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IF YOU WANT 
TH IS WOMAN

( a n d  w h o  d o e s n ’t )

W E  CAN  
HELP YOU GET  
HER!

Mother, maid, mistress all in one — that's the modern woman. And 
looking younger every day, thanks to her growing passion for powders, 
perfumes, bath oils — beauty aids of every description. □ Translated 

into dollars, she standsfor Fort Knox in spades. 
But she's unpredictable. Fickle. Female. □ If 
you SvSnt her, talk to experts. Us. Creating 

original, salable fragrances has been Givaudan's business for over 80 years. A n d  
we ve got the su cc e s s  s to rie s to p rove  it. □ If you want the "sweet smell of success" 
in this mushrooming market, talk to a man at Givaudan. He knows how!
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m a d e  f r o m  u n i f o r m  a n d  

h i g h  q u a l i t y  v a c u u m  d i s t i l l e d  

T H I O G L Y C O L I C  A C I D . . .

EVANS THIOGLYCOLATES can help you obtain 
hree important advantages for your cold 
■vave and depilatory formulations: (1) unit 
2) purity, (3) high quality. Get additional i 
rom EVANS technical service specialists in the 
ield of hair chemistry.

EVANS S P E C IA L IZ E S  IN C O M P O U N D S  FOR  
C O LD  W AVE LO T IO N S  (PER M S)

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

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

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

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

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

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

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

bromate and water will give a viscous 
PERM neutralizer.

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

EVA N S S P E C IA L IZ E S  IN C O M P O U N D S  FOR
D EPILA TO R IES

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

Write for samples and data sheets:

uh
t
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THIOGLYCOLATES
/ / » » •  Y o u r  H a i r  W a v i n g  

F o r m u l a t i o n s

Halby AMMONIUM and 
MONOETHANOLAMINE 

THIOGLYCOLATES are:
•  Highest Q uality •  Easy to Formulate

•  Safe to use •  A Standard of the Industry

OTHER HALBY THIOCHEMICALS FOR THE 

COSMETIC CHEMIST

M e r c a p t o p r o p i o n i c  A c i d  

D i l a u r y l  T h i o d i p r o p i o n a t e  

D i s t e a r y l  T h i o d i p r o p i o n a t e

Let us know your thiochemical requirements.

HALBY DIVISION/ A R G U S  C H E M I C A L  
C O R P O R A T I O N

S U B S I D I A R Y  O F  W I T C O  C H E M I C A L  C O R P O R A T I O N  
600 TERMINAL AVE., NEW CASTLE, DEL. 19720 •  (302) 656-5428



Gordon Drive, Totowa, N.J. 0751:

Sales O ffices  and Representatives: A tlanta, Boston, C hicago, C inc innati, Los Angeles 
Overseas Plants and O ffices : Germany, Austria, France, Great Brita in, Italy, Spain,

M exico, A ustra lia , Japan



Ideas Gel.
In the cosmetics business, being new 
or better can often be a matter of 
form. A form with an intriguing new 
feel and effectiveness.
Like a gel. @
If you haven't discovered what A-C 
Polyethylene can do for gels, perhaps 
you haven't really discovered gels. 
A-C Polyethylene 617 A and 6A 
homopolymers are money-saving 
replacements for expensive natural 
waxes.

A-C POLYETHYLENE
>411 it takes is a pinch.

Among their other advantages: better 
stability, a general chemical inertness, 
a higher melting pointand a better 
moisture barrier.
Also, they have excellent thickening 
qualitiesand a uniform consistency 
over a wide temperature range.
You can use these two grades of A-C 
Polyethylene with mineral oil or other 
cosmetic vehicles such as myristates. 
All with an absence of odor.
Now, what did you have in mind?

Call or write: Paul McQuillan.
ALLIED CHEMICAL CORPORATION. 
PLASTICS DIVISION. RO.BOX 2365R. 
MORRISTOWN, NEW JERSEY 07960
(201)455-5741

^ 1  A llie d . . 
C h em ica l



The REWO Group of Companies have specialised for many
years in the development of dermatologically safe 
surfactants, for use in toiletry and cosmetic preparations. 
Some of these products have even skin-protective anti
irritant properties. Others are biologically active against 
certain pathogenic organisms. We have selected only a few 
by way of illustration on the opposite page. Your detailed 
enquiries will be welcome and will receive the full 
attention of our research and development laboratories.

B  REWO
G R O U P  O F  C O M P A N I E S

REWO CHEMISCHE FABRIK GMBH 
D-6497 Steinau 1
Postfach 60
Telephone : (06663) 171 <5071>
Telex: 0493589
REWO CHEMICALS INC.
107 B Allen Boulevard 
Farmingdale, L. I., New York 11735, USA
Telephone: (516) 293-2470 Telex: (wut) 960' 
Telegr.: REWOCHEMFARMINGDALENY



Sulfosuccinate-Derivatives (skinfriendly, enzyme compatible anionics)

STEINAPOL SBFA 30 
STEINAPOL SBC

REWOPOL SBFA 30 
REWOPOL SBC 212

For mild foam baths, non-eye 
irritant shampoos etc.

REWODERM S1333 REWODERM S 1333 Skin protective surfactant
STEINAPOL SBZ

REWOPOL SB-C6 
REWOPOL SB-FA 90

non-eye-stinging, 
good foaming special 
derivatives

Anti-dandruff-Undecylenic-Derivative

STEINAZID SBU185 REWOCID SBU185 antiseborrhoeic, dandruff controlling 
additive

Am photerics (Cyclo-im idium-derivatives)

STEINAPON AM-2C 
STEINAPON AM-CA

REWOPON AM-2C 
REWOPON AM-CA

Very mild amphoteric surfactants for baby- 
shampoos, bubble-baths and medicated 
preparations

STEINAPON AM-TSF REWOPON AM-TSF Special derivative (very low salt content)

Fatty-Acid A lkanolam ides (high amide-content)

STEINAMID DL203/S 
STEINAMID DLMS 
STEINAMID DO 280/SE

REWOMID DL203/S 
REWOMID DLMS 
REWOMID DO280/S

light coloured foam boosting 
and viscosity controlling, 
soft additives for cosmetic 
preparations

Lanolin Derivatives (water soluble, proteinsubstantive)

REWO-LAN 5 
REWO-LAN F

REWOLAN 5 For moisturizing, skinprotection and 
to counteract hairdamage

A S S O C I A T E D  C O M P A N I E S

Offices:
DUTTON &REINISCH Ltd.
130-132 Cromwell Road 
GB-London S.W.7 4HB
Telephone: (01) 373-7777 
Telex' 23254
Telegr.: CONDANOL LONDON SW 7

Works:
DUTTON &REINISCH Ltd. REWO QUIMICA S.A.
Fllmby-Works Quelpo de Llano, 23
GB-Maryport CA 158EP/Cumberland E-Cornella (Barcelona)
Telephone: 3333 Telephone: 3770208
Telex: 64217 Telex: 52368
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exciting 
1974  ideas 

for
cosmetic formulators

send for 
your free copy 
today

R.l.T.A. CHEMICAL 
CORPORATION
P.0. Box 556
Crystal Lake, Illinois 60014 
Telephone: (815) 455-0530 
Telex: 72-2438
Cable Address:
RITA CRYSTAL LAKE, ILLINOIS

WEST COAST: VIVION CHEMICAL CO. INC.
937 Bransten Road, San Carolos, Ca. 94070 
Telephone: (415) 591-8213

2050 E. 15th St., Los Angeles, Ca. 90021 
Telephone: (213) 748-5129

IN CANADA: BATE CHEMICAL LTD.
Toronto — Montreal — Vancouver

IN MEXICO: LABORATORIOS CEPSA S. DE R.L.
Trojes No. 76 Col. Minerva, Mexico 13, D.F. 
Telephones: (905) 582-1964 and 579-4730RITA is also represented in England, France, Italy, Japan and Spain



Is Our 
Secret 

Ingredient

O R A S Y N T H
I N C .

EXECUTIVE OFFICES
410 E. 62nd St.
NEW YORK, N.Y. 10021
SKOKIE, ILLINOIS 60076 
SAN FRANCISCO 94080
OFFICES IN ALL 
PRINCIPAL CITIES.
AGENTS IN ALL 
PRINCIPAL COUNTRIES.



She Knows You. She Doesn’t Know Us.
them. She knows your name, but she doesn’t know ours. 
But we aren’t shook up about that, just so you know us. 
Penreco— a reliable supplier o f quality white oils and 
petrolatums for the cosmetics industry.
Penreco, 106 S. Main St., Butler, Pa. 16001

p e n r e c o
m A DIVISION ■ :L *:

She's a model, and a few minutes after this picture was 
taken she was applying cosmetics in preparation for a 
TV commercial.
Cosmetics are your business, they are an essential part 
of hers, and an important part of ours. You make them. 
She uses them. We supply white oils and petrolatums for
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Journal Advertising  

takes your 
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of the

Cosm etic Industry

For information address:

Society of 

Cosm etic Chem ists

50 East Forty-first Street 

New York, New York, 10017
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CETINA*
Fatty Ester Alkanolamide, Spermwax-amide 
Self-emulsifying Synthetic Spermaceti-amide

Tlie Satiny Feel

ROBANE *
(CTFA Dictionary 1973)

Purified Hexamethyltetracosane, Squalane 
Liquid vehicle NATURAL to skin and sebum

A truly NATURAL adjunct to the 
Cosmeto-Dermatological field.

•

SPERM WAX®
(CTFA Dictionary 1973)

Synthetic SPERMACETI
A NEW synthetic wax ester which almost 

duplicates the properties of Natural Spermaceti 
•

SUPRAENE ®
(CTFA Dictionary 1973—No. 1)

Purified more Stabilized Hexamethyltetracosahexaene, 
SQUALENE—the Natural Polyunsaturate

A product of human sebum

ROBECO CHEMICALS, INC.
51 M adison Avenue, New Y ork , N .Y. 1 00 1 0

Cable Address “Rodrug” N.Y. Telex: 23-3053
Tel. (212) 683-7500

®Reg. U.S. Pat. Off. KPat. Pend.



F e l t o n

m a k e s  t h e  w o r l d  

s m e l l  b e t t e r .

T h e  r i g h t  f r a g r a n c e  c a n  m a k e  t h e  d i f f e r e n c e  
b e t w e e n  b e i n g  N u m b e r  O n e  o r  j u s t  m e - t o o .  

A  F e l t o n  f r a g r a n c e  m a k e s  a  w o r l d  o f  d i f f e r e n c e .
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A R L A M O C E  c o m b i n e s

U n i q u e

e m o l l i e n c y

S u p e r i o r  

s o l v e n t  p o w e r

U n d ou b ted ly , y o u 'v e  se e n  e m o l l ie n t /s o lv e n t  co m b in a tio n s  
b e f o r e .  N oth ing  lik e  A R L A M O L ™ E , h o w e v e r .

It p r o d u c e s  a su b tle  e m o ll ie n t  fe e l  on  the sk in  but a v o id s  
e x c e s s iv e  o i l in e s s .

A s  a s o lv e n t  fo r  m o s t  p e r fu m e s , it  o u tp e r fo r m s  is o p r o p y l  
m y r is t a t e .  It in d u ce s  a lc o h o l  and m in e r a l  o i l  and o th e r  u n 
to g e th e r n e s s  flu id s  to  m ix . W ith  w a t e r /a l c o h o l  b le n d s , it  f o r m s  
c le a r  s o lu t io n s  o v e r  a w id e  c o n c e n tr a t io n  r a n g e . In th e p r e s e n c e  
o f  a lk a l ie s ,  it  is  s ta b le . A n d  i t 's  n o n v o la t ile .

W ith  a ll  th e s e  d e s ir a b le  c h a r a c t e r i s t i c s ,  A R L A M O L  E is  
s t i l l  c o m p a r a t iv e ly  in e x p e n s iv e . S u p p ly? I t 's  r e a d i ly  a v a ila b le  
in  w h a te v e r  c o m m e r c ia l  q u a n tit ie s  y ou  n e e d .

Y o u 'r e  w e lc o m e  to  ou r new b u lle t in  w ith  g u id e lin e  f o r m u la s .  
A s k  fo r  1 0 2 -1 . Y ou  can  h ave  s a m p le s ,  t o o .  W r ite , o r  c a l l  m e  
a t (302) 5 7 5 -3 5 2 1 . _____

W . K . A b b o tt  
M a rk e tin g  M a n a g er 
C o s m e t ic s  & P h a r m a c e u t ic a ls

i c i \  I C I  U n i t e d  S t a t e s  In c .
Wilmington, Delaware 19897



Your antiperspirant customer is new.
N ew  tastes, new  p re fe re n ce s , new  dem ands . A nd  

yo u r m a rke tin g  s itu a tio n  is new . N ew  g o ve rn m e n t 

co n s id e ra tio n s , new  co m p e tit io n , new  s tanda rds .

In tim e s  like  these , R ehe is e x p e rie n ce  and k n o w -h o w  

can be m ore  va lu a b le  than  ever. W hen you  need 

so m e th in g  new, w e ’ re ready  to  he lp .

R ehe is C h e m ica l C om pany, D iv is ion  o f 

A rm o u r P h a rm a ce u tica l, 111 W est C la re n d o n , 

P hoen ix, A rizo n a  85077

For the way it is today. REHEIS
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SYNOPSES FOR CARD INDEXES

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

The simultaneous determination of cysteinyl and S-sulfocysteinyl residues in ker
atin: Phillip E. Sokol, Francis H. Girard, D. Y. Hsiung, and Carolyn Pictor. 
journal of the Society of Cosmetic Chemists 25, 461 (September 1974)

Synopsis—An analytical method is described for the simultaneous determination 
of S-sulfocysteinyl (CySSO.r) and crysteiny] (CySH) residues in keratin. This new 
method, a modification of Valk and Gerthsen’s procedure, consists of the salyr- 
ganic acid mercurial titration of acid hydrolysates of treated keratin in which 
CySH residues are differentiated from CySSO.r residues by a simple, but con 
trolled, blocking of the CySH with acrylonitrile prior to keratin hydrolysis.

Publication of this method was, in part, stimulated by Valk and Gerthsen’s 
report that the CySH/CySSO;1_ ratio in sulfite-treated keratin is dependent upon 
the pH of the treatment medium, deviating largely from 1.0 outside the pH 
range of 3—6. The method reported here indicates that the stoichiometry of the 
reaction Ker-CySSCy-Ker -J- HSO:1_ Ker-CySH +  Ker-CySSCY is obeyed at 
all pH’s examined (3.5—8.5). The method is precise, accurate, and rapid. In ad
dition, the method is valid for keratin samples containing a wide range of 
CySH/CySSOa-  ratios as well as samples containing one of these groups ex
clusively.

Testing antiacne agents in Mexican hairless dogs: J. J. Loux, P. D. DePalma, and
S. L. Yankell. Journal of the Society of Cosmetic Chemists 25, 473 (September 
1974)

Synopsis—The plugged follicles on the backs and flanks of Mexican hairless dogs 
share clinical and histologic similarities to the comedones seen in man. Soap 
treatments cleaned follicle-containing areas but did not remove the follicular 
plugs. Salicylic acid preparations were similarly ineffective. The use of benzoyl 
peroxide produced slight extrusion of the follicular keratin plus mild irritation, 
and vitamin A acid was markedly effective w ith associated dermal irritation.
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A study on the differential thresholds of sensory “ firmness” and “ viscousness”  of 
cream base substances: Keiji Morosawa, Chivoko Ohtake, Motoji Takahashi, 
Takeo Mitsui, and Seiichi Ishikawa. Journal of the Society of Cosmetic Chem
ists 25, 481 (September 1974)

Synopsis—The differential thresholds of sensory “ firmness”  and “ viscousness” 
were studied. I t  was noted that these properties changed continuously depending 
upon changes in hardness and viscosity which were measured instrumentally. 
The minimum values of differential thresholds of both firmness and viscousness 
were found to be about 10% at 80% level of confidence.

Kinetics of degradation of the parabens: Seymour M. Blaug and Donald E. Grant. 
Journal of the Society of Cosmetic Chemists 25, 495 (September 1974)

Synopsis—The effect of pH and temperature on the hydrolysis of methyl, ethyl, 
propyl, and n-butyl paraben was studied at 70 °C in 0.1M phosphate buffer 
solutions at ionic strength 0.3 from pH 2.75 to 9.16 and at 40° and 50°C at 
pH 9.16. The reaction was first order with respect to paraben. Energies of acti
vation were determined from Arrhenius plots. Rate constants and half-lives of 
each paraben at 25°C were obtained by extrapolation of the Arrhenius plots.

The half-life of each paraben at 70°C and pH 8.24 was essentially indepen
dent of the initial concentration of paraben. Increasing ionic strength resulted in 
a slight increase in the rate of hydrolysis of each paraben. Increasing the phos
phate concentration in buffer solutions at pH 8.24 at 70°C produced an increase 
in the rate of hydrolysis of each paraben. This indicated that the parabens un
dergo general base catalysis and that hydroxyl ion is not the only species that 
can catalyze their hydrolysis.

NMR—A new instrumental tool for the analysis of cosmetic ingredients: Richard 
Kaplan and Stephen F. Laczynski. Journal of the Society of Cosmetic Chemists 
25, 507 (September 1974)

Synopsis—A basic introduction into the theory and quality control applications of 
a 60-Megahertz NMR Spectrophotometer is given. Quantitative methods for 
evaluation of iodine number, ester value, hydroxyl number, and moles of ethoxy- 
lation on cosmetic raw ingredients are presented. Determination of alcohol-water 
ratios on finished ingredients are shown to comply with a time-consuming dis
tillation method. Determinates affecting accuracy and precision in compliance 
with classical wet chemistry tests for the above are also discussed.
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The Simultaneous Determination 

of Cysteinyl and S-Sulfocysteinyl 

Residues in Keratin
PHILLIP E. SOKOL, Ph.D.,* FRANCIS H. GIRARD, Ph.D.,1 

D. Y. HSIUNG, Ph.D.j and CAROLYN PICTOR, B.S.t

Presented October 9, 1973, Joint Symposium of the Society of Cosmetic 
Chemists and the Association of Official Analytical Chemists,

Washington, D.C

Synopsis—An analytical method is described for the simultaneous determination of S—SUL- 
FOCYSTEINYL (CySSO.r) and CYSTEINYL (CySH) residues in KERATIN. This new 
method, a modification of Valk and Gerthsen’s procedure, consists of the SALYRGANIC 
ACID MERCURIAL TITRATION of acid hydrolysates of treated keratin in which CySH 
residues are differentiated from CySS03-  residues by a simple, but controlled, blocking of 
the CySH with acrylonitrile prior to keratin HYDROLYSIS.

Publication of this method was, in part, stimu’ated by Valk and Gerthsen’s report that 
the CySH/CySSCL-  ratio in sulfite-treated keratin is dependent upon the pH of the treat
ment medium, deviating largely from 1.0 outside the pH range 3—6. The method reported 
here indicates that the stoichiometry of the reaction Ker-CySSCy-Ker -(- HSOa-  Ker- 
CySH +  Ker-CySSO:, is obeyed at all pH ’s examined (3.5-8.5). The method is precise, 
accurate, and rapid. In addition, the method is valid for keratin samples containing a wide 
range of CySH/CySSCW ratios as well as samples containing one of these groups ex
clusively.

I n t r o d u c t io n

For a number of years we have been interested in the chemistry of the 
keratin-bisulfite reaction. The reaction, Ker-CySSCy-Ker +  HS03~ ^  Ker- 
CySH + Ker-CySSO,'»■“ ,! is the basis of several commercial products. We 
were interested in determining the exact extent of this reaction as well as

* Gillette Research Institute, Rockville, Md. 20850. 
t  Gillette Co. Personal Care Division, Boston, Mass. 02106.
i  Ker- represents the noncysteinyl and noncystinyl containing portions of the keratin pro
tein.
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in determining the relative amounts of cysteinyl (CySH) and S-sulfocysteinyl 
(CySSO;t_) residues produced in the reaction since, under certain reaction 
conditions, one might not be expected to obtain equal amounts of each group. 
The objective of this work was, therefore, to develop an analytical method 
which quantitatively determines the amounts of CySSO:i_ Bunte salt and 
CySH thiol groups in chemically modified keratin.

The analytical determination of these residues presents several difficult 
problems. For example, the method of Elsworth and Phillips (1), which 
measures the sulfur dioxide evolution after treatment of the modified keratin 
sample with acid, is very laborious and requires replicate samples which 
contain identical amounts of sorbed bisulfite. Further, the procedure deter
mines only CySSO:i residues and cannot be used to determine CySH resi
dues. The iodoacetamide procedure (2) and polarographic methods (3) are 
not useful for the determination of both CySSO:i~ and CySH residues be
cause at the high pH’s needed, reversal of the CySSCy + HSOx“ reaction 
occurs rapidly and leads to false results.

To overcome these difficulties, Yalk and Gerthsen (4) expanded the mer
curial titration procedure for CySPI residues to determine CySSOU residues 
also according to the following scheme:

HSOs-
Ker-CySSCy-Ker___________ > a Ker-CySH + b Ker-CySSOa

h 2s o 4
a Ker-CySH + b Ker-CySS03 --------------->(a + b) CySH + b S04

A

ICH.CO,H H2SQ4
a Ker-CySH + b Ker-CvSS(V---------------> -------------- *•

(OH ) A
a CySCHoCOoH +  b CySH + b S04" (3)

From eq 2  the combined CySH and GySSCV contents are determined. From 
eq 3 the CySH residue is blocked with iodoacetate and, therefore, the CySH 
content resulting from the acid hydrolysis of the CySS03~ groups is deter
mined. Using this procedure, Valk and Gerthsen found CySSO:. VCySII 
ratios of unity for wool reduced with bisulfite over the pH range from 3 to 6 . 
Outside of this pH range, the ratios were significantly different from unity 
which, they suggested, was due to a change in the keratin-bisulfite reaction 
mechanism. We had reason to doubt this was the case and were able to 
show the ratio to be unity at all pH’s studied—from 3.5 to 8.5. We also had 
need for an independent determination of CySH and CySS03~ residues in 
keratin fibers for product development studies.

The procedure developed for this determination consists of the mercurial 
titration of acid hydrolysates of chemically treated keratin in which CySH 
residues are differentiated from CySS03~ residues by a simple, but con-
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trolled, blocking of the Ker-CySH prior to keratin hydrolysis. Nitroprusside 
is used as the indicator in the reaction. This mercurial-nitroprusside titration 
procedure is abbreviated as MNP

Derivation of the Method

The new method reported here is essentially a variation of that of Valk 
and Gerthsen but with some changes introduced to avoid losing CySSOV 
residues when the pH is raised in an uncontrolled manner. Additionally, the 
alkylation of CySH residues is carried out in a more quantitative fashion. 
For this new method, three separate subsamples are required for the simul
taneous determination of CySH and C^SSOr contend.

Subsample 1 is hydrolyzed in acid and the cysteinyl content is determined 
by mercurial titration. This step, which is identical to Valk and Gerthsen’s 
initial step, yields the MNP, value and is a measure of the total cleavage 
level of the keratin sample assuming that the CySSCy is cleaved in a nucleo
philic process (e.g., by bisulfite, thioglyeolate, etc).

6N HoSO,
x Ker-CySH + y Ker-CySS03 -------------------> (x + y) CySH

A

Subsample 2 is extensively water-rinsed and treated with alkali to reverse 
the cystine-bisulfite reaction in a controlled manner. The sample is hydro
lyzed in acid and the results obtained are expressed as the MNPo value.

x Ker-CySH +  y Ker-CvSSO.- (° H )

% Ker-CySSCy-Ker +  (x — z) Ker-CySH +  (y — z) Ker-CySS03_

6N H0SO4
------- 1-------- > (x + y — Zz) CySH

A

Clearly, one-half of the value of MNP, minus MNPL. is a measure of the 
amount of CySS03~ residues consumed during the reversal step.

Subsample 3 is water-rinsed and treated with alkali in a manner identical 
to subsamplc 2, and is then alkylated with acrylonitrile. This treatment con
verts remaining CySH groups to nontitratable /3-cyanoethylsulfide residues 
(CySCH2CH2CN). Because the alkylation is performed after alkali reversal, 
no further reversal during alkylation is likely. The sample is then hydrolyzed 
in acid and the MNP,, titer is determined.

(OH- )
x Ker-CySH + y Ker-CySSO:i- *

-------------------»
z Ker-CySSCy-Ker +  (x — z) Ker-CySH +  (y — z) Ker-CySS03_ CH2 =  CHCN
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z Ker-CySSCy-Ker + ( x - z )  Ker-CySCH2CH,CN + (y -  z) Ker-CySSO:i 

6N H,SO,
------- I------ > ( y - z )  CySH

A

This titer is then a measure of the CySSO:i content which has survived the 
reversal reaction.

The MNPi, MNPo, and MNP:i determinations are summarized below. 
MNPi =  sum of combined Ker-CySH and Ker-CySSO:i 
MNP3 + V2 (MNPi — MNP2) =  Ker-CySS03_ content of original sample 
MNPi -  [MNPS + v2 (MNPj -  MNP2)] =  Ker-CySH content of original

MNPi is the sum of the combined CySPI and CySSO.C content. The CySSO:i 
content of the original sample is then the MNP3 titer, that is, the CySS03~ 
content which survived reversal and alkylation, plus one-half the value of 
MNPi minus MN1L. the CySS03_ content of the original sample. The CySH 
content of the original sample is obviously then MNPi minus the CySSO:: 
content of the original sample.

Brown, European, human hair* was cleaned by treatment with an aqueous 
solution of anionic detergent and then used throughout this investigation. 
The analytical results are expressed on the basis of vacuum oven-dried (one 
hour, 105°C, ~1 mm Hg pressure) hair weight.

All reagents employed were the best grade available and were used with
out further purification. Salyrganic acidt (Fig. 1) was used as the organic 
mercurial titrant. The mercurial was made up to approximately 3 x I0“ 3 mo
lar concentration in 3 x 10~ 2 molar aqueous sodium chloride. Klotz and Carv-

0 DeMeo Brothers, New York, N.Y. 
t  Winthrop Laboratories, New York, N.Y.

sample

E x p e r i m e n t a l

Materials

Figure 1. Salyrganic acid
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er (5) used this mercurial previously and had found it to be more soluble 
than many of the other mercurials. The salyrganic acid solution was stan
dardized against a sample of cysteine of known purity. A 1% aqueous solu
tion of sodium nitroprusside was used as the indicator for the mercurial- 
cysteine reaction, the color change at the endpoint being pink to colorless.

Methods

Each analysis requires three preweighed subsamples of approximately
0.1 to 0.2 g taken from the treated keratin specimen to be analyzed. Where 
not specified, liquor-to-keratin ratios in the analytical procedure are 125:1 
or greater. After treatment, each keratin sample is stripped of excess treat
ment liquor by blotting with filter paper and then washed by immersion in 
three portions of 6N H2S04.

Subsample 1 is hydrolyzed for MNPi titer. MNP hydrolyses are carried 
out in about 85 ml of 6N sulfuric acid, for 17 hours at 95 °C. The effects of 
varying the time and temperatures of hydrolysis were briefly studied. Com
parable results could be obtained with shorter hydrolysis times at higher 
temperatures in an evacuated bomb, for example 3% hours at 160°C. We 
prefer, however, the hydrolysis at 95 °C because of its relative safety and 
simplicity. In all cases we found that the hydrolysate contains a small amount 
of fibrillar material, less than 3% by weight of the hair sample, which does 
not appear to interfere with the analysis.

Subsample 2 is blotted with filter paper and washed by immersion in two 
portions of deaerated distilled water under nitrogen to prevent oxidation of 
sulfhydryl groups. The sample is blotted and alkali-reversed by successive 
immersion in two portions of 0 .2 M sodium sesquicarbonate under nitrogen. 
The sample is next washed by a 1-min immersion in the deaerated distilled 
water under nitrogen and then hydrolyzed to obtain the MNPo value.

Subsample 3 is treated as was subsample 2 prior to the hydrolysis step. 
The sample is then blotted and immersed in a 5% solution of acrylonitrile 
in 0.1M, pH 9.2 borate buffer at 32°C for 30 min. The sample is then rinsed 
in running water for 1 min and then hydrolyzed to obtain the MNP:1 titer.

After hydrolysis, the samples are cooled to room temperature and diluted 
to 100 ml with distilled water. It was found convenient to carry out the 
hydrolysis in a 100-ml volumetric flask. A 5- or 10-ml aliquot is removed and 
added rapidly with stirring to four times its volume of saturated sodium 
carbonate solution. This produces a blanket of carbon dioxide which in
hibits aerial oxidation of mercaptide. Salyrganic acid solution is added from 
a buret, and 10—15 drops of nitroprusside are added just before the end
point. One or two titrations are necessary to determine the approximate 
endpoint. Care should be taken to avoid early addition of nitroprusside since 
it decomposes to an orange-colored compound in the alkaline medium which 
obscures the endpoint.
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Table I
Comparison of MNPi and Elsworth-Phillips 

Determinations of Ker-CySSOa- in Human Hair“

(Ker-CySH +  Ker-CySSOs ) (Ker-CySSOs )
Analytical Method (meq/g) (meq/g)

MNP, 0.606
Elsworth-Phillips 0.30

“ Immersion for 60 min in 1.0M N H 1HSO3—3.0M urea, pH 5.8, 32°C, >  50:1 bath ratio 
followed by centrifugation.

8 Corrected for Ker-CySH content of untreated hair.

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

The first phases of experimental work were directed at establishing the 
validity of this method which could not be established by using standard 
keratin samples and controls since none were available. The Elsworth- 
Phillips method (1) was found, in one instance (Table I), to give a CySS03_ 
content equivalent to one-half the MNP] value on bisulfite-treated hair. This 
was, however, laborious and required close to three days of work.

We did, however, demonstrate the validity of the assumptions on which 
our procedure is based and then showed that the analytical results obtained 
in several experiments were consistent with expectations for samples con
taining predictable ratios of CySS03_ and CySH.

The three groups of assumptions on which this method is based are: (a) 
rinsing treated (bisulfite, mercaptan) keratin with 6N sulfuric acid quenches 
the keratin-bisulfite reaction, removes soluble mercaptans, and quenches the 
keratin-mercaptan reactions; (b) treatment of hair containing CySS03" and 
CySPI residues with alkali causes rebuilding of the disulfide bonds and that 
these residues are not consumed by other chemical reactions under reversal 
conditions; and (c) treatment of alkali-reversed keratin with acrylonitrile 
causes a quantitative conversion of cysteinyl sulfhydryl groups to /3-cy- 
anoethylsulfide groups in a manner that does not change the CySS03~ 
content.

In the case of the first assumption, the quenching of the keratin-bisulfite 
reaction, bisulfite-treated keratin samples which were quenched and rinsed 
in 6N sulfuric acid were analyzed by the MNP] procedure after storage in 
6N sulfuric acid for from 10 min to 7 days. The data are reported in Table II. 
Clearly one sees no change in the MNPi titer over the time studied. These 
results also indicate that large numbers of samples can be stored for long 
periods of time which expedites sample handling. Thus, we see that the 
keratin-bisulfite reaction is quenched and is not reversed in this acidic 
medium. The one question which remains unanswered in this and others’ 
work is: does the 6N sulfuric acid change the instantaneous cleavage level
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Table I I
MNPi Titer of Sulfite-Treated Hair 
Samples After Storage in 6N H-SOi“

Time of
Storage
(days)

0 (control) 
2 
5 
7

Ker-CySH -f- Ker-CySSOa 
meq/g hair 

(MNPi)

0.81
0.81
0.82
0.82

“ l.OAi NH4IISO3—3M urea, pH 5.8, 32°C, >  50:1 bath ratio for 30 min.

Table I I I
Effect of 6N H-SOi Rinsing on 

Ker-CySH Level of Thioglycolate-Reduced 
Hair as Determined by the Iodoacetamide Procedure“

meq SH/g

Reduction Time6 Before After
(minutes) Rinsing Rinsing

5 0.25 0.23
10 0.41 0.41

“ Two 1-niin and one 3-rnin rinses with isopropanol followed by two 1-min and one 13-min 
rinses w ith 6N H2SO4.

b 0.30N ammonium thioglycolate, pH 9.2, 32°C, 50:1 bath ratio.

achieved in the keratin-bisulfite mixture? We have assumed not in the 
absence of any clear experimental data to the contrary.

That the acid rinse does not change the reduction level of keratin treated 
with mercaptan is verified in the experiment in which thioglycolate-treated 
hair was analyzed by the iodoacetamide procedure (2 ) before and after acid 
rinsing, as shown in Table III.

The remainder of assumption (a), that acid rinsing desorbs soluble mer
captan from keratin, was demonstrated on thioglycolate-treated hair. Using 
only the acid rinse sequence described in Table III, no sulfhydryl content, 
as determined by nitroprusside, could be found in the second and third 
acid rinses.

Pertinent to assumption (b), the alkaline reversibility of the cystine-bi- 
sulfite reaction, is the fact that rinsing bisulfite-treated keratin with an 
alkaline buffer causes a lowering of the MNPt titer of the fiber as shown 
in Fig. 2. Our method is based on the assumption that exactly one-half of 
the titratable groups lost during alkaline reversal are CySS03“ groups and 
the other half are CySH groups. This assumption is supported by Wolfram’s



468 J O U R N A L  O F  T H E  S O C IE T Y  O F  C O S M E T IC  C H E M IS T S

Figure 2. MNPi titer of bisulfite-treated hair as a function of pH 10 rinse time. Treatment 
conditions: 1.0 M NlLHSOs—3M urea, pH 6.6, 32°C, 3:1 bath ratio for 30 min

finding that the decrease of MNPi titer in an alkaline reversal process is 
balanced by an increase in the fiber cystine content (6).

The data presented in Table IV show that CySH groups alone are not 
lost during alkaline reversal; that is, MNP] is equal to MNP2 for hair con
taining only cysteinyl residues.

To examine this point further, we prepared hair containing only CySSOC 
residues using the oxidative sulfitolysis procedure with bisulfite-tetrathio- 
nate (7). The data presented in Table V also show that CySS03~ groups 
alone are not lost during reversal for hair containing only these residues; 
that is, MNPi =  MNPo =  MNPS. Since, under the conditions of alkaline re
versal, the disappearance of either CySS03_ or CySH residues does not 
occur unless both species are present (and when it does occur it is balanced 
by an increase in the fiber cystine content), it is difficult to envision a mecha
nism of reversal other than that described for the classical cystine-bisulfite 
reaction. That is, one fiber CySSO:!~ residue combining with one fiber CySH 
residue to yield one fiber cystinyl group.

The third assumption on which our method is based is that acrylonitrile 
alkylation of alkali reversed keratin quantitatively converts cysteinyl rne- 
captan to /3-cyanoethylsulfide without loss of CySSO:i~ residues. The validity
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Table IV
MNP Analysis of Thioglycolate-Reduced Hair'

meq SH/g

Total cleavage (MNPJ 
After alkaline reversal (MNPj) 
After alkylation (MNPs)

0.34
0.33
0.00

‘ 0.30N ammonium thioglycolate, pH 9.2, 32°C, 50:1 bath ratio for 30 min.

Table V
Analysis of Hair Treated with Bisulfite-Tetrathionate“

meq SH/g

MXPi
MNP»
MNP::

0.87
0.87
0.86
0.01
0.86

Ker-CySH
Ker-CySSO.r

" 30-min immersion in 1.0M NH.HSOa—4.0M urea—0.4M tetrathionate, pH 8.0, 50:1 bath 
ratio, 32 °C.

of this assumption is confirmed by two experiments. The data in Table IV 
show that for hair reduced with thioglycolate, the alkylation with acryloni
trile is quantitative; that is, MNP:i =  0. The fact that alkylation does not 
destroy CySSO-U groups is demonstrated in Table V for the analysis of hair 
containing only CySS03~ groups. MNP2 and MNP* are essentially the same, 
indicating that CySSOV groups are not consumed during the alkylation 
reaction.

In the application of the method to hair containing predictable CySSO* 
to CySH ratios, the utility of this method depends on whether or not the 
method can quantitatively distinguish CySSO.V from CySH in keratin con
taining these residues in all proportions. There is ample evidence that this 
is so. A test of the validity of the method was obtained by performing the 
analyses on hair samples containing predictable ratios of CySSO?,- and 
CySH.

Hair was modified as described in Table VI. Treatment with bisulfite 
afforded hair with equal amounts of cysteinyl and S-sulfocvsteinyl residues. 
Reduction with thioglycolate followed by bisulfite yielded hair in which 
there were more CySH residues than CySSO*- residues. Treatment with 
bisulfite and tetrathionate followed by treatment with bisulfite provided hair 
where the number of CySSO* residues exceeded the CySH residues. As 
discussed previously, treatment with bisulfite-tetrathionate, that is, oxida
tive sulfitolysis, yielded hair with CySSO*“ residues only, while reduction 
with thioglycolate afforded hair with CySH residues only.
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Table V I
Preparation of Hair Containing 

Unequal Amounts of Ker-CySH and Ker-CySSCU

Condition

Ker-CySH =  Ker-CySSOU 
Ker-CySH >  Ker-CySSCV

Ker-CySH <  Ker-CySSOs-

Ker-CySSOa-  only 
Ker-CySH only

Treatment

Bisulfite
Thioglycolate followed 

by bisulfite 
Bisulfite-tetrathionate 

followed by bisulfite 
Bisulfite-tetrathionate 
Thioglycolate

Table V II
Analysis of Hair Treated with Sulfite Systems”

pH

Immersion
Time

(hours)

meq SH/g
Ker-CySSOs

meq/g
Ker-CySH

meq/g

MNPi m n p 2 m n p 3 Theor6 Calc” Theor6 Calc”

3.5 1.25 0.70 0.32 0.15 0.35 0.35 0.35 0.36
4.5 1.25 0.88 0.20 0.10 0.44 0.44 0.44 0.44
5.5 1.25 0.94 0.10 0.08 0.47 0.50 0.47 0.44
6.5 1.00 0.81 0.01 0.00 0.40 0.40 0.40 0.41
7.5 1.00 0.50 0.19 0.09 0.25 0.25 0.25 0.26
8.5 2.00 0.36 0.19 0.09 0.18 0.18 0.18 0.18

0 l.OM NHiHSOa—3.0AI urea, 32°C, 50:1 bath ratio.
6 %MNPi.
0 MNP3 +  y2(MNPi-MNP2).
“ MNPi-[MNPa +  %(MNPi-MNP2)].

The first analysis was performed on the bisulfite-treated hair where the 
CySSO.U to CySH ratio would be expected to be one. These results are 
summarized in Table VII for hair treated with bisulfite at pH’s ranging from 
3.5 to 8.5. The data clearly show that the CySSOC to CySH ratio for hair 
treated in this broad pH range is one. These results are totally consistent 
with the general cystine-bisulfite reaction mechanism and reflect the pH 
dependence of the cystine-bisulfite equilibrium (8). It also shows that the 
analytical method is applicable to hair treated witli bisulfite at higher pH’s 
than previously observed.

The method was next applied to hair containing excess cysteinyl residues. 
The results are described in Table VIII. For hair treated with thioglycolate 
followed by bisulfite, there is obtained a total CySS03~ content of 0.17 
meq/g and a CySH content of 0.34 meq/g.

For hair containing excess CySS03~ residues, the treatment of hair with 
bisulfite-tetrathionate followed by bisulfite was considered. The data are
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Table V III
Analysis of Hair Treated with Thioglycolate (TGA)“ 

Followed by Bisulfite"

meq SH/g

MNPi of TGA treatment 0.19
MNP (after TGA and bisulfite treatment)

MNP, 0.53
MNP. 0.26
MNP,, 0.06

Ker-CySSOs- (calculated”) 0.17
Ker-CySSOs ~ (found) 0.19
Ker-CvSH (found") 0.35

“ 1.0-hour immersion in 0.15N ammonium thioglycolate, pH 9.2, 32°C, 50:1 bath ratio, 
30-min water rinse under Ns.

" 15-min immersion in 0.5A1 NH4HS03—1.0M urea, pH 6.5, 32°C, 50:1 bath ratio.

c Ker-CySSOs (calculated) =
MNPi-MNPi of TGA treatment 

2
" Ker-CySH (found) =  [MNP, (after TGA and bisulfite treatment)—Ker-CySSOs (found)].

Table IX
Analysis of Hair Treated with 

Bisulfite-Tetrathionate" Followed by Bisulfite"

meq SH/g

MNP, of bisulfite-tetrathionate treatment 
MNP (after bisulfite-tetrathionate treat

ment and bisulfite treatment)

0.26

MNPi 0.61
MNP2 0.32
MNP:, 0.26

Ker-CySSOs“ (calculated") 0.44
Ker-CySSOs“ (found) 0.40
Ker-CySH (found") 0.21

'' 10-min immersion in  1.0M NHiHSOs—1.0M urea—4.0M tetrathionate, pH 8.0, 50:1 bath 
ratio, 32 °C, followed by 30-min immersion in water.

" 15-min immersion in 0.5M NHiHSO,—1.5M urea, pH 6.5, 50:1 bath ratio, 323C.
0 Ker-CySSOs-  (calculated) =  % [M NPi +  MNPi of bisulfite-tetrathionate].
" Ker-CySH (found) =  [MNPi-Ker-CySSOs-  (found)].

reported in Table IX. Again there is seen consistent behavior. The CySSOa- 
content is 0.44 meq/g while the CySH content was found to be 0.21 meq/g.

For hair containing S-sulfocysteinyl residues only as previously discussed 
(Table V), evidence of only CySSOa” residues is observed; no CySH resi
dues can be determined. Similarly, for hair treated with thioglycolate only 
(Table IV) cysteinyl residues are observed.
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A final point to be made in these studies is the very small amount of 
cysteine lost, less than 0.05 meq, when either reduced or untreated hair 
is hydrolyzed in acid in the presence or absence of added cysteine. In the 
absence of hair, cysteine can be recovered from the hydrolysis and titration 
procedure in quantitative amounts. In the presence of hair, however, the 
very small amount, 0.05 meq, is lost. The reason for this loss is not well 
understood but the magnitude of the loss clearly does not interfere with the 
utility of the procedure.

C o n c l u s io n s

A method has been developed for the quantitative differentiation of 
CySSO;; and CvSH residues in chemically treated keratin. The procedure 
was validated by verifying the assumptions on which it is based and showing 
that keratin, in this case human hair, containing predictable CySSO:i~ to 
CySH ratios gave analytical results consistent with expectations. The method 
was shown to be applicable to analyzing keratin treated under a variety of 
conditions including acidic and alkaline bisulfite. The method was also shown 
to be useful on hair containing a wide range of CySS03~ to CySH ratios as 
well as hair containing only CySSO.L or CySH groups.

(Received January .31, 1974)
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Testing Antiacne Agents in 
Mexican Hairless Dogs

J. J. LOUX, M.S.,® P. D. DePALMA, B.S.,t and S. L. YANKELL, Ph.D.f

Synopsis—The plugged follicles on the backs and flanks of MEXICAN HAIRLESS DOGS 
share clinical and histologic similarities to the comedones seen in man. SOAP treatments 
cleaned follicle-containing areas but did not remove the follicular plugs. SALICYLIC 
ACID preparations were similarly ineffective. The use of BENZOYL PEROXIDE pro
duced slight extrusion of the follicular keratin plus mild irritation, and V ITAM IN  A 
ACID was markedly effective w ith associated dermal irritation.

I n t r o d u c t io n

Several authors have reviewed the literature for information relating animal 
and clinical skin research (1, 2). A symposium presented at the 52nd annual 
meeting of the Federation of American Societies for Experimental Biology 
discussed the choice of animal models for the study of disease processes in 
man (3). Although there are many mammalian and avian models for clinical 
skin diseases, no references were cited in the above papers on any form of 
spontaneous animal acne.

Currently, laboratory evaluations of acne treatments rely on chemically in
duced comedones in the ears of rabbits. The hyperkeratinization is similar to 
that causing follicular hyperkeratosis in occupational chloracne (4). Human 
sebum lipids (5) and fatty acids (6, 7) which have relevance to the etio- 
pathogenesis of acne also have been employed as acnegens in the rabbit.

Van Scott reported at the 1970 symposium on the Biology of the Skin that 
the rhino mouse was a natural model of keratin invagination ( 8 ). By studying 
the skin histology of this animal in relation to the animal’s age, a reproducible 
method for measuring progressive cyst formation was developed. Experimen
tal materials used to treat clinical acne were applied to the skin to test their 
efficacy in preventing or alleviating this keratin invagination. Sulfur and resor
cinol had no activity; however, retinoic acid proved very effective.

“ Present address: 110 E. Hanover Ave., Cedar Knolls, N.J. 07927. 
tMenley & James Laboratories, 1500 Spring Garden St., Philadelphia, Pa. 19101. 

Reprint requests should be addressed to Dr. Yankell.
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In our laboratory, the flanks and back of the Mexican hairless dog have 
been observed to contain pigmented keratin follicular plugs which share some 
or certain clinical and histologic similarities to the comedones seen in man
(9). In an endeavor to determine the suitability of these animals for routine 
acne experiments, a study was conducted to evaluate preparations currently 
employed to treat clinical acne.

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

Four test sites, approximately 2.5 cm in diameter, with grossly evident 
follicular plugs, were selected on the back of each dog. Areas were carefully 
photographed prior to treatment to record control appearance and again at 
the conclusion of the study. Efficacy and irritation potential were evaluated 
from the resulting slides. Before and after treatment, biopsies were obtained 
with a 6-mm Keyes cutaneous punch for histological evaluations. Following 
fixation of the tissues in 10% formalin, slides were prepared by routine histo
logic means, stained with hematoxylin and eosin, and examined utilizing stan
dard dermatopathologic criteria (10, 11) employed in recognizing inflamma
tory, degenerative, or proliferative changes.

Test or control materials in solution or suspension were applied with a cot
ton-tipped applicator, Q-tip,° gently rubbed over the test site for 5 sec per 
treatment. Sites were treated at least once a day for 14—21 days.

Materials tested included sulfur, hexachlorophene, salicylic acid alone 
or in various combinations; benzoyl peroxide, and vitamin A acid (retinoic 
acid). Appropriate vehicles used for each test material were also evaluated on 
control sites. The influence of a bland soap, Ivory,t or an abrasive soap, Amo- 
Derm,t on site cleaning and comedone removal was also evaluated. The 
method used to test these soaps was as follows: a paper towel, moistened with 
water and rubbed with soap to produce a lather, was rubbed on the assigned 
test area on the dog’s back for 5 sec. The lather was removed from the site 
with a clean towel moistened with water, and the treated area was then 
dried with a fresh dry towel. Photographs were taken prior to and upon com
pletion of these experiments; however, no histological evaluations were per
formed.

R e s u l t s

The results of this study are given in Table I. Several vehicles used in the 
attempt to aid or enhance the penetration or efficacy of the test agent were 
tested without active agents as controls. A propylene glycol vehicle was de-

“ Chesebrough-Pond’s, New York, N.Y. 
tProcter & Gamble, Cincinnati, Ohio. 
tH igh Chemical Co., Philadelphia, Pa.
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Table I
Effects of Materials Applied on the Skin of Mexican Hairless Dogs

Preparation Cone. Vehicle Cone. Description11
Tested (%) (%) Cleaner Drying, Comedone Irritation

Flaking Extrusion
Removal

Salicylic acid 3 Propylene 100 +  / - + ---  ---

glycol
Propylene

glycol
Salicylic acid 2 Alcohol 70 + + + / -
Hexachlorophene 1 Water 30

Above + + _  _

vehicle
Benzoyl peroxide 10 Alcohol1’ 40

Cellosolve 40
Propylene 20 + +  / - +  +

glycol
. . • Above _L — --- ---

vehicle
Vitamin A acid 0.1 Alcohol 70

Propylene 30 lT" +  + + + +  +  +
glycol

• • • Above + / - + —  —
vehicle

"Code: —, none; + / —, questionable; + , slight; + + ,  moderate; -j—|—K  marked. 
“Suggested by Fulton (12).

void of activity. Alcohol-containing vehicles produced a slight cleansing and 
also resulted in drying or flaking of the treated areas. Cleansing of the treated 
sites, when observed, was attributed to the activity of these vehicles.

Tissue sections of these control sites yielded no evidence of irritation. Su
perficial and deep follicular structures were consistently filled with keratin 
which confirmed the inability of the vehicle treatment to cause comedone loss.

Salicylic acid, alone or with hexachlorophene, produced drying of the 
treated areas. No irritation was produced by these preparations. Minimal 
overt evidence of keratin extrusions from follicular sites was observed and 
was confirmed histologically.

Benzoyl peroxide treatment resulted in slight keratin extrusion from folli
cular sites which was accompanied by slight erythema as observed grossly. 
Histologically, evidence of minimal to moderate epidermal parakeratosis was
seen.
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Figure 1. Appearance of plugged follicles (site to be treated is w ithin four marked spots)

Figure 2. Effects produced by vitamin A acid (same site as in Fig. 1)
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\ itamin A acid was the most effective material tested. In addition to 
marked extrusion of the plugged follicles (Figs. 1 and 2), vitamin A acid treat
ment caused exfoliation of epidermal keratin layers and irritation as evi
denced by moderate erythema on all sites. Slight edema also was observed on 
several treated sites. Histologically, sites treated with vitamin A acid showed 
hyperplastic and parakeratotic epidermal changes. Minimal subacute inflam
matory reactions were also evident in the upper dermis. There was no evi
dence of keratin plugging on microscopic examination of the vitamin A acid 
treated sites.

The influence of soap and washing was studied in the last series of tests. 
Both the bland and abrasive soaps had a marked cleansing effect on the 
topical surface layers; however, neither of the preparations removed any of 
the deeper-seated keratogenous material from follicular sites. The use of an 
abrasive cleanser showed no overt benefits over the conventional soap prepa
ration.

D is c u s s io n

The skin of the Mexican hairless contains follicular structures filled with 
black keratogenous material, much like the “blackheads” observed in human 
acne. Their number varies widely. In certain areas, they are too numerous and 
closely congregated to be accurately counted. Other areas are devoid of these 
follicular plugs. The dorsal aspects of the trunk and the laterial aspects of the 
hind quarters usually contain rows of these follicules distributed so that iden
tification and counting can be performed (Fig. 1). The lipid content of ex
pressed comedones is currently being compared with normal surface lipids. 
Preliminary results (13) indicate a higher concentration of free fatty acids 
and ester waxes from these follicles than from surface lipids. These lipid frac
tions have been implicated as comedogenic agents in both animals (5, 7) and 
man (14). Histologically, these plugged follicles appear to be invaginations of 
the epidermis; they are large cystic structures with sebaceous glands and clus
ters of nevus-like cells appearing at their base ( Fig. 3).

Our results indicate that two distinct types of effects occurred as a result of 
topical therapy: (a) cleansing, which was evident by the gross removal of 
surface lipids with entrapped dirt, and (b) extrusion of keratin plugs from 
follicular sites.

The use of vehicles or soaps to wash or cleanse the skin are beneficial in 
that they remove excess surface lipids and dirt particles (15) which may help 
in the formation of follicular plugs. Thus, this may be more properly con
sidered a preventative measure than actual acne therapy as these preparations 
do little, if anything, to existing follicular plugs.

In the search for an active agent to enhance the extrusion of follicular plugs, 
vitamin A acid has been shown to be a very effective agent (16), a fact con-
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Figure 3. Histologic section through plugged follicle (H. and E. X 40)

firmed in our studies. While other agents, such as salicylic acid, etc., have 
been reported to have some beneficial effect on various forms of acne, it is 
generally agreed that such agents are not consistently effective. Our animal 
model shows this to be the case. While individual animals may have re
sponded to such agents, the group, as a whole, showed no significant or uni
form activity. Benzoyl peroxide produced slight but consistent effects on 
comedome removal. Histologically, acceleration of the keratinization process 
in hairless dog skin is similar to reactions observed with this agent in man
(17).

While it would be tempting to try to explain the mechanism of follicular 
clearing as observed in these experiments, it is beyond the scope of this initial 
investigation. These experiments were performed primarily to test the predic
tive capabilities of the Mexican hairless dog as a nonclinical model for screen
ing antiacne preparations. We have noted that vitamin A acid was the most 
effective agent tested. In addition to comedone extrusion, vitamin A acid 
treatment produced exfoliation of keratin layers and a moderate irritation 
similar to that observed clinically (16). Also, as in human acne, questionable 
efficacy with the other agents tested was observed in the Mexican hairless. 
These dermatological reactions in Mexican hairless dogs appear to have suffi
cient similarities to clinically observed acne responses to be employed as a 
valid preclinical antiacne assay method.

C o n c l u s io n s

The flanks and back of the Mexican hairless dog often contain large num
bers of plugged follicles which are grossly and histologically similar to those 
observed in man. These sites were treated with materials used in clinical 
acne therapy. Color slides were taken prior to and at the conclusion of treat
ment in each study to record and help evaluate site cleaning, comedone re
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moval and/or irritation. In addition, biopsies were taken from selected sites to 
evaluate comedone extrusion and irritation-induced changes. Preparations 
containing salicylic acid with or without hexachlorophene and several soap 
products produced no significant improvement of the comedone condition. No 
consistent irritation was observed. Treatment with 10% benzoyl peroxide re
sulted in slight improvement accompanied by some irritation. Vitamin A acid 
(retinoic acid) at 0.1% in an ethanol/propylene glycol vehicle caused marked 
comedone extrusion and irritation. Since similar results have been reported in 
clinical studies, the Mexican hairless dog appears to be a predictive model for 
assaying both efficacy and potential irritation of agents proposed for acne 
therapy.

(Received January 16, 1973)
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A Study on the Differential 

Thresholds of Sensory ^Firmness” 

and Viscousness” of Cream Base 

Substances
KEIJI MOROSAWA, CHIYOKO OHTAKE, MOTOJI TAKAHASHI, 

TAKEO MITSUI, and SEIICHIISHIKAWA*
Presented September 14,1972, 7th 1FSCC Congress, Hamburg, Germany

Synopsis-The DIFFERENTIAL THRESHOLDS of sensory “ FIRMNESS” and “ VIS- 
COUSNESS” were studied. It was noted that these properties changed continuously 
depending upon changes in HARDNESS and VISCOSITY which were measured instru- 
mentally. The minimum values of differential thresholds of both firmness and viscousness 
were found to be about 10% and 80% level of confidence.

I n t r o d u c t io n

The differential thresholds of sensory “firmness” and “viscousness” have been 
used to describe some of the properties of cosmetic creams which are related 
to their application to skin.

Webers law, which is applicable to sense properties, states that when two 
stimuli, S and S + AS (AS is the differential threshold in stimulus S), are 
given, AS/S (Weber’s ratio) represents the region in which AS/S is con
stant with variance of the given stimulus. This observation has been reported 
for visual sensitivity (1), hearing sensitivity (2), and taste sensitivity (3). 
However, up until the present, there have been few reports as to touch sensi
tivity. Scott-Blair (4) investigated the threshold of firmness using vulcanized 
rubber ( elasticity, 1—2 x 107 dyne/cm2) and that of viscousness using bitumen 
(viscosity, 10fi—10‘ cps) and found that the differential threshold of firmness 
was % that of viscousness indicating that firmness was three times easier to

“ Shiseido Laboratories, 1050 Nippa-cho, Kohoku-ku, Yokohama, Japan.
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distinguish than viscousness. In this case, the study was carried out using 
materials having a greater hardness and viscosity than cosmetics.

It was difficult to prepare cosmetic creams for use in this study which would 
have a small difference in hardness and viscosity. This difference was neces
sary in order to determine the differential thresholds of firmness and viscous
ness.

Therefore, the cream bases developed for this study were prepared in the 
same ranges of hardness and viscosity as those of cosmetic creams by using 
oil and waxes which are commonly used constituents of cosmetics. The dif
ferential thresholds of sensory firmness and viscousness for the respective 
changes in hardness and viscosity of these samples were obtained and com
pared to the values obtained using a standard consisting of a mechanical 
spring and silicone oil which had the ideal elastic property and viscous prop
erty, respectively. Moreover, several experiments were carried out by using 
samples varying in both hardness and viscosity, and the effect of viscosity on 
the evaluation of firmness and the effect of hardness on the evaluation of vis
cousness. In this paper, the terms “firmness” or “viscousness” will be used to 
express the sensory touch when the samples are applied to the skin, whereas 
the terms hardness or viscosity will be used to define the instrumentally mea
sured values of the samples.

E x p e r i m e n t a l  

Preparation of Samples 

Cream Base of Given Viscoelasticity

Liquid paraffin (Saybolt viscosity 70 sec) was used as the oil and solid par
affin, ceresin, and microcrystalline wax were employed as the waxes. Cream 
base substances with a wide range in both hardness and viscosity were pre
pared by changing the quantity of ceresin, microcrystalline wax, and liquid 
paraffin in the formulations.

The samples were prepared in groups of five ( indicated by A,B,C,D, and E ) 
ranging in hardness between 101 and 104 g/cm2, and keeping the viscosity 
almost constant. In a similar manner, additional samples in groups of five 
were prepared (indicated by a,b,c,d, and e) ranging in viscosity between 102 
and 104 cps, and keeping the hardness almost constant. The formulation for 
c is given in Table I, and Fig. 1 illustrates the hardness and viscosity of each 
of these samples. Each sample was prepared at least 6 or 7 times and good 
reproducibility of results was obtained as can be seen in Table I.

Cosmetic creams generally have a hardness from 10 to 10:! g/cm2 and a 
viscosity of from 102 to 104 cps, as shown in Fig. 2. Compared to these figures, 
the cream bases used in this study were judged as having the same range of 
hardness and viscosity as those of commonly used cosmetic creams.
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Table I
Sample Group (c) in which Viscosity 

Was Varied, w ith Constant Hardness at 25 °C

Formulation Measurement Results

Sample
No.

Solid
Paraffin

(%)

Micro
crystalline
Wax (%)

Cererin
(%)

Liquid
Paraffin

{%)

Hardness
(g/cm-)

x lO 2

Viscosity
(cps)
X 10"

1 10.0 8.0 4.0 78.0 1.3 7.2
2 10.0 7.5 3.7 78.8 1.3 6.6
3 10.0 6.75 3.1 80.15 1.2 6.0
4 10.0 6.0 2.6 81.4 1.2 5.3
5 10.0 5.3 2.0 82.7 1.2 4.7
6 10.0 4.6 1.25 84.15 1.2 3.7

icr nr io1 cps
V i s c o s i t y

Figure 1. Hardness and viscosity of prepared samples

Standard Substances having Ideal Elasticity and Viscosity

Mechanical springs in groups of 4 grades (F, G, H, and I) and in the hard
ness range between 70 and 3200 g/cm 2 were used as the ideal elastic sub
stance, and silicone oils in groups of 5 grades (J, K, L, M, and N) in the vis
cosity range between 110 and 20000 cps served as the ideal viscous substance.

The mechanical spring was made from a cylindrical spiral spring 3 cm in 
diameter and 3 cm in height and two sheets of cardboard, about 5 cm in di
ameter. The cardboard was fixed to the top and bottom of the spring so that 
they were parallel.
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Figure 2. Hardness and viscosity of cosmetic creams

Apparatus For Measuring Hardness and Viscosity

Hardness was measured using a curd tension meter. In this instrument, a 
load is applied to the penetration rod which is fitted with a round disk (1.5—
10.0 mm in diameter) at the bottom. The hardness, expressed as grams per 
cm2, is the value of the load just as the disk begins to penetrate into the sam
ple.

Viscosity, expressed as cps, was measured with a Ferranti-Shirley Cone and 
Plate Viscometer at a shear rate of 1700 sec1 and a sweep time of 10 sec.

Sensory Evaluation

Sensory evaluation was carried out by trained panels of 10 subjects (5 males 
and 5 females each). The panel was instructed to arrange each series of sam
ples in their order according to their firmness or viscousness. This was repeat
ed 3 times by each individual.

Evaluation of firmness was made by pressing the surface of the samples in 
the container with a finger, and viscousness was evaluated by taking out a 
small amount of the sample with the forefinger and applying it to the forearm.

In the case of the standard, the spring was pressed down by pushing with a 
finger at the center of the cardboard and the resistance which is sensed when 
the spring is compressed 1 cm by a finger pressure was evaluated as “firm
ness,” and “viscousness” of silicone oil was evaluated in a similar manner as in 
the case of the cream base substances.
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Table I I
Correlation Coefficients

Sensory Firmness and 
Measured Hardness

Sensory Viscousness and 
Measured Viscosity

Sample
Group

Average
Hardness
(g/cm2)

Correlation
Coefficient

(r)
Sample
Group

Average
Viscosity

(cps)

Correlation
Coefficient

(r)
A 8.8 x 103 0.812 a 7.9 x 10a 0.660
B 8.5 x 103 0.893 b 1.5 x 103 0.860
C 2.5 x 103 0.934 c 5.5 x 103 0.873
D 9.5 x 10' 0.748 d 2.2 x 103 0.831
E 3.4 x 10' 0.580 e 9.0 x 101 0.905

R e s u l t s

Experiments on Cream Base Substances 
Correlation Coefficient

Through Spearman’s rank method, the correlation coefficient between sen
sory firmness and measured hardness were given, and the same calculations 
were also made between sensory viscousness and measured viscosity and are 
shown in Table II.

It was found that the correspondence of sensory firmness to measured hard
ness was shown, on the whole, in a comparatively high hardness range; how
ever, in the extremely high hardness range the correlation between the two 
was shown to be small. On the other hand, the correspondence of sensory 
viscousness to measured viscosity was shown to be essentially in a low vis
cosity range.

Discrimination Threshold
Differential threshold is usually obtained by using the paired comparison 

method, but the number of samples was not sufficient for carrying out the 
paired test in this experiment. Therefore, another method has been designed 
and employed. First, the panel members were asked to rank and arrange one 
series of samples composed of 6 or 7 samples according to the order of sen
sory firmness or viscousness. Next, every possible pair from the previously 
ranked data according to the sensory firmness or viscousness were compared 
in each pair, and was regarded as the correct judgment if it corresponded to 
the measured order. Accordingly, the percentage of correct judgments was 
calculated.

All data were plotted with the percentage of correct judgments as the 
ordinate and the relative difference as the abscissa. The relative difference 
(A) is the proportion of the difference to a mean value of two samples ob
tained by instrumental measurement and is shown as percentage.
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Figure 3. Examples of approximation curves obtained by least squares method (sample c)

a — b
A — a T b X 100

2
The approximation curve was calculated from these points, using the least 

squares method, and is shown in Fig. 3. The value of the relative difference 
where 80 or 90% of the panels were able to give a correct judgment (p =  80, 
or p =  90) was obtained from this curve. In this paper, this value is referred 
to as the (relative) discrimination threshold of sensory firmness and viscous
ness, and it indicates that the difference of hardness or viscosity in the two 
samples is judged correctly by 80 or 90% of the panel members.

The discrimination thresholds of 80 and 90% correct judgments are shown 
in Table III. This is shown graphically in Figs. 4 and 5.

Experiments on Standard Substances

The discrimination thresholds for firmness of the standard elastic substance 
and viscousness of the standard viscous substance were studied.

The discrimination thresholds of 80 and 90% correct judgments for firmness 
and viscousness were obtained for the mechanical spring and silicone oil in 
the same manner as previously described for the cream base substances. 
These results are shown in Table IV and Figs. 6 and 7.
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Table I I I
Discrimination Thresholds of Firmness and Viscousness of 

80% and 90% Correct Judgements (Cream Base Substances)

Firmness Viscousness

Sample

Discrimination Threshold
(%) Sample

Discrimination Threshold
(%)

Group P =  80% P =  90% Group P =  80% P =  90%

A 9.5 18.5 a 44.0 59.0
B 9.0 14.0 b 25.0 32.5
C 11.0 18.0 c 14.5 23.0
D 16.0 24.0 d 9.5 17.0
E 28.0 44.0 e 15.5 27.5

T3
O.cin&>
_cf-
co
ofc
e
T_(JU)
Q

%

50

4 0

30

20

10

0
101 102 103 104 -/cm 2

H ardness
Figure 4. Discrimination threshold for firmness of cream base substances in relation to

hardness

D is c u s s io n  a n d  C o n c l u s io n s

In the case of firmness, as is shown in Fig. 4, the tendency of becoming 
easy to discriminate as the hardness increased was noted; however, extreme 
increase of hardness, such as seen in sample A, showed the reverse effect. 
Sample group B was the easiest to discriminate, that is, 80% of the panel
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re 5. Discrimination threshold for viscousness of cream base substances
viscosity

in relation to

%

5 0 -

AO-

4>  = 90  %  
= 8 0  %

3 0

20

10

0

«s

102 103 10A 9/cm 2
Hardness

Figure 6. Discrimination threshold for firmness of mechanical spring in relation to hard
ness
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Table IV
Discrimination Thresholds of Firmness and Viscousness of 
80% and 90% Correct Judgements (Standard Substances)

Firmness (Spring) Viscousness (Silicone Oil)

Average Discrimination Average Discrimination
Sample Hardness Threshold Sample Viscosity Threshold
Group (g/cnr) (%) Group (cps) (%)

P =  80% P =  90% P =  80% P =  90%

F 2.54 x 103 8.0 11.5 J 1.49 x 10* 15.5 27.5
G 8.47 x 10- 9.5 16.0 K 6.43 x 103 16.5 27.0
H 2.77 x 10= 6.0 10.0 L 1.98 x 103 12.5 17.5
I 1.06 x 10= 9.0 17.0 M 3.19 x 10= 22.5 37.5

N 1.72 x 10= 30.0 47.5

%

2
2  50 
(/)Qj

È  ao

rUc
E 20
u 0)
5  10 

0
101 102 103 10A cp s

Viscosity
Figure 7. Discrimination threshold for viscousness of silicone oil in relation to viscosity

members were able to discriminate the samples if the relative difference of 
sample’s hardness was about 10%.

In the case of viscousness, as is shown in Fig. 5, there was the tendency of 
becoming easy to discriminate as the viscosity decreased; however, the ex
treme decrease of viscosity, as in sample e, showed a reverse effect. Sample 
group d showed the easiest discrimination.

Based upon these results, it was found that the discrimination threshold 
of sensory firmness and viscousness changed continuously depending upon 
the changes of the instrumentally measured hardness and viscosity of the

....... " = = 3 0 %

------ dp = 80o/o
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s a m p le s  h a v in g  t h e  s a m e  ra n g e s  o f  h a rd n e s s  a n d  v is c o s i t y  as c o s m e t ic  c re a m s . 

T h e r e  w a s  a m in im u m  d is c r im in a t io n  t h r e s h o ld  f o r  b o t h  s e n s o ry  f i rm n e s s  a n d  

v is c o u s n e s s , a n d  t h is  v a lu e  w a s  f o u n d  to  b e  a b o u t  10 %  a t  8 0 %  c o r r e c t  j u d g 

m e n t .  S im i la r  r e s u lts  w e r e  o b ta in e d  u s in g  th e  s ta n d a r d  s u b s ta n c e  p r e p a r e d  

f r o m  th e  m e c h a n ic a l  s p r in g  a n d  th e  s i l ic o n e  o i l .

S in c e  h a rd n e s s  a n d  v is c o s i t y  a r e  t w o  p h y s ic a l l y  d i f f e r e n t  p r o p e r t ie s ,  i t  is  

d i f i f i c u l t  t o  e q u a te  in  p r in c ip le  o n e  p r o p e r t y  w i t h  th e  o th e r .  H o w e v e r ,  as c a n  

b e  s e e n  in  F ig .  1, th e  r e la t io n  b e tw e e n  h a rd n e s s  a n d  v is c o s i t y  o f  t h e  c re a m  

b a s e  s u b s ta n c e s  w h ic h  w e r e  p r e p a r e d  in  th is  s t u d y  w a s  f o u n d  to  b e  l in e a r .  

F o r  e x a m p le ,  t h e  s a m p le  h a v in g  th e  h a rd n e s s  o f  1 0 - g / c m -  s h o w e d  1 0 :! c p s  

in  v is c o s i t y ,  a n d  t h a t  w i t h  1 0 s g / c m 2 h a rd n e s s  s h o w e d  1 0 4 c p s  in  v is c o s i t y .  

I n  v i e w  o f  t h is ,  b o th  h a rd n e s s  a n d  v is c o s i t y  o f  t h e  c r e a m  b a s e  s u b s ta n c e s  

w e r e  p lo t t e d  o n  th e  a b s c is s a  a t  th e  s a m e  t im e ,  r e s p e c t iv e ly ,  a n d  i t  w a s  f o u n d  

t h a t  t h e  p o in ts  o f  1 0 2 g /c m '- ’ h a rd n e s s  a n d  1 0 :! c p s  v is c o s i t y  o v e r la p p e d .

D is c r im in a t io n  th r e s h o ld s  o f  8 0 %  c o r r e c t  ju d g m e n ts  o f  f i rm n e s s  a n d  v is c o u s 

ne ss  w e r e  p lo t t e d  o n  th e  o r d in a te ,  a n d  th e  r e s u lts  a r e  s h o w n  in  F ig .  8 . F r o m  

th is  f ig u r e ,  th e  d i f f e r e n t ia l  t h r e s h o ld  c u r v e s  o f  f i rm n e s s  a n d  v is c o u s n e s s  w e r e  

s h o w n  to  c ro s s  e a c h  o t h e r  a t  t h e  m id d le  o f  th o s e  ra n g e s .  T h a t  is , in  th e  r a n g e  

a t  a  h a rd n e s s  o f  a b o v e  9  x  10  g / c m 2 a n d  a v is c o s i t y  o f  a b o v e  9  x  1 0 2 c p s , i t  

w a s  e a s ie r  t o  d is c r im in a t e  f i rm n e s s  t h a n  v is c o u s n e s s , b u t  t h is  w a s  r e v e r s e d  a t  

lo w e r  v a lu e s  as i t  w a s  e a s ie r  t o  d is c r im in a t e  v is c o u s n e s s  t h a n  f irm n e s s .

Discrimination of'Firmness', 
Discrimination of'Viscousness

10’ 102 103 10 ĉm2
102 103 104 105 cps

Hardnessjg/cm2) and Viscosityjcps )
Figure 8. Discrimination thresholds of firmness and viscousness for 

in relation to hardness and viscosity
cream base substances
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S c o t t - B la i r  a n d  C o p p e n  ( 4 ,  5 )  r e p o r t e d  t h a t  t h e  f i rm n e s s  w a s  c o n s id e r e d  to  

b e  e a s ie r  t o  d is t in g u is h  t h a n  v is c o u s n e s s . F r o m  o u r  s t u d y  i t  w a s  n o te d  t h a t  

t w o  a re a s  f o r  t h e  d is c r im in a t io n  th r e s h o ld s  o f  c o s m e t ic  c re a m s  w e r e  p r e s e n t ,  

o n e  w h e r e  f i rm n e s s  w a s  e a s ie r  t o  d is c r im in a t e  t h a n  v is c o u s n e s s  in  th e  r a n g e  

o f  h ig h  h a rd n e s s  a n d  v is c o s i t y  ( w h i c h  c o r r e s p o n d e d  w e l l  to  th e  r e s u l t  o b 

t a in e d  b y  S c o t t - B la i r  a n d  C o p p e n )  a n d  th e  o th e r ,  w h e r e  th e  r e la t io n s h ip  w a s  

vice versa i n  t h e  r a n g e  o f  l o w  h a rd n e s s  a n d  v is c o s i ty .

I n  o r d e r  to  c o m p a r e  th e  h a rd n e s s  w i t h  th e  e la s t ic i t y ,  t h e  e la s t ic i t y  o f  th e  

s a m e  s a m p le s  u s e d  i n  th is  s t u d y  w a s  a ls o  m e a s u r e d  w i t h  a  p a r a l le l  p la t e  p la s -  

t o m e te r .  T h e  c o r r e la t io n  c o e f f ic ie n t  b e tw e e n  t h e  h a rd n e s s  a n d  th e  e la s t ic i t y  

w a s  f o u n d  to  b e  v e r y  h ig h  (r =  0 .9 9 7 )  as s e e n  in  F ig .  9 . T h e r e fo r e ,  i t  is  c o n 

s id e r e d  t h a t  t h e  h a rd n e s s  o f  th e  s a m p le s  u s e d  in  t h is  s t u d y  d i d  c o r r e s p o n d  to  

t h e  e la s t ic i t y .

A s  in d ic a t e d  a b o v e ,  o u r  d is c r im in a t io n  th r e s h o ld s  w e r e  c a lc u la te d  f r o m  th e  

d a ta  o b ta in e d  b y  ju d g in g  c o r re c tn e s s  o r  in c o r r e c tn e s s  f o r  a i l  p o s s ib le  c o m b i 

n a t io n s  o f  t h e  t w o  o b t a in e d  f r o m  th e  d a ta  o f  th e  r a n k in g  m e th o d ,  w h ic h  d i f 

f e r e d  a p p a r e n t ly  f r o m  th e  o r d in a r y  d i f f e r e n t ia l  t h r e s h o ld .  A c c o r d in g ly ,  a n  

a n a ly s is  w a s  c a r r ie d  o u t  b y  a p p ly in g  th e  c o n s ta n t  m e th o d  f o r  c o n v e r t in g  o u r  

d a ta  to  o r d in a r y  d i f f e r e n t ia l  t h r e s h o ld  ( 6 ) .  T h e  c a lc u la te d  d a ta  a re  s h o w n  in

o

Figure 9. Relation between hardness and elasticity in the case of cream base substances
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10. Comparison between discrimination threshold and differential threshold for 
firmness of cream base substances in relation to hardness
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Figure 11. Comparison between discrimination threshold and differential threshold for 

viscousness of cream base substances in relation to viscosity
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F ig s .  1 0  a n d  11 , a n d  th e s e  c u r v e s  s h o w  s im i la r  b e h a v io r  w i t h  th o s e  o f  d i f f e r 

e n t ia l  t h r e s h o ld  o b t a in e d  p r e v io u s ly ,  a l t h o u g h  s l ig h t  d i f fe r e n c e s  w e r e  o b 

s e rv e d .  T h e r e fo r e ,  t h e  d is c r im in a t io n  t h r e s h o ld s  o b ta in e d  b y  th e s e  a u th o r s  

w e r e  c o n s id e r e d  to  c o r r e s p o n d  w e l l  t o  th e  o r d in a r y  d i f f e r e n t ia l  t h r e s h o ld .

I n  th is  s tu d y ,  t h e  d i f f e r e n t ia l  th r e s h o ld s  o f  s e n s o ry  f i rm n e s s  a n d  v is c o u s 

ne ss  w e r e  d e te r m in e d  b y  p r e p a r in g  c r e a m  b a s e  s u b s ta n c e s  h a v in g  a c o n s ta n t  

v is c o s i t y  a n d  v a r ia b le  h a rd n e s s  a n d  vice versa. A d d i t i o n a l  s a m p le s  w e r e  p r e 

p a r e d  w h i c h  v a r ie d  b o t h  i n  h a rd n e s s  a n d  v is c o s i t y  s im u l t a n e o u s ly ,  a n d  th e  

e f f e c t  o f  v is c o s i t y  o n  th e  ju d g m e n t  o f  f i rm n e s s  a n d  th e  e f f e c t  o f  h a rd n e s s  o n  

th e  ju d g m e n t  o f  v is c o u s n e s s  w e r e  in v e s t ig a te d .

S a m p le s  w i t h  a  h a rd n e s s  o f  a b o u t  2  x  1 0 2 g / c m -  a n d  a v is c o s i t y  o f  a b o u t

2  x  l ( ) :l c p s  w e r e  s e le c te d  w i t h i n  th e  r a n g e  w h e r e  d is c r im in a t io n  t h r e s h o ld  o f  

f i rm n e s s  w a s  s m a l le r  t h a n  t h a t  o f  v is c o u s n e s s . V is c o u s n e s s  w a s  e v a lu a te d  w i t h

3  s a m p le  g r o u p s  ( O , P , a n d  Q )  i n  t h e  r a n g e  w h e r e  v is c o s i t y  v a r ia n c e  w a s  k e p t  

a lm o s t  c o n s ta n t ,  w h i l e  t h a t  o f  t h e  h a rd n e s s  v a r ia n c e  w a s  g iv e n  i n  th e  3  s ta g e s  

as s h o w n  i n  F ig .  12 . I n  s a m p le  g r o u p  Q , t h e  v is c o s i t y  w a s  v a r ie d  w h i l e  th e  

h a rd n e s s  w a s  a lm o s t  c o n s ta n t .

I n  th e  c a s e  o f  P  a n d  O ,  b o t h  h a rd n e s s  a n d  v is c o s i t y  w e r e  m a d e  v a r ia b le ,  

w h e r e  th e  r a te  o f  v a r ia n c e  o f  h a rd n e s s  i n  g r o u p  O  is  h ig h e r  t h a n  t h a t  o f  g r o u p  

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

T h e  re s u l ts ,  s h o w n  i n  T a b le  V ,  s h o w  t h a t  t h e  c o r r e la t io n  c o e f f ic ie n t  is  h i g h 

e s t i n  th e  c a s e  o f  s a m p le  g r o u p  O , w h e n  th e  h a rd n e s s  v a r ia n c e  is  t h e  m a x i 

m u m ,  a n d  lo w e s t  i n  th e  c a s e  o f  s a m p le s  Q  w i t h o u t  h a rd n e s s  v a r ia n c e .  I t  w a s

X 1 0 2

E
o

CT

lf) 
i f )  
Oj 
C 

T3l_
rd

M a x im u m  A ° l°  o f  H a rd n e s s  

0  6 1 . 0 %

P  3 1 . A %

Q. C o n s t a n t

2 3  x  1 0 3

V i s c o s i t y  ( c p s )

Figure 12. Prepared samples to investigate the effect of hardness on evaluation of viscous
ness
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Table V
Effect of Variance Range in Hardness of Prepared 

Samples on Evaluation of Viscousness

Sam ple
Croup

Hardness Viscositv

Range of 
Variance 

(g/cnr x 102)
Maximum

(% )

Range of 
Variance 
(cps x 10“)

Maximum
(% )

Correlation 
Coefficient 
between 

Viscousness and 
Viscosity (r)

o 2.26-4.25 61.0 1.69-2.56 40.5 0.917
p 2.33-3.20 31.4 1.64-2.69 48.4 0.886
Q 2.40 Constant 1.62-2.56 45.0 0.826

c o n c lu d e d  f r o m  th e s e  r e s u lts  t h a t  t h e  ju d g m e n t  o f  s e n s o ry  v is c o u s n e s s  w a s  

a f f e c te d  c o n s id e r a b ly  b y  t h e  v a r ia n c e  in  h a rd n e s s  o f  p r e p a r e d  s a m p le s .

A l t h o u g h  th e  e x p e r im e n ta l  d a ta  w e r e  o m i t t e d ,  i t  w a s  f o u n d  t h a t  t h e  j u d g 

m e n t  o f  s e n s o ry  f i rm n e s s  w a s  n o t  a f f e c te d  b y  th e  v a r ia n c e  in  v is c o s i t y  o f  p r e 

p a r e d  s a m p le s . M o r e o v e r ,  in  th e  r a n g e  w h e r e  d is c r im in a t io n  t h r e s h o ld  o f  

s e n s o ry  f i rm n e s s  w a s  la r g e r  t h a n  t h a t  o f  s e n s o ry  v is c o u s n e s s , t h e  ju d g m e n ts  o f  

b o t h  s e n s o ry  f i rm n e s s  a n d  s e n s o ry  v is c o u s n e s s  w e r e  n o t  a f f e c te d  b y  th e  h a r d 

ne ss  a n d  v is c o s i ty .

( R e c e iv e d  J a n u a r y  10 , 1 9 7 3 )
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Kinetics of Degradation 
of the Parabens

S E Y M O U R  M .  B L A U G ,  P h . D . , *  a n d  D O N A L D  E .  G R A N T ,  P h . D . t

Synopsis-The effect of pH and TEMPERATURE on the HYDROLYSIS of methyl, 
ethyl, propyl, and »-butyl PARABEN was studied at 70°C in 0.1M phosphate buffer solu
tions at ionic strength 0.3 from pH 2.75 to 9.16 and at 40° and 50°C at pH 9.16. The 
REACTION was first order with respect to paraben. ENERGIES OF ACTIVATION were 
determined from Arrhenius plots. RATE CONSTANTS and HALF-LIVES of each 
paraben at 25°C were obtained by extrapolation of the Arrhenius plots.

The half-life of each paraben at 70°C and pH 8.24 was essentially independent of the 
initial concentration of paraben. Increasing ionic strength resulted in a slight increase in 
the rate of hydrolysis of each paraben. Increasing the phosphate concentration in buffer 
solutions at pH 8.24 at 70°C produced an increase in the rate of hydrolysis of each 
paraben. This indicated that the parabens undergo general base catalysis and that 
hydroxyl ion is not the only species that can catalyze their hydrolysis.

I n t r o d u c t io n

T h e  p a r a b e n s  h a v e  b e e n  r e p o r t e d  to  b e  s ta b le ,  a n d  to  s h o w  n o  h y d r o ly s is  

u n d e r  c o n d i t io n s  o f  h e a t  s t e r ib z a t 'o n  (2  h o u r s  a t  1 0 0 ° C  o r  0 .5  h o u r  a t  

1 2 0 ° C )  a t  a  p H  r a n g e  o f  3 — S ( 1 ) .  P e k k a r in e n  a n d  T o m m i la  ( 2 )  s t u d ie d  th e  

a lk a l in e  h y d r o ly s is  o f  e t h y l  e s te rs  o f  p a r a  a n d  m e ta  h y d r o x y b e n z o a te s  i n  

p o ta s s iu m  h y d r o x id e  s o lu t io n ,  a n d  i n  v a r io u s  o r g a n ic  s o lv e n ts .  T h e y  c o n 

c lu d e d  t h a t  t h e  h y d r o ly s is  ta k e s  p la c e  s o le ly  as a  r e a c t io n  b e tw e e n  th e  e s te r  

io n  a n d  th e  h y d r o x id e  io n .  O t h e r  a u th o r s  f o u n d  t h a t  th e  m e t h y l  e s te r  o f  p -  

h y d r o x y b e n z o ic  a c id  is  h y d r o ly z e d  a t  h ig h  t e m p e r a tu r e  a n d  i n  s t r o n g ly  a c id  

s o lu t io n  ( 3 ) .  R a v e l  a n d  P a r r o t t  ( 4 )  s t u d ie d  t h e  h y d r o ly s is  o f  m e t h y l  p a r a b e n  

i n  a q u e o u s  s o lu t io n s  a t  te m p e r a tu r e s  o f  7 0 —8 5 ° C  in  a  p H  r a n g e  o f  6 —9.

“ University of North Carolina, School of Pharmacy. Chapel Hill, N.C. Investigation was 
conducted at University of Iowa, Iowa City, Iowa 52242. 

f  Beecham-Massengill Pharmaceuticals, Bristol, Tenn.
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M e t h y l ,  e t h y l ,  p r o p y l ,  a n d  b u t y l  p a r a b e n  a re  w id e l y  u s e d  i n  m a n y  ty p e s  o f  

p h a r m a c e u t ic a l  p r e p a r a t io n s  s u c h  as o p h t h a lm ic ,  o r a l ,  a n d  t o p ic a l  d o s a g e  

fo r m s  a n d  i n  c o s m e t ic  c re a m s  a n d  lo t io n s .  T h e y  a re  u s e d  s in g ly  o r  i n  c o m b in a 

t i o n  w i t h  o n e  a n o th e r .  M ix t u r e s  o f  t h e  p a ra b e n s  h a v e  b e e n  s h o w n  to  b e  m o r e  

e f f e c t iv e  as p r e s e r v a t iv e s  t h a n  th e  i n d i v i d u a l  p a ra b e n s  ( 5 ,  6 ) .  T h e i r  h y d r o ly s is  

y ie ld s  p - h y d r o x y b e n z o ic  a c id ,  w h ic h  p o sse sse s  l i t t l e  p r e s e r v a t iv e  a c t i v i t y .  I t  

w a s  th e  p u r p o s e  o f  t h is  in v e s t ig a t io n  to  s t u d y  th e  s t a b i l i t y  o f  th e  e s te rs  o f  

p - h y d r o x y b e n z o ie  a c id  o v e r  p H  r a n g e  o f  3 —9  a n d  v a r io u s  t e m p e r a tu r e s .

E x p e r i m e n t a l  

Reagents and Apparatus

R e a g e n ts  u s e d  w e r e  p - h v d r o x y b e n z o ic  a c id  ( m p  2 1 3 —2 1 4 ° C ) ,  m e t h y l  

p a r a b e n  ( m p  1 2 6 — 1 2 8 ° C ) ,  e t h y l  p a r a b e n  ( m p  1 1 6 — 1 1 7 ° C ) ,  p r o p y l  p a r a 

b e n  ( m p  9 5 —9 7 ° C ) ,  a n d  n - b u t y l  p a r a b e n  ( m p  7 3 ° C ) , a l l  r e c r y s ta l l i z e d  

f r o m  h y d r o a lc o h o l i c  s o lu t io n ;  a ls o , s o d iu m  h y d r o x id e ,  m o n o b a s ic  p o ta s s iu m  

p h o s p h a te ,  p o ta s s iu m  c h lo r id e ,  p h o s p h o r ic  a c id ,  a n d  c h lo r o fo r m ,  a l l  A R  g ra d e .

A l l  p H ’s w e r e  m e a s u re d  u s in g  a  B e c k m a n  m o d e l  H - 2  p H  m e t e r *  a n d  

s p e c t r a  w e r e  o b ta in e d  w i t h  a  B e c k m a n  D U  s p e c t r o p h o to m e te r *  w i t h  1 -c rn  

q u a r t z  c e lls .  A  c o n s ta n t  t e m p e r a tu r e  b a t h  w i t h  a H a a k e  t h e r m o r e g u la to r ,  

s e r ie s  E D , t  w i t h  a  t h e r m o m e t e r  c a l ib r a t e d  to  0 .1 ° C  w a s  u s e d  f o r  a l l  th e  

s tu d ie s .

Procedure

Preparation of Buffers

T h e  b u f fe r s  u s e d  i n  th is  in v e s t ig a t io n  w e r e  p r e p a r e d  f r o m  m o n o b a s ic  p o 

ta s s iu m  p h o s p h a te  s o lu t io n s  o f  d e s ir e d  m o la r i t y  w h ic h  w e r e  a d ju s te d  to  th e  

d e s ir e d  p H  w i t h  s o d iu m  h y d r o x id e  p e l le ts  a n d  p h o s p h o r ic  a c id .  B u f fe r s  w e r e  

a d ju s te d  to  c o n s ta n t  io n i c  s t r e n g th  o f  e i t h e r  0 .3 , 0 .6 , 0 .9 , o r  1 .2  b y  th e  a d d i t io n  

o f  p o ta s s iu m  c h lo r id e .  A l l  b u f f e r s  w e r e  p r e p a r e d  a t  2 5 ° C . S in c e  th e  s tu d ie s  

w e r e  c o n d u c te d  a t  e le v a te d  te m p e r a tu r e s ,  th e  p H  o f  t h e  b u f fe r s  a t  th o s e  

te m p e r a tu r e s  w o u ld  b e  d i f f e r e n t  f r o m  th e  p H  d e te r m in e d  a t  2 5  ° C . T h e  p H  

v a lu e s  o f  th e  b u f fe r s  w e r e  c a lc u la te d  u s in g  t h e  io n  p r o d u c t  o f  w a t e r  a t  t h e  

v a r io u s  te m p e r a tu r e s  o f  t h e  s tu d y ,  4 0 ° ,  5 0 ° ,  a n d  7 0 ° C .  F o r  e x a m p le ,  a 

b u f f e r  o f  p H  9  a t  2 5 ° C  w o u ld  h a v e  a  c a lc u la te d  p H  o f  8 .2 4  a t  7 0 ° C . T h e  

p K „ ,  o f  w a t e r  a t  7 0 ° C  is  1 2 .8 2  ( 7 ,  8 ) .

Calibration Curves for the Parabens

F o r  e a c h  o f  t h e  p a ra b e n s  s tu d ie d ,  c a l i b r a t i o n  c u r v e s  w e r e  p r e p a r e d  u s in g  

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

“Beckman Instruments, Fullerton, Calif. 
tGebriider Haake, Berlin, Germany.
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d e t e r m in e d  a t  2 5 3  n m ,  th e  w a v e le n g t h  o f  m a x im u m  a b s o rb a n c e ,  u s in g  c h lo r o 

f o r m  as th e  b la n k .  A  B e e r ’s la w  r e la t io n s h ip  w a s  o b t a in e d  f o r  m e th y l ,  e th y l ,  

p r o p y l ,  a n d  n - b u t y l  p a r a b e n  in  c h lo r o f o r m  a t  2 5 3  n m .

Method of Analysis

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

e f fe c ts  o f  v a r io u s  f a c to r s ,  i.e . ,  p H ,  t e m p e r a tu r e ,  io n i c  s t r e n g th ,  o n  th e  r a te  o f  

h y d r o ly s is  o f  th e  p a ra b e n s .

A n  a c c u r a te ly  w e ig h e d  q u a n t i t y  o f  p a r a b e n  w a s  a d d e d  to  a  1 0 0 -m l v o lu m e t 

r i c  f la s k  a n d  d is s o lv e d  i n  a  s m a ll  v o lu m e  o f  a p p r o p r ia t e  b u f f e r  s o lu t io n  w i t h  

t h e  a id  o f  h e a t .  T h e  s o lu t io n  w a s  d i l u t e d  to  v o lu m e  w i t h  th e  b u f f e r  s o lu t io n  

w h ic h  h a d  b e e n  p r e h e a te d  to  th e  te m p e r a tu r e  a t  w h ic h  t h e  p a r t i c u la r  a n a ly s is  

w a s  m a d e .  T h e  f la s k  w a s  p la c e d  i n  a c o n s ta n t  t e m p e r a tu r e  c i r c u la t o r  b a t h  

t h a t  h a d  b e e n  p r e v io u s ly  a d ju s te d  to  t h e  d e s ir e d  t e m p e r a tu r e  ( ± 0 . 1 ° C ) .  

T h e  s o lu t io n  w a s  a l lo w e d  t o  t h e r m a l l y  e q u i l i b r a t e  f o r  10  m in ,  t h e n  a  5 - m l  

a l iq u o t ,  r e p r e s e n t in g  th e  z e r o  h o u r  s a m p le ,  w a s  w i t h d r a w n  a n d  t r a n s fe r r e d  to  

a  s e p a r a t o r y  f u n n e l  w h ic h  c o n ta in e d  2 0  m l  o f  c h lo r o fo r m .  A t  p H  9 .0 , p -  

h y d r o x y b e n z o ic  a c id  ( p K „  4 .4 8 )  e x is ts  as a s a l t  w h ic h  r e m a in e d  i n  th e  

a q u e o u s  p h a s e  w h e n  th e  s o lu t io n  w a s  e x t r a c te d  w i t h  c h lo r o fo r m .  C o m p le te  

e x t r a c t io n  o f  t h e  u n d e c o m p o s e d  p a r a b e n  w a s  a c c o m p l is h e d  u s in g  3  x  2 0  m l  o f  

c h lo r o f o r m  e x t r a c t io n s .  T h e  c o m b in e d  c h lo r o f o r m  e x t r a c ts  w e r e  f i l t e r e d  i n t o  a  

1 0 0 -m l v o lu m e t r i c  f la s k  t h r o u g h  f i l t e r  p a p e r  t h a t  h a d  b e e n  p r e v io u s ly  w e t t e d  

w i t h  c h lo r o fo r m .  T h e  s o lu t io n  w a s  d i l u t e d  to  v o lu m e  w i t h  c h lo r o f o r m ,  a n d  th e  

a b s o rb a n c e  w a s  d e te r m in e d  a t  2 5 3  n m  u s in g  c h lo r o f o r m  as th e  b la n k .  S a m p le s  

w e r e  r e m o v e d  a t  d e f in i t e  t im e  in t e r v a ls  a n d  a n a ly z e d  b y  th is  p r o c e d u r e .

S in c e  p - h y d r o x y b e n z o ic  a c id  is  t h e  m a jo r  d e g r a d a t io n  p r o d u c t  o f  h y d r o ly s is  

o f  t h e  p a ra b e n s  ( 1 ,  9 ) ,  m ix tu r e s  c o n t a in in g  k n o w n  c o n c e n t r a t io n s  o f  m e t h y l ,  

e t h y l ,  p r o p y l ,  a n d  n - b u t y l  p a r a b e n  a n d  p - h y d r o x y b e n z o ic  a c id  w e r e  p r e p a r e d .  

T h e  e s te r  c o n c e n t r a t io n  i n  e a c h  m ix t u r e  w a s  d e te r m in e d  u s in g  t h e  e x t r a c t io n  

p r o c e d u r e  p r e v io u s ly  d e s c r ib e d .  T h e  p e r  c e n t  r e c o v e r y  o f  t h e  p a r a b e n s  a lo n e  

a n d  i n  c o m b in a t io n  w i t h  v a r y in g  c o n c e n t r a t io n s  o f  p - h y d r o x y b e n z o ic  a c id  

is  s h o w n  i n  T a b le  I .  T h e  i n i t i a l  c o n c e n t r a t io n  o f  e a c h  p a r a b e n  i n  a l l  s u b s e 

q u e n t  s tu d ie s  w a s  5  m g /1 .

pH and Temperature Effects
I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  p H  a n d  t e m p e r a tu r e  o n  t h e  r a te  o f  h y d r o ly s is  

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

a t  t h r e e  t e m p e r a tu r e s  i n  b u f f e r  s o lu t io n  as f o l lo w s :  7 0 ° C —p H  2 .7 5 , 3 .6 6 , 4 .5 8 , 

5 .4 9 , 6 .4 1 , 7 .3 3 , 8 .2 4 , a n d  9 .1 6 ; 5 0 ° C - p H  9 .1 6 ; 4 0 ° C - p H  9 .1 6 . R e a c t io n s  w e r e  

c a r r ie d  o u t  f o r  a  m a x im u m  o f  1 6 0  h o u r s ,  a n d  a l l  a l iq u o t s  w e r e  a n a ly z e d  u s in g  

th e  e x t r a c t io n  p r o c e d u r e  d e s c r ib e d  a b o v e .
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Table I
Recovery of Paraben from a Mixture of Paraben and p-Hydroxybenzoic Acid

Composition of Mixture 
(mg/1.)

Paraben Acid
Amount of Paraben 

Found (mg/1.) % Recover

Methyl Paraben 
503 0.00 4.95 98.4
4.02 1.03 4.05 100.7
3.02 2.06 3.00 99.3
2.01 2.58 2.03 100.9
1.01 5.16 0.98 97.0
Ethyl Paraben 
4.66 0.00 4.70 100.9
3.73 1.03 3.70 99.2
2.80 2.06 2.77 98.9
1.86 2.58 1.85 99.5
0.93 5.16 0.95 102.2
Propyl Paraben 
5.31 ’ 0.00 5.40 101.7
4.25 1.03 4.22 99.3
3.19 2.06 3.20 100.3
2.12 2.58 2.10 99.1
1.06 5.16 1.07 100.9
n-Butyl Paraben 
5.29 0.00 5.30 100.2
-1.23 1.03 4.12 97.4
3 17 2.06 3.17 100.0
2 12 2.58 2.05 96.7
1.06 5.16 1.10 103.8

Effect of Paraben Concentration

S o lu t io n s  o f  m e t h y l ,  e t h y l ,  p r o p y l ,  a n d  n - b u t y l  p a r a b e n  w e r e  p r e p a r e d  a t  

a t  7 0 ° C  i n  0 .0 0 0 5 —0 .2 0 M  p h o s p h a te  b u f f e r  a t  p H  8 .2 4  a n d  c o n s ta n t  io n ic  

s t r e n g th  o f  0 .3 , a n d  th e  h y d r o ly s is  w a s  f o l l o w e d  a t  7 0 ° C  in  th e  m a n n e r  

p r e v io u s ly  d e s c r ib e d .

Effect of Ionic Strength

T h e  e f f e c t  o f  i o n ic  s t r e n g th  o n  th e  h y d r o ly s is  o f  t h e  p a ra b e n s  w a s  in v e s t i 

g a te d  b y  s t u d y in g  th e  h y d r o l y t i c  r a te ,  a t  7 0 ° C ,  o f  p a r a b e n  s o lu t io n s  i n  0 .1 M  

p h o s p h a te  b u f f e r  a t  p H  8 .2 4 . T h e  b u f fe r s  w e r e  a d ju s te d  t o  io n ic  s t r e n g th s  o f

0 .3 , 0 .6 , 0 .9 , a n d  1 .2  b y  th e  a d d i t io n  o f  p o ta s s iu m  c h lo r id e .  T h e  e f f e c t  o f  b u f f e r  

c o n c e n t r a t io n  o n  h y d r o l y t i c  r a te  w a s  a ls o  s tu d ie d  b y  f o l l o w i n g  t h e  h v d r o ly s is  

a t  7 0 ° C  i n  0 .0 0 5 —0 .2 0 A Î p h o s p h a te  b u f f e r  a t  p H  8 .2 4  a n d  c o n s ta n t  io n ic  

s t r e n g th  o f  0 .6 .
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R e s u l t s  a n d  D is c u s s io n

A H  o f  th e  r a te  c o n s ta n ts  w e r e  c a lc u la te d  f r o m  th e  f i r s t - o r d e r  r a te  e q u a t io n .  

T h e  s lo p e s  o f  th e  l in e s  w e r e  c a lc u la te d  b y  r e g re s s io n  a n a ly s is  u s in g  a n  e le c 

t r o n ic  c a lc u la t o r . "

T h e  e f f e c t  o f  p H  a n d  t e m p e r a tu r e  o n  th e  h y d r o ly s is  o f  t h e  p a ra b e n s  w a s  

s tu d ie d  a t  3  te m p e r a tu r e s  a n d  a t  p H  v a lu e s  r a n g in g  f r o m  2 .7 5 —9 .1 6 . T h e  c a l 

c u la t e d  v a lu e s  o f  th e  r a te  c o n s ta n ts  a n d  h a l f - l i v e s  a t  d i f f e r e n t  p H  v a lu e s  a n d  

t e m p e r a tu r e s  a re  s u m m a r iz e d  i n  T a b le s  I I  a n d  I I I .  T y p i c a l  p lo t s  s h o w in g  th e  

h y d r o ly s is  o f  e t h y l  p a r a b e n  a t  7 0 ° C  a n d  v a r io u s  p H  v a lu e s  a n d  a t  v a r io u s  

te m p e r a tu r e s  a t  p H  9 .1 6  a re  s h o w n  i n  F ig s .  1 a n d  2. T h e s e  p lo t s  in d ic a t e  t h a t  

t h e  r e a c t io n  w a s  f i r s t  o r d e r  w i t h  r e s p e c t  t o  e t h y l  p a r a b e n  s in c e  s t r a ig h t  l in e s  

w e r e  o b t a in e d  w h e n  t h e  lo g  o f  c o n c e n t r a t io n  w a s  p lo t t e d  a g a in s t  t im e ,  w h ic h  

w a s  t r u e  f o r  e a c h  p a r a b e n  s tu d ie d .  T h e  r e a c t io n  o v e r a l l  w o u ld  b e  p s e u d o -  

f i r s t  o r d e r  s in c e  th e  c o n c e n t r a t io n  o f  w a t e r  c a n  b e  r e g a r d e d  as c o n s ta n t .

A s  s h o w n  in  T a b le s  I I  a n d  I I I  a n d  in  F ig s .  1 a n d  2 , as th e  p H  a n d  te m p e r a 

t u r e  in c re a s e ,  th e  r a te  o f  h y d r o ly s is  o f  th e  p a ra b e n s  in c re a s e s . O n e  w o u ld  e x 

p e c t  n b u t y l  p a r a b e n  to  h a v e  a lo w e r  r a te  c o n s ta n t  t h a n  p r o p y l  p a r a b e n ,  y e t  

th e  d a ta  s h o w n  i n  T a b le s  I I  a n d  I I I  s h o w  a n  in c re a s e  i n  th e  r a te  c o n s ta n ts  f o r

“Wang model 360K/362K, Wang Laboratories, Inc., Tewksbury, Mass.

Table II
Specific Rate Constants and Half-life Periods for the Hydrolysis of Parabens at 

0.1 M Phosphate Buffer, Ionic Strength 0.3, at Various pH Values
70°C in

Paraben pH k x 103 t'A
(hours-1) (hours)

Methyl 9.16 30.63 22.6
8.24 17.80 38.9
7.33 10.24 67.6
6.41 2.710 255.0
5.49 0.414 1673.0

Ethyl 9.16 8.877 78.1
8.24 7.667 90.4
7.33 6.540 106.0
6.41 1.203 576.0

Propyl 9.16 7.163 96.7
8.24 5.982 120.0
7.33 4.238 164.0
6.41 0.568 1218.0

n-Butvl 9.16 9.391 73.8
8.24 6.387 109.0
7.83 4.580 151.0
6.41 1.153 601.0
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T I M E  IN HOURS

Figure 1. Log of concentration of ethyl paraben against time at 70°C in O.lfli phosphate 
buffer, ionic strength 0.3, at various pH values

Table III
Specific Rate Constants and Half-life Periods for the Hydrolysis of Parabens at Various 

Temperatures in 0.1AÎ Phosphate Buffer, pH 9.16, and Ionic Strength 0.3

Paraben Temperature k x 1(T f/2
r e i (hours' ') (hours)

Methyl 40 1.941 356.0
Ethyl 40 0.735 943.0
Propyl 40 0.529 1310.0
»-Butyl 40 0.536 1292.0
Methyl 50 5.776 120.0
Ethyl 50 1.752 396.0
Propyl 50 1.205 575.0
»-Butyl 50 1.347 515.0
Methyl 70 30.63 22.6
Ethyl 70 8.877 78.1
Propyl 70 7.163 96.7
»-Butyl 70 9.391 73.8

n - b u t y l  p a r a b e n , a t  th e  p H ’s a n d  te m p e ira tu re s  u s e d  in th is  s tu d y ,  w h e n  c o m -

p a r e d  to  th e  v a lu e s  o b t a in e d  f o r  p r o p y l  p a r a b e n .  A t  7 0 ° C  i n  0 .1 M  p h o s p h a te  

b u f f e r  a t  p H  9 .1 6 , n - b u t y l  p a r a b e n  h y d r o ly z e d  fa s te r  t h a n  e t h y l  a n d  p r o p y l  

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

e n c e  b e tw e e n  th e  a c t iv a t io n  e n e rg ie s  o f  th e  p a ra b e n s  a t  p H  9 .1 6 , as s h o w n  in
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T I M E  IN HOURS

Figure 2. Log of concentration of ethyl paraben against time at various temperatures in 
0.1M phosphate buffer, pH 9.16, and ionic strength 0.3

Table IV
Energies of Activation of the Parabens as Determined from the Slopes of the 
Arrhenius Plots at pH 9.16 in 0.1M Phosphate Buffer and Ionic Strength 0.3

Paraben Energy of Activation 
(kcal/mole)

Methyl 20.8
Ethyl' 18.7
Propyl 19.3
n-Butyl 21.0

T a b le  I V .  I t  is  d i f f i c u l t  t o  r a t io n a l i z e  a  c h a n g e  i n  t h e  m e c h a n is m  o f  h y d r o ly s is  

f o r  a  s im p le  e s te r  o f  p - h y d r o x y b e n z o ic  a c id .

T h e  e f f e c t  o f  t e m p e r a tu r e  o n  th e  r e a c t io n  r a te  c a n  b e  e x p re s s e d  u s in g  th e  

A r r h e n iu s  e q u a t io n  ( 1 0 ) .  P lo ts  o f  lo g  k versus 1 / T  y ie ld e d  a  s t r a ig h t - l i n e  

r e la t io n s h ip  w i t h  a  n e g a t iv e  s lo p e  f o r  e a c h  o f  th e  p a r a b e n s  s tu d ie d ,  as s h o w n  

i n  F ig .  3  f o r  e t h y l  p a r a b e n .  T h is  in d ic a te s  t h a t  t h e  m e c h a n is m  f o r  t h e  d e g r a 

d a t io n  o f  t h e  p a r a b e n s  d o e s  n o t  c h a n g e  w i t h  t e m p e r a tu r e  a t  p H  9 .1 6 . E n e r g ie s  

o f  a c t i v a t io n  f o r  e a c h  p a r a b e n  a r e  s h o w n  i n  T a b le  I V .  T h e s e  v a lu e s  a r e  in  

g o o d  a g r e e m e n t  w i t h  l i t e r a t u r e  v a lu e s  f o r  th e  h y d r o ly s is  o f  s im p le s  e s te rs  s u c h  

as m e t h y l  a c e ta te  a n d  e t h y l  b e n z o a te  as r e p o r t e d  b y  N e w l in g  a n d  H in s h e l -  

w o o d  (1 1 ) .  B y  e x t r a p o la t in g  th e  A r r h e n iu s  p lo t s  o f  e a c h  p a r a b e n  to  2 3 ° C ,  r a te  

c o n s ta n ts  a n d  h a l f - l i v e s  w e r e  p r e d ic t e d ,  as s h o w n  i n  T a b le  V .  I t  is  v a l i d  to  f o l -
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l / T X  I 0 3

Figure 3. Arrhenius plot showing temperature dependence of the ethyl paraben hydrolysis 
at pH 9.16 in 0.1 M phosphate buffer and ionic strength 0.3

Table V
Specific Rate Constants and Half-life Periods for the Hydrolysis of Parabens at 
25°C in 0.1M Phosphate Buffer, pH 9.16 and Ionic Strength 0.3, as Calculated

from Arrhenius Plots

Paraben k x 10*
(hours-1)

(’/2
(hours)

Methyl 4.015 1726
Ethyl 1.514 4577
Propyl 1.122 6176
n-Butyl 1.096 6323

l o w  th e  e x t r a p o la te d  v a lu e  f o r  th e  r a te  c o n s ta n t  i f  th e  e x p e r im e n ta l  a c t iv a t io n  

e n e r g y  f a l ls  w i t h i n  a  r a n g e  o f  1 0 —3 0  k c a l / m o le  (1 2 ,  1 3 ) .

A l t h o u g h  d a ta  a l r e a d y  o b t a in e d  s h o w e d  t h a t  t h e  r e a c t io n  o f  th e  p a ra b e n s  a t  

c o n s ta n t  h y d r o g e n  io n  c o n c e n t r a t io n  w a s  f i r s t  o r d e r  w i t h  r e s p e c t  t o  p a r a b e n ,  

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

i n i t i a l  p a r a b e n  c o n c e n t r a t io n  o n  t h e  h y d r o ly s is  r a te .  T h e  re s u lts  s h o w n  in  

T a b le  V I  in d ic a t e  t h a t  f o r  e a c h  p a r a b e n  s tu d ie d  b e tw e e n  c o n c e n t r a t io n s  o f  

4 —7  m g /1 ,  th e  r a te  c o n s ta n ts  w e r e  e s s e n t ia l ly  in d e p e n d e n t  o f  th e  i n i t i a l  

c o n c e n t r a t io n  o f  p a r a b e n .
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Table VI
Effect of Paraben Concentration on the Specific Rate Constants at 70 °C in 

0.1 M Phosphate Buffer, pH 8.24, and Ionic Strength 0.3

Paraben Initial Concentration 
(mg/1.)

Rate x 10“ 
(hours-1)

Methyl 6.90 16.86
5.00 17.81
3.62 17.48

Ethyl 7.00 7.946
5.00 7.667
4.10 8.096

Propyl 5.95 6.063
5.00 5.982
4.00 6.229

n-Butvl 6.96 6.449
5.00 6.387
3.77 6.295

VTT

Figure 4. Effect of ionic strength on the hydrolysis of the parabens at 70°C in 0.1M
phosphate buffer, pH 8.24
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Table VII
Effect of Phosphate Concentration on the Specific Rate Constants for the 

Hydrolysis at 70°C, pH 8.24, and Ionic Strength 0.6

Paraben Moles of Phosphate k x 10:1 
(hours-1)

&
(hours)

Methyl 0.02 11.46 60.3
0.04 12.84 53.9
0.08 16.42 42.2
0.10 19.05 36.4
0.20 26.87 25.8

Ethvl 0.02 5.175 133.0
0.08 6.920 100.0
0.10 7.862 88.1
0.20 10.45 66.3

Propyl 0.005 2.638 262.0
0.02 3.470 199.0
0.04 4.747 146.0
0.10 6.145 113.0
0.20 7.947 87.2

n-Butyl 0.005 2.486 278.0
0.02 3.836 181.0
0.04 4.759 146.0
0.08 5.634 123.0
0.10 6.418 108.0
0.20 8.008 86.5

F ig u r e  4  s h o w s  t h e  e f f e c t  o f  i o n ic  s t r e n g th  o n  th e  h y d r o ly s is  r a te  o f  th e  

p a ra b e n s .  A  p o s i t iv e  s lo p e  w a s  o b ta in e d  f o r  e a c h  p a r a b e n ,  w h ic h  in d ic a te s  a 

r e a c t io n  o f  io n s  o f  l i k e  s ig n ,  i .e . ,  a  r e a c t io n  b e tw e e n  th e  h y d r o x y l  i o n  a n d  th e  

n e g a t iv e ly  c h a r g e d  p - h y d r o x y b e n z o a te .  A ls o ,  t h e  ra te  o f  h y d r o ly s is  o f  e a c h  

p a r a b e n  w a s  in f lu e n c e d  s l i g h t l y  b y  t h e  p re s e n c e  o f  p o ta s s iu m  c h lo r id e  as 

n o te d  b y  a n  in c re a s e  i n  t h e  r a te  c o n s ta n ts  w i t h  a n  i i  ic re a s e  i n  io n i c  s t r e n g th .

T h e  e f f e c t  o f  b u f f e r  c o n c e n t r a t io n  o n  h y d r o l y t i c  r a te  is  s u m m a r iz e d  in  

T a b le  V I I .  T h e  r a te  c o n s ta n ts  w e r e  o b ta in e d  f r o m  lo g  c o n c e n t r a t io n  versus 
t im e  p lo t s  f o r  th e  p a r a b e n s  a t  e a c h  b u f f e r  c o n c e n t r a t io n .  E a c h  p l o t  y ie ld e d  a  

s t r a ig h t - l i n e  r e la t io n s h ip  in d i c a t i n g  t h a t  t h e  r e a c t io n  w a s  f i r s t  o r d e r  w i t h  

r e s p e c t  t o  p a r a b e n  a t  a l l  o f  t h e  p h o s p h a te  c o n c e n t ]  a t io n s .  F ig u r e  5  s h o w s  th e  

r e la t io n s h ip  b e tw e e n  p h o s p h a te  c o n c e n t r a t io n s  a i d  r a te  c o n s ta n ts  f o r  e t h y l  

p a r a b e n .  A  l i n e a r  r e la t io n s h ip  w a s  a ls o  o b t a in e d  f o r  m e t h y l  p a r a b e n  b u t  t h e  

p r o p y l  a n d  b u t y l  e s te rs  p r o d u c e d  a d i s t i n c t  b r e a k  i n  th e  c u r v e  w h ic h  m a y  

h a v e  b e e n  d u e  to  th e  c a t a ly t i c  e f f e c t  o f  o th e r  s p e c  es i n  th e  p h o s p h a te  b u f f e r  

( m a i n l y  m o n o h y d r o g e n  p h o s p h a te  io n  a t  p H  8 .2 4 ) .  A s  s h o w n  i n  F ig .  5  a n d  

T a b le  V I I ,  t h e  r a te  c o n s ta n ts  a n d  t h e  h a l f - l i v e s  d e c re a s e d  w i t h  in c r e a s in g  

p h o s p h a te  c o n c e n t r a t io n  f o r  a l l  o f  t h e  p a ra b e n s .  T  i i s  w o u ld  in d ic a t e  t h a t  th e



K IN E T IC S  O F  D E G R A D A T IO N  O F  P A R A B E N S 505

TOTAL PHOSPHATE, moles/liter

Figu e 5. Effect of phosphate concentration on the rate of hydrolysis of ethyl paraben at 
70 °C, pH 8.24, and ionic strength 0.6

p a ra b e n s  u n d e r g o  g e n e r a l  b a s e  c a ta ly s is ,  a n d  t h a t  h y d r o x y l  io n  is  n o t  t h e  o n ly  

s p e c ie s  w h ic h  c a n  c a ta ly z e  t h e i r  h y d r o ly s is .

( R e c e iv e d  O c t o b e r  2 5 , 1 9 7 3 )
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Synopsis—A basic introduction into the theory and quality control applications of a 60 
Megahertz NMR Spectrophotometer is given. Quantitative methods for evaluation of 
IODINE NUMBER, ESTER VALUE, HYDROXYL NUMBER, and MOLES OF 
ETHOXYLATION on cosmetic raw ingredients are presented. Determination of ALCO
HOL-WATER RATIOS on finished ingredients are shown to comply with a time-consum
ing distillation method. Determinates affecting accuracy and precision in compliance with 
classical wet chemistry tests for the above are also discussed.

I n t r o d u c t io n  

Basic NMR Theory

M a n y  a to m ic  n u c le i ,  i n  a d d i t i o n  to  c a r r y in g  a  p o s i t iv e  c h a rg e ,  s p in  a b o u t  

a n  a x is  o f  r o t a t io n .  T h e s e  p a r t ic le s  b e c a u s e  o f  t h e i r  c h a r g e  a n d  m o v e m e n t  

b e h a v e  as t i n y  b a r  m a g n e ts .  O n e  s u c h  n u c le u s  ( t h e  o n e  w i t h  w h ic h  w e  a re  

m o s t  c o n c e r n e d ) is  t h e  p r o t o n ,  t h e  n u c le u s  o f  o r d in a r y  h y d r o g e n .

T h e  h y d r o g e n  p r o to n s  e x is t  i n  a  g r o u n d  s ta te  c o n s is t in g  o f  t w o  o r  m o r e  i n 

d is t in g u is h a b le  e n e r g y  le v e ls  i n  th e  a b s e n c e  o f  a n  a p p l ie d  m a g n e t ic  f ie ld .  I f  

th e  n u c le i  a r e  p la c e d  i n  a n  e x te r n a l  m a g n e t ic  f ie ld ,  a l ig n m e n t  w i t h  a n d  a g a in s t  

t h is  f i e l d  o c c u rs .  I t  w o u ld  a p p e a r  p la u s ib le  t h a t  t h e  m a jo r i t y  w o u ld  a l ig n  w i t h  

th e  a p p l ie d  m a g n e t ic  f ie ld .  A c t u a l l y ,  q u a n t u m  m e c h a n ic s  t h e o r y  s ta te s  t h a t  

o n ly  a n  e x t r e m e ly  s m a ll  p o r t i o n  a l ig n in g  w i t h  t h e  f ie ld  a r e  i n  e xce ss . P ro to n s  

a l ig n in g  w i t h  t h e  f ie ld  h a v e  lo w e r  e n e r g y  a n d  th o s e  a l ig n in g  a g a in s t  t h e  f ie ld  

a r e  s a id  t o  h a v e  h ig h e r  e n e rg y .

T h e  B o l t z m a n  d i s t r ib u t i o n  e q u a t io n  s ta te s  t h a t  i n  a  f ie ld  o f  1 0 ,0 0 0  G a u s s  

o n ly  a n  e xce ss  o f  7  o u t  o f  1 m i l l i o n  p r o to n s  a re  i n  t h e  lo w e r  e n e r g y  s ta te .  T h is

"Avon Products, Inc., Suffern, N.Y. 10901.
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is  d u e  t o  th e  t h e r m a l  m o t io n s  o f  t h e  n u c le i .  I t  is  th e s e  7  w h ic h  m a k e  t h e  N M R  

p h e n o m e n o n  p o s s ib le .

E n e r g y  is  r e q u i r e d  to  c h a n g e  t h e i r  o r ie n t a t io n .  T h e  e n e r g y  d i f f e r e n c e  b e 

tw e e n  th e  t w o  a l ig n m e n ts  u n d e r  a n  a p p l ie d  f ie ld  o f  / / „  is  e x p re s s e d  b y  e q  1 :

E = y X H 0̂  ( 1 )

w h e r e  y  =  g y r o m a g n e t ic  r a t io  ( a c o n s ta n t  f o r  e a c h  i s o t o p e ) 

h =  P la n c k ’s c o n s ta n t  

H0 =  a p p l ie d  m a g n e t ic  f ie ld

T o  e le v a te  a n u c le u s  f r o m  th e  g r o u n d  s ta te  to  t h e  e x c i te d  s ta te ,  e n e r g y  o t 

E is  r e q u i r e d .  I n  N M R ,  th is  e n e r g y  is  i n  th e  r a d io  f r e q u e n c y  r e g io n  o r  m a th e 

m a t ic a l l y :

E = hv ( 2 )

S u b s t i t u t in g  A  E i n  e q  1 a n d  s o lv in g  f o r  v w e  o b t a in  th e  f u n d a m e n t a l  

N M R  e q u a t io n :

v — y X H0 X ( 3 )

T h is  e q u a t io n  s ta te s  t h a t  t h e r e  is  s o m e  f r e q u e n c y  o f  e le c t r o m a g n e t ic  r a d ia 

t io n  t h a t  w i l l  c a u s e  t h e  n u c le i  t o  c h a n g e  t h e i r  o r ie n t a t io n  in  a  f ie ld  o f  s t r e n g th  

H0.
U n d e r  a n  a p p l ie d  m a g n e t ic  f i e ld  o f  Ha =  1 4 ,0 9 2  G a u s s , a l l  p r o to n s  w i l l  

u n d e r g o  th e  N M R  t r a n s i t io n  r e q u i r i n g  6 0  M e g a h e r t z  as th e  f r e q u e n c y  n e c e s 

s a r y  to  c a u s e  th e  r e a l ig n m e n t  d is c u s s e d .

W e  h a v e  e x p la in e d  t h e  N M R  p h e n o m e n o n  i n  r e fe r e n c e  to  p r o to n s  o n ly .  T h e  

o r b i t i n g  e le c t r o n s  f o r  e a c h  n u c le u s  c re a te  a  m a g n e t ic  f i e ld  o f  t h e i r  o w n  o p 

p o s in g  H0. T h u s ,  t h e  n u c le u s  is  s h ie ld e d  t o  s o m e  e x te n t  f r o m  H„ a n d  th e  

p r o t o n  e x p e r ie n c e s  a  t r u e  m a g n e t ic  f i e ld  o f  H„ ( l - o - ) ,  w h e r e  c r is  t h e  s h ie ld 

in g  o r  s c r e e n in g  c o n s ta n t  f o r  t h a t  n u c le u s  ( 1 ) .

O n e  m u s t  i n s t r u m e n t a l l y  in c re a s e  o r  d e c re a s e  t h e  a p p l ie d  m a g n e t ic  f ie ld ,  

d e p e n d in g  u p o n  t h e  t y p e  o f  e le c t r o n ic  e n v ir o n m e n t  s u r r o u n d in g  th e  n u c le u s  

( s h ie ld in g )  i n  o r d e r  to  a l lo w  th e  p r o t o n  to  e x p e r ie n c e  a p p r o x im a t e ly  1 4 ,0 9 2  

G a u s s  a n d  a b s o rb  a  q u a n t iz e d  e n e r g y  o f  6 0  M e g a h e r t z .

T h e  d i f f e r e n t  m a g n e t ic  f i e ld  s t r e n g th s  r e q u i r e d  g iv e  r is e  to  u n iq u e  s p e c t ra  

f o r  e a c h  s u b s ta n c e .  I n  th e  c a s e  o f  a c e t ic  a c id  ( F i g .  1 ) ,  th e  p r o to n  f r o m  th e  

h y d r o x y l  g r o u p  r e q u i r e s  less  o f  a  m a g n e t ic  f i e l d  i n  u n d e r g o in g  a n  N M R  t r a n s i 

t i o n  b e c a u s e  i t  is  d e s h ie ld e d  b y  t h e  p re s e n c e  o f  t h e  t w o  e le c t r o n  w i t h d r a w in g  

o x y g e n s .  T h is  p r o t o n  a p p e a r s  d o w n f ie ld  f r o m  T M S  ( t e t r a m e t h y l s i l a n e ) ,  a 

h ig h l y  s h ie ld e d  c o m p o u n d  g e n e r a l ly  u s e d  as a  r e fe r e n c e .
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Figure 1. Spectrum of acetic acid (the separation between hydroxyl and methyl protons
is caused by deshielding)

T h e  th r e e  h y d r o g e n s  o n  th e  m e t h y l  g r o u p s  a re  m o r e  s h ie ld e d  a n d  r e q u i r e  

a  h ig h e r  m a g n e t ic  f ie ld  in  o r d e r  f o r  a b s o r p t io n  a n d  re s o n a n c e  to  o c c u r .

I n s t r u m e n t a t i o n

A  h ig h  r e s o lu t io n  N M R  s p e c t r o p h o to m e te r *  is  c o m p o s e d  o f  f iv e  m a jo r  u n i t s

( 2 ) :

1. A  s ta b le  m a g n e t  s t r o n g  e n o u g h  to  g e n e r a te  a h o m o g e n e o u s  m a g n e t ic  

f i e ld  o f  1 4 ,0 9 2  G a u s s  b e tw e e n  i t s  p o le  fa c e s .

2 . A  m e a n s  o f  v a r y in g  th e  m a g n e t ic  f i e ld  o v e r  a n a r r o w  m i l l ig a u s s  ra n g e .  

T h is  is  a c h ie v e d  b y  p a s s in g  a  d i r e c t  c u r r e n t  t h r o u g h  c o i ls  s u r r o u n d in g  

t h e  s a m p le .

3 . A  r a d io  f r e q u e n c y  o s c i l l a t o r —s u p p ly in g  t h e  r a d io  f r e q u e n c y  s ig n a l  n e c 

e s s a ry  to  e le v a te  t h e  n u c le i  f r o m  th e  g r o u n d  s ta te  e n e r g y  le v e l .

4 . A  r a d io  f r e q u e n c y  r e c e iv e r  t o  d e te c t  e n e r g y  a b s o r p t io n  b y  th e  s a m p le .

5 . A  r e c o r d e r  a n d  in t e g r a t o r .

Q u a n t i t a t i v e  A n a l y s is

T h e  s p e c t r u m  r e s u l t in g  f r o m  th e  a b s o r p t io n  o f  e le c t r o m a g n e t ic  e n e r g y  c a n  

b e  u s e d  t o  d e te r m in e  th e  n a tu r e  o f  th e  c h e m ic a l  e n v ir o n m e n t ,  i .e . ,  t h e  n u m 

b e r  a n d  lo c a t io n  o f  p r o to n s  i n  a m o le c u le .  T h e  a re a  u n d e r  e a c h  a b s o r p t io n  

b a n d  is  d i r e c t l y  p r o p o r t io n a l  t o  th e  n u m b e r  o f  p r o to n s  w h ic h  a b s o rb  a t  t h a t  

f r e q u e n c y .  H y d r o x y l ,  o le f in ic ,  c a r b o x y l ,  a ld e h y d ic ,  e s te r ,  a n d  e th o x y  p r o to n s ,  

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

“The instrument used in this work was a Model R-24, Perkin-Elmer Corp., Norwalk, 
Conn. 06852.
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OLEVL ALCOHOL

Figure 2. Spectrum of oleyl alcohol and calculation of iodine value (CC14 as solvent)

l

jjd
(AREA OF CH Oli THE 0) (¡«OLES CHCI,) (56.1)

SAP VALUE = ________ _____________________________________
(SAI1PLE WEIGHT) (AREA OH CHCl,)

Figure 3. Spectrum of isopropyl palmitate and calculation of ester value (001, as solvent)
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a l l  a p p e a r  d o w n f ie ld  f r o m  n o r m a l  m e t h y l ,  m e th y le n e ,  a n d  m e t h in e  p r o to n s .  

T h e  p e a k s  c a u s e d  b y  th e  re s o n a n c e  o f  th e s e  d e s h ie ld e d  p r o to n s  a r e  u s u a l ly  

w e l l  r e s o lv e d  f r o m  o t h e r  p e a k s  a n d  c a n  t h e r e fo r e  b e  e a s i ly  q u a n t i t a t e d .  W e  

h a v e  c a lc u la te d  io d in e  v a lu e ,  h y d r o x y l  v a lu e ,  e s te r  v a lu e ,  a n d  m o le s  o f  e th o x y -  

la t i o n  o n  r a w  in g r e d ie n t s  e m p lo y in g  t h e  i n t e r n a l  s t a n d a r d  m e th o d .

I n t e r n a l  S t a n d a r d  M e t h o d

T h is  m e th o d  u t i l i z e s  a  s t a n d a r d  c o m p o u n d  w i t h  a  k n o w n  a m o u n t  o f  p r o 

to n s  as a  q u a n t i t a t i v e  r e fe r e n c e  p e a k .  T h is  c o m p o u n d  p r e f e r a b ly  s h o u ld  r e s o 

n a te  as a  s in g le  b a n d  a n d  b e  w e l l  r e s o lv e d  f r o m  a n y  o th e r  p e a k s . C h lo r o f o r m ,  

b e n z e n e ,  a n d  T M S  a re  e x a m p le s  o f  s o m e  c o m m o n ly  u s e d  in t e r n a l  s ta n d a r d s .  

T h e  s a m p le ,  i n t e r n a l  r e fe r e n c e ,  a n d  s o lv e n t  ( u s u a l ly  C C 1 4, d e u te r a te d  c h lo r o 

f o r m ,  o r  d e u te r a te d  a c e to n e )  a r e  a c c u r a te ly  w e ig h e d  d i r e c t l y  i n t o  t h e  N M R  

tu b e ,  s c a n n e d ,  a n d  th e  r e s u l t in g  d a ta  a r e  c a lc u la te d .  F ig u r e  2  is  a  s p e c t r u m  

o f  o le y l  a lc o h o l .  T h e  e q u a t io n  u s e d  to  c a lc u la te  th e  io d in e  n u m b e r  u s in g  

c h lo r o f o r m  as a n  i n t e r n a l  s ta n d a r d  i s :

I o d in e  v a lu e  =
( o le f in  " b "  a re a  ) ( M m o le s  C H C I 3 ) ( 1 2 .6 9  ) 

( s a m p le  w t )  ( C H C 1 3 “ a ”  a r e a )
( 4 )

F ig u r e  3  s h o w s  a n  N M R  a p p l i c a t io n  f o r  c a lc u la t in g  t h e  e s te r  v a lu e  o n  is o 

p r o p y l  p a lm i t a t e  u s in g  t h e  e q u a t io n :

E s t e r  v a lu e  =
( a re a  o f  C H  o n  o x y g e n ) ( M m o le s  o f  C H C 1 3 ) ( 5 6 .1 )  

( s a m p le  w t ) ( a re a  o f  C H C 1 3 )
( 5 )

F ig u r e  4  d e p ic t s  t h e  e a se  w i t h  w h ic h  a n  e s t im a te  o f  t h e  m o le s  o f  e th o x y la -  

t i o n  f o r  a  c o m p o u n d  s u c h  as p o ly o x y l t h y le n e  s te a r y l  e t h e r  c a n  b e  c a lc u la te d .  

T h e  t e r m in a l  C H :i p e a k  is  u s e d  as a  r e fe r e n c e ,  a n d  b e c a u s e  i t  is  n o t  w e l l  r e 

s o lv e d  o n ly  a n  e s t im a te  c a n  b e  p r o v id e d .  I t s  a re a  is  d i v i d e d  b y  th r e e  t o  o b t a in  

th e  a re a  p e r  p r o to n .  T h r e e  p r o to n s  m u s t  b e  s u b t r a c te d  f r o m  th e  e th o x y la te  

p e a k ,  b e c a u s e  th e  h y d r o x y ]  p r o t o n  a n d  t h e  c h a in  m e th y le n e  g r o u p  b o n d e d  

to  t h e  e th o x y la te  o x y g e n  re s o n a te  a t  a p p r o x im a t e ly  th e  s a m e  c h e m ic a l  s h i f t .  

T h e  u n i t  s t r u c t u r e  o f  a n  e th o x y la te  [  ( C H 2) 2 O ]  r e v e a ls  f o u r  p r o to n s  p e r  

e a c h  m o le  o f  e th o x y la t io n .  T h e  a r e a  p e r  p r o t o n  t im e s  f o u r  y ie ld s  th e  a re a  

r e s p o n s ib le  f o r  e a c h  m o le  o f  e th o x y la t io n .  T h u s ,  d i v i d i n g  th e  t o t a l  a re a  d u e  

to  t h e  e t h o x y la t io n  ( c o r r e c t e d  f o r  t h e  h y d r o x y l  a n d  m e th y le n e  p r o t o n s )  b y  

th e  a r e a  p e r  m o le  o f  e th o x y la t io n  w i l l  r e s u l t  i n  t h e  m o le s  o f  e t h o x y la t io n  in  

th e  c o m p o u n d  u n d e r  in v e s t ig a t io n .

C h a in  b r a n c h in g  i n  e th o x y la te d  m a te r ia ls  d is a l lo w s  t h e  u s e  o f  C H 3 as a 

r e fe r e n c e  p e a k  a n d  is  t h e r e fo r e  a  p o s s ib le  p i t f a l l  i n  t h is  c a lc u la t io n .

T h e  a lc o h o l - w a t e r  r a t io  f o r  c o lo g n e s ,  a f t e r - s h a v e  lo t io n s ,  a n d  m a n y  o th e r  

f in is h e d  p r o d u c t s  c o n t a in in g  h ig h  p e rc e n ta g e s  o f  th e s e  t w o  s u b s t i t u e n ts  c a n  

b e  c a lc u la te d  b y  N M R .  F ig u r e  5  s h o w s  t h e  s p e c t r u m  f o r  a  m ix t u r e  o f  e t h y l



512 J O U R N A L  O F  T H E  S O C IE T Y  O F  C O S M E T IC  C H E M IS T S

Figure 4. Spectrum of polyoxyethylene stearyl ether and calculation of average moles of
ethoxylation (CDCh as solvent)
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a lc o h o l  a n d  w a te r .  T h e  t r i p l e t  a t  1 .0  p p m  a n d  t h e  q u a r t e t  a t  3 .4 5  p p m  r e p r e 

s e n t  t h e  m e t h y l  a n d  m e th y le n e  g r o u p s ,  r e s p e c t iv e ly ,  o f  e t h y l  a lc o h o l .  T h e  h y 

d r o x y l  h y d r o g e n  r a p id l y  e x c h a n g e s  w i t h  th e  w a t e r  h y d r o g e n s  p r o d u c in g  a 

s in g le  p e a k  w h ic h  s h i f t s  w i t h  c o n c e n t r a t io n .  I n  t h is  s p e c t r u m  th e  b r o a d  p e a k  

a p p e a r s  a t  4 .5 5  p p m .  A g a in ,  b y  u s in g ,  t h e  m e t h y l  g r o u p  as a r e fe r e n c e ,  w e  

c a n  c a lc u la te  th e  a r e a  p e r  p r o t o n  b y  d i v i d i n g  th e  t r i p l e t  a re a  b y  th r e e .  T h e  

a re a  p r o d u c e d  b y  th e  O H  o f  e th a n o l,  w h i c h  is  e q u a l  t o  th e  a re a  p e r  p r o to n ,  

c a n  t h e n  b e  s u b t r a c te d  f r o m  t i r e  O H — H 20  p e a k ,  le a v in g  th e  a re a  o f  t h e  2  

w a t e r  h y d r o g e n s .  T h is  a re a  is  t h e n  d i v i d e d  b y  t w o ,  p r o d u c in g  th e  a re a  f o r  

e a c h  w a t e r  h y d r o g e n .  T h e  f o l l o w in g  e q u a t io n  is  t h e n  u s e d  to  c a lc u la te  th e  

a lc o h o l - w a t e r  r a t io :

A lc o h o l  =  ( a r e a  o f  O H  p e a k )  ( m o le c u la r  w t  o f  e th a n o l)

W a t e r  =  ( a r e a  p e r  H 20  h y d r o g e n )  ( m o le c u la r  w t  o f  H 20 )  ^

I n  e v a lu a t in g  u n c o m p l ic a t e d  s p e c t r a ,  a c c u r a c y  a n d  p r e c is io n  o f  t h e  r e s u lts  

a re  la r g e ly  d e p e n d e n t  u p o n  t w o  v a r ia b le s ,  n a m e ly ,  th e  a c c u r a c y  o f  th e  i n t e 

g r a t o r  a n d  th e  a b i l i t y  o f  th e  o p e r a t o r  t o  d e te r m in e  th e  v a r io u s  in f le c t io n s  re -  

l a t ;n g  to  e a c h  p e a k  i n  th e  s p e c t r u m .

I n s t r u m e n t a l  c o n d i t io n s  a re  s e t  so  t h a t  m a x im u m  in t e g r a t e d  in f le c t io n  

p o in t s  a r e  o b ta in e d  a n d  th e  o p e r a t o r ’s in t e r p r e t a t i o n  o f  w h e r e  t h e  p e a k  b e 

g in s  ( i n f le c t i o n  f r o m  th e  b a s e l in e )  a n d  w h e r e  th e  p e a k  e n d s  is  th u s  m i n i 

m iz e d .

T h e  r e p r o d u c i b i l i t y  o f  th e  in t e g r a t o r  is  g e n e r a l ly  ± 5 %  ( i . e . ,  a re a s  o b 

t a in e d  o n  th e  s a m e  s a m p le  r u n  c o n s e c u t iv e ly ) .

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

v a lu e .  T h e  f a c t o r  o f  5 6 .1  i n c lu d e d  i n  th e  c a lc u la t io n  c a u s e s  m in im a l  e r r o r s  in  

th e  in t e g r a t io n  to  p r o d u c e  u n a c c e p t a b le  d e v ia t io n s  i n  th e  f in a l  v a lu e s .

I n  o r d e r  to  c o r r e c t  t h is  d e v ia t io n ,  w e  a r e  n o w  u n d e r t a k in g  r a w  d a ta  s tu d ie s  

p r e l im in a r y  t o  p r o g r a m m in g  a n  1 8 0 0  I B M  C o m p u t e r  f o r  N M R  p e a k  a re a  

a n a ly s is .

Table I
Comparison of NMR os. Wet Analysis 

Iodine Value

Compound Specs. Wet NMR (3 runs)

Oleyl alcohol 89.0 - 93.0 94.6 94.0 ±  0.2
Sesame oil 103.0 - 116.0 105.0 105.6 ±  1.1
Refined avocado oil 65.0 - 95.0 83.0 83.4 ±  0.8
Isodecyl oleate 5 4 .0 - 62.0 57.8 57.6 ±  1.3
Acetylated ethoxylated 

lanolin alcohol 1 8 .0 - 22.0 21.7 ±  0.4
Oleyl alcohol (ETO) 30.0 - 40.0 33.2 34.1 ±  1.2
Oleyl alcohol (ETO) 1 9 .0 - 25.0 21.0 21.6 ±  1.4
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Table II
Comparison of NMR vs. Wet Analysis 

Ethoxylation (Moles)

Compound Suppliers Spec. NMR (3 runs)

Oleyl alcohol (ETO) 10 10 ±  0.7
Acetylated ethoxylated

lanolin alcohol 10 9.7 ±  0.9
Polyoxyethylene (2)

stearyl ether 2 2.2 ±  0.3
Polyoxyethylene (2)

cetyl ether 2 2.3 ±  0.1
Oleyl alcohol (ETO) 20 19.8 it 0.6

I n  th e  a n a ly s is  f o r  i o d in e  v a lu e ,  c o n c u r r e n t  w e t  c h e m is t r y  te s ts  w e r e  c a r 

r ie d  o u t  to  se e  th e  c o m p a r is o n s  o f  N M R  re s u l ts  versus t h e  m o r e  c la s s ic a l 

m e th o d s .  T a b le  I  l is ts  th e s e  r e s u lts .  T a b le  I I  l is ts  th e  v a lu e s  o f  m o le s  o f  

e t h o x y la t io n  c o m p a r e d  to  th e  a p p r o v e d  s u p p l ie r ’s s p e c if ic a t io n .

Su m m a r y .

T h e  N M R  s p e c t r o p h o to m e te r  is  n o  lo n g e r  s o le ly  t h e  q u a l i t a t i v e  t o o l  o f  a  

r e s e a rc h  c h e m is t .  T h e  c o s t  is  n o t  p r o h i b i t i v e  a n d  i t s  d a ta  c a n  b e  a p p l ie d  to  

q u a l i t y  c o n t r o l  w o r k  t o  r e p la c e  t im e  c o n s u m in g  w e t  a n a ly s is  te s ts  s u c h  as 

e s te r  v a lu e ,  io d in e  v a lu e ,  a v e ra g e  m o le s  o f  e t h o x y la t io n ,  a n d  a lc o h o l - w a t e r  
r a t io s .

A c k n o w l e d g m e n t

T h e  a u th o r s  w o u ld  l i k e  to  e x p re s s  t h e i r  a p p r e c ia t io n  t o  th e  C o m m u n ic a 

t io n  S k i l ls  C o r p .  f o r  th e  u s e  o f  t h e i r  d e m o n s t r a t io n  f ig u re s .

( R e c e iv e d  J a n u a r y  3 1 , 1 9 7 4 )
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Letter to the Editor

S ir :

W e  w e r e  in t e r e s te d  t o  r e a d  th e  p a p e r  b y  K l ig m a n  et al. ( 1 )  i n  a  r e c e n t  

is s u e  o f  y o u r  J o u r n a l .  H a v in g  b e e n  c o n c e r n e d  w i t h  th e  c l i n i c a l  t e s t in g  o f  

a n t i d a n d r u f f  c o m p o s i t io n s  f o r  m a n y  y e a rs ,  w e  s h o u ld  l i k e  to  c o m m e n t  o n  

s o m e  o f  t h e  v ie w s  e x p re s s e d  i n  th is  p a p e r .

T h e  a u th o r s  m a d e  th e  s u r p r is in g  a s s e r t io n  t h a t  d a n d r u f f  is  o f t e n  c o n fu s e d  

w i t h  s e b o r r h e ic  d e r m a t i t is  a n d  t h a t  t h e  f lu c tu a t io n s  r e p o r t e d  b y  u s  (2 ) p e r 

t a in e d  to  th e  l a t t e r  c o n d i t io n .  W e  lo o k  f o r w a r d  t o  th e  f o r t h c o m in g  p u b l i c a 

t i o n  i n  w h ic h  K l ig m a n  a n d  c o - w o r k e r s  p r o m is e  t o  e la b o r a te  t h e i r  v ie w s  o n  

th e  d i s t i n c t io n  b e tw e e n  th e  t w o  c o n d i t io n s .  I n  o u r  s tu d ie s ,  v o lu n te e r s  a r e  i n 

c lu d e d  o n ly  i f  s c a l in g  is  t h e  s o le  r e c o g n iz a b le  m a n i f e s ta t io n .  M ic r o s c o p ic  e x 

a m in a t io n ,  as w e  a n d  o th e r s  h a v e  s h o w n ,  in d ic a te s  t h a t  d a n d r u f f  s c a le s  u s 

u a l l y  s h o w  la y e r s  o f  p a r a k e r a t o t ic  a n d  o f  n o r m a l  c o m e u m .  T h is  s u g g e s ts  t h a t  

p a r a k e r a to s is  i n  a l i m i t e d  r e g io n  o f  t h e  s c a lp  is  a  t r a n s ie n t  p h e n o m e n o n  a n d  

h e lp s  to  e x p la in  o u r  m a c r o s c o p ic  o b s e r v a t io n  t h a t  a re a s  o f  s c a l in g  a re  n o t  

s t a t ic  o n  th e  s c a lp ;  t h e  s c a l in g  is  u n d o u b t e d ly  p a t c h y  in  d i s t r ib u t i o n ,  t h o u g h  

o f t e n  s y m m e t r i c a l l y  d is t r ib u t e d .  T a k in g  t h e  s c a lp  as a w h o le ,  w e  f r e q u e n t l y  

see  i n  u n t r e a te d  s u b je c ts  t h a t  t h e  o v e r a l l  le v e l  o f  s c a l in g  v a r ie s ,  p r e s u m a b ly  

a c c o r d in g  t o  w h ic h  a re a s  a re  p a r a k e r a t o t ic  a t  a  p a r t i c u la r  t im e .

T h e r e  a re  o b v io u s ly  m a n y  d i f f e r e n t  w a y s  i n  w h ic h  a  c l i n i c a l  a s s e s s m e n t o f  

s c a l in g  m a y  b e  a t t e m p t e d .  K l ig m a n  et al. r e f e r  t o  o u r  s e g m e n t  m e a s u r in g  

s y s te m s  as i f  t h e y  a re  u n b e a r a b ly  te d io u s ,  b u t  w e  c a n  a s s u re  th e s e  a u th o r s  

t h a t  w e  h a v e  r o u t i n e l y  o p e r a t e d  th e m  f o r  a t  le a s t  1 0  y e a rs  q u i t e  s u c c e s s fu l ly .  

W e  h a v e  f e l t  i t  n e c e s s a ry  to  o p e r a te  i n  t h is  w a y  p a r t l y  b e c a u s e  o f  o u r  s t r o n g  

o b je c t io n  to  u s in g  a n y  p r o c e d u r e  w h ic h  i t s e l f  in t e r f e r e s  w i t h  t h e  s ta te  o f  s c a l

in g  o n  t h e  s c a lp ;  f o r  t h is  re a s o n , w e  d o  n o t  f a v o r  K l ig m a n  et a l’s m e th o d  o f  

u s in g  a  t o n g u e  d e p re s s o r  to  “ t h r o w  u p  s o m e  s c u r f , ”  w h i c h  c o u ld  w e l l  h a v e  a n  

u n p r e d ic t a b le  e f f e c t  o n  s u b s e q u e n t  s c a l in g .

A  p o s s ib le  e x p la n a t io n  f o r  th e  d i f fe r e n c e s  b e tw e e n  o u r  v ie w s  a n d  th o s e  o f  

K l ig m a n  a n d  c o - w o r k e r s  is  t h a t  t h e y  p r e f e r  t o  s t u d y  th e  c o u rs e  o f  d a n d r u f f  

o n  in s t i t u t i o n a l i z e d  s u b je c ts  a n d  t h a t  t h e y  d o  n o t  c o n s id e r  i t  f e a s ib le  to  

h a v e  s im u lta n e o u s  te s t  a n d  c o n t r o l  g r o u p s  ( a l t h o u g h  t h e y  s o m e t im e s  a p 

p a r e n t ly  u s e  s u c h  g r o u p s — as r e p o r t e d  o n  p a g e  8 6  o f  t h e i r  p a p e r ) .  I n  th e  

a b s e n c e  o f  c le a r  i n f o r m a t io n  o n  e t io lo g y ,  e .g .,  w i t h  r e s p e c t  t o  th e  s ig n i f ic a n c e
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o f  in f e c t io n ,  t h e  u s e  o f  in s t i t u t i o n a l i z e d  s u b je c ts  m a y  w e l l  le a d  to  u n r e c o g 

n iz e d  b ia s  i n  th e  f in d in g s ;  th e  a b s e n c e  o f  s im u l ta n e o u s  c o n t r o ls  c o u ld  l i k e 

w is e  b e  e x p e c te d  to  l i m i t  th e  v a l i d i t y  o f  a n y  c o n c lu s io n s  d r a w n ,  p a r t l y  b e 

c a u s e  th e r e  w o u ld  b e  n o  p o s s ib i l i t y  o f  e v a lu a t in g  t r e a tm e n ts  o n  a  d o u b le 

b l i n d  b a s is .

A p r o p o s  th e  d is p u te d  p e r i o d i c i t y  o f  d a n d r u f f  s c a l in g ,  th e  c o n n e c t io n  b e 

tw e e n  n u m b e r  a n d  f r e q u e n c y  o f  o b s e r v a t io n s  a n d  th e  a b i l i t y  t o  r e g is t e r  f l u c 

tu a t io n s  s h o u ld  b e  m e n t io n e d .  O b v io u s ly  t h e  s p a c in g  o f  o b s e r v a t io n s  c o u ld  

e a s i ly  in f lu e n c e  c o n c lu s io n s  r e a c h e d  o n  th e  e x te n t  o f  f l u c t u a t io n ;  w e  h a v e  

s im p ly  r e p o r t e d  w h a t  w e  h a v e  s e e n  w i t h  f r e q u e n t  o b s e r v a t io n s  i n  p r o lo n g e d  

s tu d ie s .  T h e  f l u c t u a t i n g  s c a l in g  th u s  r e c o r d e d  is  i n  a c c o r d a n c e  w i t h  th e  e x 

p e r ie n c e  o f  m a n y  la y  v o lu n te e r s ,  w h o  c la im  t h a t  t h e i r  s c a l in g  d o e s  in d e e d  

f lu c t u a t e  c o n s id e r a b ly .

N .  J . V a n  A b b e  

P . M .  D e a n  

Beecham Products 
Randalls Road 
Leatherhead, Surrey 
Great Britain

R e f e r e n c e s

(1) Kligman, A. M., Marples, R. R., Lantis, L. R., and McGinley, K. J., Appraisal of 
efficacy of antidandruff formations, ]. Soc. Cusmet. Chem., 25, 73 (1974).

(2) Van Abbé, N. J., and Dean, P. M., The clinical evaluation of antidandruff shampoos, 
Ibid., 18, 439 (1967).



Book Reviews

M c C u t c h e o n ’s D e t e r g e n t s  a n d  
E m u l s i f i e r s , 1 9 7 3  A n n u a l , N o r t h  
A m e r i c a n  E d i t i o n . M c C u t c h e o n ’s 
D iv is io n ,  A l lu r e d  P u b l is h in g  C o r p . ,  
N e w  J e rs e y , 1 9 7 3 . 2 2 4  p a g e s , i n 
d e x e d .  P r ic e  $ 1 0 .0 0 . A ls o ,  1 9 7 3  A n 
n u a l , I n t e r n a t i o n a l  E d i t i o n . SO 
p a g e s , in d e x e d .  P r ic e  $ 6 .0 0 .

T h is  y e a r  b r in g s  a  tw o - v o lu m e  
p u b l i c a t i o n  w h ic h ,  as i n  th e  p r e v io u s  
e d it io n s ,  v e r y  t h o r o u g h ly  l is ts  th e  
d e te r g e n ts  a n d  e m u ls i f ie r s  a v a i la b le .  
A s  in  p r e v io u s  e d it io n s ,  c la s s i f ic a t io n  
is  b y  t r a d e  n a m e ,  m a n u fa c tu r e r ,  c la s s  
a n d  f o r m u la ,  f o r m s  a v a i la b le ,  a n d  
r e c o m m e n d e d  u s e  a p p l ic a t io n s .

T h e  N o r t h  A m e r ic a n  E d i t i o n  is  
c la s s i f ie d  i n t o  f iv e  s e c t io n s .  A  n e w  
s e c t io n  in c lu d e s  “ e x p e r im e n ta l  s u r 
f a c t a n t  m a te r ia ls ”  b u t  u n f o r t u n a t e 
l y  c o n s is ts  o f  o n ly  t w o  p a g e s  w i t h  a 
m in im u m  o f  i n f o r m a t io n  f o r  th o s e  
p r o d u c t s  l is t e d .  P e rh a p s  th is  n e w  
s e c t io n  w i l l  b e  e x p a n d e d  i n  f u t u r e  
e d i t io n s  w i t h  th e  in c lu s io n  o f  r e s u lts  
f r o m  i r r i t a t i o n  a n d  t o x i c i t y  te s ts  p e r 
f o r m e d  o n  th e s e  e x p e r im e n ta l  s u r 
fa c ta n ts .  T h e  H L B  I n d e x  h a s  b e e n  
e x p a n d e d  to  in c lu d e  a p p r o x im a te ly  
1 1 5 0  c o m p o u n d s  w h ic h  r a n g e  f r o m  a 
l o w  v a lu e  o f  0 .5  t o  a  h ig h  v a lu e  o f  
8 0 .0 . T h e  p r o d u c t  l i s t i n g  s e c t io n  i n 
c lu d e s  s u c h  te r m s  as “ t o x ic o lo g ic a l l y  
s u i t a b le  f o r  c o s m e t ic  u s e ”  ( p a g e  5 1 ) ,  
“ n o n - i r r i t a t i n g  fo a m  b o o s te r ”  ( p a g e

1 0 9 ) ,  “ n o n - t o x i c  c h a r a c te r is t ic ”  
( p a g e  1 2 9 )  w h ic h  a re  v a g u e  a n d  i n 
c o m p le te .  A  s e p a r a t e  h e a d in g  
s h o u ld  b e  p r o v id e d  f o r  i r r i t a n c y  
a n d  t o x i c i t y  i n f o r m a t io n  f o r  th o s e  
m a n u fa c tu r e r s  w h o  d e e m  i t  e s s e n 
t i a l  i n  t h e  p r o d u c t  d e s c r ip t io n .

T h e  I n t e r n a t io n a l  E d i t i o n  is  a 
m in i - v e r s io n  o f  i t s  o ld e r  b r o t h e r  a n d  
c o n ta in s  t w o  s e c t io n s ,  n a m e ly  ( 1 )  
P r o d u c t  L i s t i n g  a n d  ( 2 )  C o m p a n y  
I n d e x  b y  C o u n t r y .  H o p e f u l l y  th is  
e d i t io n  w i l l  b e  e x p a n d e d  in  th e  
n e x t  e d i t io n .

F o r  t h e  c h e m is t  o r  f o r m u la t o r  
w h o  n e e d s  a  h a n d y  r e fe r e n c e  f o r  d e 
t e r g e n t  a n d  e m u ls i f ie r  m a te r ia ls ,  th is  
b o o k  w i l l  s e rv e  as a  r e a d y  r e fe r e n c e .  
—A .  I a n n a c o n e — N e w  Y o r k ,  N .Y .

A l l y l  C o m p o u n d s  a n d  T h e i r  P o l y 

m e r s  ( in c l u d i n g  P o l y o l e f i n s ) b y
C . E .  S c h i ld k n e c h t ,  J o h n  W i le y  a n d  
S o n s , I n c . ,  N e w  Y o r k ,  1 9 7 3 . I X  +  7 3 6  
P a g e s , in d e x e d .  P r ic e  $ 2 9 .9 5 .

T h is  b o o k  b y  D r .  S c h i ld k n e c h t ,  
c o n s u l t a n t  a n d  p r o fe s s o r  a t  G e t t y s 
b u r g  C o l le g e ,  P a ., s u r v e y s  f o r  th e  
f i r s t  t im e  t h e  p r e p a r a t io n  a n d  th e  
p r o p e r t ie s  o f  a l l y l  c o m p o u n d s  a n d  
t h e i r  p o ly m e r s  t o g e th e r  w i t h  t h e i r  
a p p l ic a t io n s  i n  p la s t ic s ,  f ib e rs ,  s y n 
t h e t i c  r u b b e r ,  a n d  a d h e s iv e s .  A s  is  
w e l l  k n o w n ,  n u m e r o u s  m o n o m e r ic  
a l l y l  a n d  r e la te d  c o m p o u n d s  a re
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f o u n d  to  b e  u s e fu l  i n  f la v o r s ,  p e r 
fu m e s ,  p h a r m a c e u t ic a ls ,  a n d  a n t i 
m ic r o b ia ls .  S o m e  o f  t h e  a l l y l  f la v o r  
c o m p o u n d s  a re  th o s e  o f  o n io n s  a n d  
m u s ta r d .  T h e  a u t h o r  p o in ts  o u t  t h a t  
a l l y l  c o m p o u n d s  e x h ib i t  a n  a m a z in g  

r a n g e  o f  p u n g e n t  o d o rs ,  f la v o r s ,  t o x 
i c i t y ,  a n d  b io lo g ic a l  a c t i v i t y .  I n  th e  
3 1  c h a p te r s  o f  t h is  b o o k ,  th e  a u th o r  
c o v e rs  b a s ic a l ly  a l l  t h e  m a jo r  a l l y l  
d e r i v a t i v e  c la s s i f ic a t io n s ,  s u c h  as 
a l l y l  a lc o h o ls ,  e s te rs , k e to n e s ,  a r y l  

e th e rs ,  p h e n o ls ,  a m in e s ,  p h th a la te s ,  
e tc .  T h e  b o o k  c o n ta in s  l i t t l e  t h e o r y  
a n d  o n ly  t h e  m o s t  s ig n i f i c a n t  r e f e r 
e n c e s . T h e  in t r o d u c t o r y  c h a p te r s  
d e f in e  th e  a l l y l  c o m p o u n d s  a n d  d is 
cu ss  t h e i r  r e a c t i v i t y  i n  c o m p a r is o n  to  
t y p ic a l  v i n y l  c o m p o u n d s  s u c h  as s t y 
re n e ,  a c r y l i c  m o n o m e rs ,  v i n y l  h a l 
id e s ,  a n d  v i n y l  e s te rs .

I t  is  a  b o o k  t h a t  is  r e c o m m e n d e d  
f o r  r e a d in g  b y  a n y o n e  i n  t h e  c o s m e t 

i c  a n d  p h a r m a c e u t ic a l  in d u s t r ie s  
w h o  d e a ls  w i t h  f la v o r s  a n d  p e r fu m e s .  
R e c e n t ly ,  s o m e  p a te n ts  h a v e  b e e n  

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

b o o k  is  w r i t t e n  i n  a  la n g u a g e  w h ic h  
is  s im p le  to  r e a d  a n d  c o m p r e h e n d ,  
a n d  w i l l  o f f e r  n o  p r o b le m  to  e i t h e r  
a  b e g in n e r  o r  e x p e r t  i n  th e  f ie ld . — 
H .  Y . Sa a d —A v o n  P r o d u c ts ,  I n c .

C o r r e c t io n

T h e  c o r r e c t  t i t l e  o f  t h e  b o o k  r e 
v ie w e d  o n  p a g e  1 0 9  o f  th e  F e b r u a r y  
1 9 7 4  is s u e  o f  t h is  J o u r n a l  s h o u ld  b e  
K o s m e t ik u m  F e in s e i fe ,  A b r is s  s e in e r  
T e c h n o lo g ie ,  b y  D ie t e r  O s te r o th ;  in  
A b h a n d lu n g e n  a u s  d e n  In te r e s s e n 
g e b ie te n  d e r  K o s m e t ik ,  e d i t e d  b y  
H a n s  F r e y ta g .  D r .  A l f r e d  H u t h ig  
V e r la g  G m b H ,  H e id e lb e r g ,  1 9 7 2 . 
x  + 1 5 2  p a g e s , i l l u s t r a t e d  a n d  i n 
d e x e d .



is mere a special way to 
please a casual woman?

Be subtle. Artifice, overstatement — not for her. Her 
clothes, softly stated . . . her makeup, especially 
her fragrance, must be subtle . . . natural. And 
capturing nature is what we know best at 
Ungerer. So if it's casual women you're after, 
see Ungerer first.

F r a g r a n c e  c o m p o u n d s  t h a t  
b r in g  o u t  t h e  b e s t  in  n a tu r e

[Innerer
(Company

. a n d  in  w o m e n .
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■ Y E A R S
Fifty years of innovation and creativity in 
the fie ld of scents and flavors.

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

475 Tenth Avenue, New York, N.Y. 10018
Telephone (212) 594-3232
Cable Address "NORDOIL," New York

IVordf»
makes good scents and flavors

N O R D A  IN C .



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

C H E M IC A L
S P E C IA L T IE S

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

s t r u m e n t a t i o n  a s s u r e  t h e  f i n e s t  q u a l i t y  c o s 

m e t i c  g r a d e  e m o l l i e n t s ,  s u r f a c t a n t s ,  s u n 

s c r e e n s  a n d  p e r f u m e  c o m p o u n d s .

C E R A P H Y L S ® — A s e r ie s  o f  u n i q u e ,  n o n - g r e a s y  

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

t h e  e le g a n t ,  v e l v e t y  fe e l  so  d e s i r a b le  t o  a n y  

c o s m e t i c  p r o d u c t .

C E R A S Y N T S  -  E M U L S Y N T S  -  F O A M O L E S — A 

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

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

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

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

l a t io n s .

P E R F U M E  C O M P O U N D S — A c o m p l e t e  r a n g e  

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

r e q u i r e m e n t s  o f  a n y  g iv e n  c o s m e t i c  p r o d u c t .

E S C A L O L S ® — F o r  o v e r  a q u a r t e r  o f  a c e n t u r y  

t h e s e  h i g h e s t  q u a l i t y ,  m o s t  e f f e c t i v e  u l t r a  

v i o l e t  a b s o r b e r s  h a v e  r e c e i v e d  w o r l d  w id e  a c 

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

A II of these products meet rigid specifications 
to insure their uniformity.

S in c e  1 9 0 4  . . . Q U A L IT Y  and  S E R V IC E .

/  S I N C E  1 9 0 4 ~ V

VanDyk)
k  BELLEVILLE. U  7

’C O M P A N Y ,  I N C .
MAIN AND WILLIAM STREETS, BELLEVILLE, NEW JERSEY 07109

I I .  / /  H  /
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stiappenincj
inFraqrance?

1 1 i l
ias Sucjcjests y ou Find Tei Neu?

La Nouvelle 
Nostalgie in
Movies, Theater, Fashion, 
Music and Fragrance. Try

Green Tea Rose 
Mauve
Nouvelle Myrrh

Musk: Part Two
Now it's his turn.
We created THE Musk Oil. 
We know what it takes 
to make a successful

Men's Musk Cologne
The Bold Fragrance
Break new ground with 
bold new concepts.

Grass Oil 
Sunshine & Sand 
Wild Lily
Green Apple Musk

E L iA f& C O .
A manufacturer of fine fragrance compounds

Call us for samples. We will gladly discuss these and other ideas. 
Our perfumers will design fragrances specifically for you.

Elias and Company • 767 Fifth Avenue • New York, N.Y. 10022 (P|FM
Telephone: PL 8-9440 • Cable Address: Bigfrog • Telex: 421637
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U D I N l^ A

Lonza has all 3  types 
of amphoterics. 
Who else has?

Alkylamino- and alkylamido-betaines 
and substituted imidazoline amphoterics,
as w ell as derivatives o f  each. T hat’s 
what Lonza has.

In fact, ours is the broadest line o f 
amphoterics available. And they have 
an exceptionally broad range o f 
applications as w ell— cosmetics and 
detergents, toiletries and industrial 
products.

These versatile surfactants have high 
hard water tolerance, are excellent foam 
producers and are biodegradable. M ild 
in character, they reduce the irritation 
potential o f  many types o f  formulations.

Lonza technical service can help you 
investigate the use o f  am photeric 
surfactants in your existing products or 
in the developm ent o f  new ones. Call or 
write today for full details.

Lonza m e a n s  d ep en d ab ility .
Lonza Inc., 22-10 Route 208, Fair Lawn, N.J. 07410 

(201)791-7500

P rofessor D e e  and M ajor D art 
T h e  tw o  o f  th em  d ig  m od ern  art 
T h ey  h o k —th ey  s ee , th ey  n ev er  

d o u b t
A lw a ys sen se w h at it’s  all a bou t 
D e e ’s dad  is D aff, D a rt’s m om  

is D ill
A n d  th e  fo u r  o f  th em  luff— 

lu ff N oville .

essential oil co inc
NORTH BERGEN, N.J.

ASSOCIATED COMPANY

NICKSTADTMOEUER, INC.
Ridgefield, N. J. 07047

Member of the Research Institute 
for Fragrance Materials, Inc.
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1

PARENTO
Custom Fragrances

Fine Flavors

Aroma Chemicals

Essential Oils

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

We invite your inquiries!

COMPAGNIE PARENTO
Croton-on-Hudson, New York 10520

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

PERFUME AND FLAVOR COMPOUNDS AND CHEMICALS

COMPAGNIE PARENTOLIMITED,
70 Mack Avenue, Scarborough, Ontario, Canada, 694-1123
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W e've p u t in  a  lo t 
of overtim e in  m ak in g  

o u r PROMULGEN.
T hat's  w h y  

it's a  g re a t em ulsifier.

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

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

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

high salt concentrations over a wide temperature and pH range.

Let us send you our latest Product Bulletin.

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



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

w ith  m a g n e t i c  b e a u t y  fo r  a  p r o m is in g  p r o d u c t .

PERRY BROTHERS INC.
_F R A C | R A > C E S  

creators  & manufacturers
61-12 32nd AVENUE ;  WOODSIDE. NEW YQRK-Jll3ZZ_i-£212La32U3QQ-------------
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S H A W  M U D G E  &  C O M P A N Y
51 M A N O R  S T R E E T  S T A M F O R D  C O N N E C T IC U T  0 6 9 0 2  

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

P erfum e C om pounders

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



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

STRUCTURE PROBE, INC.
SPECIALISTS IN MATERIALS RESEARCH

New York Area
230 Forrest Street, Metuchen, NJ 08840

201-549-9350

Philadelphia Area
535 East Gay Street, West Chester, PA 19380 
215-436-5400
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International Flavors & Fragrances Inc. 521 V\fest 57th Street New York, NY 10019 (212)155-5500
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Sonneborn has helped unchap lips for over 4 0 years.

Nobody can give you as much help with white oils, W i t c o



SA M P L E

U  D

/  m _ J L _ 1 X
l________
' This free trial could 

eliminate your sore trial.
W h i l e  s o r b i t o l  is n o  c u r e - a l l ,  i t  

m i g h t  d o  a  l o t  m o r e  f o r  y o u r  

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

t h i n k .  W e ’ l l  b e  h a p p y  t o  s e n d  y o u  

a  f r e e  w o r k i n g  s a m p l e  o f  o u r  7 0 %  

s o r b i t o l ,  U S P ,  a n d  l e n d  y o u  a  h a n d ,  

i f  y o u  l i k e ,  i n  w o r k i n g  it.

S o r b i t o l  h a s  p r o v e n  i t s e l f  a 

n a t u r a l  ( w h i c h  it  i s )  as  a 

s w e e t e n e r ,  a s  a  h u m e c t a n t  a n d

a s  a n  e x t e n d e r  f o r  g l y c e r i n e  a n d  

p r o p y l e n e  g l y c o l  i n  i n n u m e r a b l e  

p r o d u c t s .

D e r i v e d  f r o m  d e x t r o s e  a n d  

h y d r o g e n ,  L o n z a  s o r b i t o l  is u s a b l e  

i n  a n y  a p p l i c a t i o n .  A n d  L o n z a  

is  e x p e r t  i n  i ts  u s e .  A s  a  p r i m e  

m a n u f a c t u r e r ,  L o n z a  o f f e r s  w i t h  

i ts  t e c h n i c a l  a s s i s t a n c e  a s s u r a n c e  

o f  a  s t e a d y ,  d e p e n d a b l e  s u p p l y .

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



Keep their virtues unimpaired. 
Use parabens for cosmetics.

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

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

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

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

Also, sorbic acid, potassium sorbate, sodium benzoate.

Mallinckrodt Chemical Works/Washine Division
Lodi, N.J. 07644 /  (201) 471-4500
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H ow  t o  p u t  y o u r 
co sm etics o n  a  successful 
h ig h -p ro te in  d ie t.

Specify our proteins.
To get the effects of protein, you need 

more than just a dash of it in your products. 
So you'll find our company especially useful. 

We offer the purest range of unmodi
fied hydrolyzed animal pro
tein. And, along with our 
small-molecule proteins for 
hair care (Crotein SPC, SPA 
and SPO) and our big- 
molecule proteins for skin care 
(Collasol soluble collagen and 
Crodyne BY19), we offer the 
largest variety of organic modi
fied proteins, for lipsticks, nail 
enamels and other non- 
aqueous cosmetics. In fact, 
our protein know-how even

Croda

Croda. Inc.
51 Madison Avenue, 
New York. N.Y. 10010 

□  Please rush samples and information on
your_

□  Please siart my iree subscription to your
monthly ' Lambs Tales bulletin
NAME_____________________________

rivals our rather famous lanolin know-how.
So why not make things simple for 

yourself—and get your proteins and your 
lanolin from the same satisfying source.

For samples and technical informa
tion on any of our top- 
quality products plus a free 
subscription to our popular 
"Lambs Tales” applications 
bulletin,call our representa
tive. Or mail us the coupon.

You’ll enjoy boning 
up on us.

C o n tac t
C ro d a .

LANOLIN USP: SUPER COKONA UMURY GRADE □  CQSMi IlC AND PHARMACEUTICAL LANOLIN FRACTIONS: SUPER IIARTOLAN LANOLIN ALCOhOlS □  SKI IRQ LANOLIC ACIDS
□  fLUILAN LIQUID LAMOi IN LANOLIN DERIVATIVES: fHIILANOL S E LIQUID LANOLIN □  LIQUID BASE □  5KIRALAN ALUMINUM LANOLATE □  SOLAN WAFER SOLUBLE LANOLIN
□  LANEXOL ALCOHOi WAT-» .O' j 3! [ | AMOI IN □  POLYCHOl ETHOXYLATED LANOLIN ALCOHOLS □  SAT ULAN HY DROOL NAT fD LANOLIN □  SATEXt AN [ THOXYLATED HYDRO
GENATt D IA Eid  INS FATTY ALCOHOLS: N(3VOI DISTILLEDOl.EYL ALCOHOL □  CRODACOL CETYL □  STEARYL AND OLFYL ALCOHOL , FATTY ALCOHOL DERIVATIVES: VOLPOEIHOX- 
YLATED OLFYI AlCO HO f □  CRODArOS OLIYL AND CET YL ALKOXY PHOSPHATES □  POLAWAX SELF-EMULSIFYING WAXES GREASEIESS EMOLLIENTS: CROOAMOL ISOPROPYL 
MYRlS’ATf AND 01 ISOPPO*--. AD:?a*e -  - - v . .  . • v  ■ ' hOXY MYR • - PROTEIN-HYDROLYSED: CROTLIN SOLUBLE PROTEINS AND ALCOHOL SO UBlE [DERIVATIVES
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P r i d e

It motivates Amerchol.
It prompted meticulous In-plant house
keeping, uncompromising quality control 
rigorous microbiological examination of 
all products, long before governmental 
pressures made them imperative.
Pride fosters the Innovative research 
that Improves your product line by 
improving ours...
Demands sophisticated production 
processes that allow no short cuts...
Creates the dedication that has made 
Amerchol lanolin derivatives and 
chemical specialties the standards of 
excellence In cosmetic and pharma
ceutical formulating.
Pride. Admittedly It's an expense. 
Because we don't settle for anything 
less than undeviatlng quality.
And It helps us grow. Because so many 
of you feel the same.
ACETULAN
Acetylated lanolin alcohols
AMERCHOL*
Multisterol extracts
AMERLATE
Lanolin fatty acid derivatives
AMEROXOL™
Alkoxylated fatty alcohols
AMERSCREEN™
UV absorbers
GLUCAM™
Alkoxylated glucose derivatives
MODULAR
Acetylated lanolin
OHIan™
Hydroxylated lanolin 
POLYLAN
Essential polyunsaturate 
SOLULAN4
Alkoxylated lanolin derivatives

merchol
o f  C P C  In tern ation a l Inc.

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

Telex: 833 472 Amerchol Edin


	JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 1974 VOL.25 NO.9 SEPTEMBER
	CONTENTS
	SYNOPSES FOR CARD INDEXES
	The Simultaneous Determination of Cysteinyl and S-Sulfocysteinyl Residues in Keratin
	Testing Antiacne Agents in Mexican Hairless Dogs
	A Study on the Differential Thresholds of Sensory "Firmness” and "Viscousness” of Cream Base Substances
	Kinetics of Degradation of the Parabens
	NMR—A New Instrumental Tool for the Analysis of Cosmetic Ingredients
	Letter to the Editor
	Book Reviews
	INDEX TO ADVERTISERS



