETIC CHEMISTS

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.

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

N o rd a
makes good scents and flavors

N O R D A  I N C .
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AMINO ACIDS BIOCHEMICALS
d  d l  I

a complete line

dl ALPHA ALANINE 

CHOLESTEROL U.S.P.

CYTOCHROME C

DESOXYRIBONUCLEIC ACID
Potassium—Sodium

GLYCINE U.S.P.
Amino Acetic Acid Glycocoll

CRYSTAL POWDER

•

dl METHIONINE N.F.

RIBONUCLEIC ACID
Sodium

ROBECO CHEMICALS, INC.
99 PARK AVENUE • NEW YORK, N Y. 10016 
(212)986-6410 TELEX: 23-3053
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Your Lip Products 
Need Our LANOCERIN

And your Pot Glosses, Perfume Sachets, Pan Moke-Up ond Shave Creams too

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

qualities when competing for consumer acceptance. 

If you have a product that could use a little “ plus" in 
the marketplace, talk with us. Perhaps LANOCERIN, 
or one of our many other lanolin derivatives could be 
your answer. Product Bulletins on request.
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WHITTAKER DELIVERS
Basic Materials for the Cosmetic and Drug Industries Since 1890.

Bentonites— U .S .P ., b a c t e r ia -  
c o n t r o l le d ,  a lb a g e ls

Calcium Carbonate— P r e c ip i ta te d ,  
U .S .P .

Calcium Sulfate
Cosmetic Colors— C e r t i f ie d  D & C , 

p u r i f ie d  in o r g a n ic s ,  c u s to m  
b le n d s

Kaolins— C o l lo id a l ,  N .F ., b a c t e r ia -  
c o n t r o l le d

Magnesium Products— M a g n e s iu m  
c a r b o n a te ,  m a g n e s iu m  o x id e ,  

m a g n e s iu m  h y d r o x id e — h y d r o 
m a g m a

P lu s  c u s to m  b le n d in g  to  m o s t  e x a c t in g
s p e c i f ic a t io n s .

Mica— W a t e r - g r o u n d ,  b a c t e r ia -  
c o n t r o l le d

Stearates— A lu m in u m ,  m a g n e s iu m ,  
c a lc iu m ,  z in c

Talc— D o m e s t ic ,  im p o r te d ,  U .S .P . , 
b a c t e r ia - c o n t r o l le d

Titanium Dioxide— C .T .F .A .,  U .S .P ., 
N .F ., b a c t e r ia - c o n t r o l le d

Zinc Oxide— U .S .P .

E x c lu s iv e  w o r ld w id e  d is t r ib u t o r s  fo r :

0 0 5
r o

($jj|T]ji^ Whittaker, Clark & Daniels, Inc.
1000 Coolidge St., South Plainfield, N. J. 07080 
(201) 561-6100 • Telex 138248
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M a s te r  o f S c ience  Program  
in

COSMETIC SCIENCE
Evening, part-time study opportunities for individuals in the cos

metic industry at—

ARNOLD & MARIE SCHWARTZ COLLEGE 
of

Pharmacy and Health Sciences
Long Island University
(Formerly Brooklyn College of Pharmacy)
Dr. John J. Sciarra, Executive Dean

Required courses include— Cosmetic Formulation & Technology, 
Cosmetic & Pharmaceutical Microbiology, Pharmacology and Toxicity 
of Dermatologic Products, Advanced Physical Pharmacy

Specialized Laboratories available for research and development 
projects concerning aerosols, cosmetic products and pharmaceutical 
formulations. Industrial pharmacy and cosmetic laboratories avail
able for manufacturing of all types of cosmetic products.

All courses and programs given in the evening at the College’s 
convenient new location— $6,000,000 new pharmacy complex at the 
Downtown Brooklyn Center of Long Island University, 75 DeKalb 
Avenue at University Plaza, Brooklyn, New York 11201.

ARNOLD & MARIE SCHWARTZ COLLEGE 
of

Pharmacy and Health Sciences
Long Island University
75 DeKalb Avenue at University Plaza
Brooklyn, New York 11201
ATT: Graduate Division (212) 330-2708

Please send literature and information on program for the Spring 
Semester, 1978

Name: _______________________________________________

Title: ________________________________________________

Company: ____________________________________________

Address: _____________________________________________

City_____________ State___________________ Zip-------------



Cyclo Chemicals Corp. manufactures 
a number of unique, high-quality 
emollients particularly well-suited for 
cream and lotion skin care formulations.

Free evaluation kit containing 5 
examples of Cyclo’s unique technology in 
skin care additives is available upon 
request. K it in c lu d e s  e v a lu a t io n  s a m p le s  
o f  M y r is ty l M y r is ta te , L a u ry t L a c ta te ,  
S te a ry l S te a ra te , G ly c e ro l Tri L a u ra te  
a n d  2 -E th y l-h e x y l s te a ra te .

□  Send me your Free skin care additives sample kit.

Ä  7500 N.W. 66th St.w n e m ic a is  j Miami, F1.33166 
C o rp o ra tio n  rw (305) 592-6700
Cable: Cyclochem Miami Telex: 51-2374 
Representatives in major U.S. cities.
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This long lived tortoise, lives long 
He tvalkes the lanes, singing 

his song
The drawing shows a smiling face 

a-straddle on his carapace. 
Both going up and up the hill 
on top of which is our Noville.

N OV I L L E
Essential Oil Company, Inc. 

1312 Fifth Street
North Bergen, New Jersey 07047 

(201) 867 9080
Associated Company 

NICKSTADT-MOELLER, INC.
Ridgefield, New Jersey 07047

C O I» *

s ä m **
THE MEARL 

CORPORATION
41 East 42nd Street 
New York, N.Y. 10017

SOCIETY OF COSMETIC 
CHEMISTS

EMPLOYMENT SERVICE
The SCC offers to all its members, 

upon request, a free Employment 
Listing. We will also include any job 
openings available within your com
pany to our Listing.

If you are now unemployed, or 
know of a job opening why not 
contact:

Ms. M. G. Bertolini 
at the SCC 

50 East 41st Street 
New York, New York 10017

Tel No. 000-000
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SHAW MUDGE & COMPANY
P. O. BOX 1375 STAMFORD CONNECTICUT 06904 
C2031 327-3132 TELEX : 996-333

Innovative Perfume Com pounders

ATLANTA • BARCELONA • BOSTON • DALLAS • LONDON • LOS ANGELES 
MEDELLIN • MEXICO CITY • MONTREAL • PHILADELPHIA 

SAN FRANCISCO • ST. LOUIS • SAO PAULO • TORONTO

MAYBROOK INC
in highest quality ingredients for

skin and hair care.
Basic manufacturers of:

•Lanolin U.S.P.
•Lanolin Derivatives

Lanalol" (alcohols)
Lanalox“’ (ethoxylates)
Lanalene" (ester; bases: etc.)

•Cosmetic Proteins
Hydrolysates
Specialties

Formulators of new product 
concepts for skin ana hair.

A dynamic new company dedicated 
exclusively to the cosmetic trade

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

Sales, Technical & Administration—
P O  Box M l. Oradell, N.J. 07649 
Tele: (201) 262 1822 ask for R<x:k Riso 

Plant —
600 Broadway, Lawrence. Mass. 01842 
Tele: (617) 682 1716 ask for Bemie Horrocks



Before

... jk**A*~ y;:-;, .
. >:ir*

After
Repair of damaged hair, before and after shampooing.

Ÿ r,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

A

STRUCTURE PROBE, IN C .
SPECIALISTS IN MATERIALS RESEARCH

New York Area
230 F o rre s t S tre e t. M e tu c h e n . NJ 08840

201-549-9350

Philadelphia Area
535 East G ay S tre e t. W est C h e s te r, PA 19380 
215-436-5400



C O S M E T I C
G R A D E

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

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

CERAPHYLS51— A series of unique, nongreasy 
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 m anu
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 form ulation.

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

to insure th e ir u n ifo rm ity .

Since 1904 . . . QUALITY and SERVICE.

Van Dyk
BELLEVILLE, N. J t

I V A N  D Y K / ^ C O M P A N Y ,  IIM C
MAIN A N D ^L U A I^S ^E E T S , BELLEVILLE, NEW JERSEY 071



F R A G R A N C E S  F Ü R A  
C H A N G IN G  W G R L Q

r
ÉÊ w Z j  Fritzsche Dodge & O lcott Inc. 76 Minth A venue , Men Y ork , \ . 1. 10011  
* _ J K 5 p  Australia, Brazil, Canada, Germany, Japan, Mexico, United Kingdom

Argentina, Austria, Bangladesh, Bolivia, Colombia, Costa Rica, Ecuador, Eire, France, Greece. Guatemala, 
Haiti, Honduras, Hong Kong, Indonesia, Israel, Italy, Jamaica. Kuwait, Malaysia, New Zealand, Nicaragua, 
Norway, Panama, Peru, Philippines, Puerto Rico, El Salvador, Singapore. South Africa. South Korea, Spain.
r u tn H o n  QtA/it7nrl' jnH TaitA/am /D o n  nf  P .h in a\ Th-iilarwi \ / en P 7 i iû l a
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